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G E N E R A L I Z E D  SHOCK A D I A B A T S  OF T H E  E L E M E N T S  

V. F .  A n i s i c h k i n  UDC 532. 593:536.711 

Shock adiabats are needed for the analysis of any kind of explosion processes.  They are the main source 
of information on the equations of state of substances at high pressures  and temperatures .  This also explains 
the great  interest  in their experimental determination. At the present time, approximately 1000 shock adiabats 
are known, including about 200 shock adiabats of many of the elements of the D~ I~ Mendeleev periodic table, 
determined by various authors. This large number of data makes it possible to analyze them statistically and 
to bring out definite regulari t ies.  

Generalized forms of the shock adiabats of substances have been proposed repeatedly, for example~ in 
[1-3]. Here the shock adiabats were assumed to be approximately linear in the coordinates mass ve loc i ty -  
velocity of shock wave. Below we discuss generalized shock adiabats of the elements which a re  free from this 
assumption. 

| 1. In the Coordinates mass ve loc i ty-ve loc i ty  of shock wave, experimental shock adiabats are usually 
approximated by simple analytical dependences, most frequently segments of straight lines: 

D ~ ~' -- )-~. (i.I) 

The quantity I in (i.I) can be regarded as the derivative X = dD/du at some intermediate point of the shook 

adiabat. The value of ;~ var ies ,  generally speaking, along the shock adiabat with an increase  of the compression 
in the sho ck wave. 

The distribution of the values of X or  of the derivatives with respect  to the shock adiabat (shown in Fig. 1) 
was plotted on the basis of approximately 150 experimental shock adiabats, approximated by segments of 
straight lines, mainly taken from [4, 5] (but, in the case of hydrogen, from [6]). On the vert ical  axis with an 

Novosibirsk. Translated from Zhurnal Prikladnoi Mekhanild i Tekhnicheskoi Fiziki, No. 3, pp. 117-121, 
May-June, 1978. Original ar t icle  submitted May 19, 1977. 
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accu racy  to 0.05, the number  of shock adiabats  having equal va lues  of the de r iva t ives  i s  plotted. As a r e su l t  
of this rounding-off  of the va lues  of X, the d i sc re t e  distr ibution i s  obtained: 

n = , z ( Z ) .  

It  c a n  be seen  that the coeff icients  X a r e  close to the i so la ted  va lues  ~- 1.2 and 1.5 for  a ma jo r i ty  of the shock 
adiabats .  

The  a p p e a r a n c e  of  two i so la ted  va lues  of  X could be the resu l t  of  an i nc rea sed  attention on the pa r t  of 
i nves t i ga to r s  to subs tances  having va lues  of X close to 1.2 and 1.5. Such a poss ibi l i ty  is  ruled out below by 
averag ing  the data of d i f ferent  authors .  

In Fig.  1 the dashed line r e p r e s e n t s  the sum of two Gauss ian  dis t r ibut ions ,  showing what the dis t r ibut ion 
should be if  the deviat ions of X f rom the two equal ly  probable  va lues  above a r e  random.  The a g r e e m e n t  is  
r a t he r  good, except  for  the boundar ies .  At the boundar ies ,  the dis t r ibut ions  mainly r e p r e s e n t  subs tances  
which undergo sharp ly  e x p r e s s e d  phase  t r ans i t ions ,  specif ical ly ,  carbon.  But phase  t rans i t ions  with shock 
compres s ion  bring about points  of inflection on the shock adiabats  and, consequently,  sha rp  changes in the 
value of I .  

Another  r e a s o n  for  r andom deviat ions of ~ f rom the two isola ted  va lues  may be exper imenta l  e r r o r s  in 
finding the shock adiabat ,  which, in individual c a se s ,  can r each  10% or  more  of the value of L 

In addition, the der iva t ive  with r e s p e c t  to a shock adiabat  is not constant,  va ry ing  w~th the degree  of 
compres s ion  of the subs tance  in the shock wave.  Such a nonlineari ty of the shock adiabats  has  been obse rved  
for  many subs tances  [4]. 

To par t i a l ly  e l imina te  these  r ea s ons  for  deviat ions of k f rom the two isola ted  va lues ,  the distr ibution 
shown in Fig. 2 was cons t ruc ted  in the following manner :  Regions of obi~ious phase  t rans i t ions  were  not con- 
s idered;  i f  s eve r a l  shock ad iaba ts  of the fo rm (1.1) we re  known for exact ly  the same  substance,  the data of the 
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different  au thors  we re  averaged ;  va lues  of  X w e r e  t aken  only with ident ical  deg ree s  of c o m p r e s s i o n  of the 
substance  V/V 0 = 0.675 a t  the shock front.  

The r e a s o n  for  the deviat ions of the value of 2~ f r o m  the two i so la ted  points can be both the e r r o r s  of  the 
expe r imen t  a s  well  a s  lack of a g r e e m e n t  of  the de r iva t ives  with r e s p e c t  to the shock adiabat  a s  functions of 
the re la t ive  vo lume V/V0; however ,  i t  is  impor t an t  to note that  the value of these  deviat ions ,  on the ave rage ,  
does  not exceed the poss ib l e  expe r imen ta l  e r r o r s  in de te rmina t ion  of  the shock adiabats .  

