
Thus 

Cn+l(O)-Cn(O)=ago In x ,  (8.3) 

S O  that,  increasing  the  order n by  one  increases 
C,,(O) by a  constant  independent of n, and  thus Cn(0) 
increases  linearly  with n. Now t n = J ” l t n - l =  

=N-”T say, so that 

n =  - 1n ( t n / T ) .  
In J f  

Thus 

C,,(O) = Co + nagn In Jlr, 

becomes 

Cn(0) = co - a g o  In ( t h ) .  

Thus we see  that  the  specific  heat  becomes  infinite 
like  the  logarithm of the  temperature.  We  can 
easily find the  asymptotic  form of the  function/”(x), 
since by (8.2) and (8.3) we can  write 

/ ” ( x )  - , f”( .  1 x )  +. go In .N.  (8.4) 
x -  0 

Now the  equation 

F ( x )  - F( bx) = C 

has  the  solution 

F ( x )  = - C  In x 
In b + Fo 

where Fo is an  arbitrary  constant.  Hence  the 
asymptotic  solution of the  eq  (8.4) is 

, / “ ( x )  + -go In x +A). (8.5) 
x -  0 

The  rq  (8.1) whose  asymptotic  solution we have 
found  contains  an  arbitrary  multiplicative  constant 
which  should  be  determined  from  the  normalization 
condition  given in  section  6.  We  can  see  from 
(8.5)  together  with  this  condition  that go will be a 
number  of  order uni ty .  

Summarizing  the  results of this  section we assert 
that  a  system  whose  compressibility  diverges  like 
a  simple  pole  as T +  TC. cannot  possess  the  “Classi- 
cal”  specific  heat  temperature  dependence,  but 
that i t  must  have  a  logarithmic  divergence  and 
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furthermore,  the  coefficient of the  logarithm, n in 
eq (7 .2) ,  is proportional to the  inverse of the  co- 
efficient of (T-TC)” in the  compressibility (5.1). 
That is we expect 

k-IC,. - - a  In (T;(:,) + C” 

where a - In 2 p,k(T-  TC)KT,  (8.6) 

k being  Boltzman’s  constant, K T  the  compressibility 
and p,. the  critical  density. 

9. Nonclassical Critical Point, y > 1 

We  do  not  give  a  detailed  discussion of this  case, 
since it is not hard t o  show  that  the  solution of eq 
(7 .3)  for y > 1 is not singular.  This  suggests, in 
terms of the  discussion in section 3 above,  that  a 
singularity  with y > 1 involves  more  than  just  the 
one  degree of freedom  per  cell  which  describes 
the   spac ia l   a r rangement  of the   l a rge   sca le  
fluctuations. 

It is not a  pleasing  circumstance  that  the  simplest 
possibility  in the  present  theory  appears  inade- 
quate to account for the  behavior of the  two  dimen- 
sional  Ising  problem,  but  further  discussion of 
these  points  must  be left to  another  occasion. 

10. Further  Properties of the 
Transition 

We  have  discussed  at  some  length  the  nature 
of the  singularity  to  be  expected at the  critical 
point of a  system  which  could  be  said t o  have a 
“Classical”  critical  point in the  “zeroth  order” 
approximation.  We  have  seen  that  the  specific 
heat  diverges  logarithmically  with  a  characteristic. 
coefficient.  The  singularity is not necessarily 
symmetric  however.  Certainly  the  constant Co in 
(8.6) is not the  same on the  two  sides of the  transi- 
tion temperature. I n  fact it differs by approxi- 
mately  the  amount  of  the  discontinuity in the original 
“Classical”  specific  heat.  We  have  obtained a 
first approximation in which  the  coefficient, a, is 
different  above  and  below  the  transition,  but there 
are  indications  that  this is not the final  asymptotic. 
form  and  that  the  latter may well be  symmetric. 
The  preliminary  results of this  approximation lead 
to a  coexistence  curve  different  from  the  classical 
one,  which is a  quadratic  relationship  between the 

density  difference of the  two  phases  and  the  tem- 
perature  difference  from  the  critical  temperature. 
This  could  also  be  described  as  a  quadratic  relation 
between  the  density  and  the energy difference  from 
the  critical  energy-  the  energy  being  taken  on 
the  critical  density  line.  This  relation  between 
the  extensive  parameters  is  preserved in our  re- / sult,  but  the  relation  between  energy  difference 
and  temperature is  no longer  linear-in  fact 
E - Ec a t In t .  This  results  in  a  coexistence  curve 
which  can  be  represented: 

