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g ( k )  
I versus k 2  ( 0 - Z  plot)  should  be  a  straight 

line  whose  intercept  with  the  ordinate  axis 
must go to  zero if T +  T,  as ( T -  Tc). 

There  are  many  ways of justifying  the 0 - Z  
theory. I think  though  that  always  one  again 
has  to  assume  that  the  forces are of long 
range, so that it can  be  considered  a  natural 
generalization of the van der  Waals  theory. 

The  corresponding  theory  for  neutron 
scattering  near  the  Curie  point  is so recent 
that  it  does not belong in a  historical  survey! 

7. Outlook.  What  are  the  problems, and what 
can  one  hope from the  present revival of interest? 
As always in statistical  mechanics  one  must  dis- 
tinguish  the  equilibrium  from  the  nonequilibrium 
properties. 

A. I think it is wonderful  that so much new ex- 
perimental work is being  done.  For  a  long  time 
experiment  was too much  dominated by the  theory, 
and  except in a few places  (like in the  van  der  Waals 
laboratorium in Amsterdam)  experimental work on 
the  properties of matter  near  the  critical point  nearly 
ceased I am glad that it is different now. What 
can  one  hope to find? I hope  that it will turn  out 
that again  there is a deep analogy between  the 
various  critical  points,  that  there  are  similarities 
like in the  classical  theories. You  will hear  a l o t  
about  the new experimental  work, so I will only 
mention  a  few  points  which  seem t o  me  very sug- 
gestive. 

1. Near  the  critical point the  coexistence  curve 
seems  much  better  represented by the  empirical 

Guggenheim  law: omega g omega l = (1 - theta)1/3. Also the 

magnetization  curve  near Tc seems  to show  such  a 
cubic  behavior. 

2. For Argon and 0 2 ,  and now also  for  He, i t  
seems  that Cl, does not show a  jump  but  becomes 
logarithmically  infinite.  For T S Tc 
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This  surprising  result by the  Russians, is also found 
for He"-HeI  transition  and I believe  also for  
some  ferromagnetic  transitions. You will hear 
more  about it tomorrow. 

If there is such  an  universal,  but  nonclassical 
behavior,  then  there  must  be  an  universal  explana- 
tion which means  that it should  be  largely  inde- 
pendent of the  nature of the  forces.  The only 
corner  where  this  can  come from is I think  the fact 
that  the  forces  are not long  range. The  Onsager 
solution  gives I think  a  strong  hint.  It may  well be 
so that  away from the  critical  points the classical 
theories give a good enough  description  but that 
they  fail  close  to  the  critical  point  where  the  sub- 
stance  remembers so to say  Onsager. I think  that 
to  show  something  like  this is the  central  theoretical 
problem. One  can  call i t  the  reconciliation o f  
Onsager with van der  Waals. 

With regard  to  the  correlation  function  and  the 
Ornstein-Zernike  theory I hope  that  the new ex- 
perimental work  will show  that  there is a critical 
region, where  already  deviations from the  classical 
van der  Waals-Ornstein-Zernike  theories begin to 
show  up. I think  there  are  indications  (as  the 
specific  heat  anomaly)  that  such  a  region  exists. 
Of course  there is also a  singularity  or  a  critical 
point. 

B. Finally a  remark  about  nonequilibrium  phe- 
nomena.  There  are very surprising  experimental 
results  found  about  various  transport  coefficients, 
which clearly  are worth pursuing. Till now there 
is no theory, not even  a van der  Waals  like  theory. 
The  development of the  proper  transport  theory with 
long  range  forces, van der  Waals-like  but  probably 
with one  more  constant,  seems to me  not impossi- 
ble  and  very  worth  while. 

In this  report we wish  to present  the  results of 
some recent P-V-T measurements on  He" in the 
critical  region. A significant  departure was found 
in the  shape of the  coexistence  curve  from  the 
behavior expected for classical  systems  such  as 
Xe and CO2. 

