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Up to p r e s s u r e s  of 2 m b a r ,  curves  have been r eco rded  exper imenta l ly  for  the shock c o m p r e s -  
sion of paraf f in  and for  two p a r a f f i n - t u n g s t e n  mix tu res ,  containing 66.2 and 84.0 wt. 70 tungsten. 
It  is shown that ove r  the whole range of p r e s s u r e s  invest igated exper imenta l ly ,  the mix tu re  
shock adiabat ic  curves  sa t i s fy  the pr inciple  of additivity. Attention is cal led to the g rea t  po-  
tent ial  of the method of weighting addit ives for  the invest igat ion of light media  at high shock 
p r e s s u r e s .  The c r i t e r i a  for  the appl icabi l i ty  of the pr inciple  of additivity have beenanalyzed .  

The introduction of d i spe r se  weighting addit ives into light media  i n c r e a s e s  the i r  mean density and, con- 
sequently,  a l so  the p r e s s u r e  in the shock wave a r i s ing  with the slowing down of the shock agents.  This  s i m -  
ple method fo r  increas ing  the p r e s s u r e s ,  pe rmi t t ing  a cons iderable  broadening of the exper imenta l  poss ib i l i -  
t ies  in the invest igat ion of the compres s ib i l i t y  of light compounds,  was  developed and put into p rac t i ce  at the 
beginning of the nineteen f i f t ies  by the p r e s en t  authors .  The mix ture  method was developed independently by 
A. N. Dremin  and I. A. Karpukhin [1]. Some of i ts  theore t ica l  a spec t s  have been d i scussed  recent ly  by V. N. 
Nikolaevskii [2]. 

The bas i s  of mixture  methods is the assumpt ion  of a sufficiently exact  sa t i s fac t ion  of the rule  of addi-  
t ivity.  In the addit ive approximat ion,  the volume of the s h o c k - c o m p r e s s e d  mix ture  is a s sumed  equal to the 
sum of the vo lumes  of i ts  components ,  obtained at the same p r e s s u r e s  by sepa ra t e  shock compress ion ,  in the  
f o r m  of homogeneous monolithic samples .  This  condition is  e x p r e s s e d  by the re la t ionship 

Vl~ (p) = alVl (p) + ~V, (p) (1) 

Here  p is the p re s su re ;  V12 is the specif ic  volume of the mixture;  V 1 and V 2 a r e  the specif ic  volumes  
of the light and heavy components  with the shock c o m p r e s s i o n  of each of them independently; a l  and at2 a re  
the i r  weight concentra t ions  (al+ a2 = 1); the double subscr ip t  12 denotes the mixture .  Equation (1) p e r m i t s  
finding the adiabat ic  curve of the light component  f r o m  the adiabatic  cu rves  of the mix tu re  and the heavy 
component.  

We turn  to the conditions which de te rmine  the accu racy  of the additive approximat ion.  The r e su l t s  of 
dynamic expe r imen t s  es tab l i sh  a dependence of the specif ic  volume of the mix tu re  on the p r e s s u r e  and, for  
each p - V l x - s t a t e ,  de te rmine  the specif ic  energy  of the shock compres s ion  

~1~ = V, p ( v l ~ 0 - -  v,~) 

The las t  equation may  a lso  be wri t ten  in the f o r m  

cq81" + a26~* = ~/~p [a~ (Vlo - -  Vi*) + a~ (V20 -- V2*)] (2) 

Here  ~1" and ~2" a re  the specif ic  c o m p r e s s i o n  ene rg ie s  of the components ,  acquired  with compres s ion  
of the mixture;  VI* and V2* a re  the i r  specif ic  vo lumes  under  the same  conditions; V10 and V20 a r e  the i r  ini- 
t ia l  volumes .  
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Fig. i 

