
6. I. Sh. Model', "The  measurement  of high tempera tures  in s trong shock waves in gases , "  Zh. Eksp. Teor.  
Fiz.,  32, No. 4 (I957).  

7. A . E .  Voitenko, I. Sh. Model', and I. S. Samodelov, "Br igh tness  tempera ture  of shock waves in xenon 
and a i r , "  Dokl. Akad. Nauk SSSR, 169, No. 3 (1966). 

8. Yu. N. Kiselev, "Tota l  radiation yields f rom strong shock-wave fronts in inert  g a s e s , "  in: Combustion 
and Explosion in Space and on Earth  [in Russian] ,  Vses. Astron.-Geod.  Ova., Moscow (1980). 

9 .  Yu. N. Kiselev and V. Z. Krokhin, "Low- ine r t i a  pyroelec t r ie  r ece ive r s  for recording radiation in the 
40-1100-nm range , "  Zh. PriM. Mekh. Tekh. Fiz.,  No. 4 (1976). 

10. A . E .  Voitenko, "Acce le ra t ion  of a gas during its compress ion  under the conditions of an acute-angled 
geome t ry , "  Zh. PriM. Mekh. Tekh. Fiz.,  No. 4 (1966). 

11. V . P .  Buzdin, I. B. Kosarev,  and L. M. Poteryakina,  "Calculat ion of the coefficients of absorption of 
radiation by light elements with allowance for bound-bound t rans i t ions ,"  in: Summaries  of Reports  of 
Third All-Union Conference on the Dynamics of a Radiating Gas [in RussianJ,  Izd. Inst. Prikl .  Mat., 
Akad. Nauk SSSR, Moscow (1977). 

12. E . G .  Bogoyavlenskaya, I. V. Nemchinov, and V. V. Shuvalov, "Radiat ion of s t rong shock waves in hel- 
ium at normal  densi ty ,"  Zh. Prikl .  Spektrosk., 34, No. 1 (1981). 

I N D U C T I O N  M E T H O D  O F  C O N T I N U O U S  R E C O R D I N G  

OF T H E  V E L O C I T Y  OF A C O N D E N S E D  M E D I U M  IN 

S H O C K - W A V E  P R O C E S S E S  

Yu .  N. Z h u g i n  a n d  K, K. K r u p n i k o v  UDC 539.89:531.767 

Methods of continuous recording of the velocity of a medium in shock-wave p rocesses  can yield useful 
information in the investigation of complex phenomena occurr ing during shock compress ion  of compressed  
media ( e l a s t i c -p l a s t i c  waves, phase t ransformat ions ,  e tc . ) .  A magnetoeleetr ic  method of continuous r eco rd -  
ing of the velocity of dielectr ic  media [ 1] and a capacitive method of measur ing the instantaneous velocity of 
a moving metal surface [2] are well recommended in a number of investigations. Unfortunately, quantitative 
measurements  are pract ical ly  impossible by using a magnetoeleetr ic  method for relat ively high p re s su res  
produced by metal impactors  because of the distort ion of the initiaI magnetic field by the impactor  motion. 
The capacitive method is quite responsive to interference and does not permit  real izat ion of measurements  of 
the velocity of the me t a l - condensed  dielectr ic  interface because of changes in the dielectr ic  permit t ivi ty  of 
the medium filling the intereiectrode spacing behind a strong shock front. 

A method [3] without the above-mentioned constraints  inherent to the magnetoelectic and capacitive 
methods, and permitt ing the real izat ion of continuous recording of the velocity of the condensed medium at 
higher shock-compress ion  p re s su res  is considered in this paper. Methods of measur ing the pa ramete r s  of 
shock-compressed  media, which are  s imi lar  in the physical  principles to the principle of the method proposed, 
are  examined in [4, 5]. 

1. P r i n c i p l e s  o f  t h e  I n d u c t i o n  M e t h o d  

Let a turn of radius R 1 with a negligibly small  conductor section be connected to a stabilized dc cur rent  
source and located in a condensed dielectr ic  medium 1 (Fig. la) at a height h 0 above a conducting half space 
2 with the e lectr ical  conductivity ~ -~ ~ ,  while there is a s tat ionary magnetic field in all space. The magnetic 
permeabil i ty  of the media are  t~l = P2 = P0, where t~0 is the magnetic permeabi l i ty  of a vacuum. If a change in 
the magnetic field should occur  in the dielectr ic  medium 1 for any reason,  an electromotive force (emf) of in- 
duetion ~1 will appear  in the turn. 