The P-V-T surface of liquid He3 was investi- 
gated  by Sherman  and  Edeskuty  [I] 1 between 1.0 
and 3.3 O K  and  for  pressures  from  the  vapor  pressure 
to solidification. The  measurements  reported by 
these  authors  lacked  detail in the region  from 3.0 
to  3.324 O K ,  the  critical  point, [2] and for pressures 
less  than - 3 atm.  In  addition,  there  were  no 
measurements  reported on the fluid for T > Tc. 

Recently 23 isochores of He3  were  measured with 
densities  ranging  from 0.015 to 0.066 g/cm3  using 
the  apparatus of reference  [l] with only  slight  modi- 
fication.  Along each  isochore  data  were  taken with 
temperature  decreasing from 4 O K ,  a final observa- , 

tion being  made  along  the  liquid-vapor  equilibrium 
curve  (vapor  pressure).  Temperatures  were  re- 
duced  to  the 1958 He4  Scale of Temperatures [3 ] .  
Pressures  were  measured  with  a  fused  quartz 
bourdon tube gage  having  an  accuracy of 0.05 mm 
Hg. While  the  cell  has a vertical  dimension of 
-4.6 cm,  measurements  were not made very close 
to the  critical point and  as  a  result,  density  gra- 
dients  within  the  cell  were  not of any  significance. 

P-V-T data  taken by the  isochoric  method  have 
the  advantage of yielding P-T relations  which  are 
almost linear.  Thus  each  isochore  was  extrapolated 
to the  vapor  pressure [4] to provide  a p-T point  on 
the  coexistence  curve.  Values of pl and rho g were 
read  from  a  smooth p-T graph  and rho l - rho g was 
plotted as  a  function of T c  - T using  logarithmic 
coordinates as shown in figure 1. It  is  easily  seen 
that  the  critical point exponent beta [5, 61 in the 
relationship 

rho l - rho g (Tc-T)beta 

*Work performed under the auspices of the U.S. Atomic Energy Commission 
' Figures in brackets indicate the literature references at the end of each paper. 



calculated  using virial  coefficients [8]. In  table 1 
values  are given for the  densities of He3 liquid  and 
vapor  along  the  coexistence  curve  from  the  present 
series of experiments  and in table 2 some of the 
properties of He3 at  the critical point are summarized. 
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At a  critical point the  intensive  properties of two 
coexisting  phases  become  identical.  This review 
is a summary of our  experimental  knowledge of the 
rate of the  approach  to  identity as T - T,, approaches 
zero. Consider  some  property of the fluid X(T ,  y) 
and define  an  index x by 

The limit  is  usually taken  along  the  path V =  V,., 
and, in general, xi and x -  will be  different. 

The following  indices are  discussed  below: 

An elementary  and  ultimately  erroneous  analysis 
of the  behavior o f  a  system of one  component may 
be  based on the  assumption  that  the Helmholtz 
free-energy  is  an  analytic  function of V and 7’ at 
and  near  the  critical point [l]. Let the first non- 
vanishing  derivative of A with  respect  to volume be 
of the  order 2n. Thermodynamic  stability  requires 
that 11 be  integral,  and van der Waals‘s equation 
and all similar  equations.  require  that / I  = 2. This 
assumption  leads to the following values of the 
indices  above 
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cy+, limit along the  critical  isochore V =  V,. 
ai, limit in the  one-phase fluid along the  outside of the  co- 

az, limit along the critical  isochore in the  two.phase fluid. 
The  subscript CT denotes  the  orthobaric  phases,  hence P +  
y+  and y i  are defined exactly as a+ and ai. 
6+ is  apparently  equal to 6- and no distinction  is  made  here. 

existing  curve. 

does not exist  and  the  superscript may be  omitted. 

The derivative  is the  curvature of the vapor pressure  line 
and so O+ does not exist. 
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