
dr Re (6) d Re Re (Re - -  8) - ~" . . . .  -= 
c~ 2z ~ " d t  r 

wi th  the  i n i t i a l  c o n d i t i o n s  R e  (0) = 0 and r(0) = 1. In t he  e a s e  of  an a r b i t r a r y  d e p e n d e n c e  poo(t, T) one d e t e r -  
m i n e s  R e  T n u m e r i c a l l y .  

L e t  us  c o n s i d e r  the  l i m i t i n g  c a s e  when  the  p r e s s u r e  p u l s e  r e t a i n s  f in i t e  as  r - -  0. 

The  s o l u t i o n  of  t he  s y s t e m  (6) has  the  f o r m  

Re~ = I / p v ,  r = L 

F o r  c o m p l e t e  c o l l a p s e  of  the  c a v i t y  i t  i s  n e c e s s a r y  tha t  I _> Re, or.  

P a r t i a l  c o l l a p s e  of the  c a v i t y  o c c u r s  when  I < R e , •  v, w h e r e  

r l im ' ro  = (l  - -  I / R e ,  pv) ~. 

F o r  r e c t a n g u l a r  p r e s s u r e  p u l s e s  

p|  z) = p0U_(* - -  t), P0 : const 

t he  quan t i t y  R e  r e s s e n t i a l l y  d e p e n d s  on the  p a r a m e t e r  ~ = p(P-~p ( r0 /v) :  i t  e i t h e r  g r o w s  wi thou t  l i m i t  wi th  an  
i n c r e a s e  in  T o r ,  r e a c h i n g  a m a x i m u m  at  s o m e  T, s u b s e q u e n t l y  a p p r o a c h e s  z e r o .  T h e  m o t i o n  of a c a v i t y  in  a 
v i s c o u s  l i qu id  u n d e r  t he  a c t i o n  of  a c o n s t a n t  p r e s s u r e  w a s  s t u d i e d  in [1] and a c r i t i c a l  va lue  of  ~ .  = 8.4 was  
o b t a i n e d  fo r  t he  p a r a m e t e r .  W h e n  ~ > 8.4 the  v e l o c i t y  of t he  c a v i t y  b o u n d a r y  g r o w s  wi thou t  l i m i t  as  r -3/2 wi th  
a d e c r e a s e  in  r a d i u s ,  and t h e r e f o r e  t he  R e y n o l d s  n u m b e r  a l s o  g r o w s  wi thou t  l i m i t :  Re  = I u t I r l / v  ~ r~ 1/2. 
F r o m  t h e  law (2) of  v a r i a t i o n  in  t he  v e l o c i t y  in  the  a b s e n c e  of e x t e r n a l  p r e s s u r e  i t  fo l lows  tha t  when  a < 8.4 
t h e  m a x i m u m  v a l u e  is  ReT < R e ,  and p a r t i a l  c o l l a p s e  of t he  c a v i t y  o c c u r s  at  any f in i t e  v a l u e s  of  t h e  p r e s s u r e  
p u l s e .  The  d e p e n d e n c e  of  R e  T on  t h e  p r e s s u r e  p u l s e  I = p0 z, o b t a i n e d  t h r o u g h  n u m e r i c a l  i n t e g r a t i o n  of the  s y s -  

t e m  (6), i s  p r e s e n t e d  in  F ig .  2. 

F o r  c~ > 8.4 t h e r e  is  a m i n i m u m  v a l u e  of the  p r e s s u r e  p u l s e  I m i  n at  w h i c h  the  c a v i t y  c o l l a p s e s ,  in wh ich  

c a s e  R e  T :  R e . .  T h e  d e p e n d e n c e  of  I m i  n on  ~ i s  p r e s e n t e d  in  F ig .  3. 
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D I M E N S I O N L E S S  E Q U A T I O N S  O F  S T A T E  