In  a d d i t i o n  to  E q .  (2), t h e  c o n d i t i o n  of  a d d i t i v i t y  d e m a n d s  t h e  s a t i s f a c t i o n  of  t h e  term-by-term e q u a l i -  

t i e  s 

el* = lt~p (vl~ - -  v l * ) ,  e~* = 1/~p (v~o ~ v~*) (3) 

c o i n c i d i n g  w i t h  t h e  H u g o n t o t  e q u a t i o n s  f o r  t h e  i n d i v i d u a l  c o m p o n e n t s .  I n  t h i s  c a s e ,  a s  f o l l o w s  f r o m  t h e  s y s -  

t e m  (2), (3), t h e  v a l i d i t y  of  o n e  o f  t h e  e q u a t i o n s  of  (3), w i t h  c o m p r e s s i o n  of  t h e  m i x t u r e ,  i s  a l s o  e v i d e n c e  of 

t h e  s a t i s f a c t i o n  of t he  I I u g o n i o t  e q u a t i o n  f o r  t h e  o t h e r  c o m p o n e n t .  
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Equations (3), and consequently also Eq. (1), a re  approximate ,  since they a s sume  the complete  identity, 
which does not exis t  in real i ty ,  of the compres s ion  p r o c e s s e s  of pa r t i c l e s  in heterogeneous mixtures ,  with 
the shock c o m p r e s s i o n  of the homogeneous components .  They a re  comple te ly  exact  only for  an idealized 
situation, when the pa r t i c l e s  of one of the components  (for example,  the heavy one) a re  incompress ib le  and 
non-heat-conducting.  F o r  this component,  Eq. (3) is sa t i s f ied  since both the c o m p r e s s i o n  energ ies  and the 
d i f fe rences  between the initial and final volumes  r e v e r t  to zero .  Equations (3) hold a lso  for  hypothetical 
m a t e r i a l s  with null Gruneisen coefficients,  in which no t h e r m a l  p r e s s u r e s  a r i s e  with compress ion .  F o r  all  
the rmodynamic  p r o c e s s e s ,  in both mixed and monolithic s ta tes ,  the specif ic  vo lumes  in this case  a re  s ingle-  
valued functions of the p r e s s u r e s .  

F o r  r ea l  substances ,  the e r r o r s  in de terminat ion  of the shock adiabat ic  curve for  one of the compo-  
nents (for example ,  the light component) f r o m  the shock adiabat ic  curve for  the mix tu re  a re  less ,  the l e s s  
the re la t ive  volume occupied by the other  fraction,  and the s m a l l e r  of the f rac t ion  of the energy enter ing it 
with shock compress ion .  It is the re fo re  advisable  to use  addit ives which a re  as heavy as poss ible  and as  
incompress ib le  as poss ible .  In addition, for  any given pa i r  of components,  the additive approximat ion  is 
m o r e  r igorous  at lower  shock p r e s s u r e s  and l e s s  accu ra t e  with la rge  ampl i tudes  of the shock waves,  under  
conditions when the course  of the c o m p r e s s i o n  curves  depends cons iderably  on the entropy. 

The results of [2], expressed by the following relationships, are not in agreement with these simple 
concepts  

~:* = :/~ p(Vlo-- V1) + a2:/~p (V2o- -  Vlo + y~-- V,) 
~2" = 1/~ p (Vfo - -  VD + al  1/2 p (Vlo - -  V~o + Vl - -  V~) 

AS follows f rom these equations, with the shock c o m p r e s s i o n  of mixtures ,  there is a lways an inc rease  
in the internal  energy  of the component  with the sma l l e s t  initial specif ic  volume (even in the case  when the 
component  is incompress ib le  and non-heat-conducting) .  With regard  to the light component, in accordance  
with [2], i ts  internal  energy r i s e s  with p r e s s u r e  l e s s  than fo r  the Hugoniot adiabatic  curve  of the continuous 
substance and, as the fo rmulas  show, at  sufficiently high concentra t ions  of the heavy component,  c a n b e c o m e  
negative.  These  paradoxica l  conclusions a re  explained by the fact  that, with a l imit ing t rans i t ion  to an in- 
finitely smal l  th ickness  of the front,  the f o r c e s  of in teract ion between the pa r t i c l e s  were  not taken into ac -  
count c o r r e c t l y  in [2]. 

