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Th i s  p a p e r  g ives  the r e s u l t s  of  an  e x p e r i m e n t a l  i n v e s t i g a t i o n  of  the s ing le  and double  shock  c o m -  
p r e s s i b i l i t y  of p o l y t e t r a f l u o r o e t h y l e n e  ( T e f l o n )  and m e a s u r e m e n t s  of  the v e l o c i t y  of sound  beh ind  the shock  
f ron t .  

The s i ng l e  shock  c o m p r e s s i b i l i t y  of  Tef lon  was  i n v e s t i g a t e d  by  the r e f l e c t i o n  me thod  [1]. The v e l o c i t y  
of  p r o p a g a t i o n  of  the shock  f ron t  in the s a m p l e s  was  m e a s u r e d  by  the e l e c t r i c  c o n t a c t  me thod  [2]. In c a l c u -  
l a t i o n  of  the c o m p r e s s i o n  p a r a m e t e r  beh ind  the shock  f ron t s  the s c r e e n  e x p a n s i o n  i s e n t r o p e s  w e r e  i d e n t i f i e d  
with the m i r r o r  i m a g e s  of  the shock  a d i a b a t s  [2]~ The d y n a m i c  a d i a b a t s  of  c o p p e r ,  i r o n ,  and a l u m i n u m  used  
in  th i s  c a s e  w e r e  taken  f r o m  [3, 4]. The d e n s i t y  of  the i n v e s t i g a t e d  Tef lon  s p e c i m e n s  was  P0 = 2.19 g / c m  3. 
The e x p e r i m e n t a l  r e s u l t s  which  c h a r a c t e r i z e  the s ing le  shock  c o m p r e s s i b i l i t y  of Tef lon  a r e  shown in 
Tab le  1, which  g ives  the s c r e e n  m a t e r i a l ,  the m a s s  v e l o c i t y  U .  in i t ,  the wave  v e l o c i t y  D and m a s s  v e l o c i t y  
U in Tef lon ,  the shock  c o m p r e s s i o n  p r e s s u r e  P ,  and the r e l a t i v e  c o m p r e s s i o n  (7 = P/Po. In F ig .  1 (curve  1) 
the  d a t a  of Table  1 a r e  c o m p a r e d  with  the r e s u l t s  of  s i m i l a r  i n v e s t i g a t i o n s  by  o t h e r  a u t h o r s  [5] ( cu rves  2, 
3,  and  4 c o r r e s p o n d  to P0 = 2.16,  2.179,  and 2.24 g /cm~) .  Beg inn ing  a t  U = 1 k m / s e c  the r e l a t i o n s h i p  D(U) 
i s  p r a c t i c a l l y  l i n e a r  and  can be r e p r e s e n t e d  by  the e x p r e s s i o n  

D = 2 . i8  + i .58 U 

When U _< I k m / s e c ,  the c o u r s e  of  c u r v e  D(U) i s  such  (see F ig .  1) t ha t  D o = 1.5 k m / s e c .  Th i s  va lue  
c o r r e s p o n d s  e x a c t l y  wi th  the va lue  of  the e l a s t i c  v e l o c i t y  of  sound  m e a s u r e d  in [6]. A n o t h e r  po in t  t ha t  
shou ld  be  noted i s  the c u r v a t u r e  of r e l a t i o n s h i p  D(U) of  Tef lon  which  i s  c h a r a c t e r i s t i c  of o r g a n i c  c o m p o u n d s ,  
and  i s  p r o b a b l y  due to the i n c r e a s e  in s p e c i f i c  h e a t  of  the s u b s t a n c e  with  i n c r e a s e  in  t e m p e r a t u r e .  The ab -  
s e n c e  of a p p r e c i a b l e  k inks  on the shock  c o m p r e s s i b i l i t y  c u r v e  s u g g e s t s  tha t  no phase  t r a n s f o r m a t i o n s  o c c u r  
in the i n v e s t i g a t e d  s u b s t a n c e .  