A T T E N U A T I O N  O F  S H O C K  W A V E S  

A N D  

B .  S .  C h e k i n  U D C 5 3 6 . 3 4  

1.  D i m e n s i o n l e s s  H u g o n i o t  E q u a t i o n s  o f  S t a t e  

B a s i c  i n f o r m a t i o n  as  r e g a r d s  t he  c o m p r e s s i b i l i t y  of  m a t e r i a l s  and t h e i r  t h e r m o d y n a m i c s  at  h igh p r e s -  
s u r e s  i s  a t  p r e s e n t  o b t a i n e d  f r o m  s h o c k - w a v e  e x p e r i m e n t s  [1]. By u s i n g  the  w a v e  v e l o c i t y  D and the  m a s s  
v e l o c i t y  U,  t he  p r e s s u r e s  (as w e l l  as  d e n s i t i e s  and s p e c i f i c  e n e r g i e s )  a r e  m a d e  c o n s t a n t  in  t h e m  fo r  d e t e r -  
m i n i n g  t h e  p a t h  of  t he  Hugonio t  a d i a b a t .  T h e  r e m a r k a b l e  e m p i r i c a l  r e l a t i o n  found in a n u m b e r  of  e x p e r i m e n t s  
c o n s i s t s  i n  t h a t  fo r  m a n y  m a t e r i a l s  a l i n e a r  d e p e n d e n c e  i s  o b s e r v e d  b e t w e e n  the  s h o c k - w a v e  v e l o c i t y  and the  
d o w n s t r e a m  v e l o c i t y  o f  t he  m a t t e r ,  D = C O + hU. Th i s  r e l a t i o n ,  t o g e t h e r  w i th  t he  c o n s e r v a t i o n  l a w s ,  y i e l d s  
s t r a i g h t f o r w a r d  e x p r e s s i o n s  fo r  t he  s h o c k  p r e s s u r e  PH,  for  t he  i n c r e a s e  of  t he  i n n e r  e n e r g y  EH - E0, and fo r  

t he  d e f o r m a t i o n  X: 

x = i - -  po/p = u / ( c o  + ~ v ) ,  p ~  = p o c ~ x / ( i  - ~.x)~, ( L  1) 

E n  - -  Eo = 0.5C~oX~/( 1 - -  ~X) 2, 

Moscow.  T r a n s l a t e d  f r o m  Z h u r n a l  P r i k l a d n o i  Mekhan ik i  i T e k h n i c h e s k o i  F i z i k i ,  No. 2,  pp.  89-95 ,  
M a r c h - A p r i l ,  1978. O r i g i n a l  a r t i c l e  s u b m i t t e d  M a r c h  28,  1977. 
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w h e r e  p is  t he  d e n s i t y ;  the  s u b s c r i p t  0 r e f e r s  to  the  u p s t r e a m  f r o n t  s t a t e s  of the  w a v e  and H, to the  d o w n s t r e a m  

ones. 

The state equation of the Mie-Gr[ineisen type associated with the Hugoniot adiabat can, in view of (I.I), 

b e  w r i t t e n  as  [2-4] 

p (x ,  z )  = (1.2) 

w h e r e  F(X) is  the  G r i i n e i s e n  coe f f i c i en t .  M o r e o v e r ,  in  a g r e e m e n t  wi th  the  e x p e r i m e n t s  [5], one  s e t s  Fp = FoP 0 = 
eons t .  In t h e  t h e r m a l  v a r i a b l e s  X,  T ,  i f  t he  h e a t  c a p a c i t y  i s  c o n s t a n t ,  one has  

P ( X ,  T)  = P ~ ( X )  '-- P ~ v r  ( x )  i r  - -  TH(X)]. (1.3) 

The temperature on the shock adiabat T H is determined by the temperature T O of the initial state and by the 

solution of a differential equation [4, 5]. 

If the energy is measured from the initial state, that is, if one assumes that E 0 = 0, then Eqs. (1.2) and 
(1.3) together with (1.1) contain only five parameters -P0, Co, k, c V, T o - and a single density function F(X). 
The latter enables one to describe the thermodynamics of the compressed matter by means of universal rela- 
tions. The first step in this direction was made in [6, 7] by introducing the pressure scale p0 C2 and the velocity 
scale C 0, by selecting the values of the coefficient X and of the Gr[ineisen coefficient. Much more substantial 
results were obtained in [8-10], where two different scales were proposed for the velocity: C o and Co/A. The 
dimensionless variables introduced in [8] are 

o t 2 
d =  D / C  o , u =  XUIC o, p =  XPl(PoC2o), e = X-E, Co, x =  XX.  

