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ABSTRACT

Aperture synthesis observations of three dust clouds,
L.134, L1495 and L1517, were made at 21 cm. A 7 arc min
diameter beam was synthesized, and the velocity resolution
was 0.2 km/sec. In addition to interferometer observations,
single dish measurements were carried out to provide large
scale information. Two dust clouds, L134 and L1495, were
detected in absorption against background 21 cm emission.

In both cases the 21 cm absorption line is at a velocity
coincident with molecular lines detected in the dust clouds.
The hydrogen responsible for the absorption line has a spin
temperature less than 20° K, and the columnar atomic hydrogen

density through the dust clouds is between lO19 cm"2 and

1020 cm-z. Based upon optical extinction and normal cosmic

abundances, the expected hydrogen content is 1022 cm_2. It

is presumed that most of the hydrogen is in molecular form.

L134 consists of two velocity components separated by
2 km/sec. Fragmentation of a larger cloud into two smaller
components may explain the data, but more evidence is needed
to draw any firm conclusion. Within an individual velocity
component, no significant substructure was detected in L134
or L1495. The optical appearance of L1517 strongly suggests
a fragmented structure, but this dust cloud was not detect-

able at 21 cm. L1517 may be sufficiently dense that the
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amount of residual atomic hydrogen is too small to detect,

but this conjecture remains to be substantiated.
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I. INTRODUCTION

One of the fundamental problems in astronomy is to
understand the process by which stars are born. Based upon
the large amount of scientific knowledge accumulated to date,
the idea that star formation is a continuing process is now
commonly accepted as fact. Theoretical work attempting to
describe how matter condenses from interstellar-like densi-

ties (10—24

gm/cm3) to stellar-1like densities (1 gm/cm3) has
recently been reviewed by Larson (1973). In principle cur-
rent knowledge about the fundamental physical laws governing
gravitational and electromagnetic interactions should be
sufficient to describe star formation up to the point where
nuclear reactions become important. However, the problem is

so complicated and initial conditions are so poorly known

that star formation is not a well understood process.

Observational astronomy is of great importance because
it provides a framework of facts (initial conditions and
boundary conditions) within which physical laws may be ap-
plied to understand the birth of stars. The presence of
dark areas in the sky strikingly deficient in stars compared
to surrounding regions had long been noticed, but only
after many years did it become accepted that dense clouds of
dust obscuring stars in the background were responsible for

the phenomena (Lynds 1968). It has long been speculated



that dark dust clouds represent the initial stages of star
formation (Bok and Reilly 1947). If true, knowledge about
physical conditions in these dust clouds is important for

understanding how stars might eventually form.

In recent years many molecular lines (e.g. OH, CO, and
HZCO) have been detected in the dust clouds (Cudaback and
Heiles 1969; Penzias et al. 1972; Dieter 1973). Hydrogen is
by far the most abundant element, and from a naive viewpoint,
one would expect the 21 cm emission to be an easy means by
which dust clouds may be observed. The common models for

dust grains and normal cosmic abundances would lead one to

expect that the total columnar hydrogen density N is

N

R
’—l
o
o=
Q
=

where A is the visual extinction of the dust cloud in mag-
nitudes. Dust clouds often produce several magnitudes of
absorption, and if all the hydrogen predicted by the above
equation is present and in atomic form, dust clouds should
be easily detected at 21 cm. In reality the situation is
guite complex. In surveys covering the general interstellar
field, excess 21 cm emiésion seems associated with increased
obscuration by dust (Lilley 1955; Heiles 1967; Sturch 1969).
However, when attempté are made to correlate dust and 21 cm

emission on a detailed basis, the results are varied:



occasionally excess 21 cm emission is associated with dust
(Raimond 1966; Heiles 1969); more often 21 cm emission de-
creases when obscuration increases (Davies 1956, 1958;

McGee et al. 1963; Garzoli and Varsavsky 1966, 1970; Quiroge
and Varsavsky 1970; Sancisi and Wesselius 1970; Sancisi 1971;
Knapp 1974); but quite often no correlation is detected be-
tween dust clouds and 21 cm emission (Bok et al. 1955; Kerr
and Garzoli 1968; Heiles 1969). Several factors can help
explain the various results: (1) the 21 cm emission comes
from cold hydrogen and the emission line is saturated; (2)
the hydrogen is mostly in molecular form; (3) foreground
hydrogen and variations in the backgrdund brightness may
mask observable effects produced by the hydrogen in the dust
cloud; (4) physical conditions in dust clouds differ signif-
icantly from cloud to cloud. Obviously more detailed ob-

servations are needed to help clarify the situation.

Interstellar dust and gas are nonuniformly distributed
within the galaxy. ‘Concentratioﬁs of dust and gas vary on
a scale size from many hundreds of parsecs (spiral arms)
down to a small fraction of a parsec (small globules seen
projected against emission nebulae). To minimize problems
introduced by nonuniform background brightness, it is ad-
vantageous to observe as compact a dust cloud as possible

but still retain reasonable angular resolution. Previous



21 cm studies of dust clouds were made with a single
antenna, and therefore the angular resolution was limited
(typically 0.5°). Interferometric observations of compact
dust clouds using an aperture synthesis technique are
advantageous for two reasons: (1) high angular resolution
may be achieved; (2) uniform background emission is automat-
ically resolved out. Because radio interferometry appeared
to be a promising method to gain more information aboﬁt com-
pact dust clouds, a decision was made to carry out an obser-

vational program.

Dust clouds called "large globules" by Bok were chosen
for study. The particular globules picked were highly
opaque and had a size suitable for interferometef observa-
tions (diameter = 20'). The objective was to measure the
21 cm brightness distribution of the globules with as good
an angular resolution, velocity resolution and sensitivity
as were commensurate with equipment and time limitations.
In any case the interferometer was expected to produce data
significantly superior to any single dish measurements made
up to date. Due to the increased angular resolution avail-
able by interferometry techniques, the structure and kinemat-
ics of large globules can be studied. With greater know-
ledge about physical conditions in the large globules, a
better evaluation may be made about their role in star

formation.
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II. OBSERVATIONS

SELECTION OF THE DUST CLOUDS

Certain considerations should be taken in selecting
suitable objects for observations. Because an aperture
synthesis program was to be undertaken, it was obvious at
the start only a few objects could be studied due to the
limited observing time available. For each dust cloud, the
important factors which need to be evaluated are: (1) size
of the dust cloud compared to the antenna beam size; (2)
how well the visibility can be sampled in the (u,v) plane;
(3) the amount of information already available about the
dust cloud. A great uncertainty was the degree of spatial
structure occurring in the 21 cm background. Its effect
would be to confuse the brightness temperature due to the
dust cloud. The amount of foreground HI would also influ-
ence the ease with which dust clouds could be detected. The
only way to resolve these uncertainties was to do some ob-
servations. Initially four dark dust clouds were chosen

for a feasibility study.

Dust cloud L134 (Lynds 1962) was selected as the pri-
mary cloud to be observed for a variety of reasons. First,

L134 lies at a 35° galactic latitude, and it was hoped that



the background HI emission would be relatively simple in its
spatial and velocity dependence as compared to regions at
lower galactic latitudes. Second, a considerable amount of
information was already available about L134 (Heiles 1968;
Palmer et al. 1969; Zuckerman et al. 1969; Penzias et al.
1972). Molecular lines of OH, HZCO and CO had been detected
in the direction of L134, but HI observations (Sancisi 1971),
while showing a HI emission minimum in the direction of L134,
indicated that this minimum was at a velocity 2 km/sec less
than that of the molecular lines. It was felt further HI
observations with greater velocity and angular resolution
would be worthwhile. Third, the size of L134 as inferred
from photographs is smaller than the beam of the 90 ft. an-
tenna (32') which makes it well suited for interferometer

observations.

The remaining three clouds were chosen in order that
some object would always be visible. B361l is a cloud sug-
gested by Bok et ai. (1970) as a candidate for further
study. Since it filled a convenient time slot in the ob-
serving program, it was initially included in the observa-
tions. B361 lies within 1° of the galactic equator and
initial observations during March 1972 indicated a consider-

able amount of spatial structure was present in the 21 cm

emigsion over at least a 50 km/sec velocity range. No



detection of molecular lines in B361 existed; therefore, it
was not possible to determine at which velocity the HI data
should be examined to see if the dust cloud was visible.

At this point B361 was dropped from any further considera-

tion.

L1517 and L1495 are two dust clouds which lie within
the Taurus dust complex. L1517 was chosen mainly because
its optical appearance suggested it to be ideal for this
project. It has an overall diameter of about 20', and
most interestingly it appears to consist of about four sub-
condensations approximately 5' in size (see fig. 5-1).
There is one known T Tauri star within 30' of the cloud
center and a B9 peculiar emission line star within 5' of
the center (Herbig 1960). The available evidence suggests
that L1517 is now or was very recently in an area of star
formation. The hope that 21 cm observations would show
structure like that suggested by photographs provided the

incentive for observing this cloud.

L1495 is a large dust cloud which Lynds (1962) esti-
mates to be 2,6 square degrees. The observations are cen-
tered on a section of L1495 which coincides with a position
where OH has been detected (Cudaback and Heiles 1969).

This position is about 1° north of the position listed



by Lynds (1962) for L1495, There are four known T Tauri
stars in the immediate vicinity of this dust cloud (Herbig
1962). Despite being larger than the antenna beam, L1495
was selected to see what substructure might exist.

Table 2-1 gives a summary of the dust clouds that were stud-
ied. The antennas were pointed at the adopted position
during the interferometer observations. The diameter is a
crude estimate obtained by viewing the Palomar Sky Survey
print. 1In this paper the center of the dust cloud will be
taken as the adopted position despite where the true cen-

troid of the dust distribution might 1lie.

TABLE 2-1

OBSERVED DUST CLOUDS

NAME ADOPTED POSITION GALACTIC COORD DIAM.
RA (1950) DEC(1950) 1 b

L134 lSh 51.1™ -04° 31.6' 4.2° 35.7° 20"

L1495 04h 15.5™ 28° 18.0' 168.7° -15.5° 1°

L1517 04h 51.5™ 30° 32.0" 172.4° -8.0° 20"




INSTRUMENT

The interferometer observations were conducted with the
OVRO twin-element interferometer, and single dish observa-
tions were obtained with the 130 ft. diameter antenna using
a 100 channel autocorrelator. The interferometer consists
of two 90 ft. antennas,and its operation as a 21 cm line
aperture synthesis instrument has been described by Rogstad
and sShostak (1971). A block diagram showing the basic
interferometer logic is shown in fig. 2-1. A detailed
description of the interferometer will not be given except

for factors important in planning the observing program.

