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(1) In  the  previous  lectures  the  behavior of the 
macroscopic  thermodynamic  functions of systems 
in equilibrium  near  critical  points  has  been  dis- 
cussed.  Notations for the  various  exponents 
describing  the  critical  singularities  have  been  in- 
troduced  and  the  connections  between  them  have 
been  described [l]. In  this  talk we enter  the 
microscopic  domain by studying  the  correlation 
functions  and  their  relation, on the  one  hand, to 
the  thermodynamic  properties  and, on the  other 
hand,  to  the  phenomena of critical  fluctuations  as 
observed  through  critical  opalescence  and  scat- 
tering  experiments. 

Perhaps  the most important  correlation  function 
is the  net  pair  correlation  function,  namely, in 
a fluid system 
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where q(r) is the  pair  potential, with Fourier  trans- 
form ak) ,  and J(r) is  the  exchange  energy  coupling 
the  spins.  The  specific  heat, in  which we expect 
a  critical  point  anomaly,  can, of course,  be  derived 
by differentiating  the  energy  with  respect  to  tem- 
perature. 

It  is  convenient  to  introduce  the  Fourier 
transforms 

which are  directly  related  to  the  fluctuations of the 
Fourier  coefficients of density  and  spin  deviation 
through 

Furthermore  the  scattering  intensity  observed with 
light, x rays  or  neutrons  at wave number  k=(4n-/h) 
X sin (0/2) is given  (in first Born approximation) by 

where Zo(k) is  the  intensity  which would be  ob- 
served  from  the  ideal,  noninteracting,  system. 

These  results show that x(k) is the  quantity of 
most  fundamental  and  direct  theoretical  and  ex- 
perimental  interest. In as  much  as  a  critical 
point is associated with an  infinite  divergence of 
KT and X T  we see from (3) and  (4)  that  the  correla- 
tions  must  become of increasingly long range  near 
a  critical  point.  This, in turn,  implies  some  sin- 
gularity in the  behavior of i (k)  for small k as T 
approaches T,. Indeed  a  rapid  increase of i(k) 
for  small k is the  mathematical  expression of the 
observed  critical  opalescence. 

(2) Let us review briefly the  “classical”  approxi- 
mate  theories of the  behavior of the  correlations 
near  a  critical  point.  The first theory  was  that  due 
to  Ornstein  and  Zernike [ Z ]  for  a  fluid; in many 
ways  it is  still  to  be  preferred  since  its  theoretical 
assumptions  are  clear  and  easy  to  appreciate. 
Firstly,  the  direct  correlation  function C(r) is intro- 
duced via the  relation for its  Fourier  transform. 

i(k) = 1/ [ 1 - pi‘(k)]. (13) 

It  is  then  argued, or assumed [3], that C(r) is of 
short  range  and remains so up to and at the  critical 
point. If this is so one may expand  its  transform 
in a  convergent  Taylor  series  as 

&(k)=k(O)- r%k”I- . . . , (14) 

since C(k) is analytic in k2 even  at  the  critical  point. 
The  “interaction  length” ro is  constant  (or slowly 
varying) and  remains finite at  the  critical  point. 
Truncation  yields  the  well-known  result 

2 k )  -- r,2/(k2 + K2), (15) 

where K is related to C(0) and  turns out to be  the 
inverse range of correlation. From (15) a plot of 
the  experimentally  observed  inverse  scattering 
intensity Z-l(k) should  be linear in k2 at all tem- 
peratures  approaching T, as shown in figure 1. 
This  Lorentzian  line  shape  is  a  central  prediction 
of the  theory. 

As k approaches  zero we see  from (10) that 

K T ,  XT - lim i(k)=i(O) ̃  1 / ~ ~ ,  (16) 

so that K must  vanish as  the  critical point is ap- 
proached.  We may assume,  rather  generally,  that 

K ( T )  - ( T -  T,)” as T+  Tc ,  (17) 

k - 0  

FIG[ R E  1 .  Plot of inverse scattering intensity versus k2 near the 

Zernike and equivalent theories. 
critical point to be expected on the basis of the Ornstein- 

along  the  critical  isochore  or in zero field. It fol- 
lows that  a plot of Z”(k) should  intersect  the origin 
when T =   T ,  (see fig. 1). 

