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SUMMARY 

This note  deAI.8 with the quest ion of t he  time v a r i a t i o n  in t h e  
d i s t r i b u t i o n  of fas t  e l ec t rons  or i ons  in r a d i a t i o n  b e l t 8  at the  expenee 
of t h e i r  Coulomb i n t e r a c t i o n  with the  medium. The s t a r t i n g  poin t  is t h e  
k i n e t i c  equation where account is taken of t h e  Coulomb i n t e r a c t i o n s  of  
fas t  p a r t i c l e s  with a cold plasma, l ead ing  t o  s m a l l  v a r i a t i o n s  of energy 
and pulse  i n  t he  elementary event. The r e s u l t s  of c a l c u l a t i o n s  show t h a t  
e l e c t r o n s  with r e f l e c t i o n  po in t s  a t  350 and 500 km d i f f u s e  r a p i d l y  i n t o  
t h e  dense atmosphere l aye r s ,  hardly l o s i n g  t h e i r  energy, t h e i r  d i f f u s i o n  
t imes being r e spec t ive ly  about 3-103 and 1.104 sec. 

* + *  
The quest ion of time v a r i a t i o n  of the  d i s t r i b u t i o n  of fast e l e c t r o n s  

and ions  in r a d i a t i o n  b e l t s  on account of t h e i r  Coulomb i n t e r a c t i o n  wi th  

t h e  medium is considered. We start  from the  k i n e t i c  equation i n  which the  

Coulomb i n t e r a c t i o n s  of f a s t  p a r t i c l e s  with the  cold plasma a r e  taken i n t o  

account and which lead  t o  s m a l l  energy and pulse  v a r i a t i o n s  i n  t h e  elemen- 

t a r y  act. The average time between consecutive c o l l i s i o n s  of r a d i a t i o n  

b e l t ' s  p a r t i c l e  is  much l e s s  than its o s c i l l a t i o n  per iod i n  the  geomagnetic 

f i e l d ;  t h a t  is why the  c o l l i s i o n  i n t e g r a l  may be averaged by t h e  o s c i l l a -  
t i o n  period. It w a s  moreover assumed t h a t  the  f i r s t  ad i aba t i c  i n v a r i a n t  of 
p a r t i c l e  motion i n  the  magnetic f i e l d  is preserved. Then t h e  k i n e t i c  equa- 

t i o n ,  descr ib ing  the  Coulomb i n t e r a c t i o n  of r a d i a t i o n  b e l t  p a r t i c i e s  w i t n  
t h e  medium, may be represented i n  the  form 
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Here p i s  the  absolutevalue of p a r t i c l e ' s  pu lse ;  s = s i n  a. f i s  the  p i tch-  

angle of the p a r t i c l e  a t  t h e  equator ( t h e  pitch-angle is the  angle formed by 

the  ve loc i ty  vec tor  of the p a r t i c l e  with the  vec tor  of magnetic f i e l d  inten- 
s i t y ) ;  f ( z , p ,  t>  is the  d i s t r i b u t i o n  func t ion  of p a r t i c l e s ,  computed f o r  

an element of volume p2 d p s i n a d 8 ;  F (e ,  p> and K (e, p) a r e  r e spec t ive ly  

the  f r i c t i o n  force  and the  d i f fus ion  c o e f f i c i e n t  i n  space of pulses  p, ave- 
raged over the  o s c i l l a t i o n  period of t he  p a r t i c l e .  A n  analogous equat ion w a s  

a l s o  obtained i n  the works [1,2].  
The d i s t r i b u t i o n  function f ( e , p ,  t )  s a t i s f i e s  the boundary aondi- 

t ion6  
f ( Z r n l I l ,  P, t )  = 0, (2) 

(3) p*  t! I L = ,  = 0. 
f3Z 

The boundary condi t ion ( 2 )  is superimposed on the  b a s i s  of t he  f a c t  
t h a t  fas t  p a r t i c l e s ,  moving from above, do not  reach t h e  he ight  correspond- 

ing t o  the  value 5 = t m ,  l o s i n g  energy a t  motion i n  dense atmosphere l aye r s .  

