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1. INTRODUCTION 

The importance of magnetic fields to the evolution of dense 
interstellar clouds and to the star formation process is now widely 
appreciated. Troland (this volume) has reviewed work to measure 
strengths of interstellar magnetic fields by observation of the Zeeman 
effect in radio frequency spectral lines. The next step is to map 
magnetic fields with radio synthesis arrays in order to obtain high 
spatial resolution. This abstract is a preliminary report of VLA 
results for two clouds - the W 3 region of massive star formation (to 
be published by Troland, Crutcher, Goss, and Heiles) and S 106, a 
biconical H II region with a confining molecular disk (to be published 
by Loushin, Crutcher, and Troland). 

2. OBSERVATIONS 

Observations of Stokes' parameter I and V spectra were made with the 
VLA. The 1420 MHz H I absorption line toward the W 3 core was mapped 
with -1' resolution between -51 km s - 1 < V L S R < -31 km s"

1. For S 106 the 
1665 MHz OH absorption line toward the H II region was mapped with -10" 
resolution between -23 km s"1 < V L S R < +9 km s"

1; also, the positions of 
the circularly polarized 1720 MHz maser lines were measured. 

3. W 3 RESULTS 

Sufficient sensitivity to detect the Zeeman effect was achieved only 
over about a 3' χ 2' area centered at a 1 9 5 0 - 02

h21 m50 s, 81Q50 = 61°50', 
which is the core of the molecular cloud/H II region complex. The only 
significant signal in the V spectrum was near -33.5 km s"1, at the most 
positive velocity side of the heavily saturated Η I absorption line. 
Goss et al. (1983) have found that the H I absorption is made up of 
velocity components at V L S R « -38.5, -43.5, and -48.0 km s"1. We 
interpret the feature in the V spectrum at -33.5 km s"1 as a Zeeman 
signal due to a magnetic field in the -38.5 km s - 1 cloud, with the 
expected feature on the other side of this line at -43.5 km s"1 being 
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suppressed by the very optically thick line at -43.5 km s"1. The maximum 
magnitude of the field is about 100 /iG. Remarkably, the line-of-sight 
component of the magnetic field reverses direction from the northeast 
to the southwest, with the locus of zero line-of-sight field passing 
through the position of 1RS 5, a H 20 maser and infrared point source. 
There are two possible explanations for this reversal. When a dense 
cloud collapses to form stars, so long as the field remains frozen into 
the matter, the field morphology will assume an hourglass shape, with 
the dense core at the "neck" of the hourglass. Since we observe the 
Zeeman effect in H I absorption against the H II regions in the cloud 
core, we measure only the line-of-sight component of the field on the 
near side of the core. Hence, one expects the line-of-sight component 
to reverse direction from one side of the core to the other. Another 
possibility is that the enhanced pressure of the H II regions produced 
by star formation activity has significantly modified the field 
morphology. Region A, which occupies the eastern half of the core 
region, appears now to be in a champagne flow toward the sun. This flow 
could have carried with it the H I gas at the interface between the 
ionized gas and the surrounding molecular cloud. Hence, the field in 
the northeast could have been reversed from its original direction. 

