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More than twenty years ago, Bok and Reilly (1947) and Bok (1948)
called attention to the probable importance of dark globules for the
study of star birth and evolution.
roundish,

The objects under consideration are

dark nebulae of various dimensions, mostly quite small, which

may well be the precursors of protostars.
have diameters as small as

1 /25pc,

Many of these dark nebulae

less than 10,000 astronomical units;

several globules have been found by Thackeray (1964) in IC 2944 with indicated

diameters equal to about one quarter of this value.

These small globules

can be observed only when seen projected against the luminous background

of emission nebulae, such as NGC 2244, IC 2944, NGC 3603 and Messier 8.

Isolated larger globules are observed all along the band of the Milky Way,

especially in regions of dark nebulosity, Taurus and Ophiuchus for example.
The radii of the larger globules are in the range 0.1 to

1

pc; most of

these small dark nebulae seem to have no emission or reflection nebulosity

associated with them.
as

large as 4 parsecs.

The largest observed unit dark nebulae have radii
The Dark Nebula South of

Ophiuchi and some of

the nebulae in Taurus and the Southern Coalsack are examples of these
large unit clouds.

These have been studied in some detail by Bok (1956).

Since distance estimates and minimum total absorptions are obtainable
for most globules and dark nebulae, minimum particle masses may be derived.
It seems likely that gaseous molecules co -exist with the cosmic grains,

either in free form or condensed upon the grain nuclei.

Hence the true

total masses of the globules and small dark nebulae are probably considerably

larger than the derived minimum particle masses; over the years a correction

factor of 100 has often been applied to account for the undetected
gaseous component.

It is most

significant that Heiles (1968, 1969)

has found OH near the center of the dense dark nebula south of

Ophiuchi.

The indication is that the temperature is under 10° K near the center of
this dark nebula.

We obviously are gathering some information about the

physical conditions inside globules of various dimensions.
It is the aim of the present paper to provide a short list of

globules representative of various types.

Such a list is very much

needed for use by both optical and radio astronomers.

It seems likely

that globules and small dark nebulae represent centers of concentration
for several varieties of molecules that have been detected in recent

years by radio techniques and for molecules yet to be discovered.

The

radio astronomers obviously need small check lists of representative

globules and dark nebulae.

also in recent years.

Possibilities for optical studies have widened

Many large reflectors,

several with Ritchie -Chrétien

optics, are now in operation, and even larger ones will become available
in the course of the next five years.

tubes,

Through the use of image conversion

the sky limit of brightness for direct photography in a wide range

of colors can now be reached with exposure times of half an hour and less.

A complete study of semi -transparent globules

is now a relatively straight-

forward project, which does not require excessive amounts of large -telescope
time.

Table

1

contains a check list of 16 centers near which one or more

good sample globules or dark nebulae are located.

All globules in Table

are within reach of northern hemisphere telescopes, but six of them are

sufficiently far south to be accessible as well to the major southern
hemisphere telescopes, optical as well as radio.

(2)

1

The dark nebulae south of

Q

Ophiuchi and in Taurus may be added to

the list; southern hemisphere observers may wish to add to Table

1

the

emission nebulae IC 2944, NGC 3576 and NGC 3603, as well as the Southern
Coalsack.

The 1975 coordinates for these regions are:

Ophiuchus region:

a = 16h 24''

Taurus A:

a

=

4h

Taurus B:

a

=

4h 381'5,

6

= +25° 39'

IC 2944:

a

= llh 361'2,

6

= -62° 38'

NGC 3576:

a

= llh

1011./8,

6

= -61° 11'

NGC 3603:

a

= llh 231'0,

6

= -61°

71

6

= -63°

8'

Southern Coalsack: a = 12h

6

= -23 °4

321;' 6

= +26 °2

511'5,

The source lists from which the globules in Table
are Barnard's list

1

were selected

(1927) of "dark markings," the Lynds (1962) Catalogue

of Dark Nebulae Found on the Palomar Sky Atlas Charts, and especially
the tabulation of globules published recently by Sim (1968), which
lists what are, according to her analysis, 63 certain and 63 probable

globules found in regions near OB associations and young star clusters.

