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Interpolation express ions  of the equations of state and the coefficient of the rmal  conductivity 
a re  presented for  iron ( s -phase ) ,  aluminum, nickel, lead, and titanium. These express ions  
constitute a new way of writing the equations of state presented in [1]. The express ion for the 
"cold energy" is interpolated within the compress ion  interval 0.9<_ 6 <- 2.0 in such a way 
that the cold p res su re  and the square of the veloci ty of sound would be polynomials of powers 
6 - 1 .  

1. The objective of this work is to reduce the equation of state to a form which is convenient in the 
study of p r o c e s s e s  in a t ransi t ion region, when the p res su re  is still close to unity, but nonlinear p rocesses  
are  a l ready significant. In this region we cannot confine ourselves  to the considerat ion of the spherical  
s t rain tensor .  Therefore  we must introduce, into the cold energy of the material ,  a t e r m  which takes into 
account the distort ion energy.  This t e rm is introduced in such a way that the energy of cold deformation in 
the case of small  s t rains  would coincide with the cold energy used in the l inear  theory  of elasticity.  In the 
case of comparat ively  small  compress ions  and small deviators of the s t ra in  tensor ,  the express ions  being 
used lead to the rat io of veloci t ies  of the longitudinal and t r ansve r se  waves which according to the theory  
of Debye a r i s e s  f rom the representa t ion of the thermal  par t  of the energy  [1] (the veloci ty  of the t r ansve r se  
waves depends on the tempera ture ,  but the authors found no information in the l i te ra ture  which would en-  
able to take into account this dependence: also the tensor  dependence of thermal  conductivity on the d i rec -  
tion of deformation of the medium is not taken into account). 

The investigation being descr ibed here was undertaken to formulate  the equation of state in a form 
which is suitable for the closure of the equations of the nonlinear theory of e las t ic i ty  proposed in [2]. For  
the complete c losure  of these equations it is necessa ry  yet to specify the dependence of the relaxation 
t ime ~- of shear  s t r e s se s  on the state of the medium. 

For  the descript ion of a t r iaxial  s t ra in  xi'  = aixi  we can use the tension coefficients a t along the pr in-  
cipal axes ( i=1,  2, 3). 

Following [2], instead of a i  we introduce the pa rame te r s  and invariants of the s t ra in  tensor  

6 = p /po- - - -  (ala2a3) -I, at : l n a ~ ,  d~ = a ~ - - ( a l - 4 - a 2  ~ z 3 ) ! 3  

D = 1 / 2 ( d l  2 q-d22 q-d3~), A = dld2d 3 = 1 / 3 ~ d ~ i / 2 3  q- d8 a) 

For  small  s t rains  Gi pract ica l ly  coincide with ci, the principal  values of the s train tensor ,  while a i 
coincides with the principal  values of its deviator. Considering s t rains  that are  close to spherical  t ra ins  
we confine ourse lves  to the l inear dependence of the internal energy per  unit mass  of the mat ter  on D with 
a coefficient which depends on the density. 

The dependence of the energy on the entropy S has been taken f rom [1]. The coefficient 7 (6), de-  
pending on the tempera ture ,  in the express ion for  the Debye tempera ture  0 = 007 (6) is represented  by an 
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T A B L E  1 