The  shock  a d i a b a t  of  Tef lon  i s  r e p r e s e n t e d  by  an equa t ion  of  s t a t e  with l i m i t i n g  d e n s i t y  
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TABLE 1 

Screen 
~,, kin/see D, km/sec u, km/sec P, kbar a material 

Copper 
Copper 
Alumilmm 
Aluminum 
Copper 
Aluminum 
Aluminum 
Iron 
Iron 

0.17 
0.34 
i .t4 
t .50 
'1.76 
2.70 
3.70 
3.08 
4.55 

2A5 
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4.46 
5.i6 
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7.t2 
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9.28 

t2.35 

0.30 
0.64 
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i .86 
2.70 
3.t8 
4.25 
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t4 
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i42 
2t0 
376 
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819 
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i .i62 
i .310 
i .482 
t .564 
i .  738 
1.807 
1.932 
1,910 
2.093 
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TABLE 2 

Compression parameters of Tef- 1 Compression parameters of Tef- 
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with the fo l lowing  p a r a m e t e r s :  i n i t i a l  d e n s i t y  of s u b s t a n c e  
P0 = 2.19 g / c r n  3, i n i t i a l  v e l o c i t y  of  sound  C o = 1.81 k m / s e c ,  
p o l y t r o p i c  i ndex  n = 6, l i m i t i n g  d e g r e e  of  c o m p r e s s i o n  h = 3.4.  
The t h e o r e t i c a l  c u r v e  of  P(cr) with the e x p e r i m e n t a l  po in t s  i s  
shown by the d a s h e d  l ine  in F ig .  2. 

We a l s o  i n v e s t i g a t e d  the double  s h o c k  c o m p r e s s i o n  of  
Tef lon  by  the m a g n e t o e l e c t r i c  m e t h o d  of d e t e r m i n i n g  m a s s  
v e l o c i t i e s  [7]. In the f i r s t  s e r i e s  of  e x p e r i m e n t s  the double  
c o m p r e s s i b i l i t y  was  m e a s u r e d  in  the  c a s e  of a h e a d - o n  c o l l i -  
s ion  of p lane  shock  w a v e s  by  the m e t h o d  d e s c r i b e d  in d e t a i l  in 
[8]. The s e t u p  of  t h e s e  e x p e r i m e n t s  i s  shown in F ig .  3a  [1) 
e x p l o s i v e  c h a r g e ;  2) pa ra f f i n  s c r e e n  10 m m  thick;  3) Tef lon;  
4) m a g n e t o e l e c t r i c  p ickup  l oop  of  0 . l - r a m  th ick  a l u m i n u m  foi l  
wi th  l e a d s  to o s c i l l o g r a p h ] .  The t h i c k n e s s  L 0 of the Tef lon  
l a y e r  e n c l o s e d  b e t w e e n  the c r o s s p i e c e s  of  the  p ickup  loop  
was  15 r am.  One of the ob t a ined  o s c i l l o g r a m s  i s  shown in 
F ig .  4a ,  w h e r e  the s c a l e  f r e q u e n c y  i s  5 MHz. As was  shown 
in [8], the s m a l l  s t e p  in  the  m i d d l e  of  the l e a d i n g  edge  of the 
f i r s t  s u r g e  c h a r a c t e r i z e s  the d i f f e r e n c e  in  t i m e  of a p p r o a c h  of  
the shock  w a v e s  to the loop  f r o m  o p p o s i t e  s i d e s .  The s h o u l d e r  
in the m i d d l e  of  the t r a i l i n g  edge  c o r r e s p o n d s  to the d i f f e r e n c e  
in t i m e  of  a r r i v a l  of  r e f l e c t e d  s h o c k  w a v e s  a t  the l oop .  The 
a m p l i t u d e  of the pu l se  on the o s c i l l o g r a m  c o r r e s p o n d s  to twice  
the m a s s  v e l o c i t y  of  mot ion  of the l o o p  c r o s s p i e c e  (2 Us). 

The r e s u l t s  of the e x p e r i m e n t  a r e  p r e s e n t e d  in the f i r s t  
l ine  of  T a b l e  2, which  g i v e s  the  s c r e e n  m a t e r i a l  and U . ,  the 
c o m p r e s s i o n  p a r a m e t e r s  of the s p e c i m e n s  fo r  the f i r s t  s h o c k  
w a v e ,  and the c o m p r e s s i o n  p a r a m e t e r s  of  the s p e c i m e n s  fo r  
the s e c o n d  ( r e f l ec t ed )  shock  wave  (1312 i s  the v e l o c i t y  of p r o p a -  
ga t ion  of  the r e f l e c t e d  wave  r e l a t i v e  to the  moving  m a t e r i a l ,  
P2 i s  the p r e s s u r e  beh ind  the r e f l e c t e d  wave  f ron t ,  ~2 = P2/p0 
i s  the r e l a t i v e  c o m p r e s s i o n ) .  

