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W A V E  

In an ana lys i s  of a one -d imens iona l  numer i ca l  model  of a non i so the rmal  p l a sma  i t  is shown 
that  an ion -acous t i c  shock wave of subc r i t i ca l  ampli tude s e p a r a t e s  a "soli ton" f rom the 
shock front  a f te r  the " r e v e r s i n g "  s tage .  This p r o c e s s  is  accompanied  by turbulent  flow b e -  
hind the front  and by t rapp ing  of ions in potent ial  wel l s .  The numer i ca l  " p a r t i c l e - i n - a - b o x "  
method is being used  widely to study p l a sma  phenomena.  One f ield in which this method has 
been found frui tful  is  in the study of a noniso thermal  p la sma ,  c h a r a c t e r i z e d  by an ion-  
acoust ic  wave branch .  

The p rob lem of the propaga t ion  of ion -acous t i c  waves can be so lved  e i the r  in the case  of quas i s t eady -  
s ta te  wave propagat ion,  in which case  the unknowns depend only on the va r i ab l e  } = x - ut, o r  in the non- 
s t e a d y - s t a t e  case  for  waves of sma l l  but finite ampl i tude .  In both c a s e s  a hydrodynamic  desc r ip t ion  of the 
p l a s m a  is  used .  It is  a s sumed  that ,  although the p l a s m a  is  c o l l i s i o n l e s s ,  i t s  d i s t r ibu t ion  is Maxwell ian.  
Af te r  l i nea r i za t i on  and account of t e r m s  of up to th i rd  o rde r ,  the Cor tewegde  Vr i se  equation, which d e -  
s c r i b e s  wave propagat ion  in a d i s p e r s i v e  medium,  is  found. In the case  of q u a s i s t e a d y - s t a t e  wave p r o p a g a -  
t ion a r e l a t ion  between the max imum wave potent ia l  ~max and the propagat ion  ve loc i ty  u can be found [2]: 

T [exp (e~max ] T) - -  i] 2 

u~ = "2"Mexp (e~max / T ) - -  t - -  e~max / T " 

The hydrodynamic  desc r ip t ion  is sui table  for  waves whose ampl i tudes  and ve loc i t i e s  do not exceed 
ce r t a i n  c r i t i c a l  values  [2]. 

The kinet ic  theory  is not l imi t ed  in this  manner ;  i t  can be used  to d e s c r i b e  the evolut ion of waves hav-  
ing ampl i tudes  and ve loc i t i e s  above these  c r i t i c a l  va lues .  Since i t  is  e x t r e m e l y  diff icult  to ana ly t i ca l ly  
solve the kinet ic  equation, the cou r se  of the p r o c e s s  can be followed by using a compute r  to t r a c k  p a r t i c l e s .  
The ca lcu la t ion  t ime can be reduced  s igni f icant ly  without any d i s to r t ion  of the fundamental  c h a r a c t e r i s t i c s  
of the p r o c e s s  by assuming  a Bol tzmann d i s t r ibu t ion  ne = no exp (e q~/T) for  the e l ec t ron  dens i ty .  

We cons ide r  the one -d imens iona l  p rob l em.  We r e p r e s e n t  the ionic component  of p l a sma  as charged  
planes pe rpend i cu l a r  to the x axis  and having a charge  e and m a s s  m i equal to the charge  and m a s s  of the 
ion. The equation of motion of each such quas ipa r t i c l e  is  

#x  e 

The s e l f - c o n s i s t e n t  e l e c t r i c  f ield is de t e rmined  f rom the Po i s son  equation 

d~---~ ---- 4~e [n o exp (e~] T) - -  n d 
dx2 

In a r ea l  p l a sma  the re  a re  a l a r g e  number  of p a r t i c l e s  pe r  Debye length, so a r ea l  p l a s m a  cannot be 
s imula t ed  in this  manner ,  s ince  few p a r t i c l e s  a re  involved in a compute r  expe r imen t .  In th is  case  the p a r -  
t i c l e s  which leave one region  in which the dens i ty  is  de t e rmined  and en te r  another  will  cause  impor tan t  
dens i ty  p e r t u r b a t i o n s .  
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To reduce the effect, we can "smear"  this quasiparticle 
along the x coordinate.  However, this model of smeared  part icles  
dis tor ts  cer ta in  of the dispersion proper t ies .  For  convenience in 
the analysis we assume part icles  in which the density satisfies 

where x i is the center  of the "cloud." The force acting on such a 
par t ic le ' i s  defined as 