I 
Ap = p l -   p s  a (- t In t)lr2 

or, equivalently, 

i 
I 
I) 

‘p2 a t .  
-In A p  

It is useful  to  express  this in terms of the  natural 
i variable x ,  in this  case x=pl-ppdpl+p, ,  and  in  the 

case of a  magnetic  system, x = M / M o  where M is 
the  spontaneous  magnetization  and M o  the  satu- 
ration  magnetization.  The  natural  variable  ranges 

1 between 0 and 1 as t = 1 - T/Tc,  ranges  from 0 to 1. 
In this  variable  the  expression  for  the  asymptotic 
coexistence  curve  is 

X 2  

-In x a t ,  

( but  this  is  not  very  suitable  for  comparison  with 
experiment  because of the  spurious  singularity 
at x = 1. An expression  with  the  same  asymptotic 
form,  but  with  the  correct  limit  at T=O is 

X 2  

1 - l n x  
E t .  

This  expression (in which  the coefficient unity 
( multiplying In x is quite  arbitrary)  has  been  com- 

pared  with  his  measurements of the  coexistence 
curve  for  liquid  helium by Dr. M. Edwards who 
has  presented  the  comparison to this  conference. 
It  is  interesting  that  he  obtains  an  agreement 
rather  better  than with  the  usually  accepted  cubic 
relation.  Concerning  the  experimental  test of the 
predicted  relation (8.6) between  the coefficient of 
the  logarithm  and  the  compressibility, we have 
unfortunately  not  been  able  to  obtain  data  with 
which  to  make  a  useful  comparison  but  it  is  to be 

hoped  that  some will soon  be  available.  In  passing 
we note  that  the  van  der  Waals  equation  would 
yield  for  the  value of a in (8.6) the  number 9/4 In 2, 
(for T > Tc) which  is  near  values  that  have  been 
observed. 

This  work  was  carried  out  with  the  enthusiastic 
and  able  assistance of J. D. Gunton.  Much of 
it  was  performed  during  the  tenure of a  National 
Science  Foundation  Senior  Foreign  Scientist Fel- 
lowship  at  Stanford  University,  which  is  gratefully 
acknowledged. 

Discussion 

C .  N .  Yang: We  are very  grateful  to Dr. Fairbank  for  presenting 
his  most  interesting  results.  One  cannot  emphasize  too  much 
that  one of the  most  important  results of recent  years is the veri- 
fication  that  in  some  quantum  mechanical  systems  there  exists 
a  new  long  range  order  which  is  macroscopic  as is demonstrated 
by this  experiment.  In 1961 Dr. Fairbank  was  also  involved  in 
an  experiment  which  demonstrated  the  existence of quantized 

long  range order [l]. These  together with the  recent discovery 
flux in  a superconductor  showing  the  macroscopic effects of 

of the  Josephson  effect [2J, have  proved  once  and  for  all  that 
quantum  mechanical  systems  at  very low temperatures  often 
exhibit  correlations  which  are  different  from  crystalline  correla- 
tions,  but  which  also  extend  to  infinite  distances. Dr. Fairbank 
said  that  this  experiment  was  brought  about  on  a  fifteen  dollar 
bet  from  theoreticians.  Let us hope  that if we make  a  bet  at  the 
thirty  dollar  level,  we will obtain  more  results. 

IV. M .  Fairbank: I would  like  to  point  out that  Fred Kellers 
carried  out  the  experiment  on  the A point I just  described. 

M .  E .  Fisher: It is perhaps  worth  pointing  out  that,  although you 
do  have  a A-line in  liquid  helium  and not a A-line in the  ferro- 

close  analog of the A-line. In  fact,  in  a  spin flop antiferromagnet, 
magnet,  in  the  antiferromagnetic  transition you do  have  a  very 

off-diagonal  long  range  order  which Dr. Yang  was  talking  about 
I think, you have  something  rather  closely  analogous  to  the 

[31. 

L.  Tisza: The A-“point”  in  a  ferromagnet  is  a  point  only  in  the 
same  sense  as  the  melting  “point” is.  Both  refer  to  atmospheric 
pressure  and  a  variation of this  parameter  yields TA ( P ) ,  a  line 
in the P-T plane.  This  is  in  contrast  with  the  critical  point  in 
fluids. 