T h e n  the  r e l a t i o n s  on the  s h o c k  a d i a b a t  a s s u m e  a v e r y  s i m p l e  f o r m :  

d =  i ~ u ,  x = u / ( i  + - u ) ,  p ~  = x , i ( 1 - - x )  2, e ~ = 0 . 5 x V ( i - - x ) " - ,  (1.4) 

and do not  c o n t a i n  any s p e c i f i c  p a r a m e t e r s .  I t  was  shown in  [10] t ha t  one c a n  i n t r o d u c e  a d i m e n s i o n l e s s  t e m -  
p e r a t u r e  and w r i t e  Eqs .  (1.2) and (1.3) in  a d i m e n s i o n l e s s  f o r m ;  w e  w r i t e  the  r e l a t i o n s  o b t a i n e d  in  [10] in t he  
f o r m  

p(x ,  e) = x/(t  - -  x) ~- + ?0{e - -  0.5x:,'(i - -  x)2t; (1.5) 

p (x,  t) = x i ( i  - -  x)  ~ + "7o [t - -  0 (x) - -  toe~,~ ]. (1.6) 

In t he  a b o v e  t = X 2 e ~ T / C o  2 i s  d i m e n s i o n l e s s  t e m p e r a t u r e ;  Y0 = F 0 / X ;  t o = X2cvT0/C~ i s  the  d i m e n s i o n l e s s  i n i t i a l  
t e m p e r a t u r e  a t  t he  po in t  (p = O, x = 0); O(x) = tH(x) - t 0 e  70x, w h e r e  tH is  t h e  s h o c k  c o m p r e s s i o n  t e m p e r a t u r e ;  
t0 eT0x i s  t h e  t e m p e r a t u r e  a t  t he  i s e n t r o p e  p a s s i n g  t h r o u g h  the  po in t  (p = 0, x = 0). T h e  func t ion  0(x) i s  the  s o l u -  
t i on  of  the  d i f f e r e n t i a l  equa t ion  

dO(x)/dx = ?00(x) - -  x U ( l  - -  x) a 

wi th  t h e  i n i t i a l  v a l u e  0(0) = 0. F o r  8(x) one  has  the  fo l lowing  a p p r o x i m a t e  f o r m u l a :  

x 3 

0 (x) = 3 (l -- z) 2 [i +(70/4+0.293)x] (1.7) 

inthe region 0.8 _< Y0 -< 2, 0 -< x _< 0.64, in which the relative error is less than 0.5%. 

Thus, all the thermodynamic processes and quantities can be evaluated using the formulas (1.5)-(1.7); 

in particular, the pressure on the null isentrope s = s o is 

p~, (x) = x / ( i  - -  x) ~- - 7o0 (z). 

On any i s e n t r o p e  p a s s i n g  t h r o u g h  the  po in t  (Pi, xi) one has  

p~ (x) = p~, (x) + [p~ -- p~, (xi) ] e~'(':-~0. (1.8) 

F o r  t he  a d i a b a t  of the  r e p e a t e d  i m p a c t  l o a d i n g  wh ich  s t a r t s  a t  the  po in t  (Pi, x i ) ,  one has  t he  fo l lowing  
r e l a t i o n s :  

U = ~ + (~ -- O'i)]/" q((~, (~i)l((~ Os), P = Pi + ((~ -- ai)~(O, Oi), (1.9) 

where ff = i/(I -x); Pi = PH(Xi ); 

(~, ~) - 

1 -- 7o (~ -- %)I(2~i) 

2!3  



TABLE 1 

x PH 

0 0 

0,10. 0,t23 
0,20 0,3t2 
0,30 0,6t2 
0,40 t,tll 
0,44 t,403 
0,48 t,775 

e H 

0 
0,006 
0,031 
0,092 
0,222 
0,309 
0,426 

0,52 2,257 0,587 
12,89310,8,0 

0, 0 13,750 t,t25 
0,64 14,938 t,580 

7,=0,8 

0 I ~ 

0 t,000 
0,0004 t,102 
0,0046 t,208 
0,0210 1,325 
0,0708 1,456 
0,1100 1,515 
0,t685 1,579 

0,2558 1,648 
0,3866 I 1,725 
0,5851 1 t,811 
0,8912 [ t,903 

V0~i,2 

0 i o 

0 t,00O 
0,0004 1,100 
0,0046 1,200 
0,0216 t,305 
0,0732 t,419 
0,tt40 1,469 
0,t749 t,52t 

?o~t ,6  

~--io 
0 1,000 
0,0004 t,098 
0,0047 t,t92 
0,0221 1,285 
0,0757 1,38ti 
0,1182 t,421 
0,t8t8 t,462 

~o~2 

0 
0,0004 
0,0048 
0,0228 
0,0784 
0,t227 
0,189t 

i o 

1,000 
1,095 
1,183 
t,265 
1,342 
t,371 
t,400 

0,2659 1t,578 0,2768 
0,4025 11,6401 0,4195 
0,6095 11,7091 0,0859 
0,9=87 11,7801 0,9693 

t,5o5 0,2885 1,428 
1,551 I 0,4378 1t,45~ 
1,6001 0,6644 1t, :3 

The la t ter  enable us to evaluate the second adiabat both in the plane p - x  and in the plane p - u .  

