
Q U A N T I T A T I V E E S T I M A T I O N S O F T H E 

A N O M A L O U S P L A S M A D I F F U S I O N 

I N A N A C T I V E R E G I O N * 

M . K O P E C K Y * * a n d G . V . K U K L I N 

(Siberian Institute of Terrestrial Magnetism, Ionosphere and Radio Propagation, 
Academy of Sciences, Irkutsk, U.S.S.R.) 

In s o m e recen t p a p e r s t h e i n t e r d e p e n d e n c e of t h e gas a n d magnet ic- f ie ld m o t i o n s 
in t h e so lar a t m o s p h e r e w a s cons ide red . S o m e resul ts i nd ica t e t he occu r r ence of gas 
m o t i o n a l o n g t h e magnet ic-f ie ld l ines c o m b i n e d wi th m o t i o n of t h e field l ine, bu t 
s o m e t i m e s we h a v e t o a s s u m e a n o b v i o u s gas m o t i o n ac ro s s t h e magnet ic-f ie ld l ines. 
A s o n e of t h e poss ib le m e c h a n i s m s exp la in ing this fact t he a n o m a l o u s p l a s m a diffusion 
m a y be p r o p o s e d . 

In th i s p a p e r we a t t e m p t t o e s t i m a t e t he Bohm-di f fus ion effect. W e a re incons i s ten t 
in a ce r t a in sense us ing t h e Bohm-di f fus ion t h e o r y for a fully ion ized p l a s m a (Ga leev 
et al., 1963) in t h e case o f a p a r t l y ion ized p l a s m a . In a n u n b o u n d e d m e d i u m t h e B o h m -
diffusion coefficient h a s a m a x i m a l va lue 
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a n d in a sys tem wi th l ong i tud ina l a n d t ransversa l sizes L a n d pL c o r r e s p o n d i n g l y it is 
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T h e B o h m diffusion is effective w h e n it is n o t m a s k e d by the classical diffusion 

DlM>Dc

±. (3) 

T a k i n g in to a c c o u n t b o t h t h e low i o n i z a t i o n deg ree p l a s m a a n d t h e a l m o s t fully 
ionized one we m u s t wr i t e d o w n in a r o u g h a p p r o x i m a t i o n 
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w h e r e is t h e a m b i p o l a r diffusion coefficient in t h e fully ionized p l a s m a , a n d D\ 
is t h e classical diffusion coefficient in t h e low ionized p l a s m a . T h e n a cr i t ical va lue of 
t h e m a g n e t i c field s t r eng th H0, w h e n t h e r e l a t i on (3) is co r rec t , is 

HQ> 1.90 x 1 0 1 4 P e r e

2

i v / 4 l + 2 1 . 3 P n f /--̂ n- }. (5) 

U s i n g t h e d a t a given in A p p e n d i x C of t h e p a p e r by Z w a a n (1965) we h a v e c o m 
p u t e d l o g H 0 i n gausses ( T a b l e 1), l o g / 7 * ( p 4 L 2 ) 1 / 3 ( T a b l e 2) , a n d log DB

LM (Tab l e 3) 
for s o m e va lues of 9 and Pg. W e h a v e t a k e n r?n = 1 0 " 1 5 c m 2 a n d t h e va lues DB

L M a x 
a re c o m p u t e d for H=H0 a c c o r d i n g t o E q u a t i o n (1). All de s igna t i ons a re t h e s a m e 
as in o u r p r e v i o u s p a p e r s ( K u k l i n , 1966 ; K o p e c k y a n d K u k l i n , 1966 ,1967) . 

Table 1 

log H0 

LOG Pg/9 0.8 1.1 1.4 1.7 

3.0 
4.5 
6.0 

3.50 
5.04 
6.60 

3.70 
5.20 
6.70 

Table 2 

log H*(p*L2)1'3 

3.75 
5.25 
6.75 

3.79 
5.29 
6.79 

LOG Pg/9 0.8 1.1 1.4 1.7 

3.0 
4.5 
6.0 

1.58 
1.90 
2.30 

1.50 
1.91 
2.25 

Table 3 

log DB

L 

1.39 
1.73 
2.10 

1.23 
1.62 
1.94 

LOG Pg/9 0.8 1.1 1.4 1.7 

3.0 
4.5 
6.0 

3.44 
1.90 
0.34 

3.10 
1.60 
0.10 

2.94 
1.44 

- 0 . 0 6 

2.82 
1.32 

- 0 . 1 8 

L o o k i n g t h r o u g h t h e t ab le s we c a n be conv inced t h a t w i th in t he phys ica l p a r a m e t e r 
r a n g e of t h e sunspo t s s t he p h o t o s p h e r e , t h e low c h r o m o s p h e r e , a n d t h e faculae , t h e 
Bohm-di f fus ion effect is negl igible for t h e m a c r o s c o p i c r eg ions . It is c aused firstly by 
t o o h igh crit ical va lues of H0, which se ldom occu r in r ea l i t y ; second ly by t o o low 
va lues of D\, which can n o t expla in usual ly observed d i sc repanc ie s ; a n d th i rd ly by 
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t o o l ow values of H*(p4L2)l/3. O n e c a n see t h a t t h e f i lament in t h e s u n s p o t p e n u m b r a 
wi th p » 1 0 " 3 a n d if* ~ 1 gaus s c a n n o t be longer t h a n t ens of k i l o m e t e r s . So the B o h m 
diffusion w o u l d h a v e s o m e m e a n i n g for sys tems of such sizes on ly , b u t it d o e s n o t 
e x c l u d e the possibi l i ty for o t h e r a n o m a l o u s diffusion types t o be essent ia l . 
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