J .  S. Rowlinson: Even  at  the  liquid-vapor  critical  point of fluids 
you do  have  a A-line if you have  a  two  component  system,  where 
there is an  extra  degree of freedom. 

L.  Tisza: This  is  correct.  The  prediction of Gibbs’  phase  theory 
is  that  the  dimensionality  of  critical  states  in  the  thermodynamic 
space of intensities  is 6 = c -  1 where c is  the  number of inde- 
pendent  components.  The difficulty  in  interpreting A-lines a s  
critical  states  is  that  this  would  mean 6 =  1 for c =  1, a  contra- 
diction  to  this  rule.  Ehrenfest [4] sought  to  remedy  the  situation 
by  assimilating  the A-lines to  lines of ordinary  phase  equilibrium. 

to  explain the  absence of discontinuities in the first  derivatives 
(I confine this  remark  to  the  case c =  1.) His problem  was  then 

of the  Gibbs  function  that  are  characteristic,  say of melting. 
He  did  this by postulating  higher  order  transitions  for  which 
nth  derivatives of the  Gibbs  function  exhibit  discontinuities 
along  a  line  in  the  space of intensities,  while  the  lower  derivatives 
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are  continuous.  Shortly  thereafter  Landau  showed  that  such 

thermodynamic  theory of stability. The  seemingly  satisfactory 
transitions  can  be  indeed  expected  to  occur  on  the  basis of the 

of the  Ising  model,  particularly  since  experiment  showed  that 
situation  was  upset  by  Onsager's  discovery  of  the  singularity 

logarithmic  singularities  provide  good  descriptions  also of real 
systems.  These  developments  posed two  problems  for  the 
student of Gibbsian  thermodynamics:  (i)  identify  the  flaw  in 
Landau's  argument:  (ii)  generalize  Gibbs'  phase  rule  to  account 
for A-lines. It  can  be  indeed  shown  that [SI (i) at  critical  states 
the  discriminant of the  so-called  stiffness  matrix  vanishes  and 
this  invalidates  Landau's  power  series  expansion:  (ii)  at  critical 
states  there  are  two  modifications  that  become  identical  to  each 
other.  In  the  classical  case  these  modifications  differ  energeti- 
cally (liquid and  vapor).  At  A-points we have,  say,  the  two  polar- 
ized  states of the  Ising  model  which  are  energetically  equivalent 
and  which  transform  into  each  other  by  a  symmetry  operation:  in 
this  case  the  dimensionality of singular  points  becomes 6 = c  
and  the  above  mentioned difficulty is  removed.  The  nature of 
this  symmetry  is  evident  in  all  cases involving  solids  where  the 
mechanism  underlying  the A phenomenon  is  understood. A 
remarkable  exception is the A-line  of liquid  helium. I find 
myself  incapable of refuting  the  argument  that  this  system 
exhibits  some  elusive  intrinsic  symmetry.  This is interesting 
also  in view of the  recently  discovered  singularity of C,. at 
fluid  critical  points  which  seems  to  point  into  a  similar  direction 
(see  the  contribution of Dr. Chase  on  Wednesday  afternoon). 
A precise  formulation of this  symmetry  may  well  be  at  present 
the  most  challenging  problem of the  theory of critical  points. 

P .  W'. Anderson: For a  study of fluctuation  phenomena  in  super- 
conductors,  perhaps  the  best  direction  there  is  not  to go to  in- 
creasingly  pure  systems  but  to  increasingly  impure  systems, 
because  the  amount of the  critical  point  fluctuations will increase 
when  one  shortens  the  correlation  length. So one would  hope  to 
bring  out  the  critical  point  fluctuation  phenomena by decreasing 
the  path,  thus by making  an  increasingly  impure  system,  which, 
however.  should  be  as  homogeneous  as possible, 

A-point [6] in  liquid helium. 
I .  Rudnick reported measurements of the  sound  velocity  near  the 

M .  J .  Buckingham: With  regard  to  the  paper of Dr.  Rudnick, I 
would  like  to  point  out  that if one  would find a  violation of the 
Pippard  relations,  this  means  either  that  the  system  is  not in 
thermodynamic  equilibrium or that  the  singularity  is  not  qualita- 
tively the  same  all  along  the A-line. The  latter  property  is  used 
in  deriving  the  Pippard  relations [7]. 