Because these particular observations do not benefit
from a wide bandpass, the IF bandpass (nominal center fre-
guency 10 MHz) was purposely limited to 5 MHz by inserting
filters into the IF line coming from each antenna. This had
the beneficial effect of rejecting continuous wave interfer-
ence which at times got injected into the IF lines for
reasons not entirely clear. 1In this paper "wideband chén-
nel" refers to this 5 MHz bandpass correlated without fur-
ther filtering. The wideband channei was used for observing
continuum sources in the sky. Such observations are neces-
sary to perform instrumental calibration as will be dis-

cussed in a later section.
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Part of the IF signal is split and divided into 47
narrow bandpasses by the use of filters. Each of these
narrow bandpasses is then correlated and produces what is
called a "narrowband channel." At any given time, a maxi-
mum of 47 narrowband channels and one broadband channel
could be recorded. The characteristics of the filters are
as follows. The twenty-four 1 kHz filters (actually 24
pairs of matched filters, one for each antenna) have a
nominal center frequency ranging from 9.965 MHz to 10.011
MHz and are spaced 2 kHz apart. The half-power width is
1 kHz and the true center frequency is within 0.1 kHz of
the nominal frequency center. The forty-eight 4 kHz fil-
ters range from 9.812 MHz to 10,188 MHz and are spaced
8 kHz apart. The half-power width and nominal center fre-
quency tolerance are 4 kHz and 0.1 kHz respectively.
During the March 1972 observations, only the 4 kHz filters
were used and the remaining observations used all twenty-

four 1 kHz filters and twenty-three 4 kHz filters.

Just before dividing the IF signal into the various
channels, there is an IF amplifier with automatic gain con-
trol capability. Assuming that the receiver temperature is
constant and the antenna temperature is always a small

fraction of the receiver temperature, it is desirable to

use AGC in order to minimize gain variations. The typical
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receiver temperature is 80° K, and assuming an aperture
efficiency of 0.5, a 10 f.u. source will produce a 1° K
antenna temperature. The observed dust clouds contain no
continuum sources greater than 0.2 f.u. The HI emission
brightness temperature may be comparable to 80° K; however,
it is confined to a bandwidth narrow compared to 5 MHz.
Based upon these facts, use of the AGC should not introduce
any systematic errors greater than 1%, and accordingly AGC

was used throughout the interferometer observations.

Based upon the experience of others (Greisen 1972;
Bieging 1973), it was decided that narrowband channel
calibration could best be performed by injecting correlated
noise into the front end receiver of each antenna. In this
manner one has an absorption-free source which could be
turned on or off at will. On the whole this was a satis-
factory method for calibrating the narrowband channels
despite some difficulties due to the detector characteris-
tics of the narrowband channels. A more detailed discussion

is given under the section about calibrations.
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OBSERVING PROGRAM

In this section a description is given of how the
observations were carried out. Table 2-2 gives a chrono-
logical summary of the observations. The major pufpose of
the March 1972 observations was to determine whether or not
the proposed observations would be feasible. The conflict-
ing requirements to cover a wide velocity range but still
achieve good velocity resolution were best balanced by
using the 4 kHz filters. Based upon the size of the dust
clouds, it was known that the shortest spacing would be im-
portant, but the longest spacings needed would depend upon

the amount of small scale structure,and this was not known.

The March 1972 observations showed there was apprecia-
ble visibility amplitude (10 f.u. for L134) at only the
shortest spacings. At the 300 ft. EW spacing where the pro-
jected baseline varied from 240 to 430 wavelengths, the
visibility amplitude was less than or close to the noise
level of 0.5 f.u. Based upon the need of obtaining better
signal to noise, maximum effort was made in September and
November 1972 to obtain all the shortest spacings available
where signals had already been detected. At the same time,
some evaluation was needed as to whether the small visibil-

ity amplitude at the 300 ft. EW spacing indicated a true
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lack of small scale structure or whether it was due to an

instrumental limitation.

At this point a few comments upon the sensitivity of
the interferometer to small scale structure is needed.
A priori a reasonable model is for cold HI in the dust cloud
to absorb radiation from background HI emission. It is
apparent that for any fixed interferometer baseline, there
is an optimal size dust cloud which will produce maximum
visibility amplitude; if the cloud is too large, it will be
resolved out, but if it is too small, the cloud produces no
appreciable flux. A model was made using circular Gaussian
sources with a peak temperature T. For any baseline u,
there is an optimal source diameter d which will give maxi-
mum visibility amplitude. The results are shown in fig. 2-2.
Based upon this model, the small visibility amplitude at
the 300 ft. EW spacing is not entirely due to instrumental
limitations, i.e. brightness temperature fluctuations with
a reasonable spatial scale and amplitude could produce a
visibility amplitude greater than the noise level. For
example, a 5' diameter, 25° K source observed at a 350
wavelength spacing will have a visibility amplitude of 1.5
f.u., about 3 times the noise level. On the other hand,
brightness temperature fluctuations with somewhat smaller

scale or amplitude than the example just mentioned would
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not have been detected. The small visiblity amplitude at
the 300 ft. spacing suggests there is no small scale struc-
ture, but obviously brightness temperature fluctuations with

a sufficiently small scale or amplitude would be undetected.

For L134 and L1495 the data indicated that the fringe
amplitude was greatest within a narrow velocity range coin-
cident with molecular line velocities (see fig. 5-10, 4-7).
This fact provided the necessary confidence to continue the
observations after March 1972. At that time no molecular
line known to the observer had been detected in 1L1517; there-
fore, it was assumed that the velocity of maximum fringe
amplitude (-7 km/sec) was the dust cloud velocity. It was
decided that the September and November 1972 observations
would use 1 kHz filters to cover a velocity range of about
10 km/sec centered upon the suspected velocity of the cloud.
The OVRO interferometer is capable of recording 47 narrow-
band channels but only twenty-four 1 kHz filters were avail-
able; therefore, 4 kHz filters were used in the remaining
23 channels to provide greater redundancy and greater

velocity coverage (about 40 km/sec).

A few points need to be mentioned about the filter

arrangement. The 1 kHz filters are 1 kHz wide but center

frequencies are spaced 2 kHz apart. Consequently if fine
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velocity coverage is needed, one must make two sets of
observations where the LO frequency differs by an odd number
of kHz. Shifting by only one kHz can be a disadvantage for
the following reason. Suppose there is one faulty channel
which is not detected during the calibration procedure; if

a shift of only 1 kHz is made, the complex visibilities
measured by this one channel will be at two adjacent velo-
cities and may be hard to distinguish from some real feature
which is 2 kHz wide. During the course of observations
there is no easy on-line procedure by which the performance
of the narrowband channels may be checked. 1In order to cir-
cumvent the possibility of one faulty channel producing a
gap in the velocity coverage, one can shift the local oscil-
lator frequency by an even number of kHz. In this manner,
the visibility at any velocity is measured by at least two
physically distinct channels. The foregoing considerations
would be important if one was attempting to measure narrow
spectral lines as was the case for these observations.
Accordingly during the interferometric observations, the LO
frequency was shifted by 1 kHz, 3 kHz and 4 kHz higher than
the lowest LO frequency. Such a technique produces greater
problems during data reduction, but it enhances the reliabil-

ity of the observations.
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Typical (u,v) coverage for L134 and L1495 is shown in
fig. 2-3 and 2-4. The coverage for L1517 is similar to
L1495 since the two sources are at about the same declina-
tion. The corresponding synthesized beams (also called the
dirty beam) are shown in fig. 2-5 and 2-6. If one wishes
to map an area 30' by 30', then according to the sampling
theorem, the (u,v) pléne must be sampled by a rectangular
grid of points spaced 115 wavelengths apart. In reality
measurements by the interferometer cannot conform to such a
sampling scheme. As will be discussed later, the greatest
problem with the (u,v) sampling is the lack of measurements

near the origin at spacings less than 130 wavelengths.

The usual observation routine was to track each dust
cloud from —4h to +4h hour angle except at some short
spacings where one antenna blocked the view of the other
antenna,resulting in a more limited hour angle coverage.
The usual procedure was to calibrate and then observe the
dust cloud making 4 separate 12 minute records. For each
record the LO frequency was shifted in order to obtain the
four shifts previously mentioned and to compensate for
motion with respect to the local standard of rest. This
cvcle was repeated during the 8 hours that the dust cloud
was tracked. A calibration consisted of observing an

unresolved source in the sky with a well determined position
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FIGURE 2~5. Synthesized beam for L134, Peak amplitude at
center is normalized to 1.0. Contour interval is 0.2.
Dashed contour lines are positive, dotted contour lines
are necative, and solid line is the zero contour line.
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and flux, and observing a noise diode to determine the phase
and amplitude of each narrowband channel relative to the

broadband. This was necessary because continuum sources in
the sky are not free from 21 cm absorption and consequently

cannot be easily used to calibrate the narrowband channels.

In December 1973 single dish observations with a
130 ft. diameter antenna and a 100 channel autocorrelator
were made for the three dust clouds. These observations
were necessary to obtain zero spacing information and very
short spacing information not available from the interfero-
metric data. The hydrogen line emission profile was obtain-
ed on a grid of points about 2° 20' on a side centered upon
the dust cloud. The spacing of points within the inner
1l square degree was 10' and in the outer regions about 20t.
Preceding and following observations of each dust cloud,
the telescope was pointed at a mountain to calibrate the
bandpass shape. The baseline level was determined by
making observations with a 625 kHz bandpass and assuming
there was no significant hydrogen emission where the spectrum
was flat at high and low velocities with respect to the
local standard of rest. A 62.5 kHz bandwidth was used to
measure the hydrogen emission profile at the suspected dust

cloud velocity.
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DATA REDUCTION AND CALIBRATION

A rough outline of the data reduction routine is shown
as a block diagram in fig. 2-7. The following section pro-
vides a sketchy description of the reduction programs but
brief digressions are made at some points where more de-
tailed explanations are appropriate. Wherever a paragraph
begins describing a particular block, the number of that
block (see fig. 2-7) is placed at the beginning of the

paragraph.

(1) The tape inspection program serves merely to check that
the data are properly recorded on tape. For example, tape
parity errors are detected. No actual data reduction is

done at this stage.

(2) The phase-frequency correction and baseline are deter-
nmined from special sets of observations made explicitly for
such purposes. The phase-frequency correction is necessary
in order that phase shifts produced by changing the local

oscillator frequency can be calculated.

(3) After the phase-frequency correction and baseline are
determined, the data on the dust clouds and calibrators are

analyzed to produce raw flux and phase measurements.
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Because calibrators are unresolved sources with known posi-
tions and fluxes, their raw flux and phase measurements

provide direct instrumental gain and phase calibration.

(4) The calibration is best considered in two parts, cali-
bration of the broadband channel and calibration of the
narrowband channels relative to the broadband channel. The
broadband channel is easily calibrated from periodic obser-
vations of the calibrators. The system gain and phase
stability are dependent upon many factors, e.g. the sun
rising or setting, temperature stability in the box housing
the front end receiver, etc. Over a 24 hour period, the
instrumental phase normally did not vary by over 0.1 lobes
nor did the gain change by more than 10%. By observing
calibrators every hour or so, the phase could be calibrated
to within 0.01 lobes and the gain within 2%, These uncer-
tainties are much smaller than the statistical noise in the
narrowband channels and have comparatively little effect on

the noise level in the final brightness temperature maps.

Narrowband calibration was performed by pointing the
two antennas in directions differing by at least two
degrees and observing the noise diode. 1In such a case, the
noise diode is the only source of correlated noise.

