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I t  i s  s u f f i c i e n t  tha t  the  i n c r e a s e  of (a I Oil o t) with  
be  f a s t e r  than  l o g a r i t h m i c ,  i .e .  [3] 

(~loil~) 
l i m  In ~ oo (5) 

F o r  e x a m p l e ,  i f  the  s e t  of o b s e r v a b l e s  Oi, i = 
1 . . .  n a r e  a l l  p r o j e c t i o n  o p e r a t o r s  [2] Pa  = 
l a ) (  a I w h e r e  ~ = 0, 1 . . .  n -  1, t hen  cond i t ion  (4) 
i s  not  s a t i s f i e d  and Z(k 1 . . .  A n) = o~ and p = 0. 
H o w e v e r ,  if  one o b s e r v a b l e  in the  s e t  s a t i s f i e s  
cond i t i ons  (4) and (5), as  the  H a m i l t o n i a n  does ,  
f o r  e x a m p l e ,  t h e n  Z and p a r e  f in i t e  f o r  a r b i t r a r y  

o b s e r v a b l e s  in the  r e s t  of the  se t .  
In c o n c l u s i o n ,  i t  should  be noted  tha t  c o n d i -  

t i ons  (4) and (5) a r e  n e c e s s a r y  r e s t r i c t i o n s  only 
in in f in i t e  d i m e n s i o n a l  v e c t o r  s p a c e s .  
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Us ing  the  S l a t e r  s u m  we get  an e x p r e s s i o n  fo r  
the  s e c o n d  v i r i a l  c o e f f i c i e n t  and i t s  quan tum c o r -  
r e c t i o n s  [1]. F o r  the  L e n n a r d - J o n e s  (m-n) p o t e n -  
t i a l  

1 

{(~)n (__~)rn} , 1 (~),m,_/nn n-m 

the  i n t e g r a t i o n  o v e r  the  c o o r d i n a t e  s p a c e  g i v e s :  

s(n-m) + u(n-2) + 3 

B - 

b(S)(rn, n) -kOv + k lus  + k2vs 2 + k3us 3 
V dunn2Usl 

k~z u =- 0 (g = 0 ,  1, 2, 3) fo r  ~ >  v;  d v=cons t .  
k g v depend  on rn and n only.  

Us ing  b(S)v(6, 8) (0 --< s ~< 51), b(S)v(6, 9) 
(0 ~< s < 60) and b(S)v(6, 12) (0 < s < 40) [1] 
the  s e c o n d  v i r i a l  c o e f f i c i e n t ,  i t s  d e r i v a t i v e s  
wi th  r e s p e c t  to t e m p e r a t u r e  and the  z e r o - p r e s -  
s u r e  J o u l e - T h o m s o n  c o e f f i c i e n t  a r e  c a l c u l a t e d  
wi th  t h e i r  f i r s t  t h r e e  quan tum c o r r e c t i o n s  in the  

t e m p e r a t u r e  r a n g e  0.30 ~< T* ~< 400. 
App ly ing  eq. (2) to h e l i u m  we use  f i r s t l y  e x -  

p e r i m e n t a l  v a l u e s  of Whi t e  [2] (45 < T< 300°K : 
c a s e  1) and s e c o n d l y  of Whi t e  [2] and Y n t e m a  
[3] (45 < T<1473OK : c a s e  2) to f i t  the  t h e o r e t i c a l  
va lues .  T h i s  i s  p o s s i b l e  up to about  900°K. We 
have  u s e d  the  m e t h o d  of l e a s t  s q u a r e s .  F o r  
m o r e  d e t a i l e d  i n f o r m a t i o n  a n o t h e r  m e t h o d  is  
u s e d  : We  r e w r i t e  eq. (2), so  that  we get  a as  a 

n 

s(n-m) - 2u + 3 
ct n F (ms - 3 + 2u) 

n " (2) 

func t ion  of < wi th  the  p a r a m e t e r  T. T h i s  me thod  
t akes  into accoun t  tha t  the  quan tum c o r r e c t i o n s  
a r e  a l s o  func t ions  of ~ and ~, so  tha t  i t  b e c o m e s  
an i t e r a t i v e  method .  F o r  s o m e  t e m p e r a t u r e s  of 
c a s e  1 one f inds  a c o m p a r i s o n  of the  c a l c u l a t e d  
and the  e x p e r i m e n t a l  v a l u e s  in t ab le  1. F i g u r e  1 
shows  the  L e n n a r d - J o n e s  (6-9) and (6-12) p o t e n -  
t i a l s  and an exp - s i x  po t en t i a l  (MR 5) [4]. F o r  h e l l -  
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Fig. 1. Different potential curves for helium. 

um the L e n n a r d - J o n e s  (6-9) potent ia l  s e e m s  to be 
m o r e  appropr ia te  than the commonly  used (6-12) 
potential .  Using the L e n n a r d - J o n e s  (6-8) poten-  
t ia l  (case I (2): r m = 3.279 (3.272) ~ ;  ~/k = 6.34 
(6.29)°K in case  2 the devia t ions  a r e  even s o m e -  
thing m o r e  s m a l l e r .  We have found a s i m i l a r  

Table 1 
Experimental and calculated B [cm3/mole] for He 4 

B ] B B B 
T [OK] i (expe r.)] (6-9) (6-12) (6-8) 

45.10 7.48 
60.03 9.55 
75.01 10.70 

100.02 11.85 
200.11 12.23 
273.16 12.08 
299.99 I 11 .99  

Maximum 
deviation 1 (2) 
Average 
deviation 1 (2) 

7.37 7.60 7.28 
9.56 9.52 9.57 

10.72 10.60 10.77 
11.68 11.55 11.74 
12.30 12.34 12.29 
12.09 12.25 12.02 
11.99 12.19 11.90 

0 ;22(0.50) 

0.11(0.23) 

0.32(0.65) 0.20(0.43) 

0.19(0.48) 0.11(0.15) 

s i tuat ion for hydrogen and deuter ium.  It would be 
of i n t e r e s t  to check this r e su l t  for  fu r the r  physi -  
cal  quant i t ies ,  e.g. t r anspo r t  coeff ic ients .  

A m o r e  de ta i led  publicat ion wil l  appear  in Z. 
Phys. Chem. (Leipzig). The author wishes  to ex-  
p r e s s  his  thanks to P r o f e s s o r  Vojta,  d i r e c t o r  of 
the A r b e i t s s t e l l e ,  for  many useful  d i scuss ions  
and to H. G. Weisz ,  Inst i tut  flit S t rukturforschung,  
DAW Ber l in ,  under whose d i rec t ion  most  of the 
numer i ca l  ca lcula t ions  w e r e  p e r f o r m e d  with the 
e l ec t ron ic  computer  ZRA 1. 
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Bates  and Griff ing [1] have inves t iga ted  the ex-  
c i ta t ion and ionizat ion of ground s ta te  H - a t o m s  by 
fas t  a tom impact ,  using the Born  approximat ion.  
They cons ide red  f i r s t  the r eac t ion  

H(lslA + I-i (lslB) -- H (n/IA) + H(lslB ) (1) 

(A labels  the t a rge t  a tom, and B the incident 
atom) to find the c r o s s - s e c t i o n  a ( l s  - n l ;  I s  - ls)  
when the incident  a tom is unchanged. Secondly 
they found the total c r o s s - s e c t i o n  for  exci t ing 
the t a rge t  atom into the s ta te  nl, allowing for  al l  
t r ans i t ions  in the incident atom. This  total  c r o s s -  
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