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Polar izat ion in shockwaves (shock polarization henceforth) is understood to be the origination of a 
dipole momen t  in the bulk of a dielectr ic  under the effect of a shock. 

Experiments  on shock polarization afford the possibili ty of obtaining information about a whole se r ies  
of physical proper t ies  of the shock-compressed  substances.  Moreover ,  the in teres t  in studying this phe- 
nomenon is governed by the possibili ty,  in principle,  of clarifying the cha rac te r  of nonequilibrium processes  
occur r ing  in the shock transit ion and of differentiating between dynamic and stat ic  compress ion .  

The phenomenological theories  of shock polarizat ion developed in [1-6] permit  computation of the 
time dependence of the polarization cur ren t  in the uniform case,  by means of the magnitudes of the com- 
press ion 6 of the mater ia l ,  the dielectr ic  permit t ivi ty of the initial mater ia l  el, the initial polarization of 
the mater ia l  in the shock front P0, as well as the dielectr ic  permit t ivi ty c2, e lec t r ica l  conductivity p, and 
time of mechanical  relaxation of the polarization �9 of the mater ia l  behind the shock front. However, be- 
cause of imperfect ions of explosive genera tors  o f  a plane shock, the dynamic loading of the sample being 
investigated is not s t r ic t ly  uniform in rea l  tests .  As is shown herein,  taking account of this c i rcumstance  
is necessary  in many cases  for a c o r r e c t  interpretat ion of experimental  osc i l lograms within the scope of 
existing theories .  

Let  us note that modern high-speed osci l lographs have a build-up time not exceeding severa l  nsec,  
which is considerably less than the magnitudes of the t ime-di f ference ,  real izable in experiments ,  of the 
shock entrance into samples .  Hence, the need to take account  of distort ion of the polarization signal because 
of the finite frequency band of the measur ing channel does not ordinar i ly  occur .  

1 .  G e n e r a l  C a s e  o f  D e v i a t i o n  f r o m  t h e  U n i f o r m  

C h a r a c t e r  o f  S h o c k  S t r e s s  

Analogously to the usual formulation of the exper iments ,  [7, 8] for instance,  let us consider  the sam- 
pie under investigation of thickness x 0 to be the dielectr ic  of a flat condenser  formed by a metal sc reen  and 
e lect rode.  In the x, y, z coordinate sys t em the sc reen  through which the shock enters  the sample is located 
in the x = 0 plane. Polar izat ion in the init ial ly isot ropic  dielectr ic  originates on any infinitesimal portion 
of the shock front surface along the isolated direct ion given by the velocity vector  of the shock front U. 

In a f i rs t  approximation (without taking account  of the curvature  of the lines of force of the e lec t r ica l  
field), we obtain an express ion for the polarization cur ren t  j(t) in the case of an a r b i t r a r y  shock front sur -  
face by considering the direct ion of the vec tor  U, meaning the polarization vec tor  at  each point of this su r -  
face close to the direction of the x axis,  i .e. ,  

U,  z U (1.1) 

where Ux is the projection of U on the x axis and U = [111 �9 
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In the o n e - d i m e n s i o n a l  c a s e ,  the c u r r e n t  in the s h o r t - c i r c u i t  loop  of p o l a r i z a t i o n  s e n s o r  can  be r e p r e -  
s e n t e d  as  [1-6] 

i ( t )  = S o f ( t ) ,  O ~  t ~  t~ = xo/U (1.2) 

H e r e  S O is  the e l e c t r o d e  a r e a ,  and  tt i s  the t ime  of s h o c k  p a s s a g e  in the s a m p l e .  