Because the noise diode has a flat spectrum, the narrowband



-28-

amplitude may be directly calibrated against the broadband
amplitude. The narrowband phases do not necessarily equal
the bréadband phase since the cables connecting the noise
diode to the antennas differ in length and phase-frequency
effects may be important. Whenever the noise diode was
observed, the total electrical path length frdm the noise
diode to the correlator was equalized between the two
interferometer elements. In such a case, narrowband and
wideband phases must be equal. The narrowband phase cali-
bration determined by the noise diode observations was
checked by observing sources in the sky and no inconsisten-

cies were found.

Unfortunately the narrowband-to-wideband amplitude
ratio often differed in a systematic manner between various
observations of the noise diode. 1In the worst case dis-
crepancies up to 15% were observed but 7% was more typical.
The problem is demonstrated by the following data. Three
noise diode observations were made with antennas skewed
but pointing in the same general direction; however, the
local oscillator was shifted by =70 kHz for the third
observation. In fig. 2-8, dots show the relative narrow-
band-to-broadband gain as determined by the second noise
diode observation relative to the first observation and

plus signs show the same information for the third noise
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diode observation relative to the first observation.

Except for two bad channels, the dots indicate that
the narrowband to broadband gain remained constant between
the first and second observations; the total power from
21 cm emission did not change between the two observations.
On the third noise diode observation, a pronounced narrow-
band gain change has occurred because the HI emission was
received in channels different than during the first two
observations. Greater total power level in a channel
causes a gain decrease. This problem is especially bad
when studying HI absorption against continuum sources
because channels where absorption would be expected are

the same channels where the gain is reduced.

The most likely explanation is as follows. The total
power going into the correlator comes from two sources, the
receiver and the antenna which contribute Tr and Ta degrees
respectively. Tr is frequency independent and around 80° K.
Ta comes mainly from 21 cm emission and is frequency depen-
dent and may vary from 0° K to 80° K. It is apparent that
the narrowband channels may receive substantially different
total powers depending upon the 21 cm emission strength.

It has already been noticed that the narrowband channels are

not true square law detectors (Bieging 1973). Consequently
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one might expect systematic differences in the narrowband
calibration dependent upon the 21 cm brightness in the

direction at which the antennas were pointed when the noise

diode was observed.

Fortunately most of the noise diode observations were
performed by driving the two antennas a few degrees apart
in opposite directions from the dust cloud being observed.
In so far as the HI emission does not change substantially
within a few degrees of the dust cloud, the narrowband
calibrations will not suffer from systematic errors due to
21l cm emission. By eliminating noise diode observations not
taken in the vicinity of the dust cloud being observed, it
is believed systematic errors in the narrowband calibration
will be insignificant. The final calibrations indicate the
relative narrowband to broadband amplitude is calibrated to

within 2% and the phase difference to within 0.005 lobes.

(5) The sorting program's major function was to reorder
the narrowband data such that all flux and phase measure-
ments at the same velocity are assembled together. All
velocities in this paper are with respect to the local
standard of rest. At the same time bad channels were

eliminated. A narrowband channel was considered bad if
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over a few hours time its gain or phase relative to the

broadband changed by more than 5% or 0.01 lobes respectively.

(6) Fourier inversion of the visibility was done by a
straightforward calculation and the result is called the
dirty map. Let Ak and @k be the amplitude and phase mea-
sured at (uk,vk). The dirty map is equal to
5 .

Z Wk Akel Kk elZ'n(ukx + vky)

k
where Wk is a weighting factor. Usually the dirty map is

hard to interpret due to the sidelobe structure in the

dirty beam.

(7) The clean program attempts to eliminate the effects of
the dirty beam sidelobes. The dirty map is deconvolved by
the dirty beam into a set of point sources. The point
sources are then convolved with the clean beam which can be
any smooth function about the same size as the dirty beam
primary lobe. In this work the clean beams were circular
Gaussians. The final map is called the clean map. The
appendix gives a more detailed description on how the

visibility is transformed into a clean map.
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ITI. L134

L134 GENERAL DESCRIPTION

1134 is an inconspicuous dust cloud situated at a
relatively high 35° galactic latitude. Fig. 3-1 is a
photograph of L134 taken from the blue Palomar Sky Survey
print. The amount of absorption produced by the dust cloud
is considerable since no stars are visible through the
central part of the dust cloud on the red sensitive print.
It is interesting to note that on the red print, L134
appears to be a faint emission nebula (Lynds 1965). The
source of this light is not apparent,but van den Berg (1966)
speculated that high galactic latitude reflection nebulae
may be illuminated by scattered light from the galactic

plane.

A direct unambiguous measurement of the distance to
1134 is not available; however, there are several indirect
arguments which, taken together, provide a rough estimate
of the distance. The 35° galactic latitude of L134 1is
unusually high. A catalogue of dark nebulae compiled by
Lynds (1962) has 1802 entries out of which 13 refer to
clouds more than 30° from the galactic plane. The impor-

tant point is that these high galactic latitude dust clouds
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FIGURE 3~1, Photograph of L134 taken from the blue Palomar
Skv Survey print, North is on top and east is on the left.
Field of view is centered upon the adopted vposition of L134
given in Table 2~1, Scale is indicated in upover left
corner.,
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do not appear to be randomly distributed in galactic longi-=
tude but concentrate toward the two most prominent HI
complexes which extend to high positive and negative galac-
tic latitudes, the Scorpius-Ophiuchus complex and the Orion-
Taurus—-Perseus complex respectively. This suggests that
high galactic latitude dust clouds are not nearby objects
(a few tens of parsecs) but are more distant objects (around
100 pc) associated with HI complexes that extend well off

the galactic plane.

Assuming L134 is associated with the Scorpius-
Ophiuchus HI complex, its distance will be about the same
as the HI complex. In an early 21 cm survey,ch Gee et al.
(1963) set the distance to this complek as 140 pc based
upon a lack of HI emission in the direction of a HII
region formed by & Ophiuchus. Bok (1956) has studied a
large dust cloud near p Ophiuchus and gives about the same
distance estimate. Finally the Scorpio-Centaurus OB asso-
ciation which lies in the same direction is about 170 pc
away (Blaauw 1964). It appears that toward the galactic
center there is a large complex of hydrogen, dust and early
type stars that extend well above the galactic plane. L134
is probably associated with this complex. Because L134 is

seen in absorption against background 21 cm emission, it

certainly cannot be more distant than the Scorpio-Ophiuchus
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HI complex which is responsible for most of the HI emission.

This indicates L134 is around 170 pc or somewhat less.

An alternate estimate of the distance can be obtained
by doing star counts. Inspection of the Palomar Sky Survey
prints shows that the inner part of L134 is essentially
opagque down to the limiting plate magnitude. One can ask
the question at what distance could an opaque dust cloud be
placed before foreground stars appear in substantial numbers.
Define the following quantities:

N(m,r) number of stars per unit solid angle down to

apparent magnitude m and within distance r
of the sun

(M, 2) number of stars per unit magnitude per unit

volume at absolute magnitude M and distance
z above the galactic plane
A magnitudes of absorption per unit distance
b galactic latitude

N(m,r) can be calculated by the following equation.

r m -5log(x) -Ax + 5
N(m,r) = dx x? dM ¢(M, x sin b)

0 -0
Data for ®(M,z) were taken from Allen (1973) and the
above integral was calculated numerically. The expected

number of foreground stars in front of L134 as a function

of distance was determined. At 170 pc about 30 stars (down
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to the 20th magnitude) could be expected within an area

3 10-5 sterad corresponding to the essentially opaque part
of L134, Taken at face value, the star count calculation
would‘place L134 not much farther than 100 pc; however, the
uncertainties are sufficiently great that a distance up to

170 pc could not really be considered as being inconsistent.

A minimum distance limit could be placed on L134 if a
foreground star can be found. HD 141269 lies on the north
edge of the dust cloud (see fig. 3-1, bright star 10' north
of center). Let us assume a star at that position lying in
back of Ll134 would be absorbed by at least 3 magnitudes.

HD 141269, a GO star, was compared with HD 141247, a F9V
star about 1° away. As near as the eye can judge, both
stars appear to be equally bright on the red and blue
Palomar Sky Survey prints. Any GO0 star suffering 3 magni-
tudes of absorption would appear noticeably brighter on the
red print than the blue print; therefore HD 141269 must lie
in front of L134. A main sequence GO0 star has an absolute
magnitude around 4.4. The apparent magnitude of HD 141269
is around 8 so the star must be about 50 pc away and L134
must at least be that far. The foregoing argument is not
conclusive but it is consistent with the idea that L134 is
associated with the Scorpio-Ophiuchus HI and dust complex.

The true distance to L134 is not well known, but an adopted
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distance of 170 pc is reasonable.

L134 RESULTS

In this section the basic data on L134 are presented,
but interpretation of the observations is deferred to the
next section. The interferometer data indicates L134 may
consist of two velocity components. Fig. 5-10 (page 102)
shows data from the 100 ft. EW spacing. The strongest
component at 2.8 km/sec coincides with the velocity at
which OH and H,CO have been detected. Fourier inversion
of the visibility for this component produces a clean map
which is superposed on a photograph of L134 in fig. 3-2.
It is difficult to define very precisely the limits of the
dust cloud, but the temperature depression seems to agree
well in size and position with the dust cloud. The second
component is near 0.7 km/sec, and a clean map of its struc-

ture is shown in fig. 3-3.

Figures 3-4 through 3-6 show the 115 GHz transition
of CO (J =1 to J = 0) of CO taken at various positions
around L134. The CO observations were provided by
N. Scoville. A frequency switching technique was used to

calibrate the bandpass shape. The local oscillator was

shifted back and forth by 50 MHz and the power from the
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FIGURE 3-2. Contour map of brightness temperature from
interferometer cobservations of L134 at 2.43 km/sec. Contour
interval is 4° K and synthesized beam diameter is 7'. Scale
is indicated in upper left corner. Zero spacing information
ig missing; therefore, the dashed contour lines were set at
0° K for reference. The contour lines represent a 20° K
drop in brightness temperature. No correction has been

made for the antenna beam. Noise level is 1° K,



FIGURE 3-3. Contour map of brightness temperature from
interferometer observations of L134 at 0.74 km/sec. Contour
interval is 2° K and synthesized beam diameter is 7'. Scale
is indicated in upper left corner. Zero spacing information
is missing; therefore, the dashed contour lines were set at
0° K for reference. The contour lines represent a 10° K
drop in the brightness temperature. No correction has been
made for the antenna beam. Noise level is 1° K. :
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FIGURE 3-4 The CO 115 GHz emission profile at various
positions near L134. A frequency switching technique

was used so an emission line appears twice in one scan
(see text for explanation). Numbers to the right of each
scan indicates position in minutes of arc west of 1134,
Observations were provided by N. Scoville.
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FIGURE 3-5. The CO 115 GHz emission profile at various
positions near L134. A frequency switching technique
was used so an emission line appears twice in one scan
(see text for explanation). Numbers to the right of
each scan indicates the position in minutes of arc north
and south of L134. Observations were provided by

N. Scoville,
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FIGURE R 3-<6, The CO 115 GHz emission profile at various
positions near L134. A frequency switching technique
"was used so an emission line appears twice in one scan
(see text for explanation). Numbers to the right of each
scan indicates position in minutes of arc east of L134.
Observations were provided by N. Scoville.
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filters was differenced. Consequently an emission line

appears twice in any scan but with opposite signs.

