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A B S T R A C T . N e w V L A r a d i o o b s e r v a t i o n s o f NGC 6946 r e v e a l a c o m p l i c a t 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 w i t h p o s s i b l y r a d i a l c h a n g e s in t h e 
f o r e g r o u n d F a r a d a y r o t a t i o n , t h e s t r e n g t h o f t h e un i fo rm f i e l d and t h e 
p a r t i c u l a r dynamo mode in o p e r a t i o n . T h e un i fo rm f i e l d i s s t r o n g e s t in 
t h e i n t e r a r m r e g i o n s , bu t s h o w s no d e d u c i b l e l a r g e - s c a l e s t r u c t u r e in t h e 
r ad iu s r a n g e o f t h e o p t i c a l sp i r a l arms. T h e h i g h s t a r f o r m a t i o n r a t e in 
NGC 6946 a p p a r e n t l y i n c r e a s e s t h e t u r b u l e n c e o f 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 . 

O b s e r v a t i o n s and R e s u l t s 

NGC 6946 is a m o d e r a t e l y a c t i v e s t a rbu r s t g a l a x y w i t h p r o m i n e n t sp i ra l 
s t r u c t u r e . A l o n g s i d e t h e t w o E f f e l s b e r g m e a s u r e m e n t s a t X2.8 cm and 
X6.3 cm ( K l e i n e t a l . , 1982; H a r n e t t e t a l . , 1989) w e h a v e u n d e r t a k e n a 
12 hour run w i t h t h e V L A in i t s D - c o n f i g u r a t i o n a t X18.0 cm (1 .66 GHz) 

and X20.5 cm (1 .46 G H z ) . 
T h e s y n t h e s i z e d beam o f Γ 
c o r r e s p o n d s t o 2.0 χ 2.4 
kpc in t h e p l a n e o f t h e 
g a l a x y a t t h e assumed d i s -
t a n c e o f 7 Mpc. 

T h e E f f e l s b e r g o b s e r -
v a t i o n s s u g g e s t e d a b i s y m -
m e t r i c m a g n e t i c f i e l d 
s t r u c t u r e , bu t a l l o w e d no 
d e f i n i t e c o n c l u s i o n s ; t h e 
f i e l d seems t o c l o s e l y f o l -
l o w t h e o p t i c a l sp i r a l arms 
w i t h t h e i r l a r g e l y v a r y i n g 
p i t c h a n g l e s ( H a r n e t t e t 
a l . , 1 9 8 9 ) . T h e p r e l i m i n a r y 
d i s t r i b u t i o n o f t h e p o l a r -
i z e d emis s ion a t X20.5 cm 
w i t h p o l a r i z a t i o n v e c t o r s i s 
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N G C 6946 ROTATION MEASURE 18.0/20.5cm 

N G C 6946 ROTATION MEASURE l8.0/20.5cm d i s p l a y e d in F i g . 1. T h e p o l a r i z e d 
i n t e n s i t y shows an a s y m m e t r i c d i s t r i -
bu t ion as i t i s h i g h in t h e n o r t h e r n 
and e a s t e r n p a r t s ( b o t h maxima in 
t h e interarm r e g i o n ) and v e r y l ow in 
t h e s o u t h w e s t e r n q u a d r a n t w h e r e t h e 
X6.3 cm E f f e l s b e r g map shows a 
maximum. A s t h e r o t a t i o n measu res 
a re e x c e p t i o n a l l y l a r g e t h e r e , t h e 
m a g n e t i c f i e l d p r o b a b l y d e v i a t e s from 
t h e g a l a c t i c p l a n e and causes s t r o n g 
F a r a d a y d e p o l a r i z a t i o n . 

We c a l c u l a t e d t h e r o t a t i o n 
measu res ( R M ) b e t w e e n Λ18.0 and 
X20.5 cm in r i n g s o f 2 kpc t h i c k n e s s 
in t h e p l a n e o f t h e g a l a x y ( i n c l i -
n a t i o n 3 0 e , P A = 5 2 ° ) a l o n g a z i -
mutha l a n g l e θ ( F i g . 2 ) . T h e a m b i -
g u i t y o f t h e p o l a r i z a t i o n v e c t o r s 
c o r r e s p o n d s t o ±326 r a d / m 2 in RM 
and may be s o l v e d b y t h e X6.3 cm 
da ta . F i t s i n d i c a t e a f o r e g r o u n d 
F a r a d a y r o t a t i o n d e c r e a s i n g w i t h 
r ad ius . T h e n e a r l y c o n s t a n t RM 
b e t w e e n r a d i i o f 2 and - 1 0 kpc 

a l l o w s fo r a w e a k un i fo rm f i e l d o f o n l y - 2 pG. H o w e v e r , w e s e e s t r o n g 
p o l a r i z e d emis s ion s u g g e s t i n g f r e q u e n t f i e l d r e v e r s a l s w i t h i n t h e d i sk . 
T h e RM ( Θ ) a m p l i t u d e s i n c r e a s e from - 1 0 t o 20 kpc . 

B e t w e e n 6 and 8 kpc ( F i g . 2 a ) as w e l l as 12 and 14 kpc t h e s t r u c -
t u r e o f t h e o r d e r e d f i e l d i s p o s s i b l y a x i s y m m e t r i c ( s i n g l e - s i n u s o i d a l 
v a r i a t i o n ) . I n d i c a t i o n s o f b i s y m m e t r i c modes ( d o u b l e - s i n u s o i d a l v a r i a t i o n ) 
can be s e e n b e t w e e n 0 and 2 kpc and a r e most o b v i o u s b e t w e e n 16 and 
18 kpc ( F i g . 2 b ) - outside t h e p r o m i n e n t o p t i c a l sp i r a l s t r u c t u r e . Here 
t h e a m p l i t u d e o f t h e v a r i a t i o n w o u l d i n d i c a t e a r e l a t i v e l y h i g h i n t e r n a l 
r o t a t i o n measu re o f 2 1 100 r a d / m 2 . T h e p o s i t i o n s o f t h e max ima in t h e 
n o r t h w e s t and s o u t h e a s t a r e c o n s i s t e n t w i t h t h e o n e s in our r o t a t i o n 
measu re c u r v e b e t w e e n X6.3 and X2.8 cm fo r t h e 6 - 1 2 kpc r i ng . B e t w e e n 
14 and 16 kpc e v e n a h i g h e r mode c a n n o t be e x c l u d e d . 

A m u l t i - f r e q u e n c y a n a l y s i s o f a l l a v a i l a b l e d a t a i s in p r o g r e s s . 

R e f e r e n c e s 

H a r n e t t , J.I., Beck , R. and B u c z i l o w s k i , U.R. ( 1 9 8 9 ) A s t r o n . A s t r o p h y s . 
208 , 3 2 - 3 8 . 

K l e i n , U . , Beck , R., B u c z i l o w s k i , U.R. and W i e l e b i n s k i , R. ( 1 9 8 2 ) A s t r o n . 
A s t r o p h y s . 108, 1 7 6 - 1 8 7 . 

https://doi.org/10.1017/S0074180900190011 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900190011