Let us t race the behavior  of the induction emf in the turn of a plane shock whose front is paral lel  to the 
interface of the medium is propagated from bottom to top over the system.  Although the wave front moves over  
the conductor, no induction emf originates in the turn. This deduction follows f rom [6, 7] in which it is shown 

Chelyabinsk. Translated f rom Zhurnal Prikladnoi Mekhaniki i Tekhnieheskoi Fiziki, No. 1, pp. 102-108, 
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that in an ideal conductor the field ahead of a shock front remains equal to its initial value. However, after the 

wave front has emerged on the interface at the time t = 0, the latter will be set in motion and concentric eddy 

currents will appear on the surface of the conducting medium. They evoke a change in the field in the upper 

half space and the appearance of the induction emf ~i dependent on the velocity of dielectric-conductor inter- 

face motion u(t) in the turn. In order to establish the dependence of ~1 on the velocity u(t), we turn to a co- 

ordinate system coupled to the conductor surface. In this coordinate system, the action of eddy currents on the 

field in the upper half plane is equivalent to the action of two fictitious turns. The first fictitious turns I (Fig. 

lb) is in the plane z = -h0, is fixed ("frozen" in the conductor), has the same magnitude and the same direc- 

tion of the current as there are in the true turn. The second fictional turn II is in the plane z = -h (t), has the 

same value of the current as does the true turn but the current direction is opposite. Just as the true turn, it 

approaches the plane z = 0 at the velocity u (t). For such a substitution scheme for the perfectly conducting 

half space, the induction emf ~I in the turn with dc current I 0 is related to the velocity u (t) by the following: 

~ l ( t )  = I~  (1 .1 )  

where  

(1.2) 

E (k~) and K(k~) a r e  comple te  el l ipt ic  i n t eg ra l s  of the second and f i r s t  kinds,  r e s p e c t i v e l y  (i = 1,2).  It is 
seen f r o m  (1.2) that  the coef f ic ien t  a 1 is a funct ion of  not  only the running d is tance  h (t) on the turn  to the 
conductor surface, but also a function of the initial distance h 0. The nature of the dependence of the coefficient 

e~ I on the quantity h/Ri for h0/R I = 0.45, 0.50, 0.55 is seen in Fig. 2 (lines 1-3, respectively). 

In contrast to an idealized scheme the dielectric medium acquires a noticeable electrical conductivity 

o-, behind the shock front under actual experiment conditions (see Fig. In), and the perfectly conducting half 

space is a metal plate with limited size (thickness, diameter) and with finite electrical conductivity o-. 

Let us estimate the value of the electrical conductivity of a shock compressed dielectric for which there 

is in interaction with the magnetic field of the turn with current. There is no such interaction in practice [8 ] 

if the magnetic Reynolds number is Re m = ~r.ulR~ << I, which is equivalent to the condition ~, << 102 (~" 

cm) -I for u = 5 km/sec. This latter condition is satisfied for many condensed dielectrics in a sufficiently 

broad range of shock compression pressures. For instance, the electrical conductivity of boron nitride is 0.37 
(~ �9 cm) -I under the shock compression pressure p -~ 50 GPa, while the electrical conductivity of potassium 

chloride is 1.47 (~ �9 era) -I under the same pressure [9]. 

The influence of finiteness of the electrical conductivity of metals and the boundedness of the dimensions 

of their plates on the signal being recorded was experimentally investigated in this paper in one of the possi- 

ble modifications for technical realization of the method. 

2. Description of the Experimental Set-Up and the Measurement Technique 

To increase the induction emf it is evidently expedient to utilize several rather than just one turn, i.e., 

an inductance coil. According to []0], a real inductance coil can result in the case of windings with negligibly 

small cross section. The equivalent parameters of a coil (sensor) are here determined as follows: 

h e =-h ,  B e = R ( i  -~ r2/24-R~). 