4. S 106 RESULTS 

Kazès et al. (1987) originally detected the Zeeman effect in the main 
OH absorption lines toward S 106 and discussed the apparent Zeeman 
splitting of the 1720 MHz maser line. We find the oppositely circularly 
polarized masers to agree in position within 1"; the maser is not 
located at 1RS 4, the central star of the bipolar H II region, but near 
the northeast edge of the northern H II lobe. The 1665 MHz OH 
absorption line is distributed in two distinct components: a narrow 
component near 0 km s"1 which is associated with the toroidal molecular 
cloud surrounding the H II region, and a clumpy component at more 
negative velocities associated with the interface between the H II 
region and the surrounding molecular cloud. The line-of-sight magnetic 
field in the first component does not appear to show spatial structure; 
this component is the one in which the Zeeman effect was measured by 
Kazès et al. to be about 140 μΰ. The field in the other component 
reverses direction between the northern and southern lobes of the Η II 
region, with strengths of about 0.5 mG and 1 mG in the southern and 
northern lobes, respectively. This field is probably the hourglass 
morphology expected for a region of recent star formation with the 
magnitude enhanced By compression of the interface region between the 
surrounding molecular cloud and the bipolar Η II region. 
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PUDRITZ: S106 i s a w e l l - k n o w n b i p o l a r o u t f l o w . A n y MHD w i n d t h e o r y 
p r e d i c t s t h e p r e s e n c e o f t o r o i d a l f i e l d in t h e o u t f l o w . Y o u r " r e v e r s a l " 
r e g i o n s m a y b e such a t o r o i d a l componen t s u p e r i m p o s e d on a p o l o i d a l 
componen t y o u d e d u c e . Is t h i s i n t e r p r e t a t i o n c o m p a t i b l e w i t h y o u r da t a? 
In c e n t r i f u g a l w i n d s , Βψ i s w e a k a t sou rce and i n c r e a s e s w i t h d i s t a n c e . 
Do y o u h a v e t h e s e n s i t i v i t y t o check Β φ / Β ρ ο 1 ο 1 ά 3 ΐ r a t i o s t o ±10 f a c t o r s ? 
Y o u r r e s u l t s a re v e r y e x c i t i n g . 

CRUTCHER: T h e m a g n e t i c f i e l d map o f S106 w a s o n l y p r o d u c e d l a s t w e e k , 
and a p r o p e r e r r o r a n a l y s i s has n o t y e t b e e n c a r r i e d ou t . T h e r e shou ld 
be s u f f i c i e n t s e n s i t i v i t y t o check Β φ / Β ρ ο 1 ο 1 ά 3 ΐ t o 1st o r d e r , and a more 
s e n s i t i v e V L A e x p e r i m e n t i s p l a n n e d fo r t h e fu tu r e . 

SHUKUROV: T h e p i c t u r e w h i c h y o u j u s t h a v e d e s c r i b e d r e s e m b l e s t h e 
m a g n e t i c f i e l d d i s t r i b u t i o n p r o d u c e d b y t h e f l u c t u a t i o n dynamo w i t h 
s t r o n g l y c o n c e n t r a t e d m a g n e t i c r o p e s and f i e l d r e v e r s a l s a t smal l s c a l e s 
( s e e t h e r e p o r t o f S o k o l o f f e t a l . , t h i s v o l u m e ) . Compar i son o f t h e t h e o r y 
w i t h o b s e r v a t i o n s n e c e s s i t a t e s d e t e r m i n a t i o n o f o b s e r v e d t w o - p o i n t , 
t h r e e - p o i n t and h i g h e r c o r r e l a t i o n f u n c t i o n s o f t h e m a g n e t i c f i e l d . H a v e 
y o u a t t e m p t e d t o do th i s? 

CRUTCHER: We h a v e n o t a t t e m p t e d such an a n a l y s i s , bu t can c e r t a i n l y 

do so . 

VERSCHUUR: I w a s e x t r e m e l y impres sed b y t h e 5 c o n t r i b u t i o n s on Zeeman 
e f f e c t measu remen t s t o d a y , as w e l l as t h a t b y Car l H e i l e s e a r l i e r in t h e 
m e e t i n g . In he r o p e n i n g r e v i e w , V i r g i n i a T r i m b l e p o i n t e d ou t t h a t t h e 
G a l a c t i c m a g n e t i c f i e l d i s 40 y e a r s o l d ! S ince t h e Cas A Zeeman e f f e c t 
s i g n a l f i r s t a p p e a r e d ou t o f t h e n o i s e , 21 y e a r s h a v e p a s s e d . In f a c t j u s t 
1θ d a y s and 4 1/2 hours l e s s t h a n 21 y e a r s . T h e s e i m p r e s s i v e c o n t r i b u -
t i o n s a r e a d rama t i c i l l u s t r a t i o n t h a t our a b i l i t y t o measu re t h e i n t e r -
s t e l l a r m a g n e t i c f i e l d has i n d e e d come o f a g e . P e r s o n a l l y , I f i nd t h i s 
e x t r e m e l y h e a r t e n i n g and e x c i t i n g . 
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