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ABSTRACT 
We have detected Zeeman splitting of the OH absorption lines toward Ori B, W22, and Cas A. For W22, 

the derived magnetic field strength is —11 /¿G. For Ori B, the inferred magnetic field strength is consistent in 
magnitude, but not in direction, with the 38 ¿¿G derived previously by Crutcher and Kazes; the field is posi- 
tive and therefore points away from the observer. 

For Cas A, the average field in four velocity components is +9 /iG, in the same direction as, but weaker 
than, the field strengths measured in single-dish H i data. They are considerably weaker than the field 
strengths in less dense H i clumps that are associated with the OH clumps. This circumstance raises serious 
interpretive difficulties. 
Subject headings: interstellar: magnetic fields — interstellar: molecules — nebulae: individual — Zeeman effect 

I. INTRODUCTION 

Radio astronomers in the northern hemisphere are fortunate 
because they can observe the strongest radio continuum source 
in the sky, Cas A. This source is particularly interesting 
because the line of sight intersects a dense group of atomic and 
molecular clouds in the Perseus arm. Many studies of these 
clouds have contributed substantially to our understanding of 
interstellar matter (see review by Troland, Crutcher, and Heiles 
1985). 

Cas A was the first direction in which Zeeman splitting of 
the H i line was detected (Verschuur 1969). There are two H i 
velocity components in the Perseus arm absorption feature; 
they have field strengths of 11 and 18 gG. Recent work on Cas 
A (Bregman et al. 1983; Schwarz et al. 1985) has used aperture 
synthesis to map the field, and field strengths of up to ~40 gG 
have been measured in the H i line near molecular clumps that 
cover portions of the source. 

OH lines also appear in absorption against Cas A. Nature 
has therefore presented us with a unique opportunity to 
compare directly the field strengths in a molecular region with 
those in an adjacent, less dense atomic region. 

The 18 cm OH lines are the best molecular lines for detecting 
Zeeman splitting in molecular clouds because of their low fre- 
quency and large Landé ^-factors. In this paper, we report the 
detection of OH Zeeman splitting in three sources and upper 
limits for seven others. Two of the sources, Ori B and W22, 
have been, or will be, discussed elsewhere (Crutcher and Kazes 
1983, 1985), and we do not discuss them in detail here. We 
concentrate our interpretive discussion on Cas A in § III. 

II. OBSERVATIONS 

a) Instrumentation and Technique 
Observations were performed in five observing periods 

during the calendar year 1982, plus an additional period 
during summer 1984, for W67 and the wide-band observations 
of Sgr A. We used the Hat Creek 85 foot telescope 
(HPBW = 30' at 18 cm wavelength) equipped with dual- 
channel, cooled, field effect transistor amplifiers having system 
temperatures of ~55 K. The polarization transducer is a turn- 
stile junction polarimeter. The polarization switch consists of 

two motor-driven waveguide shorts, which simultaneously 
alternate between two positions so as to switch between 
orthogonal circular polarizations at each receiver port. The 
spectrometer is a 1024 channel, three-level correlator. The cor- 
relator was split into four, 256 channel quadrants, so that both 
the 1665 and 1667 MHz lines and both polarizations could be 
observed simultaneously, except for the wide-band Sgr A 
observations. For these, a bandwidth of 10 MHz was used, 
which covers both OH lines, so the correlator was split into 
two, 512 channel halves. Except as noted, all sources were 
observed with a bandwidth of 0.3125 MHz (channel spacing 
0.22 kms-1). 

Systematic effects involving circular polarization of the tele- 
scope sidelobes and primary beam pattern can be serious for 
measurements of the Zeeman effect in the 21 cm line (Troland 
and Heiles 1982). However, these effects do not affect the 
present observations. For the OH lines in absorption, the con- 
tinuum source is much smaller than the telescope beam, so 
these effects are unimportant. For the OH lines in emission, the 
sensitivity is so poor that these systematic effects are negligible. 
For observations of Sgr A, the most serious potential instru- 
mental effect is beam displacement of the two circular polariz- 
ations. This was minimized by using the procedures described 
by Troland and Heiles (1982). 

