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ABSTRACT. I show tha t a common the rmal i n s t a b i l i t y o f c o n v e n t i o n a l 

plasma d i s c h a r g e s does no t o c c u r i f plasma t u r b u l e n c e impedes c u r r e n t 

f l o w . N o r m a l l y , t he rmal d i s c h a r g e s d r a i n c u r r e n t i n t o a s i n g l e h o t t e r 

f i l a m e n t , because c l a s s i c a l Coulomb r e s i s t a n c e f a l l s as a f i l a m e n t 

h e a t s . Anomalous r e s i s t a n c e r e v e r s e s t h i s , s t a b i l i z i n g t h e c i r c u i t . 

Only s m a l l l e v e l s o f t u r b u l e n c e a r e n e e d e d . 

E l e c t r o d y n a m i c models i n s t r o n g magne t ic f i e l d s a r e v u l n e r a b l e t o 

d i s r u p t i o n . I n p a r t i c u l a r , models o f t h e luminous f i l a m e n t s a t g a l a c t i c 

c e n t e r must e x p l a i n t h e p e r s i s t e n c e o f f e a t u r e s , whe the r caused by 

c o l l i d i n g magne t i c l o o p s ( H e y v a e r t s e t a l , 1988) o r c u r r e n t s d r i v e n by 

i n d u c t i o n f rom p a s s i n g m o l e c u l a r c l o u d s ( B e n f o r d , 1 9 8 8 ) . A c r u c i a l but 

s e l d o m r e c o g n i z e d p r o b l e m w i t h e s t a b l i s h i n g c u r r e n t sys tems l i e s i n a 

s i m p l e the rma l i n s t a b i l i t y . 

C o n s i d e r a n e t w o r k o f s t r o n g magne t i c f i e l d l i n e s , a l l open t o 

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

p a r a l l e l c o n d u c t o r s . I f normal Coulomb r e s i s t i v i t y s e t s the l e v e l o f 

r e s i s t a n c e , R , we e x p e c t t h a t R s c a l e s w i t h T ~ 3 ' 2 . Suppose a v o l t a g e 

s o u r c e induces c u r r e n t s a l o n g a f l o c k o f magne t i c p a t h s , h e a t i n g them 

and i l l u m i n a t i n g them, perhaps a c c e l e r a t i n g e l e c t r o n s i n t e m p o r a r y 

c u r r e n t d i s r u p t i o n s so t ha t we can s e e t h e s e f e a t u r e s by s y n c h r o t r o n 

r a d i a t i o n . Now l e t one s i n g l e c u r r e n t pa th h e a t a b i t more , so t h a t i t s 

r e s i s t a n c e d r o p s . More c u r r e n t than f l o w s i n t h i s l e s s e r r e s i s t a n c e , 

d rawing c u r r e n t f rom t h e o t h e r s t r a n d s . T h i s c o n t i n u e s u n t i l t h e e n t i r e 

e l e c t r o d y n a m i c p o t e n t i a l a c t s s o l e l y th rough one p a t h , a s e r i e s c i r c u i t 

w i t h v e r y sma l l R s i n c e i t i s now v e r y h o t . 

P l a i n l y t h i s can occur i n s t r a n d s d e s c r i b e d by the Benne t t p inch 

c o n d i t i o n , f o r e x a m p l e . For such e q u i l i b r i a , Τ i s p r o p o r t i o n a l t o I , 

w i t h I t h e t o t a l c u r r e n t . S i n c e V = I R , dR/dT i s n e g a t i v e because d l / d T 

i s p o s i t i v e . Thus any Benne t t p inch a s sembly i n v o k e d t o e x p l a i n , f o r 

e x a m p l e , t he g a l a c t i c c e n t e r f i l a m e n t s as i n B e n f o r d ( 1 9 8 8 ) , w i l l be 

u n s t a b l e t o f o r m a t i o n o f a s i n g l e , h o t t e r f i l a m e n t i n a t i m e ~ L / V A 1L· 

Coulomb c o l l i s i o n s s e t t he r e s i s t a n c e . For Benne t t p i n c h e s t h i s 

r e q u i r e s o n l y minu tes ! 

A v e r t i n g t h i s c a t a s t r o p h e r e q u i r e s anomalous r e s i s t i v i t y . A s the 
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c l a s s i c a l r e s i s t a n c e f a l l s , e l e c t r o n speed i n c r e a s e s t o c a r r y the h i g h e r 
c u r r e n t s . E v e n t u a l l y t h e e l e c t r o n d r i f t speed e x c e e d s some t h r e s h o l d , 
r o u g h l y a f ew t imes the i o n the rmal s p e e d , and u n s t a b l e i o n waves grow 
t o a m p l i t u d e s such t h a t t h e y e f f e c t i v e l y s c a t t e r e l e c t r o n s , s t a b i l i z i n g 
t h e s y s t e m . D e t a i l s do no t mat te r h e r e , s i n c e we a r e o n l y i n t e r e s t e d i n 
t he c o n d i t i o n t h a t d R / d l > 0 t o a v o i d the rmal i n s t a b i l i t y o f t h e 
c i r c u i t ; n d c r o i n s t a b i l i t y a v e r t s m a c r o i n s t a b i l i t y . T h i s p r o c e s s b e g i n s 
when t h e anomalous c o l l i s i o n f r e q u e n c y ( f r o m e l e c t r o n s c a t t e r i n g by 
f l u c t u a t i n g e l e c t r i c f i e l d s ) e x c e e d s the Coulomb s c a t t e r i n g r a t e . A 
p l a u s i b l e e x p r e s s i o n f o r t he anomalous s c a t t e r i n g f r e q u e n c y i s W ω , 
w i t h ω t h e plasma f r e q u e n c y and W = <E >/4rckT i s a d i m e n s i o n l e s s 
measurl o f the i m p o r t a n c e o f the f l u c t u a t i n g f i e l d s , E. R e q u i r i n g t ha t 
t h i s r a t e e x c e e d the Coulomb s c a t t e r i n g demands ( f o r t y p i c a l e s t i m a t e s 