Finally, the dimensionless  isentropic sound velocity c (x, p) is determined by 

c2 (x ,  p )  = (l --  x) '~ ~ ~ = 70(i --  x)2p § (1 -~ x --  7ox) / ( I  - -  x ) ,  (1.10) 

which is related to the s tandard isentropic sound velocity C by the re la t ion c = (1 -x)oC/OoC0 and is understood 
to be the propagation velocity of small  per turbat ions  (or weak disruptions) in the case  of one-dimensional  
planar  motion and also in the ease when the corresponding dimensionless  space and t ime coordinates in t ro-  
duced below are  employed. 

In [10], thermodynamical  analysis  was ca r r i ed  out for  one mean value 7o ; 4 / 3 .  Our problem consists  
in a full thermodynamic  descr ip t ion .of " l inear" media with different 3'o when they a re  shock compressed  or 
expanded. 

2 .  S h o c k  A d i a b a t s  

Dimensionless  pa r ame te r s  of shock adiabats calculated by using (1.4), (1.7), and (1.10) a re  shown in 
Table 1 for To = 0.8, 1.2, 1.6, 2. Here p(x) and e(x) for all To and also the sound velocit ies and the function 
0(x) for finding tH(x) a re  given. With To increasing,  the sound velocit ies a re  reduced for the same degree of 
compress ion ,  while 0(x) and the t empera tu re  on the shock adiabat increase.  In agreement  with the theory,  
the quantity 0(x) increases  as the third o rder  of smal lness  with respec t  to x and it begins to exert  an effect 
on the pa rame te r s  of shock compress ion  for x > 0.3. 

The condition [11] P = 2p0C~/k or p = 2 is the melting c r i t e r ion  for a shock wave. It can be seen f rom 
Table 1 that melting sets  in when x > 0.5. It is known [12] that compress ib i l i ty  of a medium at high p re s su res  
hardly depends on t rans i t ion  to the liquid phase though the t empera tu re  growth is reduced. Of course ,  the val-  
ues of 0(x) for  x > 0.5 differ f rom the t rue values in the di rect ion of the g rea te r  ones. 

3. Disintegration of Burst and Error of Mirror Approximation 

Disintegrat ion of the burs t  p rocess  is considered when the shock wave is ref lected f rom the interface 
between two media. Such a si tuation ar i ses  in dynamic compress ib i l i ty  by the ref lect ion method [1]. Depending 
on the re la t ive  dynamic r igidity of the layers  through which the shock wave is passing,  either extension or con-  
t rac t ion  of the f i r s t  layer  takes place. On the p - u  d iagram of Fig. 1 the compress ion  branch L and the exten- 
sion R s ta r t  at the s tate  (PH, UH)- These curves  of the p - u  d iag ram are ,  as a rule,  identical with the m i r r o r  
image of the basic adiabat of single compress ion  (dashed line), although they apply to different thermodynamic 
p rocesses .  To find the d i scharge  curves  the re la t ion for a simple wave 

d u / d x  = c(x ,  p ) / ( i  ~ x) 

is used; this re la t ion can be integrated numer ica l ly  by using (1.8) and (1.10). The second adiabats in the p - u  
coordinates  a re  found f rom Eqs. (1.9). 