Another instrumental effect arises from the difference in 
system gains between the two polarization switch positions. 
This causes a scaled-down replica of the line profile to appear 
in the V spectrum. Troland and Heiles (1982) described the 
usual scheme to bypass this problem, which involves a least- 
squares fit of the V spectrum to two terms involving the I 
spectrum and its derivative. However, this method is intrinsi- 
cally unsatisfactory because it implicitly assumes that the line 
itself has zero circular polarization. This assumption is particu- 
larly unsatisfactory for the OH lines, which are often circularly 
polarized. 

We have employed a new method to eliminate gain differ- 
ences from the V spectrum. We have determined that nearly all 
of the effect arises because of the difference between the recei- 
ver gains, which depends slowly on frequency and typically 
varies from 3% to 4% or so across our typical measured pass- 
band of a few hundred kHz. In contrast, the difference between 
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the telescope gains is smaller than 0.1%. Thus, the ratio of the 
system gains in the two polarizations is essentially equal to the 
ratio of the receiver gains. In this case, it is easy to show that 
the ratio of the system gains is simply equal to the ratio of the 
uncalibrated spectra in the two polarizations. To an accuracy 
of 0.1%, no replica of the line profile appears in this “ratio 
spectrum.” 

This happy situation allows us to determine the system gain 
ratio by least-squares fitting a low-order polynomial to the 
entire ratio spectrum. The entire spectrum, not just that 
portion containing the spectral line is used; furthermore, the 
line itself does not appear in the ratio spectrum, as long as it is 
not highly polarized itself. If it is thought to be polarized, it can 
be excluded from the fit. Thus, the determination of this instru- 
mental effect is entirely independent of the properties of, or 
even the existence of, the spectral line. 

After this correction for the system gain difference, the V 
spectrum contains no further instrumental effects. In deriving 
magnetic field strengths, this allowed us to least-squares fit the 
V spectrum to only the derivative of the / spectrum; we did not 
need to account for presence of a scaled-down replica of the / 
spectrum itself. 

For sources other than Cas A, the overall intensity cali- 
bration is accurate to only ~30%. A broad-band calibration 
signal was radiated from the vertex by a small, linearly pol- 
arized antenna. This limited our accuracy, because such a radi- 
ated signal has standing waves between the paraboloid and the 
feed, which cause the apparent intensity of the signal to vary 
strongly with frequency. Changes in the distance between the 
feed and the vertex occur because of thermal expansion and 
gravitational deformation and move the standing wave pattern 
with respect to the observed bandpass. This caused the appar- 
ent intensity of the calibration source to change erratically 
with time. Even though the overall intensity calibration is 
uncertain, the relative calibration between / and V spectra is 

exact, because precisely the same data were used to construct 
both spectra. 

b) Results for Sources Other than Cas A 
Ten sources were observed; the results, as discussed by the 

technique described above, are summarized for all sources but 
Cas A in Table 1. An error in the on-line Doppler correction 
prevented us from deriving the exact LSR velocities. Where 
possible, we assumed the velocity scale of Goss (1968) to be 
correct and aligned our spectra accordingly; elsewhere we esti- 
mated the approximate errors involved and corrected the velo- 
cities accordingly. Ori B, W22, W67, Sgr A, M17, and Cas A 
exhibit the OH line in absorption; the remaining positions are 
dust clouds that show the OH lines in roughly normal thermal 
emission. Quoted errors are 1 <r; 3 <7 is a good measure of the 
strict upper limit for an individual measurement (Troland and 
Heiles 1982). The circular polarization in Sgr A is nowhere 
larger than 0.7% of the peak line strength. 

