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E x i s t i n g  e x p e r i m e n t a l  data a r e  suf f ic ien t  to enab le  the equat ion  of s t a te  of water  to be ob ta ined  for 
p r e s s u r e s  p up to 1011 N / m  2 [1]. The equa t ion  of s ta te  i n t e rpo la t ed  f r o m  e x p e r i m e n t a l  data for this  p r e s -  
s u r e  r e g i o n  is  found in [2], where  an ana ly t i c  a p p r o x i m a t i o n  to the so lu t ions  of the T h o m a s - F e r m i  equa t ion  
obta ined in [3] is used to ca l cu la t e  the t h e r m a l  c o n t r i b u t i o n s  to the e l e c t r o n  componen t s  of ene rgy  and  p r e s -  
su re .  E x p e r i m e n t a l  data for p r e s s u r e s  h igher  than 1011 N / m  2 a r e  v i r t u a l l y  exhaus ted  by the va lues  given 
in [4] for p = 14.25 �9 1011 N / m  2 on the shock adiabat .  Thus ,  it  is  i n t e r e s t i n g  to ca l cu l a t e  the t h e r m o d y n a m i c  
p r o p e r t i e s  of wa te r  by d i r ec t  n u m e r i c a l  so lu t ion  of the equa t ions  for a s t a t i s t i c a l  a tomic  mode l  app l i cab le  
in the h i g h - p r e s s u r e  r eg ion .  The t h e r m o d y n a m i c  p r o p e r t i e s  of wa te r  a t  n o n z e r o  t e m p e r a t u r e s  T ~ 0 c a l -  
cu la ted  on the b a s i s  of W h e e l e r ' s  mode l  a r e  given in the p r e s e n t  paper .  The s t a t i s t i c a l  mode l  chosen  is 
tha t  which gives r e s u l t s  c l o s e s t  to e x p e r i m e n t a l  data at  high p r e s s u r e s .  

W h e e l e r ' s  model ,  which is d i s c u s s e d  in [5] for the c a s e  of ze ro  t e m p e r a t u r e ,  r e p r e s e n t s  the wa te r  
m o l e c u l e  as  c o n s i s t i n g  of two r e g i o n s .  T h e r e  is a c e n t r a l  sphe re  occupied  by the oxygen a tom s u r r o u n d e d  
by a l aye r  con t a in ing  the e l e c t r o n s  and p ro tons  of the hydrogen  a t oms  which f o r m  a f ree  e l e c t r o n - n u c l e o n  
gas.  The a tomic  p a r a m e t e r s  of oxygen a r e  ca l cu l a t ed  for T ~ 0 and  p ~ 0 on the b a s i s  of a g e n e r a l i z e d  
s t a t i s t i c a l  a tomic  mode l  [3]. The vo lume of the wa te r  m o l e c u l e  is found by t r e a t i n g  the p ro ton  gas of the 
ou te r  r e g i o n  a s  c l a s s i c a l  and  equa t ing  i ts  p r e s s u r e  to that  due to the e l e c t r o n s  of the oxygen a tom.  

The T h o m a s - F e r m i  equa t ion  was so lved in the p r e s e n t  paper  by a method  developed in [6] which a l -  
lows the i s o t h e r m s  to be c o n s t r u c t e d  in a n a t u r a l  way. W h e e l e r ' s  mode l  was  u sed  to c a l c u l a t e  the i s o t h e r m s  for  
19 va lues  of the t e m p e r a t u r e .  T h e s e  a r e  shown in Fig.  1, where  p is  the p r e s s u r e  i n N / m  2 and  n is  the n u m b e r  
of m o l e c u l e s  per  cubic  m e t e r  (1, T = 1.362.10T~ 2, T = 8.596 �9 10S~ 3, T = 5.425 �9 10S~ 4, T = 3.422 �9 
10S~ 5,T = 2.159 �9 10S~ 6, T = 1.362 �9 10S~ 7, T = 8.596 �9 105~ 8, T = 5.425 �9 10S~ 9, T = 3.422.105~ 
10, T = 2.159 �9 10S~ 11, T = 1.362.10S~ 12, T = 8.596.  104~ 13, T = 5 .425.  104~ 14, T = 3 .422.  104~ 
15, T = 2.159 �9 104~ 16, T = 1.362 �9 104~ 17, T = 8.596 �9 10S'K; 18, T = 5.425 �9 10S~ 19, T = 342.2"K). The 
r e s u l t s  for T = 342.2~ w e r e  used,  s ince  they di f fer  neg l ig ib ly  f r o m  the r e s u l t s  of the cold mode l  (T = 0). 
L ines  of cons t an t  ? ( a - Y  = 1.5; b - ?  = 1.55; c - T  = 1 . 6 ;  d -~ /  = 1.65; e - y  = 1.7; f - ~ /  = 1.8) a r e  a lso  given 
in Fig.  1. The va lue  of the p a r a m e t e r  y was d e t e r m i n e d  f r o m  the f o r m u l a s  