E .  Helfand: I want  to  mention  something  which  surprisingly 
has not  been  mentioned  yet.  Perhaps, it may  be  important  here. 
There  has  been  some  thought  recently  about  whether  some of 
these  apparent  second  order  phase  transitions  really  should not 
be first order  phase  transitions.  The  analysis  has  been  made 
mostly  in  magnetic  systems,  where  one  takes  into  account  the 

effect  may  enter  into  fluids,  namely,  by  introducing  many  body 
volume  dependence of the  exchange  coupling. An analogous 

which  may  destroy  the  second  order  nature of the  phase  tran- 
potentials  one  may  get  an  effective  density  dependent  potential 

sition  except  for  one  particular  density.  This  would  imply  that 
you have  to  do  constant  volume  measurements  in  order  to  get 
the  proper  second  order  phase  transitions. 

C .  W'. Garland: With  respect  to  the  comment of Dr.  Helfand, I 
wish to point  out  that  in  the  paper  on  an  ultrasonic  investigation 
of ammonium  chloride,  to  be  presented  later  at  this  conference, 
we shall  show  in  some  detail  that  for  an  Ising  ferromagnet  such 
a  first  order  transition  does  occur  across  an  instability  region. 

C .  N .  Yang: Could I ask Dr. Edwards  what  happens  to  the  critical 
temperature if you make  a plot of the  variable  X2/(1 -1nX)  that 
Buckingham  suggested? 

M .  H.  Edwards: I forgot  to  point  out  that  on  this  basis  the  best 
straight  line  goes  through  a  temperature  which is 0.006 "K below 
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the  critical  temperature  on  the T58 scale. I would  therefore 
suggest  that  one  should  treat  the  plots  made  to  fractions of a 
millidegree  from  the  critical  temperature  with  reservation, if 
this  is  indeed  that  uncertain.  In view of the  thermometry  in- 
volved and my inability  to  put  a  thermometer  into  the  actual 
optical  path, I do not know  whether  this  difference  is  precisely 
0.006 "K, but I think  that  there is a  significant  difference.  It  is 
conceivable  that my whole curve  is  shifted  somewhat. I should 
have  said  that  for  the  X3-plot  this  would  require  a  shift of 0.020 "K, 
which is certainly  beyond  the  realms of possibility. The X2-plot 
leads  to a critical  temperature  somewhat  above  the  listed  one 
depending  on  where you put  the  tangent. 

M .  J .  Buckingham: I would like  to  make  two  remarks.  The 
first is  a  plea  for  the  use of the  proper  natural  variable  in  studies 
of  the  coexistence  curve of gas-liquid  systems.  This  is  the  var- 
iable X = ~ p r - p p , ) ( p ~ + p p , ) = ( u , - u ~ ) ( v p , + u ~ ) .  rather  than  the  often 

-T/Tc  ranges  from 0 to 1 and is indifferent  to the choice o f  
used (p , -pp , ) /2p , .  'The variable X ranges  from 0 to 1 as  t =  1 

number of atoms or volume as  the  basic  extensive  variable.  The 
other  variable  and X are  equal if the  "rectilinear  diameter" is 
not only  straight  but  constant  as in the  case of the  Ising  cell 

sults  as  mentioned by Dr.  Edwards. 
model.  It has  other advantages  for  plotting  experimental  re- 

Concerning  the  particular  form of the  suggested  coexistence 
function,  namely X'/(l- In X ) ,  I should  say  that  the  theoretical 
argument  which I will mention  in  my  talk  later,  merely  indicates 
the  asymptotic  form -X'/ln X for X +  0. The  factor (-In A'-! 

in  this  particular  expression  is nut useful  because of  the  spurious 
infinity  at X =  1. One  is  led  therefore to consider  the  factors 
( 1  - n In X)-I which  have  the  required  asymptotic  form  and  which 
for all n are  zero  at X =  0 and  unity  at X =  1  where  the  slope  is n.  
These  properties  are  shared with the  set of functions X " ;  indeed 
their  general  shape  is  remarkably  similar  to  the  corresponding 
simple  power  function. 

liably the  correct  asymptotic  behavior of empirical results  how- 
We can now emphasize  the  great difficulty of obtaining  re- 

ever  accurate,  over  a  limited  range of the  variable. As Dr. 
Edward's  illustrations  showed,  the  function  Xz/(l-ln X )  is over 
his range of  parameters,  numerically  much  closer  to  the  func- 

coefficient p would be l/z as  for X', rather  than V3. 
tion X:l than X', although  the  corresponding  value for Fisher's 

L .  Tisza: Even if the  Buckingham  variable X is "natural"  for 
the analysis of the  coexistence  curve, it is not a  substitute  for p 
used  with  its  conjugate  intensity p (see  paper of  Chase  and Wil- 
liamson).  In  fact, X is defined  only  on  the  coexistence  curve 
and  has no meaning  for  the  homogeneous  fluid. 