Thus, there are two detections in Table 1: Ori B and W22. 
Derived values of magnetic field strengths are from the average 
of the 1665 and 1667 MHz spectra. Using an average is reason- 
able. The Landé ^-factor for the 1665 MHz line is 1.67 times 
larger than that for the 1667 MHz line, while the optical depth 
of the 1665 MHz line is 1.8 times smaller than that of the 1667 
MHz line for thermal excitation conditions, so the V spectra of 
the two lines should have the same amplitude to within 8%. 

Our Ori B spectra, not shown here, look similar to and 
confirm the first detection of circular polarization by Vers- 
chuur and Turner (1970) in this source and also confirm the 
spectra of Crutcher and Kazes (1983), whose sensitivity is 
much better than ours. However, Crutcher and Kazes incor- 
rectly stated the sense of the magnetic field. The magnetic field 
seen in absorption against Ori B is actually positive, pointing 
away from the observer. 

Figure 1 shows the results for W22. These spectra were orig- 

TABLE 1 
Derived Magnetic Field Strengths 

LSR 
Velocity B {1 (T errors) 

Source R.A.(1950) Decl.(1950) (kms"1) (juG) 

Dust cloud     
Dust cloud  
Ori B (NGC 2024) 
L134    
L183   
W22 (NGC 6357). 
W22 (NGC 6357) . 
Sgr A (narrow)15... 
Sgr A (narrow)15... 
Sgr A (narrow)*5... 
Sgr A (wide)*5   
Sgr A (wide)0...... 
W38 (M17)   
W67 (DR 5)  

05:34:21 -06:38:40 
05:37:01 -07:31:26 
05:38:58 -01:53:57 
15:51:00 -04:32:00 
15:51:33 -02:46:24 
17:22:11 -34:17:06 
17:22:11 -34:17:06 
17:42:18 -28:58:04 
17:42:18 -28:58:04 
17:42:18 -28:58:04 
17:42:18 -28:58:04 
17:42:18 -28:58:04 
18:17:47 -16:19:06 
20:25:35 39:53:04 

+ 7 -28 ±17 
+ 8 -3 ±11 
+ 9 ±38 ±2a 

±3 ±3 ± 8 
±2 -2 ±17 
-3 ±4 ± 14 
±6 -11.0 ±2.2 

-50 ±6 ±8 
-30 ±1 ±6 

0 ±8 ± 5 
-125 ±60 ±106 
±40 ±8 ± 19 
±20 -14 ± 14c 

±1 1 ± 5 
a From Crutcher and Kazes 1983, but with sign reversed (see text). 
b Narrow-band spectra of Sgr A were taken with total bandwidth 625 kHz, channel 

spacing 2.44 kHz, to cover the three listed narrow-velocity components in detail. 
Wide-band spectra were taken with total bandwidth 10 MHz, channel spacing 19.5 
kHz to cover the two listed broad velocity components (see Palmer and Zuckerman, 
1967, for the Sgr A OH line profile). 

c Complex line shape. Magnetic field limit applies to sharp positive-velocity edge. 
Polarized maser emission in 1665 MHz line prevented including it in average for 
magnetic field determination. 
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Fig. 1—Results for W22. Bottom: 1667 MHz / spectrum. Top: solid line, average of 1665 and 1667 MHz V (RHC-LHC) spectra; dotted line, Zeeman pattern for 
B = -11.0 pG. Zeeman splitting detection of -11 pG, reported in Table 1, refers only to the narrow absorption component centered ~ +6 km s-1. The 
negative-going spike in the K spectrum centered near - 2 km s “1 is probably a weak, polarized maser. 
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inally obtained with a resolution of 0.22 km s-1, but were 
smoothed to 0.44 km s" L The / spectrum, in the bottom panel, 
exhibits two distinct velocity components. The V spectrum, in 
the top panel, is shown by a solid line. It is the average of the 
1665 MHz and 1667 MHz V spectra. The dotted line super- 
posed on the V spectrum is the frequency derivative of the / 
spectrum, scaled to the derived field of — 11 juG. The Zeeman 
detection refers only to the narrow component centered ~ + 6 
km s-1. The negative-going spike ~ — 2 km s_1 is probably a 
weak, polarized maser, and the broad absorption line exhibits 
no detectable Zeeman splitting. 