~, = i + p -- pov for v < Vo, 
8 - -  8 o 

P -- Px (v) 
y = I ~ e -- e x (t -'------~) V for v > vo, 

whe re  v and  ~ a r e  the vo lume  and to ta l  e n e r g y  of the wa te r  mo lecu l e ,  r e s p e c t i v e l y ,  while  p is the to ta l  
p r e s s u r e  r e s u l t i n g  f rom both the e l e c t r o n s  and  the s u r r o u n d i n g  p ro tons ,  as  wel l  as  f r o m  the mot ion  of the 
oxygen nuc le i .  S i m i l a r l y ,  P0, ~0, and v 0 a r e  the to ta l  p r e s s u r e ,  ene rgy ,  and m o l e c u l a r  vo lume for T = 
342.2~ and  n o r m a l  wa te r  dens i ty ,  whi le  Px (x) and e x  (v) a r e  the to ta l  p r e s s u r e  and e n e r g y  of the mo lecu l e  
for  T = 342.2~ and a m o l e c u l a r  vo lume  v. The  s t a t e s  s a t i s fy ing  the equat ion  of the shock ad iaba t  we re  
d e t e r m i n e d  by c a l c u l a t i n g  the p a r a m e t e r  L = 1/2 (P-P0) ( v 0 - v ) / ( e - e 0 )  which is equal  to uni ty  on the shock 
ad iaba t .  The va lues  of p and v for which L is  uni ty were  found by in t e rpo l a t i on .  The b roken  c u r ve  in Fig .  1 
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T A B L E  1 

7 T . t <  

5,425. 103 2,27 
8,596 2,37 
1.362.10 "~ 2,52 
2,159 2,65 
5,425 3,15 
8,596 3,5i 
1,362' t0 ~ 3,88 
5,425 4,56 
t,362, l0 s 4,74 
2,159 4,74 
3,422 4,68 
5,425 4.58 
8:596 4;40 
1,362-10'; 4,34 

~,'}0 p ' i0 - -11~ ' 
N/m" 

0,94 
] ,06 
t.33 

3183 
6A(~ 

10.6 
57,4 

186 

o t o  
955 

1480 
2370 

T A B L E  2 

T, H -; 

5,425.103 
1,362.104 

2,33 2.159 
2,t8 3.422 
1,91 5,425 
t,80 8,596 
1,72 1.362. t0 ~ 
1,56 8,596 
t,53 1,362-10 ~ 
t,53 2,159 
t,54 3.422 
1,56 5,425 
1.58 8,596 
t,60 t,362- 10: 

P/Pc p ' I 0 - - [ I : I  
N/m'l 

2,54 3,99 
2.63 4.96 

2.88 .43 
3:061 :93 
3,281 ~: 
3.60 I "' ',i 
4;20 ! 16i 
4,32 ] 28: 
4,36 [ 47 
4.40 I 79 
4.32 I 132, 
4,28 [ 9091 
4,22 I 539~ 