Here  h is the m e a n  d i s tance  between the winding and the conduct ing su r face ;  r, width of  the winding, and ~ ,  is 
mean  radius .  In c o n f o r m i t y  with the supe rpos i t ion  pr inc ip le  of the f ields of the turns  of the equivalent  induc-  
tance coil  and the r e l a t ionsh ips  (1.1) and (1.2),  the induct ion emf  is 

= Ioau~ (2.1) 

where 
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N is  the n u m b e r  of  t u r n s ,  and a I is  a f a c t o r  fo r  the equ iva l en t  turn .  

The s e n s o r  in th is  p a p e r  was f a b r i c a t e d  f r o m  e igh t  t u rns  of i n s u l a t e d  I - r a m - d i a m e t e r  c o p p e r  w i r e  with 
the v a l u e s  R e TM 16 ram,  r - 5 ram,  and winding t h i c k n e s s  of 2.5 ram.  P l a n e  shocks  w e r e  p r o d u c e d  in the 
m e d i a  be ing  i n v e s t i g a t e d  by  us ing  c y l i n d r i c a l  e x p l o s i v e  c h a r g e s  of  120- o r  2 0 0 - r a m  d i a m e t e r  with n o n s y n -  
e h r o n i z a t i o n  of the wave f ron t  mot ion  on a 100- ram d i a m e t e r  not  o r d i n a r i l y  exceed i r ig  0.1 u s e c .  The d u r a t i o n  
of the p r o c e s s  be ing  i n v e s t i g a t e d  l a s t e d  1-2 u sec .  The e x p l o s i o n  was r e a l i z e d  0.1 s ec  a f t e r  f eed ing  c u r r e n t  to 
the s e n s o r  loop.  C u r r e n t  in the s e n s o r  loop I 0 -~ 400 A was p r o d u c e d  by  us ing  b a t t e r i e s  i n s t a l l e d  in a p r o -  
t e c t ed  s t r u c t u r e .  A b u f f e r  induc tance  coi l ,  p l a c e d  2-3  m f r o m  the s i t e  of the e x p l o s i o n  in a c l o s e d  c o n t a i n e r  
b u r i e d  in the so i l ,  was connec t ed  in s e r i e s  with the s e n s o r  supp ly  loop to s t a b i l i z e  i t s  c u r r e n t .  

The magn i tude  of the c u r r e n t  I 0 a t  the t ime  of the e x p l o s i o n  was d e t e r m i n e d  by  the vo l t age  d rop  r e c o r d e d  
by  a loop o s c i l l o s c o p e  on a s t a n d a r d  1 - m ~  r e s i s t o r  inc luded  in the s e n s o r  supp ly  loop.  The  e l e c t r i c a l  r e s i s t i v -  
i ty  of the s e n s o r  and the r e s t  of the loop did not  exceed  60 m ~ .  S e n s o r  s igna l  d i s t o r t i o n s ,  due to the p r e s e n c e  
of the supp ly  c a b l e s ,  w e r e  e l i m i n a t e d  to a s i g n i f i c a n t  ex t en t  by  us ing  a 1 - u F  shunt ing  c a p a c i t o r  in the  con -  
t a i n e r  fo r  the b u f f e r  i nduc t ance  co i l .  The s igna l  was  taken  off f r o m  the s e n s o r  by  us ing  a m a t c h e d  r a d i o  f r e -  
quency  cab le  abou t  50 m long and was  a d e q u a t e  for  r e c o r d i n g  by  an e l e c t r o n i c  o s c i l l o s c o p e  a t  v e l o c i t i e s  u > 0.5 
k m / s e c  wi thout  a p p l i c a t i o n  of i n t e r m e d i a t e  a m p l i f i c a t i o n .  No m e a s u r e s  w e r e  t a k e n  to sh i e ld  the  m e a s u r i n g  
componen t .  

N a t u r a l l y ,  the s i gna l  be ing  r e c o r d e d  in a r e a l  e l e c t r i c a l  loop wi l l  d i f f e r  s o m e w h a t  f r o m  the e m f  induced  
in the s e n s o r .  The equ iva l en t  c i r c u i t  of a r e a l  loop fo r  the v a r i a b l e  c u r r e n t  and vo l t age  c o m p o n e n t s  i s  r e p r e -  
s en ted  in F ig .  3, w h e r e  L 1 is  the s e n s o r  induc tance ,  L 2 i s  the induc tance  of  the  b u f f e r  co i l  (L 2 >> L1) , RL is  
the load  r e s i s t a n c e ,  and C i s  the p a r a s i t i c  c a p a c i t a n c e  of the loop and the s e n s o r .  The induc t ion  e l e c t r o m o t i v e  
f o r c e  ~ ( t )  fo r  such  a c i r c u i t  is  connec ted  to the vo l t age  V (t) be ing  r e c o r d e d  by  the r e l a t i o n s h i p  

