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THE VISCOSITY OF A PLASMA IN A STRONG MAGNETIC FIELD 

Yu. M. Aliev 

Zhurna l  P r ik ladno i  Mekhaniki i Tekhnicheskoi  Fiziki ,  No. 3, pp. 19-26,  1965 

The viscosity of a plasma is studied under conditions in which a 
magnetic field influences particle collisions. The expressions ob- 
tained for the viscosity coefficients differ significantly from those 
obtained in the normal theory. It is shown that in sufficiently strong 
magnetic fields a temperature difference arises between the electron 
and ion plasma components which is proportional to the drift velocity 
and depends logarithmically on the magnetic field strength. 

1. We shal l  cons ide r  a p l a s m a  flux in a un i form 
cons tan t  magne t ic  field H. If the average  m a s s  flow 
veloci ty  vo is  a funct ion of the coord ina tes ,  then 
s t r e s s e s  will  a r i s e  caused  by the t r a n s p o r t  of p a r -  
t ie le  m o m e n t u m .  

Knowing the veloci ty  d i s t r ibu t ion  function of p l a s -  
ma pa r t i c l e s  of type a ,  fc~(r, vce, t), we can find 
p r e s s u r e  t enso r  : 

p,j/4) = f rn~ (v __Vo)i (v __ Vo)ff~ (r ' v:t) dv~. (1.1) 

The funct ion f~  is  the solut ion of the k ine t ic  equa-  
t ion:  

0/~, Ol~ 0]4 
at ~- v~-8~- q- f2~ (h • v~) ~ = I~ '  

q ,zH 
~ = . (1.2) 

m0t~ 

Here  Ist  is a t e r m  d e s c r i b i n g  pa r t i c l e  co l l i s ions ;  
2 a is the L a r m o r  f requency;  h is a uni t  vec to r  d i -  
r ec t ed  a long the magnet ic  field. 

We shal l  c o n s i d e r  that  fc~ does not differ  r a d i -  
ca l ly  f rom the Maxwell funct ion and may  be r e p r e -  
sen ted  in the form 

/e =/~r (1 q- q )~ )  (q)~<~l). (1.3) 

Here  fc~(o) is the "local" Maxwell  function: 

(' m~ VA 
/4  (0) = n ,  (r, t ) ( ~ )  • 

• exp 2T(r,t) [ v~ - -v~  t)]~ " t l .4)  

Then, with account  for the fact that ~ce << l,  the 
k inet ic  equat ion (1.2) can be l i nea r i zed .  

P a s s i n g  to a sy s t em of coord ina tes  moving  with 
veloci ty  v 0, we can reduce  this  equat ion to the fo l -  
lowing form af ter  f a i r ly  s t r a igh t fo rward  t r a n s f o r -  
ma t ions  : 

m 4 0q)= . / (0 )  
2w-v~iv~jelj~176 =- - f2~ (v~  • h) ~ + I~l((I)) (1.5) 

OVoi OVo i 2 
eq ~ = ~ q- ~ N 5i~divvo. (1.6) 

Here Ist ((b) is the pa r t  of the co l l i s ion  in tegra l  
l i n e a r  in (I,, eij ~ is the dr i f t  ve loc i ty  t enso r .  

In all  p reced ing  papers  on the theory  of v i scos i ty  
coeff ic ients ,  e i ther  the c l a s s i c a l  Bol tzmann  co l l i s ion  
in tegra l  (see, e.g.,  [1-3] ), or the Landau eo! l i s ion  in -  
t egra l  (see, e.g. ,  [41) 1 has been used for Ist(4~). 
Nei ther  of these  fo rms  of the co l l i s ion  in tegra l  is  
appl icable  under  condit ions when the L a r m o r  radi i  
of the pa r t i c l e s  become l e s s  than the radi i  of the i r  
effect ive in t e rac t ion  region .  

Recently,  a s e r i e s  of co l l i s ion  i n t eg ra l s  [7-9] was 
obtained which enables  one to cons ide r  t r a n s p o r t  
p r o c e s s e s  in fa i r ly  s t rong  magne t ic  f ields when the 
L a r m o r  rad i i  of the pa r t i c l e s  may be less  than the 
d imens ions  of the i r  effect ive reg ion  of in te rac t ion .  

We shal l  employ the following form of the co l -  
l i s ion  in tegra l  (see [ 10 ]) 

a j 

~=e,f 

where 

14~ = (q:q~)2 f k d'~S,(~ k • 
o 

•  exp [ik (S~(~ - -  1) (r - -  r;~)] dye. 