Single dish observations at 21 cm were made on L134
to determine if there might not exist a larger component
which was resolved out by the interferometer. Fig. 3-7
shows the HI emission profile centered on L134. The 21 cm
emission profile was also measured on a grid of about
80 points surrounding L134, and fig. 3-8 and 3-9 show the
antenna temperature at 0.6 km/sec and 2.8 km/sec measured

at the various grid points.
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FIGURE 3-7 Hydrogen 21 cm emission profile centered
upon Ll34. Antenna temperature is measured in degrees

Kelvin.
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FIGURE 3-8.

around 1,134 at 0.6 km/sec.
antenna temperature in degrees Kelvin at that position.

Antenna temperature as a function of position

The number by each dot is the

Two numbers at one position represent two independent

measurements.

Field of view is centered upon L134.
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L134 DISCUSSION

(Dust Cloud Structure)

Prior to any attempt to interpret the data, the com-
patability of single dish and interferometer observations
must be considered. The clean map reveals a brightness
temperature depression of 20° K, and the question is what
would such a feature look like using single dish observa-
tions. The clean map (fig. 3-2) was corrected for the
90 ft. antenna beam and then convolved with a 22' circular
Gaussian beam (modeling the 130 ft. antenna beam). The
resulting brightness temperature map was multiplied by 0.75
(the main beam efficiency of the 130 ft. antenna) to convert
to an antenna temperature map. By subtracting this map
from the observed antenna temperatures (fig. 3-9), effects
due to the brightness depression in fig. 3-2 are removed.
The resulting antenna temperature map is shown in fig. 3-10.
Two conclusions may be drawn: (1) Single dish and interferom-
eter observations are compatible. The predicted decrease
of antenna temperature (4.6° K at maximum) matches the
observed temperature decrease centered on L134 (fig. 3-9).
(2) No large scale structure associated with L134 is appar-
ent in fig. 3-10. The temperature fluctuations which
remain are probably due to changes in the background

brightness unassociated with L134. The evidence indicates

that the interferometer ohservations give a fairly complete
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picture of L134; or in other words, there is no extended
component associated with L134 which would have been

resolved out by the interferometer and gone undetected.

The lack of substructure is disappointing in the sense
that the observations were partially motivated in the hope
of detecting dust cloud fragmentation. It is possible
that the two velocity components could be the result of
fragmentation, and this will be discussed later. As far as
each individual component is concerned, each appears to be
a single cloud with no significant substructure. The tem-
perature depression is tightly confined to the region where
obscuration by dust is high. Such simple dust clouds are
ideal for comparison with theoretical calculations which

usually deal with an idealized model.

(Sancisi's Observations)

Extensive HI observations of L134 have been made by
Sancisi (1971), and a few comments are needed. The poorer
spatial resolution (0.6° HPBW) and poorer velocity resolu-
tion (2 km/sec) of Sancisi's observations prevented detec-
tion of the HI component reported in this paper. The HI
emission minimum reported by Sancisi had a 2 km/sec velocity
dispersion and was centered at 0.5 km/sec. These‘parameters

differ substantially from molecular line measurements.
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Brightness temperature measurements with the 130 ft. anten-
na confirm Sancisi's findings (fig. 3-8); there is a tem-
perature depression at 0.6 km/sec. However, the region of
lowest température is located north of the center of L134.
The general hydrogen emission is not uniform and convincing
demonstration that the decreased brightness is not chance
coincidence has not been made. It is interesting to specu-
late that perhaps the decreased brightness feature reported

by Sancisi represents a depletion of hydrogen over a large

volume which eventually condensed to form L134.

(2.8 km/sec Absorption Line)

The narrow velocity range over which the brightness
temperature decreases implies that a true absorption line
has been detected (see fig. 3-11), since it is highly un-
likely such a narrow line can be caused entirely by a lack
of atomic hydrogen. The absorption line will be studied
using a simple model in which a cold cloud of hydrogen
absorbs uniform background radiation. Fofeground hydrogen
will be neglected. Lyman o observations (Jenkins and
Savage 1974) indicate that the hydrogen density varies
greatly. The average density is 0.25 cm—3 within 100 pc
of the sun, and this amount of foreground hydrogen would
contribute a maximum 5° K brightness temperature assuming
100° K spin temperature and 3 km/sec velocity dispersion.

Knowledge about the amount and
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velocity distribution of hydrogen in front of L134 is so
highly uncertain that it is best to simplify the analysis
and neglect foreground hydrogen. This is a conservative
assumption because the effect of foreground hydrogen is to

diminish the depth of the absorption line.

Let TB(V) represent the background brightness tempera-
ture assuming it is only a function of velocity. TB(V) is
determined from the 21 cm emission profile (fig. 3-7).

Four parameters describe the atomic hydrogen in L134: spin
temperature Tc, optical depth Tt velocity dispersioncjc,

and velocity Ve The apparent brightness temperature is

T(v) = Ty (V) TV T_(1 - e~ T(V),

2
- v - v,]
where 252
c

T(v) = 1_8€

C

Because the interferometer completely resolves out the
uniform background brightness, the brightness temperature

as measured by the interferometer is
T'(v) = T(v) —TB(V).

A computer program was used to optimize Tc' T ,c%, and Ve

c
such that T'(v) gave a least squares fit to the data.
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Because Tc and T, are highly correlated, the least
squares fit program does not converge to a physically
acceptable solution when all four parameters are allowed
to vary freely, i.e. Tc +-o and Te ~ 0. To insure a physi-
cally acceptable solution, either TC or T, must be held
fixed. Fig. 3-11 and 3-12 show the absorption line at the
dust cloud center along with some fitted theoretical
profiles where either TC or T, have been fixed at various
values. Table 3-1 summarizes the results. N.. is the

H
columnar density of atomic hydrogen in the dust cloud.

TABLE 3-1

LEAST SQUARES FIT PARAMETERS FOR L134

T, °K T, v, km/sec 0. km/sec N cm™ 2 SgﬁgggRD
5.00 0.86 2.76 0.50 9.9 1018 1.5
10.0 1.09  2.77 0.49 2.5 1017 1.5
20.0 2.60 2.83 0.44 1.1 1049 1.7
17.7 2.00 2.81 0.45 7.4 10%° 1.6
22.2 5.00 2.86 0.39 2.0 1020 2.1
23.4 10.0 2.91 0.37 4.0 1020 2.6

Judging by eye (fig. 3-11 and 3-12) only the curves with
T set at 5 and 10 do not appear to give an adequate fit to

the data. The absorption line shape is wrong. The
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FIGURE 3-12. Absorption line profile at center of L134.
Solid lines are best fitting theoretical profiles where the
maximum optical depth is fixed at 2, 5 and 10.
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goodness of fit with Tc = 20° K is marginal. The following
reasonable limits may be placed upon the hydrogen in the

dust cloud.

0° K < Tc < 20° K
0.8 < 1. < 2
c
1012 em™? < Ny < 1020 cm™ 2
+
Ve = 2.80 - 0.03 km/sec
o, =0.47 ¥ 0.03 km/sec

Heiles (1973) has observed the H2CO 6 cm line in L134 and

finds an absorption line at 2.795 : 0.006 km/sec and a

velocity dispersion 0.249 b 0.008 km/sec. At 10° K the
velocity dispersion due purely to thermal motion is 0.05
km/sec for HZCO; therefore, the observed 0.249 km/sec velo-
city dispersion must be mainly due to turbulent motion.

The synthesized beam for HI observations and the antenna
beam used for the H,CO observations are about the same size.
If 0.249 km/sec is used to remove turbulent broadening from
the HI absorption line, the residual dispersion is 0.40
km/sec which corresponds to 20° K. If hydrogen has a

20° K spin temperature, the HI optical depth is about 2

and there must be lO20 atoms/cm2 of hydrogen along the

line of sight through L134. This result is consistent

with the absorption line profiles in fig. 3-11 and 3-12

- [ -
where TC = 20° K and T 2.
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(HI Density)

A lower limit to the expected amount of HI can be
estimated by taking 8 magnitudes to be a lower limit on the
optical absorption. The basis of this estimate is that no
stars are visible through L134 on the red Palomar Sky Survey
print. Assume extinction is produced with an efficiency of
4.5 104 mag cmz/gm (Bok et al. 1970). Based upon cosmic
abundance, hydrogen is 100 times more abundant by mass
than the heavy elements that presumably make up the dust.
Under these assumptions, the expected columnar hydrogen
density is greater than 1022 cm_z, 100 times greater than
the observed value. To calculate the hydrogen density, the
extent of L134 along the line of sight is needed. The
angle subtended by 0.75 pc at 170 pc distance is 15', the
apparent angular size of L134. If the extent of L134
along the line of sight is 0.75 pc, then the hydrogen den-
sity is greater than 4300 cm—3. Hollenbach et al. (1971)
have considered the problem of molecular hydrogen formation
in dust clouds. For dense dust clouds, they predict most
of the hydrogen should be in molecular form. The residual

columnar atomic hydrogen density should be

NH = 8.5 1022 n—l cm_2

where n is the total hydrogen density per cm3. With
n = 4300 cm—3, Ny = 2.0 102 cm™2. This value falls within

the range of Ny given in Table 3-1, but it is smaller than
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the value of NH suggested by using the HZCO line width to

deduce a 20° K spin temperature for hydrogen.

(Velocity and Velocity Dispersion Maps)

Hollenbach et al. (1971) predict that atomic hydrogen
in dense dust clouds like L134 is located in a thin shell
lying at the dust cloud edge. Unfortunately T, Ccannot be
measured as a function of position with sufficient accuracy
to confirm or reject a shell-like distribution for atomic
hydrogen. The resolution of the synthesized beam is inade-
quate for such a measurement. On the other hand, Ve and
0, are less sensitive than T to uncertainties generated by
poor angular resolution. Fig. 3-13 and 3-14 are contour
maps showing how Ve andoC change across the face of the
dust cloud. Using a rectangular grid of points spaced 2!
apart, a least squares fit to the absorption line profile
was obtained at each position with Tc always fixed at 10° K.
The region examined (outlined by the dashed line in fig.
3-13 and 3-14) was confined to the area where the absorp-
tion line was at least 10° K deep. It is difficult to fit
absorption lines less than 10° K deep to the model.