Crutcher and Kazes (1985), using the Nançay telescope, have 
also measured the OH Zeeman splitting of the narrow com- 
ponent against W22. They derive a magnetic field of —18.2 fiG 
with a small error. Our two measurements probably do not 
agree within the formal errors. In addition, they do not see the 
maser. These differences are almost certainly a result of their 
higher angular resolution, because the source is larger than 
their beam width. Crutcher and Kazes (1985) have made CO 
measurements in this region and determined that the OH 
absorption line arises from a dark cloud with an H2 volume 
density of ~ 1000 cm-2 and a temperature of ~ 10 K. 

c) Results for Cas A 
Figure 2 shows the results for Cas A, which required a total 

of 304 hr of integration time. All spectra were originally 
obtained with a resolution of 0.11 km s-1, but were smoothed 
to a resolution of 0.44 km s “1 during the data reduction. The I 
spectrum for the 1667 MHz line is shown in the bottom panel. 
The / spectrum exhibits four distinct velocity components, to 
which we shall refer by the numbers 1-4, as denoted on the 
figure. 

Both the shape and overall depth of the Cas A OH absorp- 
tion spectrum have apparently changed over the years. We 
have not tried to determine whether these changes are real or 
instrumental. Real changes might occur because of the expan- 
sion of Cas A, which amounts to ~0.3% per year. Instrumen- 
tal effects might occur because Cas A is such a strong radio 
source and possibly because its angular size is not totally negli- 
gible compared to single-dish beamwidths. Two previously 
published spectra with adequate frequency resolution, taken 
with single telescopes having beamwidths larger than Cas A, 
show significant differences. The least ambiguous change 
appears in the intensity ratio of the 0 km s-1 “Orion arm” 
component to our component number 2. Measuring line inten- 
sities directly from the published line profiles instead of using 
Gaussiap-fitted components, we find this ratio to be ~ 1.03 and 
1.17 for Goss (1968) and Davies and Matthews (1972), respec- 
tively. In two separate sets of observations, one taken in 
summer 1984 and the other in spring 1985, we find the ratio to 
be ~0.89. There also seem to be other more subtle differences 
between the relative intensities, within both the Orion arm and 
Perseus arm components themselves. 

Apart from these differences in line shape, there are also 
differences in the overall optical depth scale. These are prob- 
ably instrumental errors, because it is hard to imagine that the 
overall optical depth scale has changed significantly. For the 
Perseus arm components, the scales of Goss (1968) and Davies 
and Matthews (1972) are in approximate agreement. In con- 
trast, our optical depths are smaller by a factor of ~ 1.4; those 
in the discovery papers (Weinreb et al. 1963; Barrett, Meeks, 
and Weinreb 1964) are even smaller. We made a special series 
of measurements during spring 1985 to determine accurately 

the optical depth scale ; the scale shown in Figure 2 is accurate 
to ~5%. This appears to be consistent with the scale of de 
Jager et al. (1978), who have too much angular resolution for 
an accurate comparison. 

The V spectrum, actually the average of the 1665 and 1667 
MHz V spectra, is shown by the solid line in the middle panel 
of Figure 2. The dashed line is the frequency derivative of the / 
spectrum, scaled for illustrative purposes to a field strength of 
+ 9 /¿G. This value was chosen because it is the average for the 
four velocity components, as discussed below. 