Here  r m a  x is the m a x i m u m  pa r t i c l e  i n t e r ac t i on  
t ime,  S~) is an ope ra to r  which rep laces  the dy- 
namie  v a r i a b l e s  of pa r t i c l e s  s i tua ted  in a homo-  
geneous magne t i c  field by the i r  values  af ter  a t ime  
% a s s u m i n g  the pa r t i c l e s  to be non in t e rac t ing .  

2. We shal l  seek a solut ion of the kinet ic  equa-  
t ion (1.5) in the form 

(De = q)iiew~gwc~i (w~ = (2T / rnal)'l've) (2.1) 

(Wc~ is  the d i m e n s i o n l e s s  ve loci ty) .  
a 

The t enso r  4ij  mus t  be l i nea r  in the d i s tu rbance  
eij ~ It is easy  to show that if we have the pseudo-  
vec tor  h, we can form only the following six i nde -  
pendent  mutua l ly  or thogonal  t e n s o r s  of the second 
rank  l i n e a r  in e~ 

Q~(o) hih~h~h~e~, Qij( a = 1/2 • • o 

Qii (a) = (hih~sjv~ -4- h~h~ei,~) h,  e ~  ~ 

Q i i (~) = ( St~.• hjh, -}- 5 ~hih~ ) e~  ~ 

Qij<s) ~ 5ijZh~h~e~O @(L =6#--l@~). (2.2) 

i We are talking about collision integrals for pair in- 

teractions. The influence of collective effects on trans- 

port phenomena was considered in [5, 6]. 
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Here  s  is  an a n t i s y m m e t r i c  t e n s o r .  All  t he se  
t e n s o r s ,  with the excep t ion  of Q(0) and Q (~), a r e  
nond ive rgen t ,  i . e . ,  they  have a t r a c e  equal  to ze ro .  
Thus ,Oi j ( (X) is  a l i n e a r  combina t ion  of t he se  s ix  
t e n s o r s -  

p~O 
(2.3) 

T h e  coef f i c ien t s  b ~ )  a r e ,  g e n e r a l l y  speaking ,  
funct ions  of w 2 .  We sha l l ,  however ,  c o n s i d e r  them 
independen t  of ve loc i ty ,  which c o r r e s p o n d s  to the 
f i r s t  a p p r o x i m a t i o n  in the expans ion  of t he se  c o e f -  
f i c i en t s  in a S e r i e s  of L a g u e r r e  p o l y n o m i a l s .  

Set t ing (2.3) in (1.5), we obtain,  a f t e r  m u l t i -  
p ly ing  by waiw,~jdv  ~ and i n t e g r a t i n g ,  

2 dk  ":max 
-~- kt i dw~dw~ • 

~=e,i 0 
2 2 • exp[ - -w~ - - w ~  + i k ( S ~ ( o ) - - l ) ( r - - r ~ ) ]  x 

p=o 

X[ ba(p)war --t"~)/ '~ \'/'b~(p) w~r]. (2 .4) 

We r e p r e s e n t  the  ac t ion  of the o p e r a t o r  Sm (0) on 
the  dynamic  v a r i a b l e s  in the  fo rm:  

Sr176 = (hth,~ + sin ~z~4~ha  + cos ~z6im• (2.5) 

S" (~ = I S "(~ ~id~" " (2.6) 

Af te r  th i s ,  we c a r r y  out the i n t e g r a t i o n  ove r  v e -  
l o c i t i e s  in the c o l l i s i o n  t e r m  in (2.4). Wr i t i ng  e ~ in 
the  fo rm 

e" = Q(o) + Q(~) + Q(~)_ l/~Q(s) (2.7) 

and us ing  the o r thogona l i t y  p r o p e r t y  of the t e n s o r s  

Q(P), we ob ta in  

- -2b~(~)L~(p~Q~ s i n ~ ) - -  (2.8) 

-- p ~  [ba(~ aa ( ~ Q ~ t ) +  2ba(~) Ls a~ (~d~  sin ~gT)]} , 

--'2=t ~ ~=.'~=~, (q~,qa)' n~ {b<~! ~ [ - -  Ls=~(pJ~=z sin ll=~)] + 

+ 2b: (s) [K,:~ (cos Q~)  - -  2 5 2 : ~  (~) 2 sin '  ~=~)1 - -  

- -  p~= [bs(~ Ls~a ( ~ z  sin ~2a~) -4- 

+ 4ba(~)L~ (sin ~ '~  sin fl~z)]}, (2.9) 