~" = (t ~- L1/L2)V -~ xdV/dt -~ T2d2V/dt 2, (2.2) 

w h e r e  T = L 1 / R  L, T 2 = LiC.  The loop p a r a m e t e r s  in th i s  p a p e r  a r e :  L 1 = 2 . 5 u H ,  L 2 =100t~H, R L = 5 0  ~ ,  C ~ 
500 pF .  I t  is  s e e n  f r o m  (2.2) tha t  C and L 1 m u s t  be  d i m i n i s h e d  to d i m i n i s h  the d i f f e r e n c e  b e t w e e n  the vo l t age  
V( t )  and the induc t ion  emf.  The in f luence  of the p a r a s i t i c  c a p a c i t a n c e  can  be  d i m i n i s h e d  i f  the s i gna l  i s  t aken  
off the m e a s u r i n g  co i l  c o a x i a l  with the  co i l  that  i s  the s o u r c e  of  the m a g n e t i c  f i e ld  r a t h e r  than  the l a t t e r .  In 
th is  c a s e  the f o r m u l a  f o r  ~ ( t )  can  be ob ta ined  if the s u b s t i t u t i o n  c i r c u i t  f o r  the  p e r f e c t l y  conduc t ing  ha l f  s p a c e  
( see  F ig .  lb)  is  u sed .  E x t r e m e  d iminu t i on  of L 1 is  not  d e s i r a b l e  s i n c e  the magn i tude  of the  s i gna l  be ing  r e -  
c o r d e d  would h e r e  be  d i m i n i s h e d ,  which would r e d u c e  the i n t e r f e r e n c e - i m m u n i t y  of the me thod .  

3.  R e s u l t s  o f  E x p e r i m e n t a l  C h e c k  O u t  o f  t h e  M e t h o d  

3.1. Inf luence  of  F i n i t e n e s s  of the  Meta l  E l e c t r i c a l  Conduct iv i ty .  Le t  the conduc t ing  ha l f  s p a c e  2 ( s ee  
F ig .  l a )  have the f in i te  e l e c t r i c a l  conduc t iv i t y  a ,  and l e t  i t s  i n t e r f a c e  with the d i e l e c t r i c  m e d i u m  1 a c q u i r e  a 
c o n s t a n t  v e l o c i t y  u beh ind  the shock  f ron t .  Obta in ing  an a n a l y t i c  e x p r e s s i o n  fo r  the induc t ion  e m f  ~ a  in the 
c a s e  of  f i n i t e n e s s  of the e l e c t r i c a l  conduc t iv i t y  ~ i s  a s u f f i c i e n t l y  c o m p l e x  p r o b l e m .  In th is  p a p e r  we l i m i t  
o u r s e l v e s  to j u s t  the c l a r i f i c a t i o n  of the func t iona l  connec t ion  be tw e e n  the induc t ion  e m f  ~ c  and the e l e c t r i c a l  
conduc t iv i t y  a .  We a s s u m e  the induc t ion  emf  can  be  w r i t t e n  in the  f o r m  

~ = / ( I o ,  ~to, u, R1, t, (~, ho) = Idz~u. (3.1) 

Then f r o m  (3.1) and r e a s o n i n g  f r o m  d i m e n s i o n a l  a n a l y s i s  [11] t h e r e  fo l lows  tha t  

a~ = ~a/ Iou  : ~tocP(ho/R1, ut/R1, ~to~uR~). 