There is good correspondence between the solid and dashed 
lines in Figure 2, particularly given the low signal-to-noise 
ratio. This shows that we have detected Zeeman splitting. We 
least-squares fit the V spectrum to derive the field strengths 
separately for each of the four velocity components using a 
velocity range covering the full extent of each component. The 
results are given in Table 2. Quoted errors are 1 <7. Within the 
errors, the derived fields strengths are all the same; the average 
is 9 juG. For OH components 1 and 2, the derived values are 
considerably larger than the errors. This is less so for com- 
ponent 3, and for component 4 the derived value is only barely 
significant compared to the error. This is particularly evident 
in Figure 2. The large uncertainty in component 4 is not sur- 
prising because the signal-to-noise ratio in the V spectrum is 
low and component 4 is the weakest. 

III. THE PHYSICAL ENVIRONMENT IN CAS A 

a) Morphology of Molecular and Atomic Gas 
The angular distribution of the OH absorption has been 

mapped with the VLA by Bieging and Crutcher (1984). Unfor- 
tunately, their data have not yet been fully analyzed. However, 
the overall characteristics of the OH distribution mimic those 
of the H2CO in most, but not all, respects. The H2CO distribu- 
tion has been discussed in detail by Goss, Kalberla, and Dickel 
(1984) using WSRT observations. 

The H2CO is distributed in 16 “ clumps ” (in the terminology 
of Goss et al. 1984), localized in both space and velocity. On 
the basis of velocity, most of these clumps can be associated 
with the four OH line components, as shown in Table 3. Four 
clumps have velocities that do not correspond with the OH 
component velocities and must be too small to produce indi- 
vidual components in the single-dish OH spectrum. None of 
these clumps is more massive than 1 M0, and all are located 
near the western periphery. Three of these, VI, VII, and VIII, 
are centered ~ — 43 km s-1; the fouth, IV, is centered at 
— 47.3 km s“1 and is unique among the more negative-velocity 
clumps in being located at the western periphery. 

The molecular clouds are associated with small H i features 
detected in 21 cm line absorption maps made with the WSRT 
(Kalberla, Schwarz, and Goss 1985). The H i features are diffi- 
cult to discern because they contribute only a small amount to 

TABLE 2 
Magnetic Field Strengths in OH Absorption 

against Cas A 

OH LSR Velocity Magnetic Field (1 a errors) 
Component (km s_1) (pG) 

1   -48 +8.3 ±1.6 
2   -46 +7.9 ±0.7 
3   -41 +11.1 ±2.8 
4   -37 +8.3 ±2.9 
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Fig. 2.—Results for Cas A. Bottom: 1667 MHz / spectrum; the four velocity components are numbered in order of increasing velocity, as they are referred to in 
text. Middle: solid line, average of 1665 and 1667 MHz V spectra; dotted line, expected Zeeman pattern for Æ = 9 fiG, equal to the average of the four components 
listed in Table 2. Top: half of the difference between the 1667 and 1665 MHz V spectra, presented to illustrate the character of the noise. Optical depth scale is 
accurate to 5%. 

the total absorption, and the background H i optical depths 
are large. In fact, for t; < — 46 km s_1 (our OH components 1 
and 2), the background optical depths are so large as to 
obscure excess H i absorption by small H i features. All of the 
molecular clumps having t; > — 46 km s~1 are associated with 
excess H i, so it seems reasonable to assume that all clumps 
with v < —46 km s_ 1 are also associated with excess H i. 

The H i associated with the molecular clumps has larger 
angular sizes than the clumps themselves. Goss et al (1984) 

assumed that the H i is distributed in shells that surround the 
clumps; as discussed below in § Me, the term “shell” may 
conjure an incorrect mental image. The typical mass of an H i 
“shell” is 1 M0 and the typical volume density is 350 cm-3. 
The central velocities of the H i “ shells ” are not exactly equal 
to those of the associated molecular clumps and in one extreme 
case differ by 2.7 km s~x. However, the H i central velocities, as 
well as the other derived parameters, have large errors because 
the H i optical depths are so large. 
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TABLE 3 
Association Between OH Velocity Components and H9C0 Clumps 

OH Component 
LSR Velocity 

(km s-1) Clumpa 
Mass 
(M0) Locale in Cas A Map 

-48 

-46 

-40 

-37 

I 
II 
III 

0.06 
0.6 
2.2 
5.4 
3.3 

>3.6 
>19.8 

1.4 
3.9 
3.3 
0.8 
0.8 

southeastern periphery 

southern periphery 

string extending from 
center to western periphery 

southwestern periphery 

From Goss et al 1984; our quoted masses are 3.3 times smaller than theirs (see § III6). 