[~=e, i 

8Pag q~ + 
% ,)1)+ 

/ . ,~ ~a ~' 
"-P 8p~M~L~ [sin - - ~ e x p [ i ( 2 - - ~ , z ) ] ) } ,  (2.10) 

I = - - ~ N ~ - t  - 2 " - / - -  ~ (q , ,q~) 'n~{iN:,[P, ,~Ls"O(~--5 
~rn a T ~=e,t  

~aT  
2sin~ --2- cos Q~z -{- Q~x sin ~ z )  - -  K~ ~ - -  K ~  (cos f ~ ) ] ~  

[sin ~ -  sin ~ v  -{- ~ z  sin' ~ )  - -  

+ 2sin 

• sin -~- cos ~ "~ + - - ~  sin ~ + -5-- sin Q='~) + 

+ 2N~L3 ~'~ [sin ~ sin sin ~ (2.11) 

(M~ = ha(3) -~ ibiS)), N~ = b~(4) + ib~(~)) . 

~P 
The i n t e g r a l  o p e r a t o r s  L i 
t ions  

a r e  given by the r e l a -  

"r 
L i a r =  I d k  i d k  . l 

k,t I = I • 4) 

o 

"r "~l~lax 
i t ' d k .  2. 2 I d 'e- 'a- t~ 'L3~'~='2-~ - ~ •  I d're-t~'-'~" 

0 O. 

The i n t e g r a l  o p e r a t o r s  K~fl a r e  g iven  by  the  r e l a -  
t ion 

"~max 
~ "  k• I dl: e-t~-% 

o 

"Cma X 
K2e~ ~ f "Fdk Ir 2 k ~ d'~ e-:~-t~ 

a2 
o 

Q2~l " k •  ~sin~ ' P~ ~-'~ t m l  (2.12) t ~ = p ~  kliS 4 - -  = 

Here  P a  is  the L a r m o r  r a d i u s  of a type a p a r -  
t i c l e ,  k H and k • a r e  componen t s  of the v e c t o r  k 
a long  and a c r o s s  the f ie ld ,  r e s p e c t i v e l y .  

The system of equations (2.8)-(2.11) differs from the equations 
obtained in the usual theory, when the influence of the magnetic 
field on collisions is not taken into account. The distinctive feature 
of collision integral (1.7) lies in its explicit dependence on the mag- 
netic field. This dependence manifiests itself in the fact that the 
operation of the collision integral on any of the Q(P) tensors gives 
still another tensor, in addition to this one. However, as before, the 
disturbance may be resolved into three independent parrS: Q(0) and 
Q(5) Q(l) and Q(s) Q(~), and Q(4). In the usual theory 4~ct is sought 
in the form of an expansion into five, not six temors (see, for example 
[4]). In point of fact, this means that only five coefficients in the 
expansion (2.3) are independent. In the usual theory the coefficients 
b2(~ and ba(5) are connected by the relation 

b~ ~~ + 2b~ (s) = 0 (2.13) 
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This is obvious if one considers that the viscous stresses arising 
from a plasma disturbance described by the tensors O(0) and Q(a) are 
the same in normal theory as in the case without a magnetic field. 
As is clear from Eqs. (2.8), (2.9), the magnetic field does not exert 
a direct influence on these disturbances in the sense that there is no 
term associated with the Lorentz force. Thus, in theory, with an 
isotropic collision integral both these disturbances are identical and 
are described by the one viscosity coefficient. Our collision integral 
depends explicitly on the magnetic field, and so introduces an addi.- 
tional anisotropy. One may expect the plasma disturbances described 
by tensors Q(0) and Q(S) to be characterized by different viscosity 
coefficients. This means different momentum relaxation times along 
and across the field (cf. [9, 11]), if the form of Q(0) and Q(S) is taken 
into account. 

3. U s i n g  the  s y s t e m  of e q u a t i o n s  (2 .8) - (2 .11) ,  we 
f ind a s o l u t i o n  of  the  k i n e t i c  e q u a t i o n  (1.5) wi th  an  
a c c u r a c y  to t he  f u n c t i o n  

(D~'= a~ (~) + :/~a~)m~v~ ~ , (3.1) 

w h i c h  r e d u c e s  t he  r i g h t - h a n d  s i d e  of (1.5) to z e r o .  