Tak ing  a c c o u n t  of (1.1) fo r  a s h o c k  f r o n t  of a r b i t r a r y  shape  which s t a r t s  to e n t e r  the s a m p l e  a t  t = 0, 
i t  fo l lows  f r o m  (1.2) tha t  the c o n t r i b u t i o n  Aj(t)  to the to ta l  c u r r e n t  f r o m  the shock  l o a d e d  p a r t  of the d i e l e c -  
t r i c  o f  a r e a  A y A z  with c o o r d i n a t e s  y ,  z e q u a l s  

A] (t) = ] (x (g, z, t) U -z) A y A z  (1.3) 

P a s s i n g  o v e r  to d i f f e r e n t i a l s  in (1.3) and  i n t e g r a t i n g  o v e r  the shock  l oaded  p a r t  of  the s a m p l e  a r e a , *  
we ob ta in  f o r  the a c t u a l  p o l a r i z a t i o n  c u r r e n t  

]( t)  = f f / ( ~ ) d y d z  (1.4) 

2 .  D i s t o r t i o n  o f  t h e  S h o c k  F r o n t  S h a p e  a s  C u r v a t u r e  

The  m a i n  kind of  d i s t o r t i o n  of  the s h o c k  f r o n t  shape  i s  the c u r v a t u r e  fo r  s u f f i c i e n t l y  s m a l l  s a m p l e  
a r e a s  in  the a x i a l l y  s y m m e t r i c  e x p l o s i v e  s y s t e m s  o r d i n a r i l y  u s e d .  A shock  f r o n t  in the f o r m  of an  a l m o s t  
i d e a l  s p h e r i c a l  s u r f a c e  of p r a c t i c a l l y  a r b i t r a r y  r a d i u s  can  be  ob ta ined  c o m p a r a t i v e l y  s i m p l y ,  e s p e c i a l l y  
in e x p e r i m e n t s  us ing  s p h e r i c a l  d e t o n a t i o n .  H e n c e ,  l e t  us e x a m i n e  th is  i m p o r t a n t  p a r t i c u l a r  c a s e  of nonuni -  
f o r m  d y n a m i c  load ing  in  m o r e  d e t a i l  a s  a p p l i e d  to shock  p o l a r i z a t i o n  e x p e r i m e n t s .  

F o r  d e f i n i t e n e s s ,  l e t  us c o n s i d e r  the d i e l e c t r i c  s a m p l e  to have  t h e  shape  of  a c y l i n d e r  with b a s e  
r a d i u s  r 0, w h e r e  

ro ~ Xo (2.1) 

L e t  us r e p r e s e n t  the s h o c k  f r o n t  a s  a p a r t  of  the s p h e r i c a l  s u r f a c e  with c e n t e r  a t  the poin t  x = - R 0 ,  
y = 0, z = 0 and r a d i u s  R = R0 + Ut.  F o r  th is  c a s e  cond i t ion  (1.1) i s  e q u i v a l e n t  to the  cond i t ion  

R o >~ ro (2.2) 

It is convenient to conduct the further examination in the cylindrical coordinates 

y = r eos  % z = r s i n  % x = x  

The equa t ion  of  the shock  f r o n t  s u r f a c e  i s  w r i t t e n  a s  

x 2 § 2Rox  -~ r 2 - -  2 R o U t - -  U2t 2 = 0 (2.3) 

T a k i n g  (2.1) and  (2.2) in to  a c c o u n t ,  and  a l s o  tha t  

x 2 ~ U2p ~ Xo 2 (2.4) 

we n e g l e c t  the t e r m s  x 2 and U2t 2 in (2.3), a f t e r  which  we ob ta in  

x / U = t - -  r2/2Ro U (2.5) 

I t  fo l lows  f r o m  (2.5) with x = 0 tha t  the a r e a  of the shock  l o a d e d  p a r t  of the s a m p l e  b a s e  S = 7rr 2 
c h a n g e s  a c c o r d i n g  to a l i n e a r  law 

S = 2 g R o U t  (2.6) 

up to the time t 2 of total loading of the whole base area. Then this area remains equal to S 0. 