The resul ts  of the calculations for three  values of 70 - 0.8, 1.2, and 1.6 - a re  shown on the nomograms 
in Figs. 2-4. The dimensionless  mass  velocit ies UH are  shown on the absc i ssa  axis and on the ordinate axis, 
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t he  quan t i t y  w = 2u H - u ~ w h e r e  u ~ is  the  v e l o c i t y  a f t e r  the  b u r s t  b r e a k  up has  t a k e n  p l a c e  in the  m i r r o r  a p -  
p r o x i m a t i o n .  The  d a s h e d  s t r a i g h t  l i ne s  c o r r e s p o n d  to the  o r d i n a t e  in F ig .  1, t ha t  i s ,  to the  r e f l e c t i o n  s t a t e s  
f r o m  an  a b s o l u t e l y  r i g i d  wa l l .  The  r e s u I t  of t he  a n a l y s i s  is  shown by the  i s o l i n e s  u - u ~ = cons t .  They  c h a r a c -  
t e r i z e  the  e r r o r  of  t he  m i r r o r  a p p r o x i m a t i o n .  The  v a l u e s  on the  c u r v e  show by how much  the  t i m e  d i m e n s i o n -  
l e s s  v e l o c i t y  u d i f f e r s  f r o m  the  va lue s  in  the  m i r r o r  a p p r o x i m a t i o n  fo l lowing  the  un load ing  o r  s e c o n d a r y  c o m -  
p r e s s i o n .  The  g r a p h s  show the  a p p l i c a b i l i t y  d o m a i n s  of  t he  m i r r o r  a p p r o x i m a t i o n  and enabIe  one to  i n t r o d u c e  
the  r e q u i r e d  c o r r e c t i o n s  to  t he  c u r v e s  of  e x t e n s i o n  o r  d e c e l e r a t i o n .  

The  v e l o c i t i e s  uf  of  f r e e  s u r f a c e  when  the  s h o c k  w a v e  is r e f l e c t e d  f r o m  it  a r e  of p a r t i c u l a r  i n t e r e s t  ( see  
F ig .  1). F o r  w e a k  w a v e s  the  w e l l - k n o w n  "doub l ing  r u l e "  ho lds :  uf  = 2u H. F o r  s h o c k  w a v e s  of  d i f f e r e n t  i n t en -  
s i t i e s  and v a r i o u s  To the  d e v i a t i o n s  f r o m  the  doub l ing  r u l e ,  t ha t  i s ,  t h e  va lue s  uf  - 2UH, a r e  g iven  in T a b l e  2. 
The  u p p e r  d a s h e d  l i ne  bounds  the  w a v e  a m p l i t u d e s  fo r  wh ich  the  r e l a t i v e  e r r o r  5 = u f / ( 2 u  H) - 1  n e v e r  e x c e e d s  
1% when  the  doub l ing  r u I e  i s  used .  The  l o w e r  l i n e  shows  a m p l i t u d e s  which  r e s u l t  in an e r r o r  of  l e s s  than  3%. 
F o r  UH =: 1.8 and fo r  a l l  T0 one has  5 ~ 10%. 

4 .  S h o c k - W a v e  A t t e n u a t i o n  

The  d i m e n s i o n l e s s  v a r i a b l e s  i n t r o d u c e d  in  [10] c a n  be  e m p l o y e d  to  r e d u c e  the  equa t ions  g o v e r n i n g  the  
o n e - d i m e n s i o n a l  m o t i o n  of  the  m e d i u m  in the  p l a n e  to  t he  d i m e n s i o n l e s s  f o r m .  In f ac t ,  the  con t inu i ty  equa t ions  
and e q u a t i o n  of m o t i o n  in  t h e s e  v a r i a b l e s  a r e  

ax/a~ + au/ah = o, au/a~ + ap/ah = 0, (4.1) 

w h e r e  h = H / L ;  r = Cot,  / L; L i s  the  c h a r a c t e r i s t i c  d i m e n s i o n  of  the  p r o b l e m ;  t ,  i s  the  t i m e ;  H is  the  L a g r a n g e  
c o o r d i n a t e ,  equa l  to the  E u l e r  c o o r d i n a t e  Z if  the  m a t t e r  is  unde r  n o r m a l  c o n d i t i o n s .  The  a s s u m p t i o n  the  e n -  
t r o p y  of  the  p a r t i c l e  found d o w n s t r e a m  of  t he  s h o c k  f ron t  is  c o n s e r v e d  y i e l d s  a n o t h e r  equa t ion :  

op/ax = G~(x, p)ax/ox,  (4.2) 

