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A L O N G  

The r e s u l t s  of a n u m e r i c a l  so lu t ion  of the p r o b l e m  of the p ropaga t ion  of shock waves  along a m a g n e t i c  
f ie ld  in  a cold r a r e f i e d  p l a s m a  a re  p r e s e n t e d .  The p a r a m e t e r s  of the shock wave in  the q u a s i - s t a t i o n a r y  
phase  for  s m a l l  Mach n u m b e r s  M ~ 2 a r e  p r e s e n t e d .  F o r  va lues  M .  ~ 4 the ve loc i ty  p ro f i l e s  and the 
p a r t i c l e  d e n s i t i e s  t end  to b e c o m e  d i s con t inuous .  

S ta t iona ry  s o l i t a r y  waves  which propaga te  along the m a g n e t i c  f ie ld  in  a cold p l a s m a  have b e e n  c o n -  
s i d e r e d  in  [1-3].  

NOTATION 

c - ve loc i ty  of l ight  
me - e l e c t r o n  m a s s  
m i - m a s s  of an ion  

- r a t i o  of the e l e c t r o n  m a s s  to the 
ion m a s s  

t - t i m e  
e - cha rge  of the e l e c t r o n  
o~0i - p l a s m a  f r equency  
H - m a g n e t i c  f ie ld  s t r e n g t h  
w~ - f r e q u e n c y  of the m a g n e t i c  f ield at 

the p l a s m a - v a c u u m  b o u n d a r y  
VA - Alfv6n ve loc i ty  
V - vo lume  in  un i t s  of NO t 
N - p a r t i c l e  dens i t y  

- L a g r a n g e  coo rd ina t e  of the 
p a r t i c l e s  in  un i t s  of c / w 0 i  

~- - t i m e  in  un i t s  of c/(w0iVA) 
v eff - e f fec t ive  c o l l i s i o n  f r e q u e n c y  
~4 - c o l l i s i o n  f r equency  in  un i t s  of 

Well 
Up - m a s s  ve loc i ty  of the p a r t i c l e s  
u - m a s s  ve loc i ty  of the p a r t i c l e s  in  

un i t s  of V A 

x 0 - E u l e r  coo rd ina t e  of the p a r t i c l e s  in  

un i t s  of c / ~ 0 i ,  
wil l  - c yc l o t r on  f r e que nc y  of the ions 
Well - c yc l o t r on  f r e que nc y  of the e l e c t r o n s  
w - f r e que nc y  of the m a g n e t i c  f ie ld  in  

un i t s  of r 
m a x -  coo rd ina t e  of the p lane  of s y m m e t r y  

in  un i t s  of c/o~0i 
Ux,y,z - p r o j e c t i o n s  of the m a s s  ve loc i ty  of 

the p a r t i c l e s  on the x, y, and z axes 

in  un i t s  of V A 
hy,z - p r o j e c t i o n s  of the magne t i c  f ie ld  on 

the y and z axes in  un i t s  of H 0 
A - width of the wave f ron t  in  un i t s  of 

c/~0i 
Aux - width of the p a r t i c l e  ve loc i ty  f ron t  

in  un i t s  of c / w 0 i  
A N - width of the p a r t i c l e  de ns i t y  f ron t  

in  un i t s  of c/o~0i 
111 - t r a n s v e r s e  magne t i c  f ie ld  in  un i t s  

of H 0 

At the i n i t i a l  i n s t a n t  of t i m e  the cold q u a s i - n e u t r a l  u n i f o r m  p l a s m a  with dens i ty  N o f i l l s  the ha l f -  

space  x > 0 (the x axis  is  in  the d i r e c t i o n  of the u n p e r t u r b e d  m a g n e t i c  f ie ld  H0). Then ,  at the bounda ry  of 
the p l a s m a  x = 0 the z componen t  of the m a g n e t i c  f ie ld  s t a r t s  to i n c r e a s e  accord ing  to a c e r t a i n  law, as a 
r e s u l t  of which plane p e r t u r b a t i o n s  p ropaga te  along the x ax is .  The in i t i a l  s y s t e m  of equa t ions ,  w r i t t e n  for  
conven ience  in  d i m e n s i o n l e s s  v a r i a b l e s  and Lagrange  c o o r d i n a t e s ,  has  the fol lowing f o r m :  

oux_ i ~~ (hj~+hz~), O%.z_Oh~.z 
Ow 2 ~ 0"~ O~ 
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(i) 

where  Ueff is  the effect ive  c o l l i s i o n  f r equency ,  which is  a s s u m e d  to be c ons t a n t .  