T h e  c o e f f i c i e n t s  a O), a (2) a r e  d e t e r m i n e d  f r o m  the  

f o l l o w i n g  e q u a t i o n s ,  wh ich  a r e  a c o n s e q u e n c e  of the  
f a c t  tha t  the  z e r o - t h  a p p r o x i m a t i o n - - f  t~ c o m p l e t e l y  

d e t e r m i n e s  the  d e n s i t y  and t e m p e r a t u r e  of the  p l a s -  

m a  a t  a g i v e n  po in t  

o 

1 / jo l  (q)~ + ~ , )  dv~ = 

~3=s, i  

It  is not  d i f f i c u l t  to v e r i f y  tha t  t h e s e  r e q u i r e m e n t s  
a r e  s a t i s f i e d  i f  

a (s) = 0, a~ (1) = ~/~ (5~ (~ + 2b~(~) h~h~%~ ~ 

and  we i m p o s e  the  c o n d i t i o n  

n~ (b~(~ + 2b~(~)) = 0 (3.3) 
~=e, t  

�9 <o) . (s)  on the  c o e f f i c i e n t s  b g  and bo~ . 

A f t e r  t h i s ,  we c a n  f ind s t r e s s  t e n s o r  

f r o m  w h i c h  the  n o n d i v e r g e n t  p a r t  has  b e e n  s e p a r a t e d :  

4 

p = 0  

T h e  s e c o n d  t e r m  in (3.4) is  a c o r r e c t i o n  to the  

h y d r o s t a t i c  p r e s s u r e :  

Ap~, = - -  ~/sn~T (b~, (~ + 2b~(~)). (3.5) 

The  v i s c o s i t y  c o e f f i c i e n t s  ~)(D and t e n s o r s  Wild 
a r e  d e t e r m i n e d  in t he  f o l l o w i n g  m a n n e r :  

~(0) = (b(  0 ) _  b(~)) ~hT, rl~(s) = rl~,Tb,, (~) fo r  p 4:0 

Wr (~ = (h~h~ - -  ~/s 8~) h~h~%~ ~ WU (v) = Q~(~) f o r  p 4: 0. 

4. The  s y s t e m  of e q u a t i o n s  (2.8)-(2.115,  t o g e t h e r  
w i th  (3.35, a l l o w s  one  to f ind  the  v i s c o s i t y  c o e f -  
f i c i e n t s .  
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C o e f f i c i e n t s  ~ ) .  We sha l l  c o n s i d e r  the  a) e a s e  

w h e n  the  m a g n e t i c  f i e ld  i s  so  s m a l l  tha t  we m a y  

n e g l e c t  e f f e c t s  a s s o c i a t e d  wi th  the  f in iLeness  of the  

L a r m o r  r a d i u s .  Then ,  a s s u m i n g  tha t  the  m,~gnet ie  
f i e l d  in (2 .8) - (2 .9)  i s  equa l  to  z e r o ,  we ob ta in  the 
w e l l - k n o w n  e q u a t i o n s  fo r  the  v i s c o s i t y  c o e f f i c i e n t s :  

5 n e t  , ~ i ( 0 )  == 5 n i t  

~ls(~ = 4vs (t + R) In rn* 4V i in rD* ' 

_ _  i q i  ---  
z g 2 '  G -  - - . z  ~ ( 4 . l )  

4 g~2-~ (q~,Td~n.~ 4 V-h-(Mm (4.2) 
V e --" V i 

H e r e  z i s  the  i on i c  c h a r g e ,  the  s u p e r s c r i p t *  d e s i g -  

n a t e s  q u a n t i t i e s  r e l a t i v e  to r m i  n, fo r  e x a m p l e ,  rD* - 

r D / r m i  n- 
Now l e t  us g ive  f u r t h e r  c o n s i d e r a t i o n  to the  c a s e  

w h e n  d u r i n g  the  c o l l i s i o n  p r o c e s s ,  the  m a g n e t i c  f i e ld  
e x e r t s  a s i g n i f i c a n t  i n f l u e n c e  on the  m o t i o n  of a t  

l e a s t  one of  the  i n t e r a c t i n g  p a r t i c l e s .  The  e x p r e s -  

s i o n s  f o r  the  v i s c o s i t y  c o e f f i c i e n t s  b e c o m e  m o r e  
c o m p l i c a t e d  and wi th  l o g a r i t h m i c  a c c u r a c y ,  have  
the  f o l l o w i n g  f o r m  : 

5,~T F i ~5 ~D ]-1 n~(0)=-~-k(: - ,~/~) lnp~*+ ~ - H l n - ~ j  (P~<rz)) (4.3) 

~h(~ =-X~- i  lnpi* + gg-ln-~-e j ( p t ~ r n ) .  (4.4) 

We s h a l l  c a l c u l a t e  t he  m e a n  e n e r g y  of  r a n d o m  

m o t i o n  ( t e m p e r a t u r e )  of  e a c h  of  the  p l a s m a  c o m p o -  

n e n t s  : 

-~-n~T~ i ~ , , ~ ,  o .  