Fe AI Cu Ni Pb T~ 

co, km/'see 
bo, km/see 
po, g/cm s 
"~o, t0-1o see 
0o, OK 
co*, km/see 

5.694 
2.8659 
7.840 
0.712 

420 
5.718 

6.t2t5 
2.9408 
2.785 
0.767 

390 
6.201 

4.651 
2.t409 
8.900 
0.950 

315 
4.685 

5.437 
2.4852 
8.860 
0.797 

375 
5.6t6 

2.151 
0.81231 

1i.340 
3.40 

88 
2.213 

5.853 
2.9633 
4.5i0 
0,787 

380 
5.835 

T A B L E  2 

Ye A1 Cu NI Pb TI 

eoo 
eol 
eo2 
el l  
e12 
e13 
7o 
71 
7~ 
73 

t 0 .  ko 
kl 
$o 

--0.042677 
0.476118 
0.639602 
2.6917 

--0.0i7537 
--0.13352 

0.005786 
t.6723 

--0.408O4 
0.11311 
0.902t 
0.33095 
0.7t43 

--0.0869i0 
4.49551 

--0.38037 
3.5769 
1.0t68 

--0.44743 
0.009617 
2.1t7t 

--0.33262 
0.093944 
3.4845 
0.14615 
0.7520 

--0.090295 
--0.047651 
--0.83229 

3.4O54 
0.89094 

--0.40499 
0.005713 
2.02934 

--0.31394 
0.084733 
4.0831 
0.19683 
0.9390 

0.t3409 
--1.25740 
--t.099tt2 

8.0180 
i0.661 
44.448 
0.005351 
3.~59i8 
4.0723 
0.70964 
0.1777 
0.39467 
0.7820 

--0.087230 
--0.392806 
--0.087247 

4.8950 
6.9338 
1.4611 
0.002288 
2.7746 
1.0464 

--0.11896 
0.07468 
0.68182 
3.335 

t0.9249 
33.0090 
31.t4893 
1.t8037 

--2.84806 
t.52t0 
0.005773 
1.0762 

--1.7366 
0.82778 
O.O42O1 
0.28947 
0.77t0 

i n t e r p o l a t i o n  p o l y n o m i a l .  An  i n t e r p o l a t i o n  i s  c a r r i e d  ou t  f o r  the  D e b y e  f u n c t i o n  w h i c h  in the  c a s e  b e i n g  

c o n s i d e r e d  i s  s u i t a b l e  f o r  t e m p e r a t u r e s  w h i c h  a r e  n o t  t oo  l o w .  In the  r a n g e  of  t e m p e r a t u r e s  b e i n g  s t u d i e d  
we  c a n  n e g l e c t  t h e  h i g h - t e m p e r a t u r e  c o r r e c t i o n s  ([1], C h a p t e r  3) .  

W e  p r e s e n t  b e l o w  t h e  e x p r e s s i o n s  f o r  t h e  e q u a t i o n  o f  s t a t e  a n d  t h e  c o e f f i c i e n t  o f  t h e r m a l  c o n d u c t i v i t y .  

The requi red  explanations of the method used to obtain them are  given below 

E (6, D ,  s) ---- 1/2 (Co 2 - -  4/3bo-~ - -  1)2eo (6) -5 2bo~e~ (6) D -5 Co27o[7 (6) g (s) - -  g (so)(l -5 71 (6))] 

g(s)  = s - 5 0 . 0 5 / s ,  S o =  2 9 3 / 0 o  

co~o [ln (s / so) -F 0.025 (s -2 - -  so2)] S = - ~ o  

u = (co4po~c / 0o) [koU,~/(l - -  kl0o / T)], T ---- 00%" (6) s 

H e r e  by  s we  h a v e  d e n o t e d  t h e  e n t r ~  v a r i a b l e  

s = T / (007 (6)) 

eo(6) : 1 -5 ( 6 - - 1 ) [ e o o - 5  e o l / 6 - 5  e o ~ . 3 ( l n 6 - s t  - - 6  -5 ( 6 - - 1 )  3 / 2 ) / ( 6 - 1 )  3] 

el (6) = t -5 en(6 - -  t)  -5 e1,(6 - -  t ) :  -5 ela (6 - -  t )  3 

v (6) = i + v1(6 - l )  + v~(6 - t)* + ~3(6 - 1 7  

T h e  v a l u e s  of  t h e  q u a n t i t i e s  w i th  d i m e n s i o n s  Co, bo, P0, r  00 and  t h e  r e m a i n i n g  d i m e n s i o n l e s s  c o e f f i -  
c i e n t s  a r e  p r e s e n t e d  in T a b l e s  1 and  2. T h e y  a l l  h a v e  t h e  m e a n i n g  of  i n t e r p o l a t i o n  c o n s t a n t s .  