Inverting  the  transform (15) for  a  d-dimensional 
system  yields: 

(a) for fixed T > T,. and r +  m 



We  may cite briefly many  later  alternative  treat- 
ments  that  are  essentially  equivalent  as  regards 
their  consequences  (but in which  the  nature of the 
basic  assumptions  are  frequently  somewhat  ob- 
scure).  For fluids there  are  the  semithermody- 
namic  or  phenomenological  theories  based  on  the 
introduction of gradient  terms  into  the  free  energy 
due to Rocard, Klein and  Tisza,  Debye,  Fixman, 
and  Hart. Yvon has  argued  that C(r) could  be  re- 
placed by the  Mayer  function fir)  i.e.,  by  its  leading 
term in a virial expansion.  In  a  somewhat  similar 
way the  Percus-Yevick  equation  always  predicts 
a  short  range C(r)  if the  potential cp(r) is of short 
range. Brout’s self-consistent field approach 
yields,  with p =  l/kT, 

where H.C. denotes  the  corresponding  pure  hard 
core  system  and G’(k) is the  Fourier  transform of 
cp(r)gll,(~.(r). This is again  equivalent  near T,.. 
(Some of these  theories  have  been  reviewed in 
more  detail  recently [3].) For  binary alloys one 
may mention work  by Landau, Krivoglaz, Zernike, 
and Cowley  amongst  others.  For  magnetic  sys- 
tems  the  phenomenological  theory of Van  Hove 
was  modeled  on  the  Ornstein-Zernike  and van der 
Waals  theories  and is quite  analogous. ‘The gen- 
eralized  mean field treatments of Brout,  and El- 
liott and  Marshall [4], etc., yield results of the  form 

which, for short  range  exchange  potentials,  are 
essentially  equivalent.  The  more  recent  Green’s 
functions  treatments of Tyablikov  and  others, 
Mori and  Kawasaki,  and  Kubo  and  Izuyama  (for 
the  itinerant  electron  model)  lead  again  to  virtually 
the  same  results; in particular  the  direct  correla- 
tion  function is always of short  range.  The  spheri- 
cal  model of Berlin  and  Kac  is  also  similar  but 
with v =  1 rather  than v =  3 as in most of the  other 
theories,  since y =  2 in that  case. 

(3) I would now like  to point out  a  conclusion 
drawn from  many of these  theories 2 concerning  the 
nature of the  specific  heat  singularity (Cr or C,,=o). 
Firstly  note  that  one  can  hope to justify  most of 
these  approximate  expressions  for G(r) at fixed 
T > T, only as r +  ~0 [3]. If, however, we assume 

I But not all!  See the discussion comment b y  Marshall concerning an honorable 
exception 141. 
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they  are  also valid for small r (specifically of order 
of the  range of direct  interaction) we may calculate 
the  specific  heat  as T-t  T,. If,  as  is  often  fashion- 
able, we’ perform  the  calculations  entirely in terms 
of Fourier  transforms it is quite  easy  to overlook 
this  implicit  assumption  since  the  “derivation” 
runs roughly as follows: For  example for a  magnet, 
assuming (15) and  using (ll),  we have 

which is a  surprizingly  common  prediction in the 
literature!  The  analysis,  however, is quite  un- 
justified as is rather  easier  to  see if one  works in 
real  space  using (18) or (20) and (5) or  (6)  and  ex- 
plicitly inserts  the  short  range  character of the po- 
tential by cutting off the  integral  or  sum  at  some 
r =  r~ [SI. In  fact  the  specific  heat is determined by 
the  variation of G(r) or T(r) with T as T+ T, for 
small,  fixed r (i.e., by Q ( x )  for small x in (20); see 
also  below). Thus  although in a  general  sort of 
way the  long  range  behavior of G(r) is a  direct  “indi- 
cator” of the  transition  it is not  sufficient  to  deter- 
mine  the  specific  heat  singularity. 

