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A B S T R A C T . G r a d i e n t s in r o t a t i o n measu re and d i s p e r s i o n in r o t a t i o n 
measu re , bo th across t h e t e l e s c o p e beam, d e p o l a r i z e t h e r a d i o emis s ion 
from t h e SW arm o f M 3 1 . F a r a d a y e f f e c t s a l o n g t h e l i n e o f s i g h t a p p e a r 
t o be n e g l i g i b l e . 

A h i g h l y p o l a r i z e d r e g i o n in t h e SW arm o f M31 n e a r t h e minor a x i s w a s 

r e c e n t l y o b s e r v e d w i t h t h e V L A D - a r r a y a t \ 2 0 . 1 cm ( L o i s e a u e t a l . , 

1 9 8 7 ) . In o r d e r t o s t u d y t h e d i s t r i b u t i o n o f r o t a t i o n measu re s ( R M ) , t h e 

d e t a i l e d s t r u c t u r e o f t h e m a g n e t i c f i e l d in t h e arm (Beck and Berkhu i j sen , 

t h i s v o l u m e ; Beck e t a l . , 1 9 8 9 ) , and d e p o l a r i z a t i o n mechan i sms a 

compar i son w a s made o f t h e p o l a r i z a t i o n p r o p e r t i e s a t X20.1 cm and 

X6.3 cm (Be rkhu i j s en e t a l . , 1987) a t a r e s o l u t i o n o f 3 ' . 

A f i r s t a n a l y s i s o f t h e d e p o l a r i z a t i o n f a c t o r D P n ( 2 0 , 6 ) ( = r a t i o o f 

n o n t h e r m a l p o l a r i z a t i o n p e r c e n t a g e s a t X20.1 cm and X6.3 cm) o f 7 p o i n t s 

a l o n g t h e arm y i e l d e d t h e f o l l o w i n g r e s u l t s : 

1. D P n i s n o t c o r r e l a t e d w i t h I R M i I ( = RM i n t e r n a l t o M31) as w o u l d be 
e x p e c t e d in t h e c a se o f i n t e r n a l d i f f e r e n t i a l F a r a d a y r o t a t i o n a l o n g t h e 
l i n e o f s i g h t caused b y a un i form m a g n e t i c f i e l d ( s e e F i g . l a ) . P o s s i b l e 
e x p l a n a t i o n s a r e : a. t h e r e a re m a g n e t i c f i e l d r e v e r s a l s in t h e l i n e o f 
s i g h t ; b. t h e r o t a t i n g medium is i n h o m o g e n e o u s and has a smal l f i l l i n g 
f a c t o r in t h e l i n e o f s i g h t . T h e l a t t e r ca se w o u l d a l so be in a g r e e m e n t 
w i t h t h e o b s e r v e d t he rma l emiss ion as d e r i v e d f rom r a d i o da t a . 

2 . F i g . l b shows t h a t D P n i s a n t i c o r r e l a t e d w i t h t h e maximum gradient 

o f RMj ac ros s t h e 3' beam, i . e . p e r p e n d i c u l a r t o t h e l i n e o f s i g h t . T h i s 

cou ld h a p p e n e i t h e r in M31 or in our G a l a x y on s c a l e s o f ^ 600 pc or 

è 1 pc, r e s p e c t i v e l y . N o t e t h a t in t h e a b s e n c e o f a g r a d i e n t D P n

 Ä 0 .35, 

h e n c e a n o t h e r d e p o l a r i z i n g mechan ism caus ing a d e c r e a s e o f D P n b y a 

f a c t o r o f - 3 must p l a y a r o l e . 

3. I n t e r n a l F a r a d a y d i s p e r s i o n a l o n g t h e l i n e o f s i g h t w o u l d g i v e a 
g e n e r a l d e p o l a r i z a t i o n i f t h e p r o p e r t i e s o f t h e d i s p e r s i n g c e l l s do no t 
v a r y g r e a t l y a l o n g t h e arm. H o w e v e r , d i s p e r s i n g c e l l s w i t h du à 30 pc 
w o u l d be n e e d e d mak ing t h e i r number a l o n g t h e l i n e o f s i g h t t o o smal l 
f o r t h i s mechan i sm t o be i m p o r t a n t . 
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4. F a r a d a y d i s p e r s i o n across t h e 3' beam occu r r i ng e i t h e r in M31 or in 
our G a l a x y may be a l i k e l y mechan ism. With 50 c e l l s in t h e beam a d i s -
p e r s i o n in RM a R M é 3 rad m " 2 w o u l d be r e q u i r e d caused b y c e l l s w i t h 
e i t h e r d i < 200 pc in M31 or d i < 0.4 pc in our G a l a x y , assuming a o n e -
d i m e n s i o n a l f i l l i n g f a c t o r fj_ = 1. Fo r fι < 1 a l so d i w o u l d be sma l l e r f o r 
a g i v e n o R M . I n t e r e s t i n g l y Cordes e t a l . ( t h i s v o l u m e ) , u s ing a c o m p l e t e l y 
d i f f e r e n t me thod , d e r i v e d c e l l s i z e s in our G a l a x y b e t w e e n 0.01 and 1 pc 
in a g r e e m e n t w i t h our v a l u e s . 
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F i g u r e 1. ( a ) D P n as a f u n c t i o n o f I R M i I . T h e d a s h e d c u r v e shows t h e 
d e p e n d e n c e e x p e c t e d fo r d i f f e r e n t i a l F a r a d a y r o t a t i o n a l o n g t h e l i n e o f 
s i g h t c a u s e d b y o n e un i fo rm m a g n e t i c f i e l d componen t , ( b ) D P n as a f u n c -
t i o n o f t h e maximum g r a d i e n t in R M i a c ross t h e 3' beam. 
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