F o r  the exper imenta l  invest igat ions the p resen t  authors  chose mix tu res  of paraff in  and tungsten, i.e., 
subs tances  which differ  very  s t rongly  in the i r  densi t ies  and eompress ib i l i t i e s  (in the i r  densi t ies  by 21 t imes  
and in the i r  compress ib i l i t i e s  by approx imate ly  4 t imes) .  M e a s u r e m e n t s  ove r  a wide p r e s s u r e  range were  
made  in pure  paraf f in  (mean densi ty 0.9 g / c m  3) and in two mixed composi t ions  with the following values  of 
the mean  densi t ies ,  p, g / c m  3, and of the weight, q, and volumet r ic ,  Q, concentra t ions  of tungsten: 

r a% Q% 
Light mixture 2.44 66.2 8.4 
Heavy mixture 4.5t 84.0 t9.8 

Table 1 gives  the resu l t s  of shock expe r imen t s  c a r r i e d  out using the s tandard method [3, 4]; the r e -  
stilts are illustrated in Fig. la, by curves I and 2 for light and heavy mixtures and P for paraffin. Table i 
shows the material of the sample and its density p, g/cm3; the material and velocity of the shock agents w 
creating the pressure; the wave D and mass U velocities; the pressure p; and the relative densities cr=p/po, 
i.e., all the parameters characterizing the shock states in the samples. The values of the wave velocities 
were obtained by averaging the results of several experiments. The mass velocities were foundusing graphic 
plots on pressure-velocity diagrams, and the pressures and the densities from the equations of the laws of 
c onse rvation p = p0UD and p = po D (D -- U)- I. 

In DU-coordinates, the shock adiabatic curves obtained for mixed compositions (and for tungsten in 
accordance with [4, 5]) are described by the following linear relationships: 

D = 2.80 + 1.225 U (for light mixture) (4) 
D = 2.32 + t.26 U (for heavy mixture) (5) 
D = 4.0 + t.285 U (for tungsten) (6) 

F igure  lb  g ives  pV d i a g r a m s  for  the mixed composi t ions  and for  tungsten, plotted using Eqs.  (4)-(6). 
Three  dependences a r e  given he re  fo r  tungsten. One of them (the solid line) is the Hugoniot adiabatic  curve,  
approximat ing  the r e su l t s  of d i rec t  m e a s u r e m e n t s  of the shock compress ib i l i t y  of paraff in.  I ts  p a r a m e t e r s  
a r e  given in Table 2. The o ther  two c u r v e s w e r e  found by the mix ture  method, by substi tut ing into Eq. (1) 
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the specif ic  volumes  of tungsten and the light phase  (dashed curve),  and of tungsten and the heavy mix tu re  
(dotted curve).  

As follows f r o m  the course  of the curves ,  over  the whole exper imenta l ly  invest igated region of p r e s -  
su res  up to 2 mba r ,  the adiabatic  curve  fo r  paraf f in  obtained by the usual  method prac t ica l ly  coincides with 
the adiabatic  cu rves  found f r o m  expe r imen t s  with mixed composi t ions.  This  impor tant  resu l t  is evidence 
of the val idi ty of the pr inciple  of addit ivity ove r  a wide range  of the rmodynamic  p a r a m e t e r s ,  and of the g r ea t  
p r o m i s e  of the method of weighted addi t ives  for  the invest igat ion of light media  at high p r e s s u r e s .  

The exper imenta l  advantages  gained with the introduction of weighted admix tu res  a r e  ve ry  cons ide r -  
able.  This  can be seen f r o m  the data of Table  1 and f r o m  the p r e s s u r e - v e l o c i t y  d i ag ram (Fig. lb).  This  
d i ag ram gives  plots  of the adiabat ic  curves  fo r  paraf f in  and p a r a f f i n - t u n g s t e n  mix tu res ,  and curves  for  the 
slowing down of i ron shock agents .  To obtain data on the compress ib i l i t y  of pure  paraf f in  at a p r e s s u r e  of 
800 kbar ,  there  is requi red  a veloci ty  of a s teel  shock agent equal to 8.6 k m / s e c ,  using a mix tu re  with66%W, 
a veloci ty  of 5.85 k m / s e c ,  and with the introduction of 84% tungsten (volumetr ic  content Q=20%), a veloci ty 
of only 4.5 k m / s e c .  S imi la r  ve loc i t ies  a re  eas i ly  obtained in launching devices  of the s imples t  type, de- 
sc r ibed  in [3, 4]. 
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