J .  S. Rowlinson: Dr. Moldover  gave  us some  information  on  the 
variation of  C,. with the  density in the two phase region  which he 
said  implied (d'p/dP)I .  # 0. Does  this  imply  that -NT(d'p/dT% 

of the  vapor  pressure line (d'p/dT')I. becomes infinite? 
becomes  infinite? Or do  your C,. data imply that  the  curvature 

M .  R .  Moldover: S o  far  as I can  see in the region I showed both 
terms  are  at  least not decreasing  and  one of them is surely 
increasing. 

K .  E .  Barieau: Dr. Moldover,  did you say  that  the  quantity 
-NT(d'p/dP)V is positive? 

M .  R .  Moldover: Yes,  the  sign of this  quantity  does not change 
in the vicinity of the  critical  point. 

R .   E .  Barieau: Recently, I have  analyzed  the  data of Hill and 

(d'p/dT')I, and (dZp/dT')I.. Now ordinarily  below  the  critical 
Lounasmaa  [8]  for  helium  in  this way to  obtain  the  quantities 

namely -NT(d'p/dT')l. and VT(d'p/dT'),. are  both  positive  down 
point (d'p/dT')~. is negative, so that  the  two  contributions  to C,. 

around  the  boiling  point. Now when  the  critical  point is ap- 
proached,  the  data of Hill and  Lounasmaa  indicate  that 
-NT(d'uIdT')I. is first positive  and  then  becomes  negative. 

I 
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M .  R .  Moldover: I belike  the  data of Hill and  Lounasmaa  were 
taken at intervals of 0.050 "K or larger  and  were not taken  par- 
ticularly  at  the  critical  density. 

at  different  densities and  the  measuring  points  were  not  chosen 
K .  E.   Barieau That is correct.  They  made  the  measurements 

to get  these  two  quantities  with  the  maximum  accuracy. How- 
ever, it is  possible  to  deduce  some  figures  for  these  quantities 
and  there  are two series of experiments  between 4.2 and 4.5 "K 
in  which  the  densities  are  far  apart so that  one  can  obtain  these 
quantities  with  considerable  accuracy. 

M.  R.  Moldover: Yes,  there is a  conflict  between  your  conclusion 
from  the  Hill  and  Lounasmaa  data  and  mine.  With  respect  to  the 
data of Hill and  Lounasmaa in the vicinity of the  critical  point  it 

complete  thermal  equilibrium  is  difficult  to  realize. 
should  be  remarked  that  they  used  a  large  chamber  in  which 

M .  H .  Edwards: They  also  smoothed  their  data. 

M .  S.  Green: I would like to ask Dr. Edwards  and Dr. Moldover 
how much  the  density  dependence  on  the  height in the fluid 
would affect  their  experiments. I think  Dr.  Edwards  had  some 
control of this  height. Is that  correct? 

M. H .  Edwards: Yes. Of course,  this  effect  is  not  important 
further  away from the  critical  point. At least  at 5 "K the  cor- 
rection due to  the  compressibility,  which  incidentally, I have 
measured in  this  range,  is  less  than 0.05 percent  in  any of the 
individual  density  measurements.  The  liquid  had only  a  helium 
liquid  pressure  between 1 mm  and  perhaps in the  extreme  case 
4 mm  above it. This  correction  was  completely  trivial  even 
while the  extrapolated  compressibility is going  to  infinity. 

M .  R .  Moldover: Most of the helium  in my cell  is  in  the  slots 
which are 3 mm deep.  There will be  a  distribution of densities 
in this  helium  column  as you approach  the  critical  point.  Dr. 
Edwards  measured  the  compressibility  far  from  the  critical  point 
and  also  gave  an  equation of state,  which  he  derived in the  earlier 
days  when  one  used  a  power  series  expansion.  Using  this I 
calculated  that in my  cell  the  distribution of densities  is  less  than 
2 percent  at  the  temperatures  closest  to  the  critical  point. SO 
on the plot I presented  this  gives  a  contribution  to  the  curvature. 