This  l a t t e r  r e l a t i o n s h i p  a c q u i r e s  the f o r m  ~ a  = ~ c (~ au )  fo r  f ixed  v a l u e s  of  h 0 and R1, w h e r e  ~ = ut is  the 
d i s p l a c e m e n t  of the conduc t ing  f luid and a u  i s  a p a r a m e t e r  d e p e n d e n t  on the e l e c t r i c a l  c onduc t i v i t y  of  the 
m e t a l  and the l oad ing  cond i t ions .  In th is  p a p e r ,  m e t a l s  s u b s t a n t i a l l y  d i s t i n c t i v e  in t h e i r  e l e c t r i c a l  p r o p e r t i e s  
such  as  c o p p e r ,  l ead ,  b i s m u t h ,  w e r e  s e l e c t e d  to ob ta in  the e x p e r i m e n t a l  d e p e n d e n c e  ~ a  (~).  As  is  known, the 
s p e c i f i c  e l e c t r i c a l  conduc t i v i t y  of  c o p p e r  i s  ~ 10 t i m e s  g r e a t e r  than the e l e c t r i c a l  c onduc t i v i t y  of  l e a d  and 70 
t i m e s  g r e a t e r  than the e l e c t r i c a l  conduc t iv i ty  of b i s m u t h .  Two s e r i e s  of t e s t s  w e r e  p e r f o r m e d .  In the  f i r s t  
s e r i e s ,  a p lane  shock  of  r e c t a n g u l a r  p r o f i l e  was i n s e r t e d  f r o m  the a l u m i n u m  s c r e e n  1 (F ig .  4a) of  the e x p l o -  
s ive  a p p a r a t u s  into the  l e ad  o r  b i s m u t h  s p e c i m e n  2 and then  into the o r g a n i c  g l a s s  s p e c i m e n  3. The t h i c k n e s s e s  
(S) of s p e c i m e n s  2 and 3 w e r e  5 and 6 ram,  and t h e i r  d i a m e t e r s  w e r e  100 ram.  The  s i gna l  was r e m o v e d  by  u s -  
ing  the s e n s o r  4. The s e c o n d  s e r i e s  of t e s t s  (F ig .  4b) d i f f e r e d  f r o m  the f i r s t  in tha t  a c o p p e r  p l a t e  5 of 100- 
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m m  d i a m e t e r  and 0 . 3 - r a m  t h i c k n e s s  was  p l a c e d  on the i n t e r r a c i a l  b o u n d a r y  b e t w e e n  the l ead  (b i smuth )  and the 
d i e l e c t r i c ,  and a c q u i r e d  the v e l o c i t y  of th i s  i n t e r f a c e  s u f f i c i e n t l y  r a p i d l y .  Two k inds  of e x p l o s i v e  a p p a r a t u s  I 
and II wi th  known shock  p a r a m e t e r s  beh ind  the s h o c k  f ron t  in the  s c r e e n  1 w e r e  used  in the t e s t s  (u e = 1.46 
and 2.33 k m / s e c ,  r e s p e c t i v e l y )  to a s s u r e  an  i n i t i a l  p r e s s u r e  p -~ 40-80 G P a  in the  s p e c i m e n s  2. 

O s c i l l o g r a m s  of the  f i r s t  and second  s e r i e s  of  t e s t s  with b i s m u t h  p e r f o r m e d  on the e x p l o s i v e  a p p a r a t u s  1 
a r e  a l s o  p r e s e n t e d  in F i g s .  4a and b. The t i m i n g  m a r k e r  f r e q u e n c y  is  f = 10 MHz. In the f i r s t  s e r i e s  of  t e s t s  
with b i s m u t h ,  the m a g n e t i c  f ie ld  p e r t u r b a t i o n  l e a d i n g  the shock  f ron t ,  i . e . ,  the a p p e a r a n c e  of  the induc t ion  e m f  
in the s e n s o r  in a t i m e  ~ .  = 0 .3 -0 .35  ~tsec b e f o r e  the a r r i v a l  of the shock  on the b i s m u t h - d i e l e c t r i c  i n t e r f a c e ,  
i s  d e t e r m i n e d .  Th i s  t i m e  is  shown by the a r r o w  in F ig .  4a. It i s  d e t e r m i n e d  by  the d u r a t i o n  of  the p u l s e - c o r r e -  
sponding  to the o s c i l l o g r a m  of  the  second  t e s t  s e r i e s  (F ig .  4b) in  which t h e r e  i s  p r a c t i c a l l y  no m a g n e t i c  f i e ld  
p e r t u r b a t i o n  l e ad ing  the shock.  It is  a l so  not  r e m a r k e d  in both s e r i e s  of  t e s t s  with l ead .  The e x p e r i m e n t a l  
va lue  of T ,  fo r  b i s m u t h  is  in good a g r e e m e n t  with that  ob ta ined  in [6, 7] by  the f o r m u l a  7 .  = 1 / a 0 a D  2, w h e r e  
D is  the v e l o c i t y  of the shock  f ron t  in a m e t a l .  F o r  l ead  and c o p p e r  the c o m p u t e d  v a l u e s  of 7 ,  do not  exceed  
0.05 and 0.005 t~sec, r e s p e c t i v e l y .  