Fig. 3-15 shows a representative sample of absorption line
profiles along a north-south line through L134, and

Table 3-2 tabulates the various parameters.
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MINUTES OF ARC

MINUTES OF ARC

FIGURE 3-13. Velocdity contour map of L134. Numbers by
solid contour lines indicate the velocity in km/sec.
Dashed line outlines the region over which the velocity
was measured. The (0,0) position corresvonds to the
position of L134 given in Table 2-1,
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FIGURE 3-14. Contour map of absorption line width for L134.
Numbers by solid contour lines indicate the velocity dis-
persion, ¢, , in km/sec. Dashed line outlines the region
over which the velocity dispersion was measured. The (0,0)
position corresponds to the position of L134 given in

Table 2-1. The direction to the galactic nlane and the
Scorpio OB association are indicated.
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FIGURE 3-15. 21 cm absorption line as a function of position
in L134. Position with respect to the adopted position of
L134 is given to the right of each absorption line. DProfiles
are displaced from one and another by 15° X brightness tem-

perature. Solid line is the fitted profile whose parameters
are given in Table 5-2.
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TABLE 3-2
LEAST SQUARES FIT PARAMETERS FOR L134

AS A FUNCTION OF POSITION

POSITION

ggﬁ?ER . Tc °K To , v km/sec I . km/sec
7' NORTH 10.0 0.73 2.54 0.37

5' NORTH 10.0 0.80 2.57 0.38

3' NORTH 10.0 0.83 2.64 0.43

1' NORTH 10.0 0.94 2,73 0.48

1' SOUTH 10.0 1.09 2.77 0.49

3' SOUTH 10.0 1.06 2.79 0.47

5' SOUTH 10.0 0.77 2.80 0.47

7' SOUTH 10.0 0.45 2.84 0.47

Apparently a 0.3 km/sec velocity gradient exists
across the dust cloud, but exactly how the velocity con-
tour map should be interpreted in terms of the dust cloud
kinematics is not clear. It is somewhat peculiar that the
velocity contour lines tend to converge on the east side
of the dust cloud. Perhaps a rotation-like motion is
present. In any case, an estimate is needed on how large
a velocity is dynamically important. Following Bok et al.
(1970) the minimum mass (in solar masses) of dust which is
required to produce Am magnitudes of absorption in a cloud

with radius R (pc) is Md - 0.22 RzAm
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For L134 R = 0.4 pc and Am 2 8 which implies M 2 0.28 M.

d
The total mass M should be about 100 Mgy or M =28 M.

The condition for stability can be crudely approximated by
equating the total kinetic energy to the gravitational

binding energy,

kT 2 _ GM

u R
where u is the mean mass per particle and v is the turbu-
lent velocity. Taking T = 10° K, u = 1.7 10"2% gm, xT/u
equals 0.08 kmz/secz. Based upon the velocity contour map,
v = 0.3 km/sec or v2 = 0.09 kmz/sec2 which is very close to
kT/u. Using R = 0.4 pc and M = 28 Mo’ then GM/R is

0.3 kmz/secz. Assuming GM/R has not been seriously under-

estimated, L134 is close to equilibrium or slightly bound.

Fig. 3-14 indicates that the absorption line is wider
in the southeast part of L134 than elsewhere. In searching
for an explanation for the asymmetry, the ultraviolet radi-
ation field is an obvious factor to consider for two rea-
sons: (1) Radiation near 1000 A is the dominant mechanism
for disassociating molecular hydrogen into atomic hydrogen;
(2) The UV radiation field should be anisotropic at the
position of L134. Habing (1968) has estimated the average
interstellar radiation density at 1000 A. The only signif-

icant sources of radiation at 1000 A are O stars and
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early B stars. 1In addition if the albedo of dust grains

is high (0.9) at 1000 A, scattered light from dust grains
may be comparable to direct radiation from the stars. 1In
any case, B stars and dust are tightly confined to the
galactic plane. Clearly if L134 is 100 pc north of the
galactic plane, it must receive considerably more radiation
from the galactic plane direction than the‘galactic pole.
Another factor to be considered is the proximity of L134

to the Scorpius OB association. Habing estimated that with-
in 67 pc, direct radiation from the Scorpius OB association
will produce a UV energy density comparable to the average
interstellar dénsity. L134 is approximately 60 pc from

the Scorpius OB association. Arrows in fig. 3-14 point in
the direction of the galactic plane and the Scorpius OB

association.

The theory used by Hollenbach et al. (1971) assumes
that the rates at which molecular hydrogen is formed and
destroyed are equal. Increasing the UV radiation will
produce a proportional increase in the columnar atomic
hydrogen density. The absorption lines were examined to
determine if the optical depth is greater in that part of
L134 facing the galactic plane and the Scorpius OB associa~
tion than the opposite side, but there is no hard evidence

that such is the case. The broad absorption lines on the
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southeast side of L134 are best fitted by simply increasing
the velocity dispersion of the hydrogen. Also it should be
noted that all the absorption lines have a fairly symmetric
shape (fig. 3-15) and not the flattened shape predicted for
lines of large optical depth (fig. 3-12). It cannot be
determined whether or not the optical depth might system-
atically change by a factor of 2 or 3 from one side to
another side of L134; however, the data does indicate that
the contrast in optical depth is not greater than a factor
of 10. More high latitude dust clouds need to be examined

to see if they exhibit asymmetries similar to L134.

(0.7 km/sec Absorption Line)

Attention will now be focussed on the 0.7 km/sec
component of L134. It is shown in fig. 3-3 and lies off
to the southeast of the 2.8 km/sec component. Without
independent evidence it cannot be determined if the
0.7 km/sec component is connected with the dust cloud or
represents a random brightness fluctuation in the 21 cm
emission. Fortunately carbon monoxide observations provide
an important clue. Fig. 3-16 shows the contour maps of
the two L134 components superposed along with marks indi-
cating positions where the CO observations were made.

If CO line profiles (fig. 3~4 through 3-6) are compared

with their positions (fig. 3-16), it is apparent that the
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FIGURE 3-16. Positions of CO observations, Crosses
indicate the positions at which the CO emission lines in
fig. 3-4 throuah 3-6 were measure”. Contonr lines are the
two 21 cm sources shown in fig., 3-2 and 3-3,
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CO emission line is split in the region where the two L134

HI components overlap. The CO velocities are 2.8 I 0.2
km/sec and 0.8 To.3 km/sec. The corresponding HI absorp-
+ +

tion line velocities are 2.80 - 0.03 km/sec and 0.65 - 0.05
km/sec. The excellent velocity and position agreement
between the CO and HI observations makes unlikely the
possibility that the 0.7 km/sec component is a chance fluc-
tuation of the background emission and is unrelated to

dust clouds.

The HI absorption line for the low velocity component
was analyzed in the same manner as the 2.8 km/sec line.
Fig. 3-17 shows the best fitting line profiles; the top
profile shows the best fit with all four parameters allowed
to vary and the remaining curves have the spin temperature
fixed at various values. Table 3—3 tabulates the results.
The best fit solution allowing all 4 parameters to vary is
physically unacceptable. With a spin temperature at 41° K,
the absorption line must have a velocity dispersion greater
than 0.58 km/sec. The remaining solutions listed in

Table 3-3 are physically reasonable.

(Relationship Of The Two Components)
The data indicate that there are two dust clouds

separated by about 2 km/sec, but the relationship of these
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FIGURE 3-17. Absorption line profile in L134. Solid lines
are best fitting theoretical profiles assuming various
values for the svin temperature.
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two dust clouds is not apparent. Larson (1973) has sug-
gested that the collapse of a rotating cloud might produce
two smaller condensations orbiting around each other.

For L134 \ﬁiﬁﬁi is greater than 0.5 km/sec, and this is
not far from the 2 km/sec velocity difference between the
two components. The 0.7 km/sec cloud is smaller than the
other cloud and is probably denser as well. This would
be consistent with the smaller columnar atomic hydrogen
density in the 0.7 km/sec cloud. The evidence for two dust
clouds in orbit is meager. Since the radii of the dust
clouds are comparable to their projected separation, such
an orbiting model may not be stable. More dust clouds
should be carefully examined for multiple velocity compo-
nents. After this is done, the significance of the two

velocity components in L134 may be better evaluated.

TABLE 3-3

LEAST SQUARES FIT PARAMETERS FOR L134

T, °K T, v, km/sec o , km/sec Ny — SggﬁggRD
41.0 6.30 0.61 0.35 1.2
30.0 0.78 0.63 0.49 5.3 1012 1.5
20.0 0.47 0.64 0.50 2.2 102 1.5

10.0 0.33 0.64 0.51 7.8 1018 1.5
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IV. L1495

L1495 GENERAL DESCRIPTION

In contrast to the other two dust clouas studied,
L1495 is not an isolated compact object but seems to be
part of a dust complex extending over several degrees.
Fig. 4-1 is a photograph of L1495 centered upon the direc-

tion in which the interferometer antennas were pointed.

Determination of the distance to L1495 is an inexact
process at the best. A kinematic distance based upon
galactic rotation is not available because the galactic
longitude is too close to 180°. Several statistical methods
based upon star counts can be used; however, for highly
obscured regions, such techniques do not work well. The
simplest distance estimate is made by assuming L1495 is at
the distance determined for the Taurus dust complex. Based
upon photometric and spectroscopic observations, Racine
(1968) has estimated distances of stars illuminating reflec-
tion nebulae in the Taurus region. The closest and farthest
stars among 11 stars observed in the Taurus region were
estimated to be at 95 pc and 165 pc. Accordingly an adopted
distance of 130 pc for L1495 would be reasonable and is

probably not in error by more than 25%.
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FIGURE 4-1. Photograph of L1495 taken from the red Palomar
Sky Survey print., North is on top and east is on the left.
Field of view is centered upon the position of L1495 given

in Table 2-1. Scale is indicated in upper left corner.
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L1495 RESULTS

In L1495 there is good evidence for the existence of
cold HI associated with the dust cloud. The single dish
observations will be considered first. Cudaback and Heiles
(1969) reported detecting OH emission at 7.2 km/sec. Fig.
4-2 through 4-4 show the HI emission profiles for a series
of positions which progressively move from less obscured
regions toward the central part of the dust cloud. One
feature which clearly stands out is the development of a
shoulder-like dip as one moves into the dust cloud. It is

significant that this feature occurs at 7 km/sec.

In fig, 4-5 emission profiles can be compared directly.
Interpreting the line profile would be facilitated if all
off-cloud profiles were approximately the same; however,
the situation is not so simple. Nevertheless, at 7 km/sec
the on-cloud profile suffers a prominent temperature dip
as compared to the three off-cloud positions north, east
and south of L1495. The exception is the profile 30' west
of the adopted position of L1495, but this is an area of
high obscuration as can be seen in fig. 4-1. Contour maps
of the antenna temperature were made using data from a grid

of about 60 observation points. The contour map at 7 km/sec

1s shown superposed on a photograph of L1495 in fig. 4-6.



ANTENNA TEMPERATURE

~73-

—

-----

FIGURE 4-2.
measured at positions north of IL1495.

arc north of L1495,

6

8

VELOCITY KM/SEC

for each profile is indicated.

Hydrogen 21 cm line emission profiles

Each profile is
labeled by a number giving the position in minutes of
Profiles are displaced {rom cach
other by 10° K antenna temperature and the zero voint




-T74-

L&j . . 44
2D * .
= . . .
< o. .
o
wl .- 30
o, . e v .
E - e
Moo 20"
< .c - . .
Z . (X ]
Z O ‘.10 .
l-lJ - .Q L] L4
- : . LT
Z : o .
< R - -h «" .« . ‘.

o= -.00 el

0 - LT ..o .