The quantity t 2 is the difference in time of shock entry into the sample under investigation and can be 
found from (2.6) for S = S0: 

Q = So / 2 ~ R o U  (2.7) 

*Wi thou t  l i m i t i n g  the g e n e r a l i t y ,  we s h a l l  h e n c e f o r t h  c o n s i d e r  the e l e c t r o d e  to c o v e r  the whole  s a m p l e  a r e a .  
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~5 

F i g .  1 F i g .  2 

P a s s i n g  to c y l i n d r i c a l  c o o r d i n a t e s  i n  (1 .4) ,  s u b s t i t u t i n g  (2.5) i n t o  t he  e x p r e s s i o n  o b t a i n e d ,  a n d  i n t e -  

g r a t i n g  w i t h  r e s p e c t  to  t h e  a n g l e  b e t w e e n  0 a n d  2~,  we  h a v e  

r ., , 

] (t) = 2n f / ( t  - 2~:b~-)'rldq (2.8) 
0 

w h e r e  f r o m  (2.6) a n d  (2,7) 

{ I/-2R-R-~, t ~ t2 (2.9) 

r = i/-~-~oUt2, t > t2 

B y  u s i n g  the  c h a n g e  o f  v a r i a b l e  n2 /21~U = } a n d  t a k i n g  

a n d  (2 .9)  

a c c o u n t  o f  (2 .7) ,  we f i n a l l y  o b t a i n  f r o m  (2.8)~ 

t 

j ( t )  = ,~ 

[~., ! f ( t - -~)d~,  t> t2  

(2.1o) 

T h e  r e l a t i o n s h i p  (2 .10)  w a s  i n t e g r a t e d  n u m e r i c a l l y  o n  a n  e l e c t r o n i c  c o m p u t e r  i n  o r d e r  to  c l a r i f y  t h e  

c h a r a c t e r  o f  t h e  i n f l u e n c e  o f  s h o c k  f r o n t  c u r v a t u r e  o n  t h e  t i m e  d e p e n d e n c e  o f  t he  p o l a r i z a t i o n  c u r r e n t .  

H e n c e ,  a s u f f i c i e n t l y  g e n e r a l  e x p r e s s i o n  f o r  i ( t)  o b t a i n e d  i n  [1] a n d  i n c l u d i n g  t he  S o l u t i o n s  f o u n d  i n  [2,  4] a s  

p a r t i c u l a r  c a s e s :  

i (t) = ,  (t) exp (t/,) 11 - -  0 [q~ (~:)1~ 
0 

(2 . n )  

w a s  u s e d  a s  Sof(t) .  

io =/ 'o ,2o!xt~,  0 - 9e~/~n, ~ (t) - xt~ + ( l  - -  u) t, 

= I + • (1 - -  • 

= ~0 (1 - z)/O + • (~ - -  0)) 

T h e  a s s u m p t i o n  a b o u t  s h o r t - c i r c u i t i n g  the  e q u i v a l e n t  p o l a r i z a t i o n  g e n e r a t o r  f o r  t h i s  c a s e  c o r r e s p o n d s  

to the  f a c t  t h a t  t h e  t i m e  c o n s t a n t  o f  t he  m e a s u r e m e n t  c i r c u i t  i s  m u c h  l e s s  t h a n  t l ,  T, a n d  pc2/47r. 

S o m e  c h a r a c t e r i s t i c  c o m p u t a t i o n a l  t i m e  d e p e n d e n c e s  of  t he  p o l a r i z a t i o n  c u r r e n t  a r e  p r e s e n t e d  i n  F i g s .  

1 - 3 .  T h e  d i m e n s i o n l e s s  t i m e  t ~ = t / h  a n d  t h e  p a r a m e t e r s  0 ~ = 0 / h ,  T~ = v / t 1 ,  t2 ~ = t 2 / t l  w e r e  u s e d  i n  c o n -  

s t r u c t i o n  o f  t h e s e  c u r v e s ,  a n d  v a l u e s  o f  t h e  f u n c t i o n  j ( t~  a r e  m u l t i p l i e d  b y  t he  s c a l e  f a c t o r  7" T h e  q u a n -  

t i t y  ~ w a s  s e l e c t e d  i n  s u c h  a m a n n e r  t h a t  t he  m a x i m u m  v a l u e  of  ~ j ( t ~  o n  t h e  s e g m e n t  0 _< t ~ _< 1 w a s  o n e .  