The boundary condition (31, equivalent  t o  the  condi t ion f(6, P, t )  = f(n- 6, p ,  t ) ,  

i s  obtained d i r e c t l y  from t h e  k i n e t i c  equation (1) and i t  means, t h a t  t h e  
v a r i a t i o n s  of the  d i s t r i b u t i o n  func t ion  during times s h o r t e r  t han  the  per iod 

of o s c i l l a t i o n s ,  are not  taken i n t o  account. The i n i t i a l  d i s t r i b u t i o n  satis- 
f i e s  the above wr i t t en  boundary conditions.  

A method has  been worked out  f o r  the  numerical s o l u t i o n  of t h e  equa- 

t i o n  (1). The d i f f e r e n t i a l  equation i n  p a r t i a l  de r iva t ives  of (1) is then 
represented  by a system of f in i t e -d i f f e rence  equat ions,  the  s o l u t i o n  of 
which being found by tiis esiiipter iiiethod, A t  ccnputations the k % t i z l  dis- 
t r i b u t i o n  by pitch-angles and the energy spectrum may vary in broad limits. 

The r e s u l t s  of computation of the  dens i ty  of e l ec t rons  f ( z , p ,  t )  
i n  t he  o u t e r  r a d i a t i o n  b e l t  m a z i m u m  are p l o t t e d  in Figs,  1- 3. W e  have cho- 
=e11 f e r  the i n i t f a - l  d i s t r i b u t i o n  a func t ion  with a sharp  maximum; the  h a l f -  

width of d i s t r i b u t i o n  by height  of the  reElec t ion  po in t s  of e l e c t r o n s  cons t i -  

t u t e d  near 5 O k m ,  and the  d i s t r i b u t i o n  by ene rz i e s  - near ly  200kev. The 

s o l u t i o n  obtained may be approximately considered as a source func t ion  of 
t h e  k i n e t i c  equation (1). In t h e  maximum of i n i t i a l  d i s t r i b u t i o n  the energy 
was est imated t o  be lMev, and the  he ight  of t h e  r e f l e c t i o n  po in t s  took a l t e  

n a t e l y  the  values  of 350 (Fig. 11, 500 (Fig. 2) and 750 km (Fig. 3). The atmo- 
sphere  model w a s  chosen according t o  [3,4]. The value of tmin b the 
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bsundary condi t ion ( 2 )  corresponds t o  e l ec t rons  a t t a i n i n g  the height  of 200 

km, f o r  the  c o l l i s i o n  frequency of the  e l e c t r o n  a t  such he igh t s  is substan- 
t i a l l y  g rea t e r  than the  c o l l i s i o n  frequency i n  upper atmosphere l aye r s .  

The geomagnetic field was approximated by a dipole  f i e l d ,  ?laced at the  

center  of the Earth. The e q u a t o r i a l  d i s tance  of the l i n e  of force from the  
d ipole  i n  the  ou te r  r a d i a t i o n  b e l t  maximum w a s  azsused t o  be equal  t o  

20 000 km. 

Fig. 3 
The time dependence of dens i ty  of e l e c t r o n s  with energy of 1Mev 

is r e f l e c t e d  i n  F igs  1- 3.  The he ight  of the r e f l e c t i o n  poin t ,  hkm, is 
p l o t t e d  i n  absc issa ,  and the  energy of e l ec t rons  f ( z , p ,  t) is p l o t t e d  in 
ordinates .  The r e s u l t s  of computation show t h a t  e l ec t rons  with r e f l e c t i o n  

p o i n t s  a t  he ights  of 350 and 500 km d i f f u s e  r a p i d l y  i n t o  the dense i a y e r s  
of the  atmosphere, p r a c t i c a l l y  without l o s i n g  t h e i r  energy. As m a y  be seen 

from the  curves of F igs  1 and 2, the  d i f fus ion  time 
1.10 sec. respect ively.  A noticeable  share  of e l e c t r o n s  with r e f l e c t i o n  

p o i n t s  a t  the height  of 750 'm rises iatr the  1ez.8 d a ~ c e  l a v e r , ~  --.I --- nf the 
atmosphere. 

is about 3 *lo3 and 
4 

The author  extends h i s  thanks t o  b.V.Gurevich f o r  t he  proposed 

problem and h i s  guidance i n  the work. 
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