0 1 1 1 1

4 6 8 10

VELOCITY KM/SEC

FIGURE 4-3. Hydrogen 21 cn line emission profiles
measured at positions east of L1495. Each profile is
labeled by a number giving the position in minutes of
arc east of L1495. DProfiles are displaced from each
other by 10° K antenna temperature and the zero point
for each profile is indicated.
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FIGURE 4-4. Hydrogen 21 cm line emission profiles
measured at positions south of L1495. Each profile is
labeled by a number giving the position in minutes of
arc south of L1495. Profiles are displaced from each
other by 10° K antenna temperature and the zero point
for each profile is indicated.
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FIGURE 4-5 Comparison between off-cloud and on-cloud
21 cm emission profiles for L1495. Dotted profile upper
and lower graph is on-cloud profile. Open circle profile
upper graph is 30' east and lower graph 30' north of L1495.
Plus profile upper graph is 30' west and lower graph 30'
south of L1495. Antenna temperature is in degrees Kelvin.
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The antenna temperature contour lines and the star density
are well correlated. If other contour maps at various
velocities are made, similar looking maps are obtained

over roughly a 1 km/sec velocity range centered at 7 km/sec.
Outside this velocity range, the contour maps do not appear
to be as closely related to the dust distribution. These
data provide convincing evidence that L1495 affects the

21 cm brightness temperature at a velocity coincident with

the OH velocity.

The interferometer cannot discern the overall struc-
ture of this large dust cloud, but observations were made
to see what substructure might exist. Fig. 4-7 shows a
plot of a quantity approximating the average visibility
amplitude versus velocity at a 100 ft. NS spacing. Coinci-
dent with the OH velocity, there appears a rather prominent
feature. Fig. 4-8 shows a clean map produced by Fourier
transforming the visibility at 7.07 km/sec. Besides the
feature at 7 km/sec, fig. 4-7 indicates some sort of fea-
ture at 3 km/sec. The visibility at this velocity was
transformed, and the resulting clean map consists of con-
tour lines with positive brightness temperature, i.e. the
feature had a higher brightness temperature than the back-

ground. Contour maps from single dish observations at

3 km/sec do not correspond well to the dust distribution.
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The interferometer feature .at 3 km/sec probably is due to

a background brightness fluctuation unrelated to L1495.
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T
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FIGURE 4-7, Plot of a guantity approximating the average
visibility amplitude at a 100 ft north-south spacing
versus velocity. The velocity at which OH has been
detected in L1495 is indicated.
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FIGURE 4-8 Brightness temperature contour map of L1495
from interferometer ohservations at 7.07 km/sec. Contour
interval is 2° K and synthesized beam diameter is 7'. -
Scale is indicated in upper left corner. Zero spacing in-
formation is missing; therefore, the dashed contour lines
were set at 0°K for reference. The main feature represents
a 10° K drop in the brightness temperature. No correction
has been made for the antenna beam. Noise level is 1° K.
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L1495 DISCUSSION

A strong correlation exists between low brightness
temperature and heavy optical obscuration (fig. 4-6). The
21 cm emission decreases at a velocity coincident with the
OH velocity (fig. 4-7). These observations leave little
doubt that physical conditions in L1495 have caused changes
in the 21 cm emission. An earlier observation of L1495
(Heiles 1969) is consistent with these findings. Hopefully
physical conditions in L1495 may be deduced by analvzing

the 21 cm emission profile.

To explain the decreased 21 cm emission, at least one
of the following two conditions must be true: (1) lower
spin temperature inside the’dust cloud than outside the
dust cloud; (2) less hydrogen inside the dust cloud than
outside the dust cloud. The narrow velocity range over
which the brightness temperature decreases provides good
evidence that cold hydrogen absorbing background radiation
is present. If the decreased brightness temperature is
produced only by a lack of hydrogen, i.e. no absorption is
taking place, then the velocity range over which the tem-
perature decreases must equal the velocity dispersion of
the missing gas. The hydrogen responsible for most of the

21 cm emission is assumed to come from clouds with a 100° K



-82-

spin temperature. The velocity dispersion at 100° K is

0.9 km/sec (\fiﬁ?H—) and turbulent motion will cause addi-
tional broadening. The observed velocity dispersion of the
absorption line is less than 0.6 km/sec. This evidence
suggests that the 21 cm emission decrease is a true absorp-

tion feature due to cold hydrogen in L1495,

To determine the characteristics of the absorption
line, the single dish and interferometer observations must
both be considered. Observational selection has divided
the 21 cm structure of L1495 into two components: (1) A
large area with decreased emission extending out to the
dust cloud edge is detected by single dish observations but
resolved out by the interferometer. (2) A smaller region
with decreased emission is detected by the interferometer
but mostly undetected by single dish observations due to
insufficient angular resolution. Ideally a procedure simi-
lar to that described in the appendix should be used to
combine single dish and interferometer maps into a single
brightness temperature map. Unfortunately such a procedure
is not practical because the 130 ft. antenna has insuffi-
cient resolution to measure the visibility out to 130 2,
the shortest available interferometer baselines. A
simpler method will be used to combine the interferometer

and single dish results. The only constraint is that the
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final brightness temperature map must be consistent with

all observations.

A brightness temperature map produced from single dish
observations is the true brightness distribution smoothed
by the 130 ft. antenna beam pattern. The beam can he
approximated as a circular Gaussian 22' wide at the half-
power points. Convolving the true brightness distribution
with a 22' Gaussian will reduce the true visibility ampli-
tude by 0.085 at 130 A, The visibility is measured only
to 10% at 130 A due to noise. Consequently a map produced
by simply adding the single dish map and interferometer
map will be consistent with the interferometer measure-
ments; in other words, in the region of the (u,v) plane
measured by the interferometer, the visibility of the

single dish map is negligible.

On the other hand, a map produced by merely adding
the interferometer map and single dish map will not be
consistent with single dish observations because the inter-
ferometer map has significant visibility near zero spacing.
To insure that the final map is consistent with single
dish observations, the following procedure was used.

First, the interferometer map is corrected for the antenna

beam, Next the corrected interferometer map is convolved
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with a 22' circular Gaussian thereby approximating smooth-
ing by the 130 ft. antenna. The smoothed map is then
subtracted out of the single dish map, and the resulting
map and the corrected interferometer map are added directly.
The procedure is repeated over the velocity range covered

by the absorption line.

The resulting 21 cm absorption line profile at the
center of L1495 is shown in fig. 4-9 and 4-~10. 1In order to
provide a quantitative description of the absorption line,
a model was fitted to the data. Foreground hydrogen was
neglected and the background brightness temperature as a

function of velocity T(v) was described as a Gaussian.
T(v) =T, e - (v-v )2/(2<r 2)
B S¥P B B
The optical depth of hydrogen in L1495 was given by
T(v) = 1 exp (-(v-v_ )2/(20 %)
c c c

Assuming the spin temperature Tc in the dust cloud is con-

stant, then the observed 21 cm brightness must be

-T{v) -T(V))‘

T(v)e + Tc(l - e

A computer program (provided by R. Crutcher) calculated a
least squares fit to the data where possible parameters to

be adjusted were Tc' Vr Tar O or TB’ Vg and Og-
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FIGURE 4-9. 21 cm absorption line at center of L1495.

The line going through the data points is the best fit nos-
sible with T_,, the dust cloud temperature, fixed at the
indicated vafues. The other line shows the background
brightness temperature used in calculating the best fit,
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FIGURE 4-10. 21 cm absorption line at center of L1495,
The line going through the data points is the best fit
possible with 1o, the optical depth, fixed at the indi-
cated values. The other line shows the background
brightness temperature used in calculating the best fit.
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If all parameters are allowed to vary, the least squares
program is divergent with Tc + ~o and T ™ 0. Either

Tc or T, needs to be held fixed. Fig. 4-9 shows three best
fits with Tc constrained to be 5, 10, and 20 degrees Kelvin,
and in fig. 4-10 T, was constrained to be 2, 4, and 8.

Table 4-1 tabulates results from the various fits where

Ny is the columnar atomic hydrogen density.

One point becomes immediately obvious. T and T, are
correlated. Within a certain range, it is not possible to
distinguish between larger optical depth with hotter hydro-
gen and smaller optical depth with cooler hydrogen. A
satisfactory fit is possible with the following limits:

0° K<Tc_<_ 20° X

<
0.6 < Tc__ 2

v, = 7.27 T 0.04 km/sec
o =0.51% 0.04 km/sec
102 en™? < Ny < 1029 cn2
The expected columnar hydrogen density is greater than

1022 cm"2 so most of the hydrogen must be molecular and

the residual atomic hydrogen is cold. Except for the
velocity, the parameters which characterize the atomic
hydrogen in L134 and L1495 are nearly identical. Apparent-

ly physical conditions in the two dust clouds are similar.
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V. L1517

L1517 GENERAL DESCRIPTION

Fig. 5-1 is a photograph of L1517 centered upon the
adopted position given in Table 2-1. It can be seen that
L1517 does not appear to be a single homogeneous dust
cloud but consists of 4 subcondensations. There is no
evidence to indicate that L1517 is a faint emission nebula.
The position of L1517 places it in the Taurus dust complex
for which Racine (1968) has estimated a distance of 130 pc.
Lack of foreground stars only indicates the dust cloud is

not much further than about 300 pc.

AB Aurigae (HD 31293) is a 7th magnitude star situated
on the southeast edge of L1517. Herbig (1960) has des-
cribed this peculiar.emission line star and estimated its
distance to be 175 pc, but Racine (1968) gives 120 pc to
the same star. CO observations of AB Aurigae and L1517
suggest the two objects are physically associated (Loren
et al. 1973). The 6.0 km/sec velocity reported for CO
agrees well with OH at 5.7 km/sec (Crutcher 1973) and
H,CO at 5.9 km/sec (Dieter 1973). A distance of 130 pc
to L1517 will be adopted with the realization it may be

in error by several tens of parsecs.
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FIGURE 5~1. Photograph of L1517 taken from the red Palomar

Sky Survey print. North is on top and east is on the left.
Field of view 1s centered upon the position of L1517 given
in Table 2~1. Scale is indicated in upper left corner.
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L1517 RESULTS

In contrast to L134 and L1495, L1517 produces no
readily apparent effect on the 21 cm brightness tempera-
ture as measured by the interferometer or single dish
observations. Figure 5-2 through 5-6 are representative
samples of low velocity resolution (2 km/sec) HI emission
profiles. In total about 80 positions were observed
over a grid of points centered on L1517. Comparison
between the on-~cloud profile (fig. 5-2) and the 8 positions
off cloud (fig. 5-3 to 5-6) shows no obvious feature which
can be attributed to the presence of L1517. There is a
prominent dip (perhaps self-absorption) in the emission
profile at about 0 km/sec; however, this feature appears
in both on~cloud and off-cloud line profiles and it is not
at the OH and H,CO velocities. The on-cloud 21 cm profile
has no unusual feature which can be attributed to the dust

cloud.