An early paper by Stoddard (1945) was found useful in the preparation
of our list.

Reference has also been made to the list of Schoenberg

(1964), Khavtassi (1955) and Roshkovsky (1955).
1, and

The globules of Table

many others, were inspected on the Palomar prints, and the final

sample was selected by Bok and Cordwell as being representative.

MINIMUM MASSES

Bok (1948) used as a basis for calculations of minimum masses for
globules a value,

Kpg =

2

x 104,

as the most likely value for the amount of photographic

(1)

extinction in

gram of cosmic dust distributed over a column

magnitudes produced by

1

with a base of

Spitzer (1968) has suggested a slightly higher

1 cm2.

value based on van de Hulst's calculations (van de Hulst, 1949) and it
seems reasonable to use it instead of the earlier value.

Kpg = 4.5 x 104.

(3)

Hence:

(2)

If the column has a height D (parsecs) and if the density of the cosmic

dust in grams per cm3 equals

g

(a), then the amount of cosmic dust in

the column with height D (parsecs), with a base of

mass density

6

1

cm2, and with a

(a) (grams per cm3) equals

3.08 x 1018 x D x

g

(a)

grams.

(3)

Hence the amount of photographic extinction produced by this column is
the product of (2) and (3):

A

Since

m(ptg) = 1.39 x 1023 x D(pc) x

1

gram /cm3 = 1.46 x 1022

8

(gm /cm3)

(a)

o /pc3,

(4)

(5)

formula (4) reads as follows:

A

m(ptg) = 9.5 x D x A (a)

(6)

In (6) we express D in parsecs and we call the particle density in
o

per cubic parsec,

A (a).

(In these equations, a is the radius of

the scattering grains.)

We can now estimate the particle mass of a globule with radius
R(parsecs) and density

(0 per parsec3).

A (a)

In terms of solar masses,

we have:
= 4.19 x R3 x A

Mglob,particles

(a)

(7)

Because of the irregular shape of the globule, and since we are involved
only in order of magnitude averages, we set D = 2R.
(6):
A
A (a)

m(ptg)

_

19R

(4)

Then we find from

Substituting into (7) we have:

Mglob, particles

= 0.22 x R

2

(8)

x pm(ptg).

In this formula, the derived value of the mass is measured in solar

masses; R,the radius, in parsecs; and pm(ptg), the photographic absorption,
in magnitudes.

For example, a globule with

p

m(ptg) = 10.0 and R,= 0.4 pcs has a

derived minimum particle mass equal to:

Mglob, particles

=

0.35

p

.

We note that the derived mass is a minimum mass, since it represents
only an estimate for the particles of optimum size and scattering properties
to produce extinction.

All gaseous contribution,

hydrogen, are ignored.

It is customary,

(1968),

including HI and molecular

following Bok (1956) and Spitzer

to multiply the mass obtained from (8) by a factor 100, since

the solid particles probably contain at most 1% of -all the mass in the
globule, the rest being in gaseous form.

Applying this correction factor,

we find that the most likely mass for the above globule is equal to 35 9.

PHOTOGRAPHIC OBSERVATION OF GLOBULES

The regions with selected globules, accessible during the fall and

winter of 1969 -70, were photographed at the Cassegrain focus of the
Steward Observatory 90 -inch Reflector at the Kitt Peak Station.

The

Cassegrain focus operates at f /9, with a resulting scale of 10 " /mm.
The unvignetted field at the Cassegrain focus has a diameter of 8 inches,
40'.

For the globules of greatest interest we made three exposures of

(5)

60 minutes duration without image tube,

the first on an Eastman 103a -0

emulsion with GG13 Schott glass filter, the second on Eastman Special
098 -02 emulsion (red sensitive) with RG2 filter, and the third on

Eastman emulsion 103a -D with GG14 filter.

When Eastman Special 098 -02

Emulsion was not available, we used Eastman 103a -E Emulsion instead
for our red exposures with RG2 filter.