T h e  t h e o r e t i c a l  d e p e n d e n c e s  j ( t  ~ i n  F i g .  1 c o r r e s p o n d  to  t h e  f o l l o w i n g  c a s e s :  c u r v e  1 to ~ = 2 .0 ,  T ~ - 

50 ,  0 ~ = 50 ,  t2 ~ = 0 .1 ,  7 = 0 .28 ;  c u r v e  2 to  ~ = 2 .1 ,  T ~ = 0 . 0 1 ,  0 ~ = 50 ,  t2 ~ = 0 . 2 5 ,  T = 22;  a n d  c u r v e  3 to  ~ = 

2 .1 ,  T ~ = 0 . 0 1 ,  8 ~ = 50 ,  t2 ~ = 0 . 1 ,  7 = 9 . 5 2 .  

T h e  t h e o r e t i c a l  d e p e n d e n c e s  j ( t  ~ a r e  r e p r e s e n t e d  i n  F i g .  2 b y  c u r v e  1 w i t h  ~ = 2 . 0 ,  T ~ = 50 ,  O ~ = 0 .1 ,  

t2 ~ = 0 . 2 5 ,  ~ = 0 .74 ;  a n d  c u r v e  2 w i t h  ~ = 2 .0 ,  T ~ = 50 ,  0 ~ = 0 . 0 1 ,  t2 ~ = 0 . 1 ,  7 = 0 . 9 6 .  

T h e  t h e o r e t i c a l  d e p e n d e n c e s  j ( t 9  i n  F i g .  3 a r e  c u r v e  1 w i t h  ~ = 2 . 1 ,  T ~ = 0 . 1 ,  0 ~ = 0 . 0 1 ,  t2 ~ = 0 . 2 5 ,  7 = 

32 ;  a n d  c u r v e  2 w i t h  x = 2 .0 ,  T ~ = 0 . 1 ,  0 ~ = 0 .1 ,  t2 ~ = 0 .1 ,  "7 = 2 . 5 0 .  
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-Q~ I 

L e t  o u r s e l v e s  be  l i m i t e d  to the c a s e  ~ _> 1 a p p a r e n t l y  r e a l i z a b l e  in the 
m a j o r i t y  of  e x p e r i m e n t s ,  and l e t  us note s o m e  p e c u l i a r i t i e s  of the c o m p u t e d  
c u r v e s  of j(t~ 

F o r  ~~ 0 ~ > 1 (curve  1 in  F ig .  1, fo r  i n s t a n c e )  the v a l u e s  of the funct ion 
j ( t  ~ fo r  t ~ > t2 ~ d i f f e r  c o m p a r a t i v e l y  l i t t l e  f r o m  the c o r r e s p o n d i n g  v a l u e s  of  the 
func t ion  i(t~ The i n i t i a l  c u r r e n t  i 0 in  the e x p e r i m e n t s  can be  d e t e r m i n e d  Suf- 

F ig .  3 f i c i e n t l y  a c c u r a t e l y  by  e x t r a p o l a t i n g  j ( t  ~ to t ~ = 0. O t h e r  cond i t ions  be ing  equa l ,  
an  i n c r e a s e  in  t2 ~ r e s u l t s  in  a d i m i n u t i o n  of the r a t i o  b e t w e e n  the f ina l  c u r r e n t  
Jl = j(1) and  the i n i t i a l  c u r r e n t  i 0. 

If  ~~ 1, bu t  0 ~ > 1 ( cu rves  2 and 3 in  F ig .  1), o r  ~~ > 1, bu t  0~ 1 (F ig .  2), the c o m p u t a t i o n a l  d e p e n -  
d e n c e s  j ( t  ~ have  a m a x i m u m  J2 fo r  t ~ = t2 ~ 

In the c a s e  u n d e r  c o n s i d e r a t i o n  the shock  f ron t  c u r v a t u r e  r e s u l t s  in a r a d i c a l  d i f f e r e n c e  b e t w e e n  the 
p o l a r i z a t i o n  c u r v e s  j ( t  ~ and those  c o m p u t e d  by  us ing  (2.11). In p a r t i c u l a r ,  a s  i s  s e e n  g r a p h i c a l l y  f r o m  
F ig .  1 ( c u r v e s  2 and  3),  fo r  e x a m p l e ,  a s  t2 ~ i n c r e a s e s  the r a t i o s  io/J2 (7 i n c r e a s e s )  and  Jl/J2 i n c r e a s e .  