T h e  e q u a t i o n  o f  s t a t e  p r e s e n t e d  a b o v e  a l l o w s  us ,  by  m e a n s  o f  t h e  r e l a t i o n s h i p s  ([2]) 

a~ ---- - -  p2Ep + pEDdi ,  p : p~E~ 

to compute the principal  s t r e s se s  a i  and the mean p re s su re  

p = - -  (cr~ .+ (~, -5 c~3) / 3 

A s  a r e s u l t ,  we  h a v e  

(~i = - -  P -5 2pobo36el(6)di 

P ---- P0[(c03 - -  */ab03)(6 - -  l)p0(6) -5 bo3pl(6)6~D -5 c07~62(p,(6) g (s) - -  p ,  ( l )g  (so))] 

po(6)  = I -5 po1(6 - -  t )  -5 po~(~ - t )  ~ + po~(6 - -  t )  ~ 

p1(6) = p~o + p ~ ( 6  - -  t )  + p ~ ( 6  - -  l )  ~ 

p , ( 6 )  = p ,o  + p,~(6 - -  1) + p , , ( 6  - -  t )  ~ 
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TABLE 3 

Fe AI Cu Nl Pb Ti 

pOl 
po~ 

plo 
pu 

p2~ 

p~ 
Cl 

ca 
bt 
h 
b3 

t.4527 
0.15063 

--0.064015 
2.6917 

--0.035074 
--0.40056 

t.6723 
--0.81608 

0.33933 
2.8332 
0.29332 

--0.21467 
2.6917 

--0.017537 
--0.13352 

2.1t67 
1.14810 

--0.13037 
3.5769 
2.0336 

--t.34229 
2.1t71 

--0.66524 
0.28i83 
4.03t4 
2.6973 

--0.49868 
3.5769 
t.0168 

--0.44743 

1.94i75 
0.83013 

--0.13544 
3.4054 
t.781i8 

--i.2150 
2.02934 

--0.62788 
0.25420 
3.74843 
2.0385 

--0.50313 
3.4054 
0.89094 

--0.40499 

2.5924 
2.4222 
0.20ii3 
8.0i80 

21.322 
i33.34 

3.95918 
8.1446 
0.2i289 
5.974i 
8.21226 

12.9625 
8.0i80 

10.661 
44.448 

t.86895 
0.67277 

--0A3085 
4.8950 

13.868 
4.3833 
2.7746 
2.0928 

-0.35679 
3.95792 
2.9530 
0.9oo73 
4.8950 
6.9338 
t.46tl 

4.67294 
3.5558 

t6.3873 
�9 i.18037 
--5.696i 

4.5630 
t.0762 

--3.4732 
2.4833 
6.55516 
6.048182 

43.6665 
t.18037 

--2.84806 
i.5210 

The e x p r e s s i o n s  for  the s q u a r e s  of the v e l o c i t i e s  of the long i tud ina l  and t r a n s v e r s e  sound waves ,  c 2 
and  b 2, ca l cu l a t ed  for  a s p h e r i c a l  s t r a i n  t e n s o r  (a 1 =a 2 =a 3 = 5-1/3), have the f o r m  

c 2 = c0~[ l  + c , ( 8  - l )  + c~(6 - i )  ~ + c3(6 - t)~l eo~,og (s) (o/oh) [ ~ 2 p # ) ]  

b ~ = bo~[ l  + b1(6 - -  t )  + b2(6 - -  i )  ~ + ba(~  - -  t )  3 ] 

The s q u a r e  of the cold ve loc i t y  of sound e ,2 is  ob ta ined  by d i s c a r d i n g ,  f r o m  the e x p r e s s i o n  for  e 2, the 
t e r m  p r o p o r t i o n a l  to the en t ropy  func t ion  g(s) 

c J  = c02Ll + c1(6 - -  1) + c2(6 - -1)  3 + c3(6 - -  t) 8] 