A comment is needed here about the technique of
subtracting on-cloud profiles from off-cloud profiles.
In the case of L1517, the HI line emission profile changes
in a complicated manner (probably unrelated to the dust
cloud) over a scale length comparable to the dust cloud
diameter. Consequently the difference between an on-cloud

and off-cloud profile is in large part produced by
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physical circumstances unrelated to the presence of the
dust cloud. Generalizing from this particular case,

any claim attributing differences between on-cloud and
off-cloud profiles to the dust cloud must be viewed with

caution especially if there is no independent corroborative

evidence.
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FIGURE 5-2. Hydrogen 21 cm line emission profile measured
with antenna centered on L1517. Ordinate is antenna tem-
perature in degrees Kelvin and abscissa is velocity with
respect to the local standard of rest.
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FIGURE 5-3. Hvdrcgen 21 cm line emission profiles
measured at two positions 30' north and south of L1517.
Ordinate is antenna temperature in degrees Kelvin and
abscissa is velocity with respect to local standard of

rest.
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Hydrogen 21 cm line emission profiles
two positions 70' north and south of L1517.
antenna temperature in degrees Kelvin and

abscissa 1s velocity with respect to local standard of

rest.
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FIGURE 5-5. Hydrogen 21 cm line emission profiles
neasured at two positions 30' east and west of L1517.
Ordinate is antenna temperature in degrees Kelvin and
abscissa is velocity with respect to local standard of
rest,
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FIGURE 5-6. Hydrogen 21 cm line emission profiles
measured at two positions 70' east and west of L1517.
Ordinate is antenna temperature in degrees Kelvin and
abscissa is velocity with respect to local standard of

rest,
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Detection of molecular line radiation determines a
velocity at which HI in the dust cloud might be expected
assuming HI and the molecules are at the same velocityv.

OH was detected in L1517 at 5.7 km/sec; therefore,

single dish observations with a high velocity resolution
(0.2 km/sec) were made centered on 6 km/sec. The on-cloud
HI profile is shown in fig. 5-~7 where data from three
separate observations is plotted. A line fitted by eye

is drawn and this on-cloud profile has been superposed
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FIGURE 5-7. Hydrogen 21 cm line emission profile mea-
sured with antenna centered on L1517. Ordinate is antenna
temperature in degrees Kelvin and abscissa is velocity
with respect to local standard of rest.
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upon the off-cloud data (fig. 5-8 and 5-9) in order that
comparisons may be more readily made. The emiséion profile
dip at 6 km/sec (fig. 5-2) might be due to hydrogen in the
dust cloud, but the decrease in temperature is too small to

make any definite conclusion.

As with single dish observations, the interferometer
data indicates no detectable 21 cm feature which may be
attributed to L1517. At this point a few remarks need to be
made upon how the interferometer data were examined for
significant signals. Due to the excessive computer time
required, the visibility was not inverted at every velocity
where data were available. A priori, the source structure
was unknown; therefore, the visibility could not be simply
averaged to find those veloci£ieq at which the signal was
above the noise. The following procedure was used instead.
let [Vj] be a chronologically ordered set of visibility mea-
surements at a given spacing and velocity (Vj is a complex
number and Vj* is its complex conjugate).‘\For all possible
pairs of successive measurements, Vj and Vj+l' determine if
Vj and Vj+l were measured within some time interval At.

If not, disregard the pair, but if so, determine the quantity

(V. + v VYo vwvrov, v, T
s, = Yy 1 V5~ V5e1Yia

v. + V.,
j = ) J J+

j+1

2
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FIGURE 5-8. Hydrogen 21 cm line emission profile centered
on L1517 (solid line) compared with line profiles at posi-
tions east and west of L1517. Ordinate is antenna tempera-
ture in degrees Kelvin and abscissa is velocity with respect
to local standard of rest.
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FIGURE 5-9. Hydrogen 21 cm line emission profile centered
on L1517 (solid line) compared with line profiles at
positions north and south of L1517. Ordinate is antenna
temperature in degrees Kelvin and abscissa is velocity
with respect to local standard of rest.
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Finally calculate :% E: Sj where N is the total number of
j -

terms in the summation. If there is only noise, the phases
of successive pairs of measurements must be uncorrelated and
in the limit N » «, the above summation must approach zero.

On the other hand, if there is a source present and At is

sufficiently short (Vj and V, are sampled sufficientlv close

j+1

together in the (u,v) plane), the phases of Vj and Vj+l

be about the same and the above summation will be close to

will

the average of the visibility amplitude sqguared.

In fig. 5-10 the quantity t'« %42:Sj' versus velocity
J

is plotted for L1517 and L134 where the sign is the same as
for the summation of Sj' It can be seen that the visibilitvy
amplitude is greatest at around -8 km/sec, but at 5.7 km/sec
there is nothing much above the noise or anything unusual.
The graph for L1334 has been included to demonstrate the use-
fulness of this procedure as a purely empirical method to
find the important velocities. Based mainly upon the velocity
discrepancy, it can be concluded that the large visibility
amplitude at -8 km/sec 1s not caused by the dust cloud which
presumably is at 5.7 km/sec OH velocity (Crutcher 1973).
Nevertheless, the data at -8 km/sec was Fourier transformed
and the resulting brightness temperature contour map is
superposed on a photograph of L1517 in fig. 5-11. There 1is
poor correlation between the contour map and the visible

dust.
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FIGURE 5-10. Plot of a guantity approximating the
average fringe amplitude (see text for more precise
definition) at the 100 ft. east-west baseline versus
velocity for L1517 and L134. Velocity at which OH
emnission has been detected is indicated.



FIGURE 5~11. Brilghtness temperature contour map of L1517
from interferometer observations at =7.7 km/sec. Contour
interval is 2° K and synthesized beam diameter is 7°'.

Scale is indicated in upper left corner. Zero spacing
information 1s missing; therefore, the dashed contour lines
were set at 0° K for reference. No correction has been
made for the antenna beam. MNoise level is 1° K.




~104-

L1517 DISCUSSION

Failure to detect L1517 at 21 cm agrees with negative
results obtained by Heiles (1969) for most of the 48 dust
clouds observed in a survey. It is doubtful further obser-
vations with higher sensitivity or greater angular resolu-
tion will detect L1517. The observations are not limited
by instrumental noise but by background brightness fluctua-
tions which are as great or greater than any effect produced
by L1517. Because of such background fluctuations, it is
not possible to ascertain whether or not the emission profile

dip at 6 km/sec is due to hydrogen in the dust cloud.

Although the 21 cm emmision line has been studied for
over two decades, details about the hydrogen spatial dis-
tribution and temperature aré not well determined. The
evidence available indicates a complex situation; variations
of temperature and density are large. To detect and Study
HI in dust clouds, an unambigquous means of distinguishing
the dust cloud structure from background fluctuations must
be available. Detection of molecular lines is an important
aid because hydrogen will presumably be around the same veloc-
ity. OH at 5.7 km/sec has been detected in L1517 (Crutcher
1973). H,CO observations are ambiguous. Dieter (1973) de-

tected H2CO at 5.9 km/sec in L1517 but at 1.5 km/sec 1in
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L1519.* Positions given by Lynds (1962) for L1517 and L1519
differ by 6.5'. The antenna used to make the HZCO observa-
tions had a 10' HPBW, Unless the existence of a large veloc-
ity gradient 1is cohfirmed, 5.9 km/sec should be the accepted
H,CO velocity since this agrees with OH observations. L1517
produces no change in the 21 cm brightness temperature
greater than about 5% K at‘5.9 km/sec, The failure to detect

L1517 may be explained by a number of factors.

The amount of foreground hydrogen will influence the
detection of the dust clouds., Based upon the sparsity of
foreground stars, none of the dust clouds can be more than
a few hundred parsecs away. The amount of atomic hydrogen
within a few hundred parsecs of the sun has been measured by
observing interstellar Lyman o absorption lines. Jenkins
and Savage (1974) estimate the average hydrogen density in
the solar neighborhood to be 0.25 cm °; however, the density
varies considerably from the average, frém values greater

than 2 cm > to less than O,l,cm_3,depending upon the direction

* There is an unavoidable ambiguitv in naming dust clouds
due to the arbitrary nature by which a given obscuration may
be divided into dust clouds. For example, in fig. 5-1 a
region of heavy obscuration is located at the center of the
photograph, In this vpaper L1517 was chosen to refer to the
entire area of heavy obscuration (about 20' by 20') as a
matter of convenience. Lynds (1962) breaks this region into
several dust clouds with different names. As a conseaquence,
L1519 and L1517 refer to different parts of what is consi-
dered one dust cloud in this paper.
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of observation. The possibility that a denser than average
hydrogen cloud lies in front of L1517 cannot be precluded;
such a situation could explain the failure to detect L1517
at 21 cm. On the other hand, if the average hydrogen den-
sity is‘O.25 cm—3 or less, then foreground hvdrogen will
not have an important effect. For example, over a 100 pc
path length, spin temperature 100° K, density 0.25 cm—3,

velocity dispersion 3 km/sec, the resulting optical depth is

about 0.05 at maximum.

If the temperature in the cloud eguals the background
brightness temperature, the dust cloud will not be detected.
Assuming such an hypothesis, a large amount of hydrogen in
the dust cloud could go uﬁdetected. At 6 km/sec the bright-
ness temperature toward Li517 is 55° X (see fig. 5-7, divid-
ing the antenna temperature by 0.75, the beam efficiency,
gives the brightness temperature). HI observations indicate
the spin temperature in L134 and L1495 is less than 20° K.

A 55° K spin temperature in L1517 seems unlikely unless a
source of energy is present in L1517 which is lacking in the
other dust clouds. AB Aurigae is the 7th magnitude AOep star
just off the southeast edge of L1517. The possibility that
L1517 could receive appreciable UV photons from AB Aurigae
capable of disassociating H, was considered. The star would

have to be within 0.2 pc of the dust cloud to produce a flux
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typical of interstellar space at 1000 A (Habing 1968). It
does not seem likely that AB Aurigae is a significant source

of energy for L1517.