Bok (1969) has published information

regarding relative speeds of Eastman Special 098 -02 and 103a-E Emulsions.
Sample reproductions of photographs are shown in Plates

2 to 4.

It seemed highly desirable to record for several of our globules

stars fainter than are recorded in one -hour exposures by regular

photography with our 90 -inch Reflector.

For this purpose, we used the

Carnegie image tube adapted for direct photography.

For detailed information,

we refer the reader to a Technical Report prepared by Cromwell (1969),
but, because of our special interests, we shall describe the technique

here briefly.
The image tube used in our work is a standard Carnegie image tube,
-

an RCA C33011 2 -stage cascade tube with magnetic focusing provided by a

permanent magnet.

Overall

operating voltage is about 21 kilovolts.

The tube has an S20 photocathode that is sensitive from 3000 A to 8500 A.
The useful field is 38 mm in diameter, which corresponds to 6!4 at the
f/9 Cassegrain focus of the 90 -inch Reflector.

The relay lens, used to transfer the phosphor output of the image

intensifier to a photographic emulsion, is an 86 mm f /1.2 Elgeet Navitar
operated at 1:1 magnification.

The aperture is set at f/2 to reduce

spherical aberration.

(6)

We use IIa -0 emulsion for recording the Carnegie tube output.

The

exposure time used with the image tube to obtain a "sky- limited" exposure
(i.e., where the plate density is such that the faintest possible stars

have been recorded) is about

1

/10th that for unaided photography.

This

takes into account the relative speed, or "blackening rate," of the
image tube and the unaided emulsion and also the difference in transmission
of the respective filters.

record is about

1

The limiting magnitude of an image tube

magnitude brighter than that of an unaided photograph.

The primary causes for this loss in limiting magnitude are an overall

mottled sensitivity pattern of the Carnegie tube (which seriously affects
the signal -to -noise ratio of the threshold images) and a light- induced

background produced by the image tube.
The filters used in the present study are a blue interference filter

selected to suppress the radiation from the night sky (transmission is
limited to a passband from 4250 A to 5450 A) and a stock thickness
Corning

2 -60

red filter (this produces a passband from 6100 A to 8500 A

with an effective wavelength near 6700 A).

Sky -limited photographs are

obtained in 30 minutes with the 90 -inch f/9 Cassegrain Reflector and
the limiting magnitudes are respectively about 22 in the blue and 21 in
the red.

Sample image tube photographs are shown in Plates

5

and 6.

THE GLOBULE BARNARD 227

This is an isolated globule, one of the finest on Barnard's list (1927);
it is shown in Plate 2.

Star counts in blue and red light were made for

this globule and for a comparison field close to the globule but well out-

side its limits.

These counts were made to the limits of the photographs

from our 90 -inch Reflector plates.

They yield a minimum value of

5

magnitudes

for the total photographic absorption produced by the globule, but the

(7)

indications are that the globule has a much greater total photographic

absorption and that it may possibly be quite opaque.

A rough distance

to this globule can be obtained on the assumption that all the stars seen
in the direction of the globule are foreground stars.

To achieve this,

the distance to the globule would have to be of the order of 600 pc, and

we have assumed this distance in all of our calculations.

An argument in

favor of assigning to this globule a very high total absorption is that we
do not see any great masses of faint stars appearing in our globule photographs
in red light.

This is in marked contrast to the situation found by Bok (1956)

in the Dark Nebula South of

(7

Ophiuchi,

for which large numbers of faint

red stars are shown on the longest- exposure red sensitive plates.

While

the minimum photographic absorption assigned to the globule Barnard 227 is
A

m(ptg) =

5

magnitudes, a more likely value is

A

m(ptg) = 10.

Assuming

a radius R = 0.38 pc and A m(ptg) = 10, we find from formula (8) a

minimum particle mass for the globule equal to 0.3

0.

Applying the

correction factor of 100, as explained above, we find for the most
probable value of the mass 30 0.
It is of interest to speculate on the physical conditions inside a

globule such as Barnard 227.