[In the i n t e rpo l a t i on  used  b =b(6) = b , ( 5 )  and  does not depend on t e m p e r a t u r e s . ]  The coe f f i c i en t s  Pij,  el,  b i 
of the i n t e rpo l a t i on  p o l y n o m i a l s  for  the p r e s s u r e  and  the ve loc i t y  of sound  a r e  p r e s e n t e d  in  Tab le  3. In a l l  
the e x p r e s s i o n s  p r e s e n t e d  unde r  5 = p /P0  we u n d e r s t a n d  the c o m p r e s s i o n  r e l a t i v e  to the s ta te  at a ze ro  
p r e s s u r e  and  T =293 ~ The v e l o c i t i e s  of sound c o and b 0 a r e  r e f e r r e d  to the s ta te  5 =1, D=0 ,  T =0. In 
Tab le  1 we have p r e s e n t e d  the v e l o c i t i e s  of sound Co* for  5 = 1, D= 0, T =293 ~ c a l c u l a t e d  f r o m  the e x p r e s -  
s ion 

co* = Co[l + 7og (So)(2p2o + p2~)] '/' 

2. The express ion ' ( [1 ] )  

E .  (6) 3A 3K 6Vs 
= ~ exp [B (l - -  6-~'.)] - -  O0 

was  t aken  a s  the in i t i a l  equa t ion  of s ta te  of the  cold m a t t e r .  

The r e p r e s e n t a t i o n s  of the cold p r e s s u r e  and the modulus  of cold vo lume  c o m p r e s s i o n  that  a r i s e  f r o m  
th i s  e x p r e s s i o n  have the f o r m  

~2 cOE. 
p .  (6) = poo ~ = AU'~exp [B (i - -  5-v,)] _ K6"/* 

t Op. 2A 6-'/' t + 6-',; exp [B (i - -  6-'/3)1 - -  M(5) ----- " - ~ o ~  = 

The modu lus  of vo lume  c o m p r e s s i o n  is  connec t ed  with the v e l o c i t i e s  of the long i tud ina l  and  t r a n s -  
v e r s e  sound waves  c ,  (5) and  b .  (6) by the r e l a t i o n s h i p  

M(5)  = c, ~ - 4 / 8  b, 2 

The  v e l o c i t i e s  m a r k e d  with an  a s t e r i s k  a r e  ca l cu l a t ed  f r o m  the cold equa t ion  o f  s ta te .  In [1] t h r e e  
d i f fe ren t  methods  a r e  p r o p o s e d  for  the i n t e r po l a t i on  of the dependence  of the  Debye t e m p e r a t u r e  on the  
dens i ty  ([1], page 43, (2.45)). The v a r i a n t  with m = 0  is  equ iva len t  to the r e l a t i o n s h i p  

~(5) = Oo6*+'/~ V M (5) / M (1) 
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T A B L E  4 

I Cu Ni Pb Ti Fe Al 

0.37347 
1.68 
6.9790 

--0.t02 
g~ g/mole 55.85 

0.22863 
2.t3 

i0.578 
--0.322 
26.98 

0.27797 
2.04 
9.680i 

--0.234 
63.54 

0.1749i 
1.9t 

t3.603 
i.034 

58.71 

0.28332 
2.78 
9.13t8 
0.580 

207.2t 

0.09161 
t . t8  

22.8721 
--3.328 
47.90 

TABLE 5 

Fe I AI Ti 

~, 10-~dege~-I 65, I 423 
• 105 g . c m /  | 73.3 226 

see s. degree [ 

I 
Cu Ni t Pb 

| 

433 6921 I 428 
402 58.6 [ 34.8 

The  c o n s t a n t s  A, B, P0, 00, e c h a r a c t e r i z e  the  
m a t e r i a l  and  a r e  p r e s e n t e d  in [1]. The q u a n t i t y  K has  the  
f o r m  

546 
21.0 

Oo 3R [ 293 293] 
K =  A-}-F  c-~---~- 1_ Oo +0 .050o /  

H e r e  F is  the  G r i i n e i s e n  p a r a m e t e r ,  R is  the  u n i v e r -  
s a l  g a s  cons t an t  and  p i s  the  a t o m i c  weight .  