Dis t r ibut ions  analogous to that  given in Fig. 2 can be constructed a l so  for other  re la t ive  deg ree s  of 
compres s ion  of subs tances  in a shock wave.  The posi t ions  of  the m a x i m a  of such d is t r ibut ions  were  used to 
obtain the c u r v e s  shown in Fig.  3 for  the change in the de r iva t ives  with r e s p e c t  to the shock adiabats  for the 
f i r s t  (solid line) and second (dashed line) g roups  of e lements .  

In suppor t  of  the exis tence  of two groups  of e l emen t s  having shock adiabats  with ident ical ly va ry ing  
der iva t ives ,  t he re  is  a l so  the place which they occupy in the D. I.  Mendeleev table .  E lemen t s  making up the 
f i r s t  g roup  a r e  located mainly  at the s t a r t  of each per iod  of the s y s t e m  of e l emen t s  (in Figs .  1 and 2 they a r e  
m a r k e d  with sma l l  c i rc les ) ;  the second group i s  made up of the remain ing  e l emen t s  of the per iod  (shown by 
squares) .  Th is  i s  in a g r e e m e n t  with the postula t ion that the cha rac t e r  of  the compress ib i l i t y  of a substance  
is  mainly  de te rmined  by the degree  of filling of  the ou te r  e lec t ron  she l l s  of  t he i r  a toms .  

! 2. F r o m  what has  been said above,  i t  follows that,  within the l imi t s  of the e r r o r  of the expe r imen t s ,  
the de r iva t ives  with r e s p e c t  to the shock adiabats  m a y  be a s s u m e d  to be ident ical  functions of  the re la t ive  
volume for each of the s epa ra t e  g roups  of e l emen t s .  F o r  each of the g r o t e ,  the de r iva t ives  with r e s p e c t  to 
the shock adiabats  a r e  found to be equal for  ident ical  va lues  of V/V 0, i .e . ,  at  s t ra ight  l ines  depar t ing f rom 
the or igin  of coordinates  in the plane u, D. F o r  a p a r a m e t r i c  r ep re sen ta t i on  of a shock adiabat ,  

u = u (V /Vo) ,  D = D ( V / V o ) ,  

this  means  that  

d D i ( l ' / V 0 )  = dDj(V/Vo) (2.1) 
dui(V, Vo) duj(|"/Vo) " 

I f  the shock ad iaba ts  a re  continuous dependences  of the veloci ty  of the shock wave on the m a s s  veloci ty ,  then, 
in tegrat ing (2.1), we obtain 

k~u~( V/Vo)  = ksttj(  V 'V~) ,  k~D~(V V0) = k j D  j (V /Vo) ,  (2.2) 

where  k i and kj a r e  cer ta in  constants .  

Rela t ionship  (2.2) means  that the shock adiabats  of one group can be obtained f r o m  one another  by ex-  
tens ion  an ident ical  number  of t i m e s  along the coordinate axes  in the plane u, D; i .e . ,  they a r e  geomet r i ca l ly  
s imi l a r .  In the plane p, V/V0, the shock adiabats  can a lso  be supe r imposed  by extending a cor responding  
number  of t i m e s  along the axis  of p r e s s u r e s .  Since 

then, in acco rdance  with (2.2), we obtain 

p --= 9oDu,  

p ~(v lu) Poi k,~ 
pj(V/Vo) Poj k 2~ i 

(2.3) 
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Figure ,i shows both types of generalized shock adiabats, together with some experimental shock adiabats 
t ransformed using formulas (2.2). The same figure shows the mean experimental e r ro r s .  It can be seen 
that the shock adiabats of different elements are superimposed. 

~3. The geometr ic  similari ty of the shock adiabats of one group makes it possible, in accordance with 
(2.2) and (2.3), to reconstruct  a shock adiabat from one experimental point, excluding regions of two-phase 
states. The statistical resul ts  set forth above also make it possible to select, out of several known experi-  
mental shock adiabats, the most reliable one, which should be geometrically similar to the shock adiabats of 
the same group. 

The elements of each of the two above separate groups have different shock compressibilit ies.  The most 
easily compressed elements a re  lithium, sodium, and potassium in the first  group, and hydrogen and its iso- 
topes in the second. Potassium was compressed 3.5 t imes in a single shock wave [4] and deuterium, 3 times 
[6]. The georaetric similari ty,  satisfied with a good degree of exactness, makes it possible to construct 
the shock adiabats of difficultly compressible elements up to the same large relative densities. In an experi-  
ment, to compress ,  for example, iron by 3 t imes,  a p ressure  of around 60 Mbar in the shock wave was r e -  
quired, and, to compress  molybdenum by 3.5 t imes,  a pressure  of around 80 Mbar was needed. 

With shock compression, as has been found, only elements of one group behave in a similar manner. It 
follows from this that shock-wave processes can be modelled only using substances of one group. 

In conclusion, it must be noted that, due to the lack of literature data, all the elements of the periodic 
system have not been investigated above. In addition, the results have a statistical character. Therefore, 
deviations from the observed regularities exceeding the mean error of the experiment are possible~ 

The author wishes to express his thanks to Vo M. Titov and Yu. Io Fadeenko for their useful observations. 
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