The cloud with a total mass of 30

0,

and

with a radius of the order of 0.4 pc, should have an average particle
velocity of the order of half a kilometer per second.

This value can be

obtained by simple application of the Virial Theorem.
Since Barnard 227 is located close to the galactic plane, it will
have interstellar gas from the galactic medium constantly passing through
it.

Some, if not all, of this gas will be captured by the globule in one

way or another.

The presumably very low temperature inside the globule,

(8)

estimated to be of the order of 10° K, will encourage the formation and
capture of molecules on the cold particles, which possess efficient

mechanisms for dissipating the heat produced in such captures.

If we

assume an average turbulent velocity in the interstellar gas of

7

and an average density of the interstellar gas equal to 0.025

e

km/sec

/pc3,

then the calculated total mass of interstellar gas passing through the
globule in 108 years will be of the order of

9

p.

This figure represents

the maximum rate of accretion experienced by this globule as a result of

the passage of interstellar gas through it.

LARGE GLOBULES

Table

2

and Plates 2 to 4 give data for some of the larger globules

studied in the present investigation.

First on the list is Barnard 227,

and it is followed by two rather comparable objects, Barnard 34 and 361.
The latter two differ from Barnard 227 in that there are indications that
they are semi -transparent.

Barnard 34 and 361 contain more faint stars

on the photographs in red light than would be expected if they were

totally opaque.
A

Hence we have assumed a total photographic absorption

m(ptg) = 2.5 magnitudes for both objects.

This value has been obtained by

transforming the logarithmic deficiencies in star numbers into probable values
of total photographic absorption expressed in magnitudes.

We note that

the minimum particle masses of these objects begin to come close to

and that their most probable masses are respectively 70 and 500.

near a = 5h 37.0;

6

= - 1° 48,

is a curious feature.

1

e

Orion

It is shown

especially well on the Red Palomar Print and has a bright emission rim
directly to the south and east of it.

(9)

It

is shown as an empty blank spot

1

On our 90 -inch photographs

light.

of longest

exposure in both blue and red

This globule may resemble the Orion globules studied by Penston

(1969).

His globules have assigned masses of the order of

internal temperatures

of the order of 10° K.

1

0

and

Penston's globules appear

to be slightly smaller in diameter than our Orion globule.

We have made rather extensive photographic studies of one of the
globules associated with the emission nebula IC 1848; Plate 5.

It is

seen beautifully projected against the emission nebulosity shown by the
red Palomar Print.

It is also seen quite readily in outline on the blue

Palomar Print of the same region.

Plate 5 shows both the red image tube

photograph and the red Palomar Print of this globule.
a clearly delineated dark feature.

These show it as

The three stars seen in the direction

of the globule are probably foreground stars.

We have taken several plates, with and without image tube equipment,
of the globule shown near the head of the comet -like feature associated

with NGC 2264.

There is no sign of any stars shining through this globule,

which is presumably at the distance of approximately 900 pc assigned to
NGC 2264.

We note that there are several "wind -blown" globules seen

projected against parts of NGC 2264.

SMALL GLOBULES

Some of the most interesting globules found are seen projected

against bright emission nebulae.

These are very small dark objects

and, whereas some of them have rough edges, others are almost per-

fectly round.

Table 3 shows the available information for NGC 2244,

IC 2944 and Messier 8.

We have made a careful survey of the region of

(10)

NGC 2244 for which we obtained image tube photographs in red and blue
light; on the same plates we photographed as well a nearby comparison
field relatively free from obscurations.

The small globules are very

clearly delineated on the image tube photographs.

Their radii are

mostly in the range of 5,000 to 10,000 astronomical units and their
most probable masses lie between 0.1 and

1

®.

Plate

shows image tube

6

photographs of a 6' diameter field in NGC 2244.
The globules associated with IC 2944 have been studied especially

by Thackeray (1950), who was their original discoverer.