To d e t e r m i n e  the  v e l o c i t y  of  t r a n s v e r s e  w a v e s ,  we p o s t u l a t e  a Debye i n t e r p o l a t i o n  e x p r e s s i o n  fo r  

0 (p) hav ing  the  f o r m  

!+--2 fhl3,8~_L~o 8 
c.a b.a = ~ k / ~ 08 (6) 

w h e r e  h is  the  P l a n c k  c o n s t a n t ,  k i s  the  B o l t z m a n n  c o n s t a n t  and  L is  the  A v o g a d r o  n u m b e r .  F r o m  t h i s  e x -  

p r e s s i o n ,  a s  wel l  a s  f r o m  the equa t ion  
4 c. 2 -  /3  b. 2 = M ( 6 )  

we ean  d e t e r m i n e  the v a l u e s  b , (6)  fo r  e ach  f ixed  5.  The  a u t h o r s  se t  up t a b l e s  of  the  func t ions  M (5), b ,  2 
(5), Y (5) = 0(5)/0 0 in the  i n t e r v a l  0.9 _< 5 _< 2.0 ; t h e s e  w e r e  then  a p p r o x i m a t e d  by  cub ie  p o l y n o m i a l s  of (5 - 1). 
The  e x p r e s s i o n s  f o r  E .  (5, 13) p ,  (5 )  a r e  o b t a i n e d  by  q u a d r a t u r e s  of the  r e l a t i o n s h i p s  

OE. (6, o) p, (6) OE, (6, D) 
dp, _ p0M (6), = 2b. 2 (6) 
d6 06 ~05 ~ ' OD 

The e x p r e s s i o n  fo r  the  t o t a l  e n e r g y  i s  o b t a i n e d  b y  add i t ion ,  to  E ,  ( 5, ]3), of  the  t h e r m a l  e n e r g y  of 

Debye  

E = E , ( 6 ,  D) + 0  (6) g ( T / 0  (6)) 

P u t t i n g  s = T / O  (5), we o b t a i n  
g 

g (s) = - - ~  .q- s D  , D (z )  - -  z3 ,) e~ __ i 
o 

l ~ g (s) ds s =  T g ( s ) +  j s~ 

a c c o r d i n g  to  the  t h e o r y  of  Debye .  

The  e x p r e s s i o n s  a p p r o x i m a t i n g  D(z) fo r  high and  low t e m p e r a t u r e s  a r e  known, and  a r e  p r e s e n t e d  in 
[1]. Hav ing  in v i e w  a p p l i e a t i o n  to  d e f o r m a t i o n  of  m e t a l s  d u r i n g  e x p l o s i o n s ,  when we can  a s s u m e  tha t  the  
t e m p e r a t u r e  i s  h i g h e r  than  o r  not much l e s s  than  the  Debye  t e m p e r a t u r e s ,  the  a p p r o x i m a t e  e x p r e s s i o n  

