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We consider the propagation of electromagnetic waves in a plasma. We shall assume that 

E = E(r) cos ~t, o>>v~6 ;  

/ /grad  E/<<E, 

where  Ve i s  t h e  e l e c t r o n  c o l l i s i o n  f r e q u e n c y ,  6 i s  t h e  a v e r a g e  f r a c t i o n  o f  e n e r g y  l o s t  by 
t he  e l e c t r o n s  i n  one c o l l i s i o n ,  and l i s  t h e  mean f r e e  p a t h  o f  t h e  e l e c t r o n s .  Then in  an 
inhomogeneous  f i e l d  t h e  n o n l i n e a r  t h e r m a l  e f f e c t s  a r e  s t r o n g e r  than  the  s t r i c t i o n  e f f e c t s  
and t h e  f i e l d  e x p a n s i o n  o f  t h e  d i e l e c t r i c  c o n s t a n t  c c a n b e  w r i t t e n  in  t h e  f o l l o w i n g  form [ 1 ] :  

exp( - I r - r ' l  " y ~  } ,  l 

S IE (r')l ~ dr'. = eo -t- i t 1  -t- e~ It  - -  r'l  

If the variations of [E(r) l = over a distance lo ~ ~//~ (the dimension associated with ther- 
mal diffusivity) in the plasma are small, then we have 

(I) 

which is valid also for a constant field [i, 2]. 

Hence, the stationary wave propagation in the plasma is described by the envelope equa- 
tion 

~ . o ~  = A•162 + ~, , ,  + . .  ~ I*(r'. ~)1'6 (r-- r')ar',~. (2) 

where 

+,~ exp f-- -l/z2-'- (r -- r') ~ "V ~ } 
C ( r - - r ' )  : j E l 

-Wz 2 -}- (r -- r') 2 dz. 

At the early stage of self-action, when the radial inhomogeneity of the beam is weak, accord- 
ing to (i), Eq. (2) is equivalent to 

ar 
iv0 w = A• + inl, § n~ l~l ~,. 

The term in1~ is responsible for the attenuation of the wave; however, computations show that 
if the beam is intense, the process of self-focusing of the wave starts. For a well-devel- 
oped self-focusing the term responsible for attenuation becomes small compared to the non- 
linear term and the inhomogeneity of the field becomes important: 

i,o ~ = A• + ,~. ~ f,(r'..)l' C (r--~')dr',. (3) 
J 
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Equation (3) has the following integrals of motion [3]: 

I2 

=j"  ~. 11 [~ (r, z)[ dr, 

t f d r d r ' G ( r - -  r ')  = -- I [grad~ (r, z)r" dr + -:2- f [r (r, z)r" [r (r ' ,  z)r'. 

We shall obtain estimates showing that the growth of self-focusing ceases due to thermal dif- 
fusivity. 

If A is the amplitude of the beam and L is its characteristic dimension, then from (4) 
we get 

A'ZL '- ,,., const. 

The term 

i [grad ~[2 d r >  L ~ A ~ / L  ~ ~ i / L  ~. 

In  t h e  c a s e  o f  s e l f - f o c u s i n g ,  L § O, and f o r  i t s  e x i s t e n c e  i t  i s  n e c e s s a r y  t h a t  t h e  te r ra  

j' j' G (r - -  r') [,~ (r, z)i~!~ (r', z)l ~ d r d r '  

grow no s l o w e r  t h a n  /L* .  Fo r  r ~ .~ , , ,  

G(r - -  r') ~ 2~n ( l o / y ' ( r  - -  r')~), 

i.e., it is evident that 

G (r -- r ' ) i ?  (r, z)[ ~ [q~ (r', z)[~_drdr ' ~ In -L-" 
t 

I t  i s  t h u s  shown t h a t  t h e  g r o w t h  o f  s e l f - f o c u s i n g  w i l l  c e a s e  a t  s c a l e  s i z e s  L ~ l o ,  w h e r e  lo  
i s  t h e  d i m e n s i o n  a s s o c i a t e d  w i t h  t h e r m a l  d i f f u s i v i t y  i n  t h e  p l a s m a .  I t  s h o u l d  b e  n o t e d  t h a t  
for this result to be applicable the wavelength X of the electromagnetic waves must satisfy 
the inequality 

l << % << /o,where/o ~ 50/. 

i* 

2. 
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