They appear to

have radii in the range between 1,000 and 6,000 astronomical units.

reproduction of a recent photograph is shown in Plate

A

The "most

7.

probable masses" assigned to these objects in Table 3 are obviously lower
limits,

for we have no way of telling what may be the density of

interstellar grains and of associated gas in these objects.
order of

1

®

Masses of the

Accretion will

are of course not at all out of the question.

probably play a rather minor role for these very small globules.
The globules associated with Messier 8 were the subject of the original

investigation by Bok and Reilly (1947), and these resemble in many respects
the globules associated with NGC 2244.

The original study of small globules

by Bok and Reilly (1947) was made from a print of Messier

8

photograph with the Lick Observatory Crossley Reflector.

W. Baade and

R.

based on a

Minkowski pointed out to Bok that most of the globules that appeared

roundish on the Lick photograph seemed more irregular

(

when inspected on Mount Wilson and Palomar photographs.
by our recent 90 -inch photographs.

"wind -blown," Baade)

This is confirmed

In many ways the objects noted by Bok

and Reilly are more like the globules studied by Penston (1969) than they
resemble the globules for NGC 2244 and IC 2944.

LARGE UNIT DARK CLOUDS

Table 4 summarizes as best we can the available data for the Unit

Dark Cloud near ()Ophiuchi.
the paper by Bok (1956).

The basic information has been obtained from

One of the most interesting facts associated

with this dark nebula is that star counts make it possible to establish
radial density gradients for this particular object.
4 pc and a most probable mass of about

With its radius of

2000 0, it seems like an almost

ideal dark cloud about to collapse into a cluster of stars.
to be the dark nebula for which Heiles (1969,

This happens

1970) has determined the

temperature from the intensity distribution in the OH bands; he finds
that temperatures of the order of 5° to 10° K probably prevail in the

interior parts.

The plentiful supply of cosmic grains should provide

an excellent mechanism for radiating away any excess heat produced through

interaction with the surrounding interstellar medium; accretion will almost
surely play here a very important and basic role.

The study of the future

evolution for this sort of unit dark cloud offers fine prospects for
theoretical research.
In many ways the Southern Coalsack is not unlike the Dark Nebula

near

C

Ophiuchi.

Its dimensions and probable total mass are comparable

Ophiuchi Dark Nebula.

to the values for the

There is no such clear

\

indication for a radial density gradient in the Southern Coalsack as
there is for the other dark nebula and, offhand, the Southern Coalsack

may well evolve by breaking ultimately into separate smaller units.

DISCUSSION

In recent years, astronomers studying early stages of stellar

evolution have pressed the search for places in our Galaxy where the

(12)

beginnings of star birth may presently be observed.

One suggestion

that has been made seeks the origin of star birth in the centers of

dense HII regions.

According to Schraml and Mezger (1969), we find

compact strong radio emitters of high electron density embedded in
dense clouds of cosmic dust.

Such concentrations are observed to occur

most likely in giant HII regions.

Another approach suggests that the

process of star birth is vigorously at work in the shock waves produced
as a result of the density waves of the Lin -Shu density wave theory of

spiral structure.

Roberts (1969) has calculated that there should exist

a high -density ridge inside each spiral arm, and he has expressed the

opinion that star birth originates along this ridge.

Another suggestion

has been that star birth is accelerated by shock waves originating from

supernova outbursts.

Observation suggests that star birth does not

take place uniformly along the shock front, but that the process is most

active when the shock wave passes through gas concentrations with
densities 10 to 100 times average.

Over the years, much evidence has

accumulated to show that T Tauri stars are of very recent origin.

The

papers by Herbig have especially stressed the importance of T Tauri
stars (Herbig, 1958).

These stars are often found associated with

dark nebulae, including some to which we have referred in the present
To the above listing of possible places of star birth, we should

paper.

now add the regions where the globules and the unit dark nebulae are found;
Table

1

lists a number of representative globules which deserve further

study by radio and optical techniques.

The objects listed in Table

1

represent concentrations of interstellar matter which may be on the verge
of,

or in the process of, collapse leading to single or multiple star

formation.

The largest ones may well collapse into clusters of stars.