Two possible explanations for not detecting atomic
hydrogen in L1517 have been discussed. (1) A large amount of
foreground hydrogen could explain the data. This is an
ad hoc assumption but,nevertheless, plausible. With such an
assumption, nothing can be deduced about L1517. (2) The
hydrogen spin temperature in L1517 is about the same as the
background brightness temperature, 55° K. The main weakness
of this argument is that there is no apparent reason why
hydrogen in L1517 should be hotter than the upper limit
of 20° K found for hydrogen in L134 and L1495. A third pos-
sibility is that hydrogen in L1517 has about the same
temperature and velocitv dispersion as L1495 and L134, but
the hydrogen is undected because the amount of atomic
hydrogen is smaller. A temperature depression of 5° K
covering the area of L1517 would have been detected bv the
interferometer. Assume the atomic hydrogen in L1517 has a
20° K spin temperature and the velocity dispersion o 1is
O.S km/sec. Foreground hydrogen will be neglected. The
interferometer is sensitive to the differénce between the

brightness in the cloud and the background; therefore

- — -t < o
(TC TB)(l e ) £ 5°K
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where Tc is the spin temperature in the dust cloud, TB is
the background brightness temperature and T is the maximum
optical depth of hydrogen in the dust cloud. The columnar
atomic hydrogen density cannot exceed 7 1018 cm'-2 without
producing a 5° K absorption line. The expected amount of
hydrogen can be estimated using the relation on page 2;
in such a case, N 2 1022 cm—2. Hollenbach et al. (1971)
predict that the columnar atomic hydrogen density NH is re-
lated to the total hydrogen density n by

Ny =~ 8.5 1022071 o2

If N, is less than 7 1018 cm—z, then n is greater than 10%em”

2.
The accuracy of the above equation at very high densities
is doubtful because the model used to make the calculations
is highly idealized and because destruction mechanisms
other than UV photons may become important at very high
densities (Solomon and Werner 1971). Nevertheless on a
qualitative basis, if L1517 is a considerably denser dust
cloud than L134 and L1495 (Jean's length is inversely pro-
portional to the square root of the density; photographs of
L1517 suggest fragmentation into small globules), the resi-
dual amount of atomic hydrogen might be sufficiently small

to explain the 21 cm observations.
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VI. CONCLUDING REMARKS AND SUMMARY

The observations have demonstrated that aperture syn-
thesis is a useful technique for studying compact dust
clouds. The major results may be summarized as follows:
(1) The contrast between the background and dust cloud
21 cm brightness varies considerably. Some dust clouds
(e.g. L134) are easily detected, but others (e.g. L1517)
produce no change in the 21 cm emission greater than the
typical background fluctuations. (2) In dust clouds
where atomic hydrogen is detected, the hydrogen is cold
(less than 20° K) and is confined to the region where
obscuration by dust is great. The amount of atomic hydro-
gen is at least 100 times less than the expected hydrogen
content based upon the magnitude of optical extinction.

(3) No substructure was detected in the three dust clouds

that were studied.

Factors extraneous to the dust clouds (e.g. foreground
hydrogen) are partially responsible for the variation in
the visibility of dust clouds. On the other hand, physical
conditions in dust clouds undoubtedly change from cloud to
cloud and can influence the ease with which the dust cloud
is detected. The optical appearance of L1517 suggests

that it is composed of several subcondensations, and
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perhaps the subcondensations are sufficiently dense that
the amount of atomic hydrogen is too small to detect. A
study seeking a correlation between dust cloud size and
the amount of atomic hydrogen could help confirm or reject

this conjecture,

Tn the two dust clouds where a 21 cm absorption line
is detected, the atomic hydrogen has similar properties
(see page 56 and 87). The temperature is less than 20° K;

19

the columnar atomic hydrogen density is between 10 and

10%0  cm™?; the velocity disversion is 0.5 km/sec. The
usual explanation for the lack of atomic hydrogen is that
most of the hydrogen in dense dust clouds is molecular. The
observations are consistent with a theory proposed by
Hollenbach et al. (1971) which assumes equilibrium between

molecular hydrogen formation on grains and destruction by

UV photons.

One interesting result is the detection of two velocity
components in L134 and its possible interpretation. The
evidence either in favor of or against a collapsing dust
cloud is not strong. The free fall velocity for L134 is
about 0.5 km/sec, but the actual collapse wvelocitv could

be substantially different. The observed velocity differ-

ence is 2 km/sec and is sufficiently close to 0.5 km/sec
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that collapse cannot be precluded. An alternative explana-
tion is that the two components in L134 have arisen as a
result of fragmentation therebhy leaving two smaller conden-
sations orbiting around each other, The evidence is insuf-
ficient at the present time for any conclusions to be made.
The failure to detect L1517 is disappointing since its
optical appearance suggests some sort of fragmentation.

In L134 where the dust cloud is detected, there is no
evidence of substructure within either velocity component,
If dust clouds of several hundred solar masses are to form
stars, at some stage they must fragment. Perhaps 21 cm
observations will not detect fragmentation if atomic hydro-
gen is confined to a shell surrounding the overall dust
cloud. TIn any case more detailed 21 cm observations of a
larger sample of dust clouds would help elucidate their

structure and kinematics.

The transformation of the interstellar medium into
stars involves a density increase by 24 orders of magnitude.
Much observational and theoretical work needs to be done to
understand this transformation. The dust clouds almost
certainly play some role in the birth of stars, but our
knowledge about them is far from complete. Dust clouds
come in all sizes and shapes, and all of them need to be

studted. However, ilsolated roundish glohules far from
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HI regions are of special importance because these clouds
have the simplest structure and are in the simplest inter-
stellar environment possible. Surely the highly idealized
theoretical models come closer to describing reality in
the case of isolated globules than other types of dust
clouds which in photographs often show very intricate
structure. The possibility of making meaningful comparisons
between observations and theoretical models seems best for
the isolated globules. For future work more detailed
observations of large globules are needed, The narrow
absorption line in L134 may provide a good opportunity to
observe Zeeman splitting, A measurement of the magnetic
field would be very interesting. The total obscuration
through very dense dust clouds needs to be determined;
perhaps infared observations may be useful in this respect.
After the data on simple dust clouds can be understood,

one is in a better position to understand dust clouds of

all types.



-113-

APPENDIX

BRIGHTNESS TEMPERATURE MAPS

The purpose of this section is to provide a description
about the relation between the actual brightness temperature
distribution in the sky and the clean maps produced by the
reduction program used in this paper. In addition the
problem of combining single dish observations with inter-
ferometer data to form one map is considered. The visibil-
ity is a hermitian function because the brightness tempera-
ture is a real function. Capital letters will designate
functions in the (X,y) space and the corresponding small
letters are their Fourier transforms, The symbol "x"

indicates a convolution operation, i.e.
o0
v(X)*xz(xX) = jfy(x—x')z(x‘)dx'
-0

The interferometer observes a portion of the celestial
sphere sufficiently small that the brightness temperature
T(x,v) can be represented as a flat surface where x and y
are angies measured in two orthogonal directions from the
center of the field. t(u,v) is not measured directly by
the interferometer because the interferometer responds to
T(x,v)P(x,v) where P(x,vy) 1s the power pattern of the |
antenna (also called the primary beam). Consecuently the

yisibhilitv measured by the interferometer is not the true
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visibility t(u,v) but rather t(u,v}xp(u,v).

In practice one does not continuously measure
t(u,v)+p(u,v],but t(u,v)*p(u,v] is sampled at various
points in the (u,v] plane. Let s(u,v) = z:wké(u-uk)ﬁ(v-vk)
represent the sampling where Wk is a weighting factor for
the kth point, The summation is over some finite set of
points Iuk,vkl where measurements were made. The corres-
ponding transform S(x,y)l is the dirty beam, and

<T(x,y)P(x,yﬁ>*S(x,y) is the dirty map.

Next a set of point sources are found which when
convolved with the dirty beam gives back the dirty map.
Let D(X,y) = E:Ajé(x~xj)6(y—yj) be a set of point sources

which satisfies the equation

D(x,y)#*S(x,y) = (T(x,y)P(x,y)> *S (x,vy)

One can then infer that the corresponding Fourier transforms

are also equal.
d(a,v)s(u,v) = (t(u,v) *xp (u,v)) s (u,v)

Thus a set of point sources has been found whose complex
visibility at the sampled points is the same as that mea-

sured by the interferometer, It is also possible to make

Some statement about how well d(u,v) and t(u,v)+*p(u,v) must
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agree in regions between the sampled points. t(u,v)p(u,v)
must be a relatively smooth function since a convolution
operation produced it. Assume s(u,v) satisfies the sampling
theorem, i.e. t(u,v)xp(u,v] has been measured at points
sufficiently close that interpolation can determine its
value continuously. If d(u,v) can be guaranteed to be as
smooth as t(u,v)*p(u,v), then d(u,v) and t(u,v)sp(u,v) must
agree continuously (not just at the sampled points) over
the sampled region in the (u,v) plane. Naturally d(u,v)
can be made as smooth as t(u,v]l«p(u,v) bv 1imiting the

area over which point sources are allowed to a region com~-
parable to P(x,v), i.e. no point sources in D(x,y] are

allowed outside the primary beam,

Because D(%,y) is a set of point sources, its fringe
amplitude will be appreciable well beyond the maximum
limits in the (u,v) plane where observations were made.
By convention one usually sets the visibility to zero in
this outer region. In other words the final map should
not contain spatial structures which would have been
smeared out by the limited resolution available. Let
b(u,v) be some function (usuallv a Gaussian) which is
about unitv inside and zero outside the region of the (u,v)
plane which was actually sampled, Multiplv d(u,v) bv b(u,v),

or eaquivalently D(x,y) is convolved with B(x,y), the clean
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beam, to form D(x,v)*xB(x,y) the clean map.

To summarize, the interferometer measures the Fourier
transform of T(x,v)IP(x,y) over some limited region in the
(u,v) plane, The reduction program produces a clean map
M(x,y) equal to D(x,y)*B(x,y). In that part of the (u,v)
plane where measurements were made, m(u,v] is consistent
with the data. m(u,v]) approaches zero in areas far from
the origin where no measurements were made. The value of
the visibility near the origin is generated by the clean
program and will probablv differ considerably from
t(u,v)*p(u,v). The remaining discussion will consider com-
bining single dish observations and interferometer data to
produce one map. The purpose of performing single dish
observations is to fill the gap near the origin in the

(u,v) plane where interferometer data is missing.

Let F(x,y) be the power pattern of the antenna used
for single dish observations and Ta(x,y) be a guantity
proportional to the antenna temperature when the antenna

is pointed at position (x,y).
T, (%,v) = T(x,v]*F(x,y)

Ta(x,y) is usually known at some grid of points; however,

for simpliicity assume it is known continuously. The
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corresponding operation in (u,v) space is t(u,v)f(u,v).

The objective is to determine t(u,v)xp(u,v) near the origin;
therefore, we may perform a convolution
(t(u,v)f(u,v))*p(u,v) whose corresponding operation is
Ta(x,y)P(x,y). If the single dish beam width is consider~
ably less than the interferometer primarv beam, then f(u,v)
will be a very broad smooth function as compared to n(u,v).

In such a case

(t(u,v)f(u,v?>*p(u,v) = f(u,VI(t(u,v)*p(u,v0>

Suppose the interferometer data is not availlable within

some distance Ui of the origin in the (u,v] plane. From

n
the above equation, it is seen f£(u,v) must be close to unity
out to Unin and Ta(x,y) must be known out to where P(x,y)

is small in order for t(u,v)*p(u,v) to be determined near
the origin. Assume that such conditions are satisfied.

2

Let g(u,v) be a function that is unity if u”™ + 2 is

less than Uiin but zero otherwise. Modify the clean map

by forming m(u,v) [l -~ g(u,v)] or equivalently calculating
M'X,y) = M(x,v] - M(x,y)*G(x,v]
Take the single dish ohservations and calculate

TGy = [T, (k)P (x,y) 14G (x,¥)
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Then M'(x,y) and T'(x,y) can be added directly to form a
map whose visibility is the same as t(u,v)*p(u,v) from the
zero spacing out to the maximum limit where interferometer

measurements were made.
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