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The expansion of a cloud of charged particles of a certain type within which particles of the same type are being 
produced is considered. 

Let a cloud of charged particles of a single type with density n0(r) and velocity distribution u0(r) exist at t ime t = 
= 0 in the region r << I~ We assume that the rate of particle production is proportional to the particte density at a given 
point (as is true of avalanche processes) and that the particles produced are of the same type with zero initial velocity. 
Then the motion of the gas is described by the system of equations: 
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Here u is velocity, n density, E electric field strength, q particle charge, m particle mass, g mass force per unit 
mass (force of gravity), v = 1, 2, 3, respectively, for motions with plane, cylindrical and spherical symmetry. 

We introduce the new independent variables (Lagrange variables) 
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In these variables, system (1) has the form 
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We integrate this system for the case v = 1. 

The solution of this system, allowing for the initial data, is expressed as follows: 
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We investigate the solutions obtained for the case a = const. For the unknown quantities, we obtain 

n = n o e  a~ i + ~ ( c h a T - - t ) +  r dxo 
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It is clear  from (8) that as ~'--~ oo, irrespective of the ini t ia l  conditions, n approaches the end value noo: 

lim n -~- nee--  2aq~. (1I) 

Thus, for any no and u0, a l l  space is occupied by part icles whose density at each point is constant, while the l i m -  
iting veloci ty  distribution will  be l inear:  

uoo= ax when g =: O, (12) 

We note in passing that if  an avalanche of uncharged part icles in a gravitat ional  field is considered, it  is clear  
that as r --~ co the veloci ty  of a l l  the part icles in the avalanche becomes constant, although the number of part icles 
set in motion increases without l imit .  

Let us see how the par t ic le  density in the cloud changes with t ime.  For s implici ty ,  we set no = const, u0 = 0. Then, 
two different cases are possible, depending upon the value of no. 

1. When no > (1/2)n.o, the par t ic le  density in i t ia l ly  increases with increase in r ,  reaches a maximum 

4n0 ] ' "~max -- -- ~- In I 2 ~ ' 

and then decreases, approaching a l imi t .  

2. W h e n  no - (1/2)n.o the par t ic le  density monotonical ly  increases and approaches a l imi t .  Finally, When r --. ~o 

we obtain t h e  s teady-s ta te  solution 

rna~ 2ma z 
u - - o ~ x ,  n . - -  2 ~ - ~ - '  E =  q x ( g - -  0 ) .  

It can be shown that this solution is stable with respect to smal l  perturbations of veloci ty  and density. 

In the case of a spherical  cloud, it  is not possible to integrate the system of equations in finite form, but the qual-  
i ta t ive  conclusions remain the same; in this case the density and l imi t ing  ve loc i ty  distribution will  be 

rn0~ 2 {2/" 
n e e -  3~q~ , Uoo-- - -~-  

In conclusion, we note that  these solutions may serve as an illustration of  Hoyle 's  cosmologica l  model  [1, 2] and 
also have a bearing on the specif ic  problem of the escape of a strongly nonisothermal plasma from the space in which 

it is formed. 
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