L e t  us a l s o  note  tha t  fo r  r e a s o n a b l e  va lue s  of ~ ,  i f  0 ~ > 1 bu t  ~~ <r 1 then Jl < J2 h o l d s  and i f  0~ 1 bu t  
T ~  then jl>>j2. 

The d i s t i n c t i v e  p e c u l i a r i t y  of  the d e p e n c e n c e  j ( t  ~ fo r  r ~ 0~ 1 (Fig .  3) i s  the change  in s i gn  of  the 
p o l a r i z a t i o n  s i g n a l  n e a r  the po in t  t2 ~ 

Now, l e t  us e x a m i n e  the i m p o r t a n t  p a r t i c u l a r  c a s e  of  low a m p l i t u d e  s h o c k s ;  i . e . ,  l e t  us c o n s i d e r  tha t  
• = 1 and 0 ~ = ~ .  In th i s  a p p r o x i m a t i o n  we e a s i l y  ob ta in  f r o m  (2.11) 

i (t ~ = i0 exp (--t~ ~ (2.12) 

H e n c e ,  a p p l y i n g  (2.10) we have  fo r  the c u r r e n t  j ( t  ~ 

] ( t  ~ = 

i"~~ ~1 / - -  t~ \ ' l  
- - t2  ~ L - - e x p / ' - - ~ - ) ]  (t~176 

( t ~  ~ 

(2.13) 

I t  fo l lows  f r o m  th is  r e l a t i o n s h i p  tha t  f o r  s u f f i c i e n t l y  s m a l l  ~~ (~~ << t2 ~ the m a x i m u m  a m p l i t u d e  of  the  
i n i t i a l  c u r r e n t  J2 and i t s  d u r a t i o n ,  which  e q u a l s  t2 ~ a p p r o x i m a t e l y ,  depend  e s s e n t i a l l y  on the d i f f e r e n c e  in 
t i m e  of s h o c k  e n t r y  in to  the s a m p l e s  u n d e r  i n v e s t i g a t i o n .  In p a r t i c u l a r ,  we ob ta in  fo r  J2 

]2 ~ iox~ ~ (2.14) 

T h i s  e x p r e s s i o n  p e r m i t s  an  a p p r o x i m a t e  e s t i m a t i o n  of  the quan t i t y  r ~ o r  i o, r e s p e c t i v e l y ,  by  m e a s u r -  
ing  J2 and t2 ~ e x p e r i m e n t a l l y  fo r  a known va lue  of  i 0 o r  ~-~ 

An a n a l y t i c a l  e x p r e s s i o n  a n a l o g o u s  to (2.14) fo r  J2 can a l s o  be ob t a ined  in  the c a s e  T ~ = 0% u = 1, 
0~ t2 ~ Indeed ,  n e g l e c t i n g  s e c o n d  o r d e r  t e r m s  in the e x p r e s s i o n  fo r  i ( t  ~ f r o m  [4] fo r  t ~ << 1, and e v a l u a t i n g  
the i n t e g r a l ,  we have  

i (t ~ = i 0 exp ( - -  t~ ~ (2.15) 

Us ing  th i s  f o r m u l a  e x a c t l y  a s  (2,14) was  o b t a i n e d  f r o m  (2~ i t  i s  e a s y  to show tha t  fo r  0 ~ <r t2 ~ 

]2 ~ ioO~ ~ (2.16) 

N u m e r i c a l  c o m p u t a t i o n s  on an e l e c t r o n i c  c o m p u t e r  by  m e a n s  of (2.10) in the r a n g e s  of  p a r a m e t e r  
v a r i a t i o n  0.2 _< u -< 2.1,  5 -10 -4 _< ~_o _< 10--2 5 . 1 0  -4 _< 0 ~ _< 10-2,and 0.05 _< t2 ~ _< 0.25 p e r m i t t e d  i t  to be  found 
tha t  the r e l a t i o n s h i p s  (2.14) and  (2.16) o b t a i n e d  fo r  ~ = 1 a r e  s a t i s f i e d  with a good d e g r e e  of a c c u r a c y  
(~ 30%) fo r  q u a n t i t i e s  v in ,  a t  l e a s t ,  the r a n g e  0.2 _< v _< 2.1. 