3 
= T n~T - -  -if- n~T (b~(~ + 2b~.~)) hiJz~%,2. (4.5)  

With (2.13) in m i n d ,  we c o m e  to the c o n c l u s i o n  

t h a t  t h e  t e m p e r a t u r e  of bo th  p l a s m a  c o m p o n e n t s  in 
a w e a k  m a g n e t i c  f e t i d  is  t h e  s a m e ,  

In a s t r o n g  m a g n e t i c  f i e l d  the  r e l a t i o n  (2.!3)  no 
l o n g e r  ho lds ,  and c o n s e q u e n t l y ,  in a g r e e m e n t  wi th  

(4.5), t he  e l e c t r o n  t e m p e r a t u r e  wiI1 not  be  equa l  to 
t he  ion  t e m p e r a t u r e :  

5 TAoh ~h~ %:/' (4.6)  
T e - -  Ti -- t2viAli) (In Ps* + Ao) 

At  t h e  s a m e  t i m e ,  t he  p r e s s u r e  of  t he  p l a s m a  

c o m p o n e n t s  a l s o  c h a n g e s  ( s e e  (3.5)) .  T h e  f o l l o w i n g  
n o t a t i o n  has  b e e n  i n t r o d u c e d  in e q u a t i o n  (4.6):  

A (il = in r J  (P, ~ r~D), (4.7) 

45 r2_ 
A ~  * i - ~ l n  P~ ( r ~ p ~ ) ,  (4.~) 

ro In p~*r~ ~ ~- T ~ n  ~n~ in ~'~ 
Ao ~ ~dl Pe me ro 

( p i ~ r D ~ r o ~ P e )  ~ (4.[(I) 
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t In ~ lnp,*ra* Ao = -~- Pe 

t t rD 
At = --5- In p~ In ~ - -  In + -~- In rn~p~ 

Pe me Pi me rD 

( ~  V, >~- rV>~.pp> p,>~-r~ (4.12) 

t __ + In ~ miPi At = - ~ - l n  Pi In rr~ + 
Pe me merD 

( r n ~ p i > > p i > ~ > p e ~ - r e )  , (4.13) 

t t Pi Ao -- ~ In r~ In pe*ro* + -5- In ~ In - -  + 
Pe m e ro 

i i n  rD ]n miPi  [ V ' ~ i  ) 
~-'-2" Pi rnerD \ ]/-'~e Pi>~rD>~Pt>~r~ ,(4.14) 

Ao = - i - In  ro lnp~*ro* 4- -~-In - - l n  
Pe rr~ e ro 

] 

ho = -~-lnt __rDpe In re" *"D* i.rx >~. rD >~. pl >~> p et[r~ (4.16) 

t r~ ~ fl~Pe I + la lnl  

t + l n ~  Pe Oe Ao = -X- In ~t'e In r~*p~* + ~ 

(rD>~.pe ~_~.e' >~>r~>~.p,>~.pe) . (4.18) 

b) Coefficients ~ )  and ~ ) .  The coeff icient  
~) does not depend on the col l is ion f requency  in 

the f i r s t  approximat ion:  

nat  
,l~r*) = - -  ~ " 

For  the coeff ic ient  ~ )  we obtain 

~1~'~)-~ 4neTveO2 k t----"]-3 R)  lnrD , (pe>>rn), (4.19) 

"qi (2) ~ 6 n i T v ~ / I n  rD* (p~>> rD). (4.20) 

For  s t ronge r  fields we have 

4neTv e [ i 3neT'~e + n),n 0e* +  -VaX  (4.21) 

where  A~, depending on the magnet ic  field s t rength,  
and the densi ty  and t e m p e r a t u r e  of the p lasma,  has 
the following fo rm:  