M .  S. Green: In  computing  this  correction  one  should  probably 

Larsen  pointed out yesterday. It  actually  makes  a  significant 
use  the  nonanalytic  character of the  density  dependence  as Dr. 

difference.  One  cannot  be  satisfied  to  use  an  analytic  expansion 
in  computing  this  correction. 

M .  E .  Fisher: I  want  to  ask Dr. Edwards:  what  is  the  actual 
value  of the  parameter X in your  experiments?  In  their  experi- 
ments  on  xenon,  Weinberger  and  Schneider [9] approached  the 
critical  point  to  within ATIT, = 3 X lO-5, while you essentially 
approached  the  critical  point  only  to  within 2 percent. So 
Weinberger  and  Schneider  approached  the  critical  point  a few 
decades  closer,  but  even  as  close  as  that  this  parameter X was 
0.07. In  other  words,  the  curve is so flat that  the  density dif- 
ference pl -pp, is  still  very  large.  Dr.  Rowlinson made  the  point, 
which I think is a  relevant  one, that you have  to  approach  the 
critical  point  considerably  closer. 

M .  H .  Edwards: Yes.  this  is  a  curious  feature. I went  to  within 
2 percent  from  the  critical  temperature. My corresponding X 

are  smaller. In  other  words.  their  xenon  data look flatter  than 
values  and  consequently my density  differences p t - p ! , .  however. 

my helium  data.  After  studying  the  data of Weinberger  and 
Schneider. I concluded  that  they  did not adequately  guard  against 
the  gravitational  gradients effects, They  had  a  sample  that  was 
1 cm  deep  and  the compressibility correction is 15 times  what 
it would be for helium in the  corresponding  case. 

M .  E.  Fisher: Well. I do not want to  defend  the  measurements 
of Weinberger  and  Schneider  either.  but  they  did  a  series of 
experiments  to  make  a  special  study of the  density  effect.  (The 
experiments on xenon.  hydrogen.  He4  and  He3  have  since  been 
analyzed  systematically  with  a  suggestion as  to  the  nature of  
the  quantum  deviations (31.) 

M .  H .  Edwards: Yes.  but only down  to  1  cm.  They  had  a  cell 
that  was  approximately 1.2 cm by approximately 10 cm.  normally 
used in the  vertical  position.  They  rotated  to  the  horizontal 

of 1 cm. but not further. I claim  that  with  a  smaller  slice of 
position  to  change  the  gradient  from  a  height of 10  cm  to  a  height 

the fluid I got a  different  result. 

G .  B.  Benedek: I wonder.  whether we could  clear  up  the  question 
not of the  difference  in  flatness  between  your  data  and  those of 
Schneider.  but  between  your  data  and  those of' Moldover. 

Dr. Moldover  made  the point that  he  had  evidence  that  his  den- 
s i t y  curve  was  flatter  than  a  dotted  curve of yours. 

M .   H .  Edwards: Not entirely  clarified.  On  the  density  versus 
temperature plot Woodbury  and I had  results  that  were  extrap- 
olated  to go through  a  temperature which  corresponded  to  the 
T58 value of the  critical  temperature.  That  is  the  temperature 
to  which  he is comparing  it  with. My evidence now suggests 
that  the  critical  temperature  should  be  reduced. If I now tit 
the  data not with the  power  series  but  with  the  logarithmic  func. 
tion.  which calculation I have not yet completed.  and  extrapolate. 
the  curve  becomes  flatter. 

yet overlap so  that  the  disagreement  is between  an  extrapolation 
However. the  real  answer is that  our experimental  data  do not 

based  on  a  misconception  and  a  clear  experiment. I would  say 
that  the  weight of evidence  is  in  favor of the  direct  measurements 
of  Dr. Moldover with respect  to  this  point. As he  pointed  out, 
he is measuring  a  very  large  quantity. 

R .  Renard: I would like  to  point  out  that Dr. Garland and I have 
developed  a  theory in which not only the  spin  contribution  but 
also the  lattice  contribution  to  the  specific  heat  of  a  crystal is 
taken in to  account  For  an  Ising  model in two  dimensions i t  
can be shown  that  the  system is mechanically  unstable  around 
the critical temperature.  leading  to  a  hysteresis.  This  must also 
be true  for  a  three  dimensional  system if it is correct  that C c  
goes to  infinity  at  the  critical  temperature  for  this  model.  where 
one has to  replace cITh/tlp by tlT/tlp along a line  of  instability 
points. It  is predicted  that C,, should go to  infinity  but  that C r  
would not. 
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