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ABSTRACT. We c o n s i d e r a c u r r e n t c a r r y i n g e x t r a g a l a c t i c j e t and t h e 

c o r r e s p o n d i n g r e t u r n c u r r e n t c l o s i n g the c i r c u i t . The L o r e n t z f o r c e f o r 

t h e r e t u r n pa th i s e x p a n s i v e . Assuming t h a t t h e e x p a n s i o n o c c u r s a t t h e 

l o c a l A l f v é n v e l o c i t y , we c a l c u l a t e n u m e r i c a l l y t h e r a d i a l d i s t a n c e f rom 

t h e j e t a x i s w h i c h the r e t u r n c i r c u i t r e a c h e s due t o t h i s e l e c t r o d y n a m i c 

e x p a n s i o n . The c a l c u l a t i o n s a r e made e x p l i c i t y f o r p a r a m e t e r v a l u e s 

o b s e r v e d f o r the s o u r c e s Cygnus A , NGC 6 2 5 1 , 3C465 and M84. The r e s u l t s 

o b t a i n e d can e x p l a i n s e v e r a l m a g n e t i c f e a t u r e s o b s e r v e d i n t h e s e s o u r c e s . 

The p o s s i b l e i m p o r t a n c e o f p r e v i o u s g e n e r a t i o n s o f e x t r a g a l a c t i c j e t s i n 

t h e l a r g e s c a l e m a g n e t i z a t i o n o f t he i n t e r g a l a c t i c medium i s a l s o 

d i s c u s s e d . 

1. INTRODUCTION 

We s tudy t h e m a g n e t i z a t i o n o f t h e i n t e r g a l a c t i c medium due t o m a g n e t i c 

f i e l d s g e n e r a t e d by e x t r a g a l a c t i c j e t s ( E J ) f rom g a l a c t i c n u c l e i . 

A l t h o u g h such a p r o c e s s has been men t ioned i n a g e n e r i c fo rm ( e . g . , 

D rehe r e t a l . ( 1 9 8 7 ) ; Rees ( 1 9 8 7 ) ) , i t has n o t been d i s c u s s e d i n d e t a i l 

and i t s i m p l i c a t i o n s a n a l y z e d . 

2 . THE MODEL 

We t r e a t a c u r r e n t c a r r y i n g EJ and the c o r r e s p o n d i n g r e t u r n c u r r e n t ( J r e t ) 

c l o s i n g t h e c i r c u i t . The L o r e n t z f o r c e ( F ^ ) f o r t h e r e t u r n pa th i s 

e x p a n s i v e . We assume t h a t t he e x p a n s i o n o c c u r s a t t he l o c a l A l f v é n 

v e l o c i t y [ V . ( r , h ) ] and c a l c u l a t e n u m e r i c a l l y t h e r a d i a l d i s t a n c e ( r e ) 

f rom t h e j e t : a x i s w h i c h t h e r e t u r n c i r c u i t r e a c h e s due t o t h i s e x p a n s i o n 

(whe re t h e c y l i n d r i c a l r a d i a l c o o r d i n a t e i s r , and h i s t h e j e t h e i g h t ) . 

We have f o r t he t i m e i n t e r v a l ( τ ) t a k e n by t h e c i r c u i t t o expand 

( r a d i a l l y ) : 

f r e 
τ = d r / V \ ( r , h ) , ( 1 ) 

r i 
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where r£ i s o f t he o r d e r o f t h e j e t r a d i u s . We use t h e e x t e r n a l d e n s i t y 
p r o f i l e s i n f e r r e d f rom X - r a y d a t a t o e v a l u a t e V ^ ( r , h ) . 

3 . APPLICATIONS 

We made c a l c u l a t i o n s f o r pa r ame te r v a l u e s o f s e v e r a l s o u r c e s ( a s m e n t i o 

ned i n t h e a b s t r a c t ) . H e r e , because o f t h e l a c k o f s p a c e , we d i s c u s s 

b r i e f l y j u s t t he c a s e o f Cygnus A . ( A f u l l e r d i s c u s s i o n w i l l be published 

e l s e w h e r e . ) 

I t has been o b s e r v e d by D r e h e r e t a l . ( 1 9 8 7 ) t h a t i n t r a c l u s t e r mag-

n e t i c f i e l d s a r e found around Cygnus A , w h i c h a r e o r d e r e d on s c a l e s ^ 

2 0 - 30 k p c , w i t h i n t e n s i t i e s ^ 2 - 10yG. 

We assume r e g u l a r p r e v i o u s a c t i v e ( i . e . , j e t - c u r r e n t g e n e r a t i o n ) 

p e r i o d s , T a c t ^ f T i n a c t (Ti n a c t Ξ i n a c t i v e p e r i o d ) , and t h a t T a c t ^ Tj , 
t h e p r e s e n t j e t age ( t a k e n as ^ 6x10" y e a r s ) . J e t c u r r e n t g e n e r a t i o n has 

r e c e n t l y been d i s c u s s e d by J a f e l i c e e t a l . ( 1 9 8 9 ) . We s t u d i e d f = 1; 10"^; 

and 10 . The above men t ioned o b s e r v a t i o n s a r e found t o be b e s t f i t t e d 

w i t h f = 1 0 ~ ' . We have r e ^ 16 kpc and a mean a z i m u t h a l f i e l d Βψ *\> 3uG i s 

o b t a i n e d a t t h i s d i s t a n c e f rom the j e t a x i s . 

The c a l c u l a t e d r e and a r e i n good agreement w i t h o b s e r v a t i o n s . 

The p r o p o s e d p r o c e s s , m o r e o v e r , can g i v e r i s e t o t h e unusual m a g n e t i c 

f i e l d g e o m e t r i e s wh ich seems t o be needed t o e x p l a i n o b s e r v e d l a r g e -

s c a l e r o t a t i o n measure g r a d i e n t s i n t h e l o b e s o f Cygnus A ( D r e h e r e t a l . 

( 1 9 8 7 ) ) . 
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