E x p e r i m e n t a l  d e p e n d e n c e s  a (~)  fo r  l e a d  ( c u r v e s  2 and 3) and b i s m u t h  ( c u r v e s  4 and 5 ) a r e  r e p r e s e n t e d  
in  F ig .  5a in c o m p a r i s o n  with the c o m p u t e d  d e p e n d e n c e  a ~  (4 )  = F c / I 0  u fo r  an  i d e a l  c o n d u c t o r  ( cu rve  1), the  
R o m a n  l e t t e r s  I and II c o r r e s p o n d  to the n u m b e r s  of the e x p l o s i v e  d e v i c e s .  Va lues  of the v e l o c i t y  u w e r e  d e -  
t e r m i n e d  f r o m  the known p a r a m e t e r s  of the e x p l o s i v e  d e v i c e s  and the shock  a d i a b a t s  of a l u m i n u m ,  lead ,  and 
b i s m u t h .  It i s  s een  tha t  the d e p e n d e n c e s  (~a ( ~ ) fo r  l ead  and b i s m u t h  a r e  n o t i c e a b l y  be low the d e p e n d e n c e  (~(4) 
f o r  a p e r f e c t  conduc to r .  The magn i tude  of the r e l a t i v e  d e v i a t i o n  6c~ a = (~ - o:a)./o~ h e r e  g r o w s  as  the  m e t a l  
s u r f a c e  i s  d i s p l a c e d .  F o r  a ~ = 2 m m  d i s p l a c e m e n t  the r e l a t i v e  d iminu t i on  of  the quan t i ty  c~ a i s  a p p r o x i m a t e l y  
10% f o r  l ead ,  and 20-30Yc fo r  b i s m u t h .  The  e x p e r i m e n t a l  d e p e n d e n c e s  c~ a (~)  fo r  c o p p e r  ( second  t e s t  s e r i e s )  
t u rned  out  to be qui te  c l o s e  to the d e p e n d e n c e  ~(~ ) fo r  a p e r f e c t  conduc to r .  The m a x i m a l  magn i tude  of 6 a  o 
fo r  c o p p e r  fo r  ~ = 2 ram,  e s t i m a t e d  f r o m  the da t a  fo r  l e ad  and b i s m u t h  (Sc~(r ~ 1/~-0~0), i s  3~c. 

The e x p e r i m e n t a l  d e p e n d e n c e s  u(t) e x t r a c t e d  f r o m  the V( t )  o s c i l l o g r a m s  in the  s econd  t e s t  s e r i e s  with 
Bi and Pb by  us ing  (2.1) and (2.2) with a s m a l l  e m p i r i c a l  c o r r e c t i o n  f o r  the f i n i t e n e s s  of the e l e c t r i c a l  con-  
d u c t i v i t y  of c o p p e r  t aken  into accoun t  a r e  r e p r e s e n t e d  in F ig .  5b. The o p e r a t i o n  of  e x t r a c t i n g  u (t) f r o m  the 
V( t )  o s c i l l o g r a m s  o f f e r s  no s p e c i a l  d i f f i cu l t i e s  when us ing  an e l e c t r o n i c  c o m p u t e r .  As  no ted  above ,  a shock  
with c o n s t a n t  p r e s s u r e  (ve loc i ty )  beh ind  the f ron t  was p r o d u c e d  in the s p e c i m e n  u n d e r  i nves t i ga t i on .  The e x -  
p e r i m e n t a l  d e p e n d e n c e s  ob ta ined  fo r  u (t) a c t u a l l y  have a p r a c t i c a l l y  r e c t a n g u l a r  p r o f i l e  and the v e l o c i t y  
va lue s  a g r e e  to • 2~  a c c u r a c y  with the  v e l o c i t i e s  d e t e r m i n e d  b y  the known shock  a d i a b a t s  of the m e t a l s  and 

the p a r a m e t e r s  of the e x p l o s i v e  d e v i c e s  I and II. 