E x p e r i m e n t a l  m a t e r i a l  e x i s t i n g  a t  th i s  t i m e  in the c a s e  of  the p r e s e n c e  of one s h o c k  p o l a r i z a t i o n  
m e c h a n i s m  i s  d e s c r i b e d  s a t i s f a c t o r i l y  by  the r e l a t i o n s h i p s  (2.10) and (2.11). 

D e p e n d e n c e s  j ( t  ~ of the type  of c u r v e  i i n F i g .  1 a r e  o b s e r v e d  in s p e c i f i c  d y n a m i c  p r e s s u r e  d o m a i n s  
fo r  many  o r g a n i c  p o l y m e r s  [7, 9] and a n u m b e r  of  ionic  c r y s t a l s  [8, 10, 11].  
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Dependences j(t ~ analogous to curves 2 and 3 in Fig. 1 are charac te r i s t i c  for low-molecular-weight 
fluid die lect r ics  [12] at p res su res  behind the shock front which are not sufficient for the origination of sub- 
stantial  e lec t r ica l  conductivity. 

Polar izat ion signals of the form of Fig. 2 are  determined in tests  with water  [9, 13], Plexiglas and 
polystyrene at  p ressures  above the phase transit ion [7], vinyl plastic [14], low-molecular-weight benzene 
derivat ives [12], tr initrotoluene [15], etc. However,  the interpretat ion of such osc i l lograms must be ap -  
proached with care  since the same experimental  dependences j(t ~ can be related not to the case 0~ 1, 
r ~ > 1 within the scope of (2.10) and (2.11), but to the presence of a transit ion e lec t r ica l  conductivity zone 
with r~ 1 behind the shock front. 

3 .  S i m p l e  M o d e l  o f  a T r a n s i t i o n  E l e c t r i c a l  

C o n d u c t i v i t y  Z o n e  b e h i n d  a S h o c k  F r o n t  

It is known hhat many die lect r ics  become ionic conductors under a sufficient dynamic p ressure  mag- 
nitude [16]. Since file heterolyt ic  dissociat ion of molecules of the initial mater ial ,which is apparently 
thermal  in nature and being rel ieved because of ion associat ion at high p ressu re ,  should occur  in a finite 
t ime, the appearance of a transit ion e lec t r ica l  conductivity zone should be expected behind the shock front. 
In the s imples t  case the e lec t r ica l  conductivity can originate some time af ter  passage of the shock front.  
Transi t ion e lec t r ica l  conductivity zones have been observed experimental ly in explosive mater ia ls  [15, 17] 
and nitrobenzene [12]. 

Let  us examine an approximate e lect rodynamic model which will permit  obtaining a time dependence 
of the polarization cur ren t  by taking account of the shock front curvature  upon the origination of e lec t r ica l  
conductivity with a delay g rea t e r  than r .  

Let  us consider  the e lec t r ica l  conductivity to grow to infinity by a jump within a distance A behind 
the shock front, where the quantity A satisfies the r e l a t i o n  

1: ~ al(V - u) (3.1) 

Under this condition the mechanical  relaxation process  will occur  in the dielectr ic  medium and will 
be completed in practice upon the origination of e lec t r ica l  conductivity. Hence, for t < A/(U--u) the depen- 
dence j(t) can be obtained by us ing (2.10) on the express ion  for i(t) obtained in [2]. The qualitative form of 
this dependence is analogous to curves  2 and 3 in Fig. 1. For t = A/(U--u) a cur ren t  jump occurs  assoc i -  
ated with the initial condition of the jump in e lec t r ica l  conductivity. 