Yol. 301 

The masses of the H i “ shells ” are comparable to those of 
the H2 clumps, while the volume densities are ~6 times 
smaller. All of the molecular clumps but XI have masses 
smaller than 3.6 M0. With H i “ shells ” of ~ 1 M0, the molec- 
ular clumps are typically only a bit more massive than their H i 
“shells”—and, given the uncertainties, the molecular and 
atomic masses could typically be equal. 

b) H 2 Volume Densities 
It is often stated that the magnetic field strength increases 

with volume density in astronomical objects. Thus, we wish to 
know the H2 density in the molecular clumps. 

Published estimates vary and may reflect real variations 
because of clumping. The highest estimates, which range up to 
5 x 104 cm-3, are obtained by Batrla, Wilson, and Martin- 
Pintado (1983). These are based on observations of the 5.6 and 
14.5 GHz transitions of H2CO and the use of the excitation 
calculations of Henkel, Walmsley, and Wilson (1980). Lower 
values ranging from 103 to 104 cm-3 are derived by Troland, 
Crutcher, and Heiles (1985), using observations of the 2-1 and 
1-0 CO lines, seen in emission against Cas A, and the large 
velocity gradient excitation model of Goldsmith, Young, and 
Langer (1983). Troland et al. (1985) suggest that the Perseus 
arm components lie near the lower end of the density range. 
Values ranging from 5 x 103 to 104 cm-3 are derived by 
Batrla, Walmsley, and Wilson (1984) from observations of 
NH3 in absorption, using the excitation program of Walmsley 
and Ungerechts (1983). 

Volume densities can be derived more directly from observa- 
tional data when the angular resolution is high enough to 
resolve individual clouds and when, in addition, the column 
density is known, by making the straightforward assumption 
that the cloud is roughly spherical. This is the method used by 
Goss et al (1984). They identified a total of 16 H2CO clumps. 
They drived H2 column densities by using a standard ratio of 
H2CO to H2. They obtained values of ~104 cm-3. However, 
the value of the ratio of H2CO to H2 that they used is uncer- 
tain, and probably too small. They followed Batrla et al (1983) 
and used the smallest value compiled by Sherwood and Wilson 
(1981), who summarized data on H2CO column density and 
optical extinction for four dust clouds. However, this smallest 
value is five times smaller than the average value for the four 
clouds. 

If a value nearer to the average had been used instead, Goss 
et al (1984) would have obtained typical volume densities of 
3 x 103 cm-3. This is the value suggested by Troland et al 
(1985) and is only somewhat lower than the values derived by 
Batrla, Walmsley, and Wilson (1984). We adopt these revised 
values of Goss et al (1984) in the remainder of this paper; they 
should be relevant to the OH-containing regions to which our 
measurements refer. 

c) Absence ofVirial Equilibrium 
We briefly consider the virial theorem. We restrict our atten- 

tion to the immediate region. These clumps are not in virial 
equilibrium unless either our density estimates are much too 
small or the clumps contain dense cores that are not revealed 
by existing observations. Goss et al (1984), using H2 densities 
that are 3.3 times larger than those we adopt in § Illh, find 
upper limits of two for the ratio of the gravitational to the 
kinetic virial terms, except for two clumps for which the largest 
value is seven. These are upper limits because they include 
thermal energy alone; the observed lines are much wider than 
the thermal width. Thus, because both the H2 densities are 
probably lower and the kinetic energy larger than they used in 
their calculations, the gravitational terms are almost certainly 
negligible. Surface pressure terms are also negligible (Troland 
et al 1985). 