(13)

There are several varieties of globules.
are the small objects of Table 3.
units

(NGC 2244, Plate

6

Many of these are sharply- bounded small

and IC 2944, Plate 7) with diameters in the

range from 1,000 to 10,000 astronomical units.

globules studied recently by Penston

Messier

8,

Others,

notably the Orion

(1969) and those associated with

They can truly be said to be "wind-

are of another variety.

blown" and they have ill defined edges.
at

The first class of globules

Both varieties of globules occur

Herbig (1958) considers some of these

the peripheries of HII regions.

to be snipped -off elephant trunks, but this explanation seems rather far-

fetched when applied to the sharply delineated small globules, which have
the appearance of dust balls compressed by pressure waves.

We know of

no observed concentrations of cosmic grains or of gas that seem more

on the verge of collapse than do the smallest globules seen projected

against the emission nebulosities of NGC 2244 and IC 2944.
The Barnard Objects of Table
globules.

1

are a very different variety of

Most of them are isolated units of cosmic grains with remarkably

sharp boundaries.
globs of dust.

They stand out from their surroundings as well- defined

Samples are shown in Plates

2,

3 and 4.

It is difficult to

understand how such units can have formed in our turbulent galaxy, but their
presence cannot be denied.
they have received to date.

These objects deserve much closer attention than

Optical astronomers must study them to the limits

permitted by our giant Reflectors.

They are objects that must be investigated

especially in the infrared, not only to determine the wavelength dependence of
the absorption produced by them but also for the purpose of attempting to obtain

possible measures of the integrated infrared radiation.

With the high resolu-

tion made available by new radio astronomical techniques, we must press the
search for associated 21- centimeter radiation, and every effort should

(14)

be made to detect in the radio range effects produced by the molecules

that must be associated with these objects.

The low temperatures found for the globules of the second variety,

and the absence of ionized gas in their vicinity, are indicative of

conditions that seem to favor collapse.

It is well known that magnetic

fields have a tendency to inhibit collapse in ionized regions, and this

may be the reason why the smallest distinct globules are found outside
the regions of greatest ionization in such nebulae as NGC 2244 and

Presumably no strong magnetic fields are associated with such

IC 2944.

globules as Barnard 227, 34 or 361.

In the initial stages of collapse,

the dust grains in these isolated globules should serve as effective

radiators of any produced excess heat.

Hence, the chances are that collapse

will proceed at first without any marked heating of the interiors of the

isolated globules, and the possibilities for ultimate collapse are hence
enhanced.
The observational evidence for the presence of globules in our Galaxy
is very

encouraging to those of us who have been looking for years for

places of possible star origin.

If we did not actually observe globules,

we would be inclined to postulate their existence!

(15)
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20'

1'

APPROX.
DIAMETER

LIST OF REPRESENTATIVE GLOBULES

OBJECT

TABLE 1:

5

mag.

Small emission region containing
several globules.

Very opaque, smaller Barnard object
found in region of Theta Ophiuchi.

Fairly transparent, round globule.

Square, opaque globule within an
elephant trunk structure. In
Monoceros.

Emission nebula containing bunches
of small globules.
In Monoceros.

Isolated globule with
absorption.

Larger, isolated globule, with about
3 mag, absorption.

Round, opaque globule associated
with some nebulosity.

COMMENTS

R.A. (1975)

18h 01.8

18h 02.4

18h 14.2

19h 4.8

19h 35.7

21h 11.9

21h 35.9

21h 43.5

OBJECT

(MESSIER 8)
NGC 6523

Barnard 87

Barnard 92

Barnard 133

Barnard 335

Barnard 361

Nebula near
BD +56° 2604

Barnard 367

7° 31'

+

+57° 04'

+57° 23'

+47° 18'

6°

-

57'

-18° 16'

-32° 30'

-24° 23'

DECL(1975)

APPROX.

3'

20'

4'

7'

12'

12'

90'

DIAMIETER

One of several small condensations
in a nebulous region.

Not a globule.
Squiggly nebulosity
with an E -W length of 30'.
Seems to
have a shock front on the southern
boundary.