3.2. Inf luence  o f  the Meta l  P l a t e  T h i c k n e s s .  The c o p p e r  p l a t e  t h i c k n e s s  was j u s t  0.3 m m  in the t e s t s ,  but  
a s  has  been  shown above ,  th is  t u r n e d  out  to be  su f f i c i en t  fo r  c o n s i d e r i n g  such  a p l a t e  a p e r f e c t l y  conduc t ing  
ha l f  s p a c e  with a good a p p r o x i m a t i o n .  It i s  ev ide n t  that  i f  the p l a t e  ( fo i l )  t h i c k n e s s  i s  d i m i n i s h e d  to v a l u e s  l e s s  
than  the t h i c k n e s s  of  the s u r f a c e  c u r r e n t  l a y e r  in c o p p e r ,  then the e f f ec t  of m a g n e t i c  f i e ld  d i f fus ion  th rough  i t  
s t a r t s  to a p p e a r ,  which  wil l  n a t u r a l l y  r e s u l t  in d i s t o r t i o n  of  the s i g n a l  be ing  r e c o r d e d .  The  in f luence  of th is  
e f fec t  on the s i g n a l  was s t ud i ed  in  a s p e c i a l  t e s t  s e r i e s  in two m e t a l s ,  c o p p e r  and a l u m i n u m .  The  foi l  t h i c k n e s s  
(not l e s s  than  100 m m  for  i t s  d i a m e t e r )  v a r i e d  be tw e e n  0.01 and 0.3 ram.  The d i e l e c t r i c  m e d i u m  in which the 
foi l  was p l a c e d  was  s u b j e c t e d  to l oad ing  by  a p l ane  shock  of  r e c t a n g u l a r  p r o f i l e .  It i s  found tha t  the s i gna l  is  
p r a c t i c a l l y  i n d e p e n d e n t  of the foi l  t h i c k n e s s  fo r  a p r e s s u r e  of p -~ 20 G P a  in  the  d i e l e c t r i c  if  i t s  magn i tude  i s  
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not  l e s s  than 0.1 m m  for  copper  and 0.2 m m  for  a l u m i n u m .  F o r  a p -~ 60 G P a p r e s s u r e  in the d i e l e c t r i c ,  the 
c r i t i c a l  t h i c k n e s s e s  of the copper  and a l u m i n u m  foils  a re  0.2 and 0.3 ram, r e s p e c t i v e l y .  

3.3. Inf luence  of the Conduct ing Surface  D i a me t e r .  F o r  a c o r r e c t  f o r m u l a t i o n  of the e x p e r i m e n t  i n f o r m a -  
t ion is n e c e s s a r y  about  the effect ive d i a m e t e r  of the eonduet ing  su r f ace  that  a s s u r e s  a p r a e t i e a l l y  comple te  
con t r i bu t i on  to the s igna l  be ing  r eeo rded .  In o r d e r  to ob ta in  such i n fo rma t ion ,  a s e r i e s  of t e s t s  was p e r f o r m e d  

to inves t iga te  the dependence  of the magni tude  of the s igna l  on the d i a m e t e r  of a hole in 0 . 3 - r a m - t h i c k  a l u m i -  
num foil mounted  in the d i e l e c t r i c .  It is  e s t ab l i shed  that  a conduct ing  su r f a c e  of 5R1 and 5.7R~ d i a m e t e r  for  
h0/t l  1 = 0.45 and 0.7, r e s p e c t i v e l y ,  a s s u r e s  a p r a c t i c a l l y  total  con t r ibu t ion  (99%) to the s igna l .  F o r  the R 1 -~ 
16 m m  s e n s o r  r ad ius ,  used  in this  paper ,  the effect ive d i a m e t e r  of the conduct ing  su r f ace  is  80-90 m m  for  

h 0 = 7-11 ram. 