We conclude that these molecular clumps are evolving 
dynamically. For example, they may be transient results of a 
passing shock front. This means that the term “clump” is 
indeed appropriate, because it does not imply stability as does 
the term “ cloud.” It also means that the term “ shell,” applied 
to the H i associated with the clumps, may be misleading 
because it connotates an onionskin structure. While an onion- 
skin structure is certainly possible for a transient object, it is 
not necessary. If the molecular clumps were formed by shocks, 
the gas just behind the shock would be the warmest and least 
dense; as the gas flowed downstream from the shock, it would 
cool, grow denser and increase the magnetic field strength, and 
form molecules (e.g., Field et al 1968). In this case the H i 
would be upstream from the denser molecular regions. The 
words “ transition region,” rather than the word “ shell,” would 
have the correct connotation. 

Given our uncertainty of the correct situation, the word 
“clump” seems eminently appropriate for the H i regions as 
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well as the molecular regions. We shall use this term hence- 
forth in the present paper. 

IV. TOTAL FIELD STRENGTHS IN THE MOLECULAR AND 
ATOMIC CLUMPS 

Angular structure of the magnetic field in the H i has been 
measured using the WSRT by Bregman et al (1983) and, with 
higher sensitivity, by Schwarz et al (1985). The measured field 
strengths range from less than 10 to more than 40 ¡iG. The 
higher H i field strengths are associated with OH components 
2 and 3. In contrast, the H i fields associated with OH com- 
ponents 1 and 4 are not enhanced, having typical values of 
~ 14 ¿¿G. Thus, the measured fields in the H i clumps associ- 
ated with OH components 1 and 4 are ~ 50% higher than the 
measured fields in the molecular clumps themselves. 

The situation for OH components 2 and 3 is more extreme. 
The parallel components of field strength in their associated 
H i clumps range from at least 40-60 ¿¿G. Thus, typical parallel 
components of the magnetic field in the H i clumps are ~5 
times higher than the parallel components in their associated 
molecular clumps. It is natural to infer that the total field 
strengths are also larger in the H i clumps. 

Such a situation presents a difficulty when viewed in terms of 
conventional understanding: we might imagine the total field 
strength in the denser clumps to be equal to that in adjacent 
H I, because of ambipolar diffusion, but there is no way for the 
molecular clump to expel the, field and end up with a smaller 
total field than in the adjacent H i. 

The field might be tangled so that the total field strength in 
an OH clump exceeds that in its associated, less dense H i 
clump. However, this is contrary to theoretical expectation. If 
the field strength in a molecular clump is equal to the 
minimum value in the adjacent Hi, ~ 50 /xG, then the ratio of 
magnetic to gas pressure is 16 (if T = 22 K; Batrla et al 1984). 
If we instead compare the magnetic pressure to the macro- 
scopic pressure derived directly from the OH line widths (Goss 
1968), then the ratio varies from 0.6 to 6. With such ratios of 
magnetic to gas pressure, the field should not be significantly 
tangled, at least not so much that the total field strength is 
enhanced over the systematic component by a factor of 5. We 
note that the ratio of magnetic to gas pressure in the H i 
clumps far exceeds that in the molecular clumps, so that the 
field in the H i clumps can hardly be tangled at all (Schwarz et 
aims). 

A remaining possibility is that the ~5 times smaller mea- 
sured fields in OH components 2 and 3 are simply a result of a 
projection effect. Measured field strengths are always lower 
limits to the total field strengths because Zeeman splitting 
measurements are sensitive to the parallel (i.e., line-of-sight) 
component of the magnetic field. If the field is uniform, it is 
unlikely to point directly along the line of sight, and with a 
probability of x_1 the total field is at least x times the mea- 
sured field strength (Heiles and Troland 1982). Thus, the factor 
of 5 reduction occurs with a probability of for each com- 
ponent. But OH components 2 and 3 appear to be indepen- 
dent, because the distributions of their associated H2CO 
clumps on the sky are completely different. This implies that 
the probability that both components suffer the same projec- 
tion effect is only ~ 4%. 