(4) We have  listed  the  “classical”  approximate 
theories which concur with the  predictions  (15) 
to (20) of Ornstein  and  Zernike.  Recently, how- 
ever,  other  answers  have  been  proposed, in the 
first place by M. S. Green [6] on the  basis of the 
hypernetted  chain  integral  equation.  Green  argued 
that  certain  irreducible  diagrams might be  neglected 
at the  critical point and  thereby  obtained  an  equa- 
tion for i,(k). As observed by  Stillinger  and 
Frisch [7] his  argument may be  applied in d dimen- 
sions  and yields [3] 

Taking  the  Fourier  transform of (31) with 7) > 0 
leads  to  the  important  prediction,  contrasting  with 
that of the 0 - Z  theory,  that  a plot of inverse  scat- 
tering  intensity  versus k2 at T= T, should be curved 
upwards according to 

has  been  presented by Abe [8] who was  inspired 
by the  recent  paper of Patashinskii  and  Pokrovskii 
[9] on the  lambda  anomaly in helium.  This  latter 
work has  attracted  a  great  deal of attention  since 
it  claimed  to  predict  theoretically  the  logarithmic 
specific  heat  anomaly  which is observed  in  the 
beautiful  experiment  described by Professor  Fair- 
bank  this morning. Indeed  the  formula (34) is 
“designed”  to  predict  a  logarithmic  specific  heat 
by just  the  same  false  argument we outlined  above! 
[In the  analysis of Patashinskii  and  Pokrovskii 
and of Abe it is  assumed  that A(T) varies  as ( T -  T,) 
to the  power  unity.  However  some  other  power 
would  not alter  the  logarithm  but only its  ampli- 
tude.]  Even if (34) is  correct, we cannot,  there- 
fore,  believe in the  “derivation” of the  logarithmic 
specific  heat.  Actually,  as we  will see  below, (34) 
is not correct for the  Ising  model  and  its  analog 
for helium,  in  terms of the  one-body  density  matrix, 
is  equally  to be doubted.  From (34) we find 

C,(r) = D/rl/ad (35) 

which is equivalent  to (31) with 

7)=2-+d. (36) 

Note  that  in  significant  contrast with  all other  the- 
ories, C(r) will still have  a  long-range  tail (l/r3/z 
for d=3) when T exceeds T,  according  to (34) since 
>i(k) is  still  singular  at k2= 0. (Patashinskii  and 
Pokrovskii  were  more  circumspect on this point!) 

(5)  Now I will turn  to  some  more  rigorous  results 
on the  behavior of the  correlation  functions  which 

will enable  us  to  judge  the  approximate  theories. 
Firstly,  as to the  question of the  exponential  decay 
of the  correlation  functions  away  from  the  critical 
point  (in the  case  envisaged of short  range  inter- 
actions).  With  fair  generality  one  may  define  the 
inverse  range of correlation  through [3] 

K(T)=-lim sup  ( l /r)  log IC(r)l, ( T >  Tc). (37) 
r‘x 

The  existence of this limit with K > 0 implies  the 
asymptotic  exponential  decay of G(r) .  For  the 
Ising  model  the  matrix  method  provides  expres- 
sions  for  the  correlation  functions  from  which (37) 
is an  immediate  consequence in a  system of finite 
cross-section  (but  infinite  length).  Onsager’s  [lo] 
explicit  solution  for d = 2  shows  this  remains  true 
for a  system of infinite  width  above T,. For  a 
continuum  classical  gas  one may construct  a  gen- 
eralized  integral  kernel  for  which  one  similarly 
finds  an  exponential  decay,  the  parameter K being 
determined,  as in the  matrix  case, by the  ratio of 
the two largest  eigenvalues. 

The  convergence of the  activity  and  virial  ex- 
pansions for gases  recently  established  rigorously 
by Penrose,  Lebowitz,  and  Ruelle  implies  a  similar 
result for C(r) in the  domain of convergence-  and, 
by continuation  along  the  physical  axis,  up  to  some 
singularity  which  would  have  a  physical  significance 
(probably  the  critical  or  condensation  point).  We 
can  thus  expect  rather  generally  that z(k) should 
be  analytic for small k2 above T, (in disagreement 
with  Abe’s result  but in agreement with the 0 - Z  
theories). 

The vanishing of K as T approaches T, according 
to (17) is  confirmed  rigorously  by  Onsager’s  result, 

exp(-Ka)=v(l+v)/(l-v),  v=tanh ( J / k T ) ,  (38) 

for  the d = 2  Ising model. This  yields  the  non- 
classical  value v =  1 for the  exponent  defined in (17). 