This  s y s t e m  of equa t ions  is  ob ta ined  as a p a r t i c u l a r  so lu t ion  of s y s t e m  (1.4) in  [4]. 
p r o b l e m  we a s s u m e  the fol lowing in i t i a l  and bounda ry  cond i t ions :  

To solve  the 

% (5, 0) = uv (5, 0) = u~ (5, 0) = 0, x 0 (% 0) = 

V ( ~ , O ) = t ,  h z ( ~ , O ) = h y ( ~ , O ) = O ,  h y ( O , ~ ) = O  

Oh z Ohm, 
h~ (0, r) = A / ( %  ~ ( ~ m ~ ,  ~) = ~ ( 5 ~ ,  ~) = 0 

A =  H [H o = const 

(2) 

Here  A is  the ampl i tude  of the m a g n e t i c  f ie ld .  The func t ion  f ( T )  is  t aken  in  the f o r m  

] (~) = t -- exp (--(0r) or ] (T)  == S.;L'I ~}T, 0) ~ ( 0  / fOiH 

P r o b l e m  (1), (2) was  so lved on a c o m p u t e r  u s ing  a d i f f e rence  s c h e m e  of the second  o r d e r  of a c c u r a c y .  
T y p i c a l  p ro f i l e s  of the m a g n e t i c  f ie ld  as a funct ion  of the E u l e r  coord ina te  x for  s m a l l  Mach n u m b e r s  M ~ 2 
at s u c c e s s i v e  i n s t a n t s  of t i m e  a re  shown in  F ig .  l a  (the con t inuous  l i ne s  a r e  for  hz, and the b r o k e n  l i ne s  
a re  for  h• = ~/hy 2 + hz2). C u r v e s  1, 2, and 3 c o r r e s p o n d  to T = 2.4, 4.8, and 6.4. The c a l c u l a t i o n s  were  
c a r r i e d  out for  ~ = 0.2, A = 2, and M = 1.45. F o r  t hese  va lues  we c a l c u l a t e d  the p a r t i c l e  de ns i t y  p ro f i l e s  at 
d i f f e ren t  i n s t a n t s  of t i m e ;  t he se  a re  shown in  F ig .  l b ,  where  c u r v e s  1, 2, 3, 4, and 5 c o r r e s p o n d  to ~- = 2.4, 
4.0,  4.8, 5.6, and 6.4.  

In a g r e e m e n t  wi th  the law of the d i s p e r s i o n  of waves  [5] which propaga te  along the m a g n e t i c  f ie ld  in  
the r e g i o n  of f r e q u e n c i e s  o~ ~ 0~eH , the p ro f i l e s  of the t r a n s v e r s e  componen t s  of the m a g n e t i c  f ie ld  have an 
o s c i l l a t o r y  f o r m .  The spa t i a l  pe r iod  of the o s c i l l a t i o n s  is  of the o r d e r  of c / ~ 0 i .  The phase shif t  be tween  
the z componen t  and the y componen t  of the m a g n e t i c  f ie ld  is  90 ~ . F o r  c o m p a r a t i v e l y  low Mach n u m b e r s ,  
the shock wave which is  f o r m e d  is  c h a r a c t e r i z e d  by a p p r o x i m a t e l y  c o n s t a n t  f ron t  width A, s ince  the n o n -  
l i n e a r  ef fects  a re  c o m p e n s a t e d  by d i s s i p a t i v e  and d i s p e r s i o n  e f fec t s .  C a l c u l a t i o n s  with ~ = 0.25 and ~ = 
0.2 show that  an i n c r e a s e  in  the ampl i tude  of the m a g n e t i c  f ie ld  l eads  to an i n c r e a s e  in  the ve loc i ty  of the 
s t e a d y - s t a t e  shock wave;  thus ,  the va lues  M = 1.4, 1.45, and 2.0, and A = 4.6, 4.0, and 3.0, c o r r e s p o n d  to 
the va lues  A = 1.5, 2.0, and 3.0. 
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A continuous increase  in the density occurs  while the wave is being formed.  The bend which occurs  
on the density profile after a cer ta in  time corresponds  to departure  of the wave from the piston. A further  
increase  in the magnetic field at the boundary leads to a sharp pileup of the plasma,  the resul t  of which is 
a discontinuity in the density in the region of the piston. 

An increase  in the amplitude of the magnetic field at the boundary leads to very  nonstat ionary wave 
conditions; the slope of the part icle  density profile and the x component of the velocity increase  cons ider -  
ably (Fig. lc) .  This r ea r rangement  of the wave s t ructure  indicates that an inversion stage is being ap- 
proached. For  example, for the case A = 8, and ~t = 0.5, the cr i t ical  Mach number M , ,  at which the above 
phenomena occur,  is approximately 4. 

The authors thank R. Z. Sagdeev for useful d iscuss ions .  
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