4. P o s s i b i l i t i e s  o f  t h e  M e t h o d  a n d  E x a m p l e s  o f  I t s  A p p l i c a t i o n  

It is established in an experimental checkout of the induction method that the behavior of copper in shocks 
is close to the behavior of a perfect conductor. By application of the relationships obtained for perfect conduc- 
tors in Sees. I and 2, this fact permits realization of continuous recording of the velocity of the metal-dielec-  
tric interface with a sufficiently good approximation, when the magnitude of the electrical conductivity of the 
metal is close to the electrical conductivity of copper. To record the velocity of an interface between a die- 
lectric and a conductor with low electrical conductivity (bismuth, graphite, etc.) or the velocity of a dielectric 
medium, a thin, in the gasdynamic sense, but sufficiently thick, in the electromagnetic sense, copper or alum- 
inum foil (from 0. I-0.3 rnm in thickness depending on the foil material and the shock compression pressure) 
must be placed in the interface or in the dielectric. In the particular case when the dielectric is air, the 
method permits realization of continuous recording of the free surface velocity of the substance under investi- 
gation. When it is necessary to eliminate a small systematic reduction in the velocity associated with the 
finiteness of the electrical conductivity of the copper (aluminum) and not exceeding 3% ordinarily, a correc- 
tion induces changes in the results, and ~s determined by computational means or in special calibration tests. 
Tests performed up to now by using an induction method (under conditions known beforehand from other mea- 
surements) show that the experimental values of the velocities with the correction for the finiteness of the 
electrical conductivity of copper (aluminum) taken into account do not differ by more than • from those 
expected. As is shown, the magnetoelectric and capacitive methods possess analogous accuracy characteris- 
tics. 

Since the induction method permits realization of continuous recording of the velocity of a condensed 
medium, it can be applied to investigate complex shock processes, for instance: elastic--plastic waves, phase 
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t ransformat ions ,  ar t i f icial ly produced load, expansion, waves, etc. As an i l lustrat ion of the application of the 
method, an osc i l logram is represented in Fig. 6a of a tes t  to record  the separat ion of elastic and plastic waves 
in quartzite of 2.65 g / c m  3 density which is in contact with an explosive charge (diameter  and length are  200 
ram) comprised  of TG 50/50 after  an elastic wave has t raversed  a 55-ram path. The induction emf in this 
test  is due to the motion induced by a 0 .2-ram-thick aluminum foil in quartzi te for S = 55 ram. As is seen 
f rom Fig. 6a, the elastic wave leads the plastic by 0.8 tzsec. The quartzite mass  flow rate in the elastic prede-  
ce s so r  increases  f rom 0.3 k in / s ee  on its front to 0.45 kin/see  ahead of the plastic wave front, behind its front 
u = 1.35 kin/see.  

A specific pecul iar i ty  of the induction method and the methods in [4, 5] is the possibil i ty of graphic ob- 
servat ion of the phase t ransformat ions  in shocks associa ted with a substantial change in the e lectr ical  p rope r -  
ties of the mater ia ls  being investigated, i.e., t ransformat ions  of the d i e l e c t r i c - m e t a l  or  m e t a l - d i e l e c t r i c  
types. An example of the real izat ion of this pecul iar i ty  of the method might be the recording of the g r a p h i t e -  
diamond t ransformation.  As is known, diamond is a dielectr ic .  

A test  ose i l logram in which the velocity of the interface between graphite (S = 10 ram) and fluoroplastie 
(S = 7 mm) specimens was measured  by using a 0.2-ram-thick aluminum foil is presented in Fig. 6b. The 
density of the graphite in the test  was 2.10 g/era  3 and the density of the f iuoroplastic was 2.21 g/era  3. The 
velocity u = 2.3 kin/see ,  corresponding to the p res su re  p - 30 GPa, was determined. It is known [12] that the 
t ransformat ion of graphite into diamond s tar ts  under shock compress ion  at a p re s su re  of p -~ 20 GPa and is 
a lmost  completed for p ~- 40 GPa. 

An osc i l logram of a test  per formed under the same loading conditions (p ~ 30 GPa) but without the alum- 
inum foil at the g raph i t e - f luorop las t i c  interface is represented in Fig. 6c. As in the test  with bismuth (see 
Fig. 4a), it is seen that the leading magnetic field perturbat ions precedes  the exit of the shock f rom the conduc- 
tor at its interface with the dielectr ic .  In the test  with graphite,~i~0%'ever, the induction emf vanishes at the 
time of shock emergence  on the interface (noted by the a r row in Fig. 6e), which is a graphic indication of the 
shock compressed  graphite becoming a dielectr ic ,  i.e., the t ransformat ion of at least  a par t  of it into diamond. 
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