(Pi ~ ro >~  rD >~'.P,), (4.11 ) A1 In rni In rD : - -  (Pi ~ rD >> Pe >> go), me Pe 

rD + t In r_o In rD*p.* (Pt >~ rD >~ ro >~ p.), A1 = In m~ In ~ -  2 Pe 

t rD 
A1 = -~-ln --2--lnrD*Pe* (Oi' ro>>rD>>Pe), 

[% 

I ln~mi + + In - -  rD A I : -  ~r% p lnrD*pi* (,D>>p,>> pe>>,o), 

t . ro t A1 = In ml In f-~-/"4- - -  in - -  In pe*ro* + -~- In rz) In rD*pi*, 
m e ro 2 Pe Pi 

( ,D >> pi >> ~o >> P,) , 

l -1-- 2 t - -  In rD A1 = ~ In ~ In rD* p~* "e ~ In rD* Pi*, 

( r D, ro >> Pi >> pe) . (4.22) 

Ion-ion col l is ions  make the main  contr ibut ion to 
the v i scos i ty  coefficient  ~i (2). In the case  when the 
ion L a r m o r  radius  becomes  less  than r D we obtain, 
ins tead of formula  (4.20), 

.qi(~) 6 v i n i T  , , = 5-~p  !np~ . (4.23) 

c) Coefficients ~c~ (I) and rjoL (3). The coeff icient  
~ e  (3), as in [4], does not depend on the col l is ion 
f requency:  

naT 
'h~) = 2 ~  (4.24)  

For  the coeff icient  ~a(0 we obtain 

)l~ (1) = +,l~(~) (pc>> r•). (4.25) 

For  s t ronge r  magnet ic  fields we have 

, . , . ,=  " lab.'I,'-- ' 

(Pe'~ rD) (4.26) 

vi . , F  3 i 

A few words  should be said about the values of 
quanti t ies condit ioned by the influence of a s t rong  
magnet ic  field on par t ic le  col l is ions.  We shall  con-  
s ider ,  for  example,  the log- log  contr ibut ions r e p r e -  
sented by fo rmulas  {4.22). We note that the f i r s t  
th ree  fo rmulas  of this group hold when Pe ~ rz) ~ Pi, 
i .e. ,  for  a hydrogen p lasma  on fulf i l lment  of the con-  
dit ions 

t ~ 4 . l . i 0 ~ H / l / ~  ,~  43 . (4.28) 

Here H is the magnet ic  field in gauss ,  n is the 
density.  The las t  th ree  fo rmulas  f rom group (4.22) 
a re  valid on condition that  

P. " <  Pl " ~  r D ,  
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i .e . ,  

H I g-n  >> 0.t  . 

The p l a s m a  t e m p e r a t u r e  d e t e r m i n e s  the quan t i -  
ty r 0 = 3.10-4.T - i ,  where  T is the t e m p e r a t u r e  in 
e l e c t r o n  vol ts ,  and thus d i s t ingu i shes  d i f fe ren t  p a r -  
t i cu l a r  ca ses  f rom (4.22). 

As an example ,  we shal l  cons ide r  a p l a s m a  with 
dens i ty  n ~ 1010 cm -3, s i tua ted  in a magne t i c  field 
of field s t r eng th  H ~ 104 gauss  at a t e m p e r a t u r e  of 
1 eV. 

In th is  case  r D ~ 0.7- 10 .2 era, Oe ~ 0.17.10 -~ 
era, rmi  n ~ 0.74.10-~ cm and A 1 ~ 28.0, while the 
Coulomb log equals  10.6. Hence it  is evident  that the 
c o r r e c t i o n s  due to taking the inf luence  of the m a g -  
ne t ic  field on pa r t i c l e  co l l i s ions  into account  exceed 
the Coulomb log obtained in the usual  theory  by a 
fac tor  of m o r e  than two. 

It is c l e a r  f rom the e x p r e s s i o n s  ci ted above for 
the v i s cos i t y  coeff ic ients  that the p l a s m a  v i seos i ty  
m a n i f e s t s  i t s e l f  in a s u b s t a n t i a l l y  d i f fe ren t  way in a 
s t r o n g  magne t i c  f ield that  affects  pa r t i c l e  co l l i s ions .  
For  example ,  a t e m p e r a t u r e  d i f fe rence  develops be -  
t~,een the e l e c t r o n  and ion p l a s m a  components  p ro -  
por t iona l  to the dr i f t  ve loci ty  h~ h ,  e~v ~ and depend-  
ing l o g a r i t h m i c a l l y  on the magne t i c  f ield (4.6). 

In conc lus ion ,  the author  thanks V. P. Silin for 
p ropos ing  the sub jec t  and for much useful  d i scuss ion .  
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