Round, isolated globule with about
3 mag. absorption.

Fairly opaque and round.

Opaque, elliptical globule found
in Scutum.

Opaque, elliptical object with
projecting threaded filaments. Region
in Sagittarius north of the great
cloud.

More transparent object with streamers.
South of the great star cloud in
Sagittarius.

Emission nebula where globules
were first pointed out.

COMMENTS

600

400

Barnard 361

Orion

pt g

0

4

20

2.2

50

70

v2

0.28

0.42

0.24

0.39

0.41

0.45

(km /sec)

d

= -

assumed equal to 2.5 for Barnard 34 and 361.

The Orion globule is near a = 5h 37.0,

Am

0.14

0.3

0.1

0.9

1.1

30

MOST
PROBABLE
MASS

10

48'

assumed equal to 10 for all except Barnard 34 and 361.

900

NGC 2264

NOTES:

1700

IC 1848

Amptg

600

Barnard 34

0.4

(PC)

(PC)

600

RADIUS

ASSUMED
DISTANCE

Barnard 227

OBJECT

2

LARGE GLOBULES

TABLE

0

1.1

5

0.6

46

66

9

IN 108 yRS`

MAXIMUM
ACCRETION

NOTES:
p

0.02
0.08

0.005
0.03

0.1
1.4

0.01
0.2

0.1
0.8

MOST
PROBABLE
MASS

0

v2

0.12
0.22

0.14

0.07

0.12
0.2

(km/sec)

77

0.02
0.4

0.001
0.05

0.02
0.2

0

IN 108 YRS,

MAXIMUM
ACCRETION

The two sets of numbers indicate data for the smallest and the largest
globules of these nebulae.

mptg assumed equal to 10.

1260

MESSIER

8

2200

IC 2944

0.02
0.06

(PC)

(PC)

1660

RADIUS

ASSUMED
DISTANCE

NGC 2244

OBJECT

3

SMALL GLOBULES

TABLE

TABLE 4

UNIT CLOUD

f

Ophiuchi (Dark Cloud)

Distance = 250 pc;

Min. particle mass = 21

Radius = 4 pc;

Most probable mass = 2100
2

A

mptg

= 3m

-

8m;-{V/

V

=

1.2 km/sec

Maximum accreted mass in 108 yrs.

'

900

0

0

e

PLATE h THE 90 -INCH REFLECTOR OF STEWARD OBSERVATORY AT ITS
KITT PEAK STATION, UNIVERSITY OF ARIZONA.

PLATE 2: THE GLOBULE BARNARD 227. The upper photograph is a negative in the blue
from the Palomar Observatory Sky Survey. The lower picture is a negative print in the blue
from a 90 -inch plate (B.J. Bok). The fields are approximately 40' by 40'; N is up, E is left.
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PLATE 3: THE GLOBULE BARNARD 361 as seen on the Palomar blue (top) and the 90 -inch
blue (bottom). The field is approximately 40' x 40'. N is up, E is left. Negatives are shown.
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PLATE 4: THE GLOBULE BARNARD 34 (circled in each photograph). Upper left, 90 -inch red plate;
upper right, Palomar red; middle, Barnard Atlas print; lower left, 90 -inch blue; lower right, Palomar
blue. The field dimension is about 40' x 40'; N is up, E is left. The only positive print is from the
Barnard Atlas (middle).

...

PLATE 5: GLOBULE ASSOCIATED WITH IC 1848. The area circled on the Palomar red
print (top) is the same field as shown by the 90 -inch image tube print in the red (bottom). The
circled field has a diameter of approximately 6'. N is up,E is left. The negatives are shown.

PLATE 6: GLOBULE ASSOCIATED WITH NGC 2244. The photographs were taken with the
90 -inch Reflector using the image tube. The red negative print is on the left, blue is on the
right. Each field has a diameter of about 6'; N is up, E is left.

PLATE 7: IC 2944 showing globules as small specks.
Tololo by B.J. Bok. N is up, E is left.

This photograph was taken at Cerro