Further  details of the  decay of correlation above 
T, for  the  simple  Ising  model follow from  an  analysis 
of the  matrix  method [3, 111 which  confirms  the 
0 - Z  result (18). For  the more general  integral 
kernels  an  appropriate  form of perturbation  theory 
reveals  a  spectrum of eigenvalues  from  which  a 
similar  conclusion will follow. The analyses of 
nonuniform  fluids by Lebowitz and  Percus in terms 
of the  direct  correlation  function  also  serve  to 
justify  the  asymptotic validity of the 0 - Z  theory 
away from  the  critical point [3]. 

1 1 1  



The most  important  rigorous  result  for  our  present 
purpose,  however, follows [3, 71 from the work of 
Onsager  and  Kaufman [12] on the  pair  correlation 
functions of the d = 2  Ising  model  at  the  critical 
point.  Their  result  shows  that 

G,(r) = D/#,  i.e., r)= 1/4, (d=2).  (39) 

This is in  clear  contradiction with the  predictions 
of Ornstein  and  Zernike (r)= 0) and  all  other  the- 
ories!  [See eqs (32) and (36).] 

To  summarize  these  considerations, we can  still 
hope  generally  to  describe  the  correlations  near 
the  critical point in terms of two lengths,  the 
“range of correlation” ~ / K ( T )  which diverges  as 
T+ T, and  a  “range of direct  interaction” r&“) 
which  remains  finite.  However,  generalizing (20), 
we must  expect for all small K that 

which  extends (33) to temperatures  above T,. (See 
also fig. 2.) In view of (39) we might expect  the 
exponent r) to  have  a  relatively  small  but  positive 
value.  Letting k approach  zero  and  using (10) 
and (17) shows  that the divergence of the sus- 
ceptibility  and  compressibility  (along  the  isochore) 
[ l ]  is now given by 

-Y= (2 - r))v (43) 

in place of the  Ornstein-Zernike  formula (24). As 
observed  some  time ago [I31 this  result  applied  to 
the d = 2  Ising  model  using (38) and (39) yields 
y=7 /4  which is  just  what is found by careful 
extrapolation of the  series  expansion [14, 151 as 
explained  yesterday by Professor Domb. 

(6) In view of  my remarks on the  impossibility 
of determining  the  specific  heat  singularity  from  the 
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long-range  part of the  pair  potential3 it is  worth 
pausing  to  ask how Onsager’s  famous  result  that 
the  specific  heat of the d = 2  Ising  model  diverges 
as log IT- T,J fits  into  the  picture.  Accepting  the 
form (40) as  the  leading  contribution  to C ( r )  for all 
r and  using (6) and (38) one  can  easily  see  that  the 
logarithmic  singularity in the  specific  heat  means 
that 

Q ( x )  = Bx log x ,  as x -+ 0. (44) 

As explained,  it  is only the  behavior  for  small x 
which is  relevant.  More  generally if a + 2 v  > 1 
(as  is  probably  always  the  case)  a  specific  heat 
exponent a > 0 would  follow  from (40) if 

Q(x)  = x - ~ x ( I - ~ ) / Y  + . . . as x +  0. (45) 

(7) In  the  absence of exact  results  for the three- 
dimensional  Ising  model  (or  for  the  Heisenberg 
model) one  must  return  to  approximate  methods of 
calculation.  However, by developing  systematic 
successive  approximations,  notably sufficiently 
long  series  expansions,  one  may  hope, as in the 
case of the  thermodynamic  functions,  to  draw  re- 
liable  conclusions  about the critical  behavior. I 
will report on progress  along  these  lines in work 
undertaken in collaboration  with Mr. R. J .  Burford. 

Firstly, for the d =  3 Ising  model  one may develop 
a  series  expansion for the  range of correlation K in 
powers of v= tanh ( J / k T ) .  In  the  standard  Ising 
problem  the partition function can  be  expanded 
in terms of configurations of (closed) polygons on 
the  lattice  (each  bond  being  associated with a  factor 
v) subject  to  the  condition  that  an  even  number of 
bonds  meet  at  each  vertex.  To  calculate c K “  

(where a is the  lattice  spacing)  one  needs in addition 
to  the polygons a  single  chain of bonds  that  stretches 
right  across  the  lattice  (in  the  direction of interest). 
By enumerating  these  configurations  one  finds for 
the  propagation of correlation  parallel  to  a  principal 
axis of the  simple  cubic  lattice 

.( I the specific heat divergence can. however, be found from the long range part of 
the fourth order correlation functions. See remarks in the discussion following this 
talk. 
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Evaluation of this  series with the aid of Padé  ap- 