When this force is taken into account, the dispersion relat ion be-  
comes 

T exp(--~/~a ~) ~ Of/~ 
i -~m T t+k~D ~ -~3 v+to/k dr .  

This relat ion differs f rom the famil iar  d ispers ion relat ion 
in that it contains a factor  exp {--k~a2/2), which would dis tor t  the 
high-frequency oscil lat ions.  These oscillations will be suppressed 
relat ively severe ly  at the l a rge r  half-widths a.  

Since calculations based on the Poisson  equation are  very  
unstable, we used the method descr ibed in [3] to find a solution. 

The par t i c le - in -a -box  method is ve ry  sensit ive to the ap- 
proximation used for the e lectr ic  field operating on the part icle  

at coordinates Xk, between nodes of the spatial gr id  at which the potential is determined from the numerical  
solution of the Poisson  equation. Unfor~nately ,  there is no general  cr i ter ion for the stabili ty of this method. 

In the f inite-difference approximation, we actually approximate the force by an express ion 

E + ~ r  --~- + a ~  ~-~+ . . . .  

In this manner  we therefore  study the effect of the decrement  found from the dispers ion relat ion 

T ( t+ic t l - -a~ir  ~ O]/Ov 

on the growth of sma l l - sca le  oscil lat ions associated with the e r r o r  in the calculation. Fo r  problems in- 
volving the destruct ion of large-ampli tude ion-acoust ic  waves, it has been found that a method in which the 
e lectr ic  field at point x k is defined as 

E .  = h -L [(~o~+~ - -  2q~,x -t- r ~x / h A- %+~ - -  q)j] 

is stable.  

This method has been used to solve several  problems,  including that of the propagation of ion-acoustic 
waves of supercr i t ica l  amplitude (with a Mach number M > 1.6) in a nonisothermal plasma [3]. 

As was shown above, the initial stage in the propagation of this wave is of an osci l la tory  nature.  The 
wave front accelera tes ,  in pulses at a frequency on the o rder  of Wpi, ions accumulating in the wave sys tem.  
As a result ,  mul t ip le-current  motion is established ahead of the shock front, and a slightly turbulent ion 
distribution is established behind the front,  with a charac ter i s t ic  "arch" s t ruc ture  in x, v space.  The sub-  
sequent behavior of such a wave is of considerable interest .  Figure  1 shows the temporal  evolution of the 

i potential. Here the t ime t is in units of w~i, while ~ is in units of the Debye length. The rate  of change of 
the perturbation, specified to be initially $ simple wave having an amplitude slx t imes the density of the un-  
per turbed plasma,  then increases .  During the interval  t = 4-14 we find ion reflection. As the potential de-  
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c reases  to a value below cr i t ical  (q~ < 1.3), a "soliton" separa tes  f rom the front with an amplitude and vel -  
ocity near  but slightly below the cr i t ica l  values.  

Intense oscillations in the part icle  velocity are  established during the part icle  accelera t ion behind 
the front; in turn, these oscillations cause oscillations in the density and potential. The oscil lat ions reach 
values allowing trapping of ions in potential wells. Figure 2 shows par t  of the phase plane near  the wave 
front at t = 25. The soliton and the ions trapped behind it are  c lea r ly  visible.  In the solution of this prob-  
lem we used approximately 2000 par t ic les ,  and the range over which the wave propagated was equal to 120 
Debye lengths. Solution of this problem required 100 min on a BI~SM-6 computer .  

The authors thank R. Z. Sagdeev for support and interest  in this study. 
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