w h e r e  G(x,  p) = c(x ,  p ) / ( 1  - x ) .  Thus ,  to  d e t e r m i n e  the  unknowns x ,  p,  and u we  have  a s y s t e m  of t h r e e  e q u a -  
t i ons  - (4.1) and {4.2) - d e p e n d i n g  on a s i n g l e  p a r a m e t e r  To [the sound  v e l o c i t y  c(x ,  p) de pe nds  on th i s  p a r a m -  
e t e r ] .  If  one has  to  f ind the  E u l e r  c o o r d i n a t e ,  t hen  (4.1) and (4.2) m u s t  be  j o ined  to a n o t h e r  e q u a t i o n -  Oz/OT = 
u - w h e r e  z = XZ / L - (X - 1)h i s  a d i m e n s i o n l e s s  E u l e r  c o o r d i n a t e .  
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The coll ision of a plate with a hal f -space  is now analyzed; it is shown schemat ica l ly  in the h-~" plane in 
Fig. 5. In dimensionless  coordinates ,  this problem depends only on the pa ramete r s  To and the velocity 2u 0 of 
the plate flying against  it, where u 0 is the mass  velocity at the shock front NM up to the instant V = T O at which 
the exhausted wave centered at the point O has caught up with the shock front and the attenuation of the shock 
wave s tar ts .  The point N cor responds  to the instant of the impact of the plate and the half-space.  The plate 
thickness in dimensionless  coordinates is equal to 1; for TO and the corresponding coordinate h 0 (the point M) 
one obtains 

% = 2(t -- Xo)/(c~(xo) - -  i), h0 = %G~(x0), 

where  x 0 = x(h 0) = u0/(1 + u0); CH(X), GH(X) a re  the values of c(x, p), GH(X, p) on the shock adiabat. 

For  the exhaustion wave one has the relat ions 

dp/dx = G ~, du /dz  = G, ~ ~ G(x, p)'r - -  h = O. 

The attenuations of the shock front, for example, the functions p(h) and x(h) along the length of  the front, 
were  evaluated by using the method of charac te r i s t i c s .  A large  number of calculations were  ca r r i ed  out on an 
electronic computer  for various valfies of 70 and P0 = x 0 / ( 1 - x 0  )2. Some of these resul ts  a re  shown in Fig. 6, 
where the values on the curves  show the values of the pa r ame te r  Y0. 

One no~f: analyzes how the value of the quantity ~ changes along the length of the shock front for T --> Z0. 
Of course ,  for T = ~-0 one has ~ = 0. It is assumed that ~ when moving along the front length MM' varies  suf-  
ficiently slowly for not very  large  values of P0; ~ is expanded into a ser ies  in powers of 1 / G H -  1/GH(x0), and 
only the f i rs t  (nonvanishing) t e r m  is retained. Then 

Gtt(x)'~ - -  h ---- (z [l/G~(x) - -  l/GH(Xo) ], (4.3) 

where  ~ is a constant  which depends on the pa rame te r s  To and x 0. The constant  ~ should be obtained f rom the 
original sys t em of equations (4.1) and (4.2). By evaluating this constant and by adding to Eq. (4.3) the relat ion 
at the front, dT /dh  = 1 - x, one obtains the following ordinary  differential equation for the attenuation of the 
front: 

d(h/ho)/dx = F(x,  h/ho) (h ~ ho), (4.4) 

where  

q [2G H (~o)1r - -  i l  - -  h/ho d r  
F ( x , h / h o )  = GH [(i - -  x) GH - -  i i ~x ; 

c .  = e g x )  -- V i  4- x - v ~ / ( i  - x) . / , ;  

If one ignores the changes of } when moving along the front and one sets q = 0, then Eq. (4.4) corresponds 
to the well-known isentropie approximation employed to solve the problem under consideration though with an 
equation of state which differs from the one in [13, 14]. If we take into account that the shock compression is 
not fully isentropie, we considerably improve the accuracy of the approximating formulas and widen the do- 
main of their applications. 

The front attenuation is better described by Eq. (4.4), the smaller P0- But even for P0 = 3, which in the 
c a s e  of copper corresponds to the pressure of P0 ~ 2.8 IVibar, the comparison of the solution of (4.4) with the 
numerical computation by using the method of characteristics produces a relative error of p(h) less than 2% in 
the region 0.8 _< T0 <- 2 when the shock-front amplitude has been reduced I0 times. 
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For  sufficiently smal l  P0 one obtains f rom (4.4) the approximate  formula  

z ( h ) = x  t T ~  ~--1, ~=(3~, o + t ) i 4 ,  
t t ~x0 

which desc r ibes  sufficiently well  the function x(h) in the region 0.8 -< ~/0 <- 2 for  P0 -< 0.5. Thus,  if P0 = 0.5 the 
formula  yields a re la t ive  e r r o r  for p(h) which is sma l l e r  than 5%. 

The author would like to express  his thanks to L. V. Al ' t shuler  and I. I. Sharipdzhanov for  the i r  valuable 
advice and ass i s tance ,  which was of great  help in completing this work. 
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