Now, let us find the dependence j(t) for t >A/(U--u).  In the one-dimensional  case let us consider  the 
motion of a shock front through a plane-parallel condenser  with the mater ia l  under investigation. Let us 
assume that all the vectors  are  perpendicular  to the plane of the shock front, the front ca r r i e s  no free 
charges ,  and the mechanical  relaxation is descr ibed by the express ion 

P ( x , t ) = P 0 e x p (  U t - - x  "~ z ~ ~ /  (3.2) 

Here P{x, t) is the dipole moment per  unit volume of mater ia l  induced by the shock, P0 is the initial 
polarization on the shock front, and (Ut--x)/(U--u) is the time that a volume of mater ia l  with coordinate x 
is in the shock-compressed  state.  

F rom the continuity condition of the e lec t r ica l  bias D upon cross ing  the shock front we obtain for a 
plane-parallel  condenser  

D : 4~O = elE1 : e2E~ + 4~P (x, t) (3.3) 
So 

where Q is the charge on the condenser ,  E 1 and E 2 a r e  the e lec t r ica l  field intensity in the initial and com- 
pressed dielectr ic ,  respect ively.  

The potential difference V(t) on the condenser  plates is 

Vi 

4nQ A 4a ! 4~Q, U t )  --}- - -  ~ P (x ,  t) d x  V (t) = ~ txo - -  ~ 8.. 
V- -A  

(3.4) 
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Let  us l imi t  o u r s e l v e s  to the s h o r t - c i r c u i t  mode of the equiva len t  g e n e r a t o r  V(t) - 0. 
(3.2) into (3.4) and eva lua t ing  the in t eg ra l  we obtain 

Substi tut ing 

poSoe~z (u- -  .) I ( A )1 Q e,. (xo - u t )  T e~A 1 - exp - (ff - u) ~ (3.5) 

Taking accoun t  of  (3.1), the exponent ia l  in this e x p r e s s i o n  can be neg lec ted  as  c o m p a r e d  with one.  
F u r t h e r m o r e ,  d i f fe ren t ia t ing  the cha rge  with r e s p e c t  to the t ime,  in t roduc ing  u ,  t ~ ~~ t3 ~ = A/ (U- -u) t l ,  
we find the po la r i za t ion  c u r r e n t  

P o N o •  ~ 

i (t ~ = tl [• (l -- t ~ -p ta~ 2 (3.6) 

The t ime dependence  of  the po la r i za t ion  c u r r e n t  taking accoun t  of  the shock  f ron t  c u r v a t u r e  can be 
found by apply ing  (2.10) to this  e x p r e s s i o n .  In pa r t i cu l a r ,  fo r  t ~  > t2 ~ we have 

P o S o x T  ~ �9 

] (t~ = tl [• (1 -- t ~ § to. ~ § ta ~ [• (t -- t ~ § t3 ~ (t3~ ~ t~ (3.7) 

The po la r i za t ion  c u r v e s  computed  by means  of  (3.7) ag ree  qua l i t a t ive ly  with the dependences  j(t ~ 
p r e s e n t e d  in Fig.  2. 

T h e r e f o r e ,  fo r  suf f ic ient ly  s m a l l  "r ~ the a p p e a r a n c e  of  a t r ans i t i on  e l e c t r i c a l  conduct iv i ty  zone behind 
the shock  f ron t  should  r e s u l t  with a qual i ta t ive  change in the dependence j(t ~ be ing  e x p r e s s e d  in the t r a n s i -  
t ion of  the po l a r i za t i on  c u r v e s  of  the f o r m  in Fig. 3 to c u r v e s  of  the f o r m  in Fig.  2. The fac t  that  depen-  
dences  j(t ~ of  the f o r m  in Fig.  3 have  not been  o b s e r v e d  expe r imen t a l l y  up to now can be r e l a t ed  to the 
g e n e r a l i t y  of  this phenomenon .  

The au tho r  is g ra t e fu l  to A. N. D r e m i n  for  d i s c u s s i n g  the r e su l t s  and to A. I. P r ikhozhenko  for  the 
n u m e r i c a l  r e s u l t s .  
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