Fig. 2 A modified version of this method was also used in the 

case where double compression of Teflon specimens 4-5 mm 
thick was effected (see Fig. 3b) by a shock wave reflected from a screen 5 placed behind the Teflon speci- 

men 3. The screen in this ease was copper, which has a greater dynamic rigidity than Teflon. One of the 
oscillograms of this series of experiments is shown in Fig. 4b. The first surge of the left-hand pulse on 

the oscillogram corresponds to the moment of arrival of the compression shock wave at the first cross- 

piece of the pickup loop 4. The amplitude of the left-hand pulse is proportional to the mass velocity U I in 

the compression wave. The flat top of the pulse corresponds to the time ti of motion of the shock wave with 

velocity DI through the specimen to the second crosspiece of the loop, so that D l = L0/t i. At this instant 

the beam on the oscillogram drops to the zero line. The first surge of the right-hand pulse on the oscillo- 

gram corresponds to the arrival at the loop of the reflected wave from the copper screen. During the time 

interval t 2 the reflected wave moves with velocity DI2 through a specimen previously compressed by the 

first shock wave (DI2 = L0/~it2)- The amplitude of the right-hand pulse is proportional to the change in the 
mass velocity AU in the reflected shock front. Thus, the first pulse corresponds to compression of the 

Teflon by the first compression wave, while the second pulse corresponds to its compression by the second 
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TABLE 3 

S o r r e l 2  
material 

Paraffin 

u.. km/sec 

t .41 
2.03 

Compression wave parameters 

D,,km/sec t u,,km/sec P,, kbar 
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1.460 
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c, km/sec 
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Fig. 3 

Fig.  4 

shock wave reflected from the copper screen. The experimental results 
are given in the second line of Table 2. The described method provides 
experimental points characterizing the double compressibility in the 
intermediate pressure region between the pressure produced by single 
compression and the pressure attained by head-on collision of the shock 
waves. The compression parameters of the specimens for the first 
shock wave in these two series of experiments was determined from 
the wave velocity DI, measured in specially conducted experiments, and 
the well-known relationship D(U) for Teflon (see Fig. I) 

P1 = PoU1D1, ~l =D1 (Di -- U~) -1 

Fo r  the case  of h e a d - o n  co l l i s i on  of shock waves  the c o m p r e s s i o n  p a r a m e t e r s  of Tef lon  for the s e c -  
ond shock wave were  d e t e r m i n e d  in  a c c o r d a n c e  with [8] 

�9 P ~ P ~  P~, P ~ = P I + ~ U 1  ~', D J2= p~__p~ U1 

The c o m p r e s s i o n  p a r a m e t e r s  of Tef lon  for  the shock wave r e f l ec t ed  f r o m  the copper  s c r e e n  were  
ca l cu l a t ed  by us ing  the fol lowing e x p r e s s i o n s :  

plp~ L0 
P~ = P1 + R1AUD12, DI2 ~ p---~---~ pj AU, ~2 - -  Lo - -  Uitl - -  AUtz 

Here  Pl and P2 a re  the dens i t i e s  beh ind  the f i r s t  and second  shock f r on t s ,  r e s p e c t i v e l y ;  AU is  the 
change in  ve loc i ty  of mot ion  of the c r o s s p i e c e  of the m a g n e t o e l e c t r i c  p ickup due to the a r r i v a l  of the r e -  
f lec ted  shock wave f r o m  the copper  s c r e e n ;  L0 is  the in i t i a l  t h i ckness  of the s p e c i m e n ;  tl and t2 a r e  the 
t i m e s  t aken  by the f i r s t  and r e f l e c t e d  shock waves ,  r e s p e c t i v e l y ,  to pass  through the s p e c i m e n  (see Fig.  l b ) .  
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In Fig. 2 the data of Table 2 are compared with the single-compression shock adiabat. Investigations 
of the shock compressibility of Teflon were supplemented by observation of the rarefaction waves by the 
method described in detail in [9, I0]. The setup of these experiments is shown in Fig. 3c [I) explosive 
charge; 2) paraffin screen; 3) Teflon specimen; 4) H-shaped aluminum foil pickups with leads to oscillograph, 
depth of pickup in specimen L 0 ~ 5 ram]. One of the obtained oscillograms is shown in Fig. 4c (D is the 
compression shock wave, C is the centered rarefaction wave). The maximum rarefaction wave velocities 

determined in this way 

L o -  U~t3 
C = g l  + t.'b-~L,,/D 

are  given in Table 3 together  with the pa ramete r s  of the compress ion  wave for Teflon. These velocit ies 
of ra refac t ion  waves cor respond  to an expansion isentrope gradient  

( ~ P \  

which practically coincides with the gradient of the single-compression shock adiabat. 
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