o f g a l a c t i c c e n t e r q u a n t i t i e s ) W > 1 0 " 8 ( n / 1 0 9 c m " 3 ) 1 / 2 ( T / 1 0 0 e V ) " 3 / 2 

H e r e Τ i s t he e l e c t r o n t e m p e r a t u r e and η i s t he plasma d e n s i t y . T h i s i s 
a v e r y mi ld c o n d i t i o n on W, one e x c e e d e d by the g r e a t m a j o r i t y o f 
l a b o r a t o r y t u r b u l e n c e e x p e r i m e n t s . The e l e c t r i c f i e l d s induced by 
moving m o l e c u l a r c l o u d s nea r t he g a l a c t i c c e n t e r should i n d u c e f i e l d s o f 
about 10 s t a t V o l t / c m , which q u i c k l y a c c e l e r a t e s e l e c t r o n s t o 
r e l a t i v i s t i c speeds i f o n l y Coulomb s c a t t e r i n g o c c u r s , thus soon 
p r o v o k i n g plasma w a v e s . 

I c o n c l u d e t h a t r e s i s t a n c e dominated by plasma waves i s e s s e n t i a l 
t o m a i n t a i n i n g any luminous d i s c h a r g e f o r l o n g t i m e s , and mi ld l e v e l s o f 
t u r b u l e n c e w i l l do t h e j o b . I n v e r t i n g the a rgument , when we o b s e r v e 
o r d e r l y a r r a y s , as a t g a l a c t i c c e n t e r (and perhaps as w e l l i n 
m a g n e t o s p h e r i c e n v i r o n m e n t s o f the p l a n e t s ) , we must c o n c l u d e t h a t 
plasma waves domina te t r a n s p o r t t h e r e . T h i s p r o v i d e s a q u a l i t a t i v e 
s t a n d a r d f o r i n v o k i n g plasma p r o c e s s e s i n such e n v i r o n m e n t s . 

The p e r s i s t e n c e o f even v e r y sma l l c u r r e n t - c a r r y i n g f i l a m e n t s can 
be a s s u r e d , t h e n , by the v e r y t u r b u l e n c e which i s so o f t e n f e a r e d as an 
enemy o f magne t i c c o n f i n e m e n t i n t he f u s i o n e n e r g y p rogram. R e c e n t l y 
B l a n d f o r d ( 1 9 8 9 ) r a i s e d t h e q u e s t i o n o f whe ther A l f v e n t u r b u l e n c e c o u l d 
d i s r u p t s m a l l ( ~ 10 km) p i n c h e d c u r r e n t p a t h s . W h i l e A l f v e n waves can 
mod i fy magne t i c s t r u c t u r e s , a c t i v e f e a t u r e s a r e r e p l e n i s h e d by the v e r y 
f a c t t h a t t h e y a r e i n a c i r c u i t . Any m o d i f i c a t i o n o f a p i n c h w i l l a l t e r 
t h e c i r c u i t p a r a m e t e r s , and the sys t em w i l l c o r r e c t o r r e a d j u s t i t s e l f 
t o e r e c t some s i m i l a r c u r r e n t - c a r r y i n g pa th t o f u l f i l l t h e m a c r o s c o p i c 
e l e c t r o d y n a m i c r e q u i r e m e n t s . A n o t h e r way o f s a y i n g t h i s i s t ha t a 
magne t i c p i n c h i s r e b u i l t by t h e c u r r e n t f l o w i t s e l f i n an A l f v e n t i m e , 
so t u r b u l e n t A l f v e n waves have no l o n g t e r m e f f e c t . 

I c o n c l u d e t h a t t u r b u l e n c e may w e l l be e s s e n t i a l i n p r o d u c i n g 
l a r g e , luminous f e a t u r e s i n s t r o n g magne t i c f i e l d s . The f i e l d s p r o v i d e 
the "backbone" which can a v o i d w r i g g l i n g and p i n c h i n s t a b i l i t i e s . 
P e r s i s t e n c e o f v i s i b l e f i l a m e n t s a rgues t ha t t h e s e r e g i o n s must 
e x p e r i e n c e s u b s t a n t i a l t u r b u l e n c e , p r o v i d i n g a q u a l i t a t i v e v i s u a l 
s i g n a t u r e o f m i c r o s c o p i c p r o c e s s e s . T h i s work was suppor t ed by AFOSR. 
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