Nevertheless, it is conceivable that OH components 2 and 3 
are not independent. In § Me we concluded that both the 
atomic and the molecular clumps are transient features. 
Suppose that clumps 2 and 3, in an initially larger and less 

dense configuration, were hit by the same passing shock. 
Suppose, in addition, that they had equal volume densities and 
were threaded by the same uniform magnetic field. A shock, 
passing at an oblique angle with respect to the field, increases 
the strength of the field and also changes its direction—in this 
case, by the same factor and through the same angle for both 
clumps. 

Such a shock could produce the observed situation with the 
~5 times lower field in the denser molecular clumps. If the 
initial configuration were a cloud with larger density on the 
inside, the angle by which the field is rotated by a shock 
depends on density, so that a smaller line-of-sight field in the 
higher density regions could be produced. Alternatively, if the 
initial configuration were a more uniform cloud, the density of 
the gas flowing downstream from the shock would increase as 
it cooled, again turning the field through an angle that depends 
on volume density. However, to obtain a reduction factor as 
large as 5 requires that the angle between the shock velocity 
and the magnetic field be specified to within a rather narrow 
range of angle, which is rather unlikely on an a priori basis. 

As a final and rather farfetched possibility, we might 
compare the interstellar medium to the Sun. Inside a sunspot, 
smaller gas pressure is compensated for by magnetic pressure 
so that the total pressure is the same as it is outside the 
sunspot. Thus, low gas pressures correlate with high magnetic 
field strengths. In dense portions of the interstellar medium, 
where gas temperatures tend to be roughly the same, the corre- 
sponding statement would be that low gas densities correlate 
with high magnetic fields. This is equivalent to a cloud forming 
by expanding across the magnetic field lines as matter infalls 
along the field. Indeed, from the theoretical standpoint this 
is perhaps the only way that dense molecular clouds would 
be able to form spontaneously in a medium where magnetic 
pressure is not negligible. But why this should happen when 
gravity is negligible is difficult to comprehend. 

V. SUMMARY 

We have detected Zeeman splitting of the OH absorption 
lines toward Qri B and W22. Our result for Ori B agrees with 
the original detection of polarization by Verschuur and Turner 
(1970), and our derived field is consistent in magnitude, but not 
in direction, with that previously published by Crutcher and 
Kazes (1983). For W22 we derive a field of — 11.0 ± 2.2 pG (1 cr 
error). This result refers to a dust cloud along the line of sight 
to W22 that has a rather typical density and temperature; the 
OH field toward W22 has also been detected by Crutcher and 
Kazes (1985), who interpret the results in detail. 

The measured magnetic field strength is about +9 pG in all 
four OH velocity components of Cas A. The OH is located in 
small molecular clumps that have been studied at high-angular 
resolution in the H2CO 6 cm line. Typical H2 volume densities 
in these clumps are probably ~3 x 103 cm-3. 

The molecular clumps are associated with H i clumps. In the 
H i clumps associated with two of the OH absorption com- 
ponents, the parallel component of the magnetic field is ~ 50 
pG, ~5 times larger than in the denser molecular clumps 
themselves. 

This is difficult to understand, because magnetic field 
strengths are expected to increase, not decrease, with increas- 
ing volume density. The possibility that the measured value of 
the field in the molecular clumps is much smaller than the total 
field because of tangling is unlikely, because the magnetic 
pressure in the clumps would then dominate the gas pressure, 
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which would tend to keep the field from being tangled. A 
passing shock, moving obliquely to the magnetic field lines, 
could produce the observed situation, although this seems 
somewhat contrived. A farfetched possibility is that regions of 
low gas density tend to have higher magnetic field, in analogy 
with sunspots. 
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