D (z) = l - - 3 / s  z Jr 1/,~o z ~ 

ho ld s ,  f r o m  which  

T h e s e  e x p r e s s i o n  have a l i m i t e d  r e g i o n  of  a p p l i c a b i l i t y ;  fo r  e x a m p l e ,  in the  c a s e  s = 1 / 2 0  the  m o n o -  
t o n i e i t y  of  S (s) i s  v i o l a t e d .  When t h e r e  i s  a need  to c o n s i d e r  low t e m p e r a t u r e s ,  we c a n  use  m o r e  a c c u r a t e  
a p p r o x i m a t i o n s  of D (z), m a k i n g  use  of  the  s a m e  r e l a t i o n s h i p s  fo r  E ,  (5, D), 0 = 7  (5)00. In v i e w  of t h e s e  
r e s t r i c t i o n s  the  i n t e r p o l a t i o n  e x p r e s s i o n s  of Sec.  I a r e  a p p l i c a b l e  fo r  i n t e r v a l s  of  c o m p r e s s i o n s  0.9 <_ 6 <- 
2.0 and t e m p e r a t u r e s  100 <_ T <_ 0e, w h e r e  0 e i s  the  t e m p e r a t u r e  of  e l e c t r o n  d e g e n e r a c y  (T ~ 0,5 �9 106 Z4/3, 
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Ze is the charge of the nucleus, and e is the charge of an electron). The deviation of the interpolated 
quantities T (5), b ,2 (5 ) , and  M(5) f rom the values of the approximating polynomials on the interval 1.0 _ 
5 - 2.0 is approximately 1%, while on the interval 0.9 _< 5 -< 1.0 it is respect ive ly  approximately 5%. 

The values of the coefficients A, B, c,  F, as  well as  the atomic weight ~, used in the interpolation 
expressions of Sec. 1 are presented in Table 4. When ca r ry ing  out the calculations for the universal  physical  
constants,  we took the following values: h =6.62 �9 10 -2? e r g .  sec,  k = 1.38 �9 10 -l~ e rg /degree ,  L =6.02 �9 106 
kmole -1, R =8.31 .10  ? g '  c m / s e c  2 �9 degree" mole. 

3. In metals  the p rocess  of heat conduction takes place in the main as a resul t  of diffusion of free 
e lectrons;  the t ime for  the establishment of a thermal  equilibrium between the e lectron gas and the lattice 
is of the order  of 10 -ll  see. In connection with this, when considering p rocesses  with charac te r i s t i c  t imes 
g rea te r  than 10 -8 sec, we need not take into account the heat exchange between the lattice and the e lectron 
gas, taking their  t empera tu res  as identical, and can assume that the heat propagation is given by the coeffi-  
cient of thermal  conductivity ~ of electrons.  

Between the e lec t r ica l  conductivity u, the thermal  conductivity ~ and the t empera tu re  T (T > 00) the 
relationship (the W i e d e m a a n - F r a n z  law) 

x/c;T = const 

holds. 

This law is valid in the case 0 e < T < 0e for pure metals  (0e is the degeneracy tempera ture  of free 
electrons).  For  metals  contaminated by additions it is valid for  0 < T < 0 e ([3, 4]). 

The e lec t r ica l  res is tance  a-1 l inearly depends on the tempera ture  (see [3]) 

~-~ = ( r  --  T*)/A 

To clar i fy  the dependence of a on the density p, we can use the proport ional i ty  between a and the 
density of e lec t ron gas and the inverse proport ional i ty  of u to the magnitude of the maximum veloci ty v~ 
of e lectrons in the degenerate Fe rmi  gas ([3]) 

iv _, 1 / - 2 -~  h~ ~' 3 iv \'<, 

Here N is the number of free electrons in the volume V, m is the mass  of an electron,  N/V is p ropor -  
tional to the density of the mater ia l  p =p05. Hence a ~ ~2/~. Combining the dependence of ~ on the t e m -  
pera ture  and density with the W i e d e m a n n - F r a a z  law, we have 

z ~ 5~,',/(t --  T* / T) 

We represent  this relationship in the form 

(8, T) ~- co"rcko5~/~/( l - -  k~Oo l T) 

The multiplier with dimensions is made up f rom the veloci ty of longitudinal sound waves e 0, the Debye 
tempera ture  0 0,and the Debye t ime ~'c =2~h/Oo" The dimensionless  constants  k 0 and k 1 are  chosen with 
respect  to the values of the coefficient of thermal  conductivity G0 for T =293 ~ 5 =1, and f rom the t e m p e r a -  
ture  coefficient of res is tance  ~ = ( - l / a )  ( S u / 0 T ) ,  which are  tabulated in [5]. The values used are  given 
in Table 5. 

The authors thank Yu. I. Fadeenko, V. V. Denisenko,and N. K. Kuz 'minaya for  the advice and help. 
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