2,29 
2,20 
2.14 
2.06 
1,96 
1.87 
1,80 
1,62 
1,60 
t s  
1,58 
t,60 
1,6t 
1,62 

shows  the shock a d i a b a t  ob t a ined  in th is  way .  A g e n e r a l i z e d  s t a t i s t i c a l  m o d e l  of the  oxygen  a t o m  was  t a k e n  
a s  a n o t h e r  p o s s i b l e  m o d e l  for  d e s c r i b i n g  the b e h a v i o r  of w a t e r  a t  high p r e s s u r e s .  F i g u r e  2 g ives  19 c a l -  
c u l a t e d  i s o t h e r m s  (the v a l u e s  of t e m p e r a t u r e  a r e  the s a m e  a s  t h o s e  in F ig .  1). The  shock  a d i a b a t  is  shown 
a s  a b r o k e n  c u r v e  in the  s a m e  f i g u r e  and the  l i n e s  of c o n s t a n t  T ( a - 7  = 1.4; b - 7  = 1.45; c - 7  = 1.5; d - 7  = 
1.55; e - 7  = 1.6; f - 7  = 1.65), d e t e r m i n e d  f r o m  (1), a r e  a l s o  g iven.  A s u m m a r y  of da ta  on the shock a d i a b a t s  
( c u r v e s  3-5)  i s  g iven  in F ig .  3. Co ld  c o m p r e s s i o n  c u r v e s  1, H20; 2, O wi thout  exchange ;  2 ' ,  O with  exchange  
[5]) a r e  g iven  in the s a m e  f i g u r e  which  a l l o w s  the c o n t r i b u t i o n  of the t h e r m a l  p r e s s u r e  c o m p o n e n t s  to be e s -  
t i m a t e d .  C u r v e  3 (F ig .  3) g i v e s  the  c a l c u l a t i o n s  f r o m  W h e e l e r ' s  m o d e l ,  and  c u r v e  4 the  c a l c u l a t i o n s  for  the 
oxygen  a t o m ;  c u r v e  5 i s  an  e x t r a p o l a t i o n  to p r e s s u r e s  a b o v e  the  e x p e r i m e n t a l  point  14.25 �9 10 l l  N / m  2 [4], and  
c u r v e  6 g i v e s  the  c a l c u l a t i o n s  f r o m  [1]. A s e r i e s  of shock a d i a b a t s  n u m e r i c a l l y  c a l c u l a t e d  for  d i f f e r e n t  T ,  
p, and  P/Po, w h e r e  P0 is the  n o r m a l  d e n s i t y  of w a t e r ,  is  g iven  in T a b l e s  1 and  2 for  the  oxygen  m o d e l  and  
W h e e l e r ' s  m o d e l ,  r e s p e c t i v e l y .  I t  can  be  s een  tha t  the  e x p e r i m e n t a l  po in t  f r o m  [4] l i e s  c l o s e s t  to our  c a l -  
c u l a t i o n s  for  oxygen ,  whi l e  for  l ower  p r e s s u r e s  t h e s e  c a l c u l a t i o n s  a r e  even c l o s e r  to the  e x p e r i m e n t a l  c u r v e  
c o m p a r e d  with  c u r v e  3. 

The  s t a t i s t i c a l  m o d e l  of  the  oxygen  a t o m  can  be u sed  fo r  p ~ 1012 N / m  2 to d e s c r i b e  the  shock  c o m p r e s -  
s ion  of w a t e r ,  a s  c o m p a r i s o n  with  e x p e r i m e n t  shows ,  and  i t  a p p e a r s  to  be p r e f e r a b l e  to W h e e l e r ' s  m o d e l .  
W h e e l e r ' s  mode l ,  which  i n v o l v e s  m o r e  c o m p l i c a t e d  c a l c u l a t i o n s ,  l e a d s  to  p r e s s u r e s  c o n s i d e r a b l y  in e x c e s s  
of the e x p e r i m e n t a l  v a l u e s  and so  i t  would  s e e m  i n a d v i s a b l e  to use  i t  in the  p r e s e n t  c o n d i t i o n s .  

The  a u t h o r s  a r e  g r a t e f u l  to  G. F .  G o r b a c h e v a  fo r  c a r r y i n g  out the  n u m e r i c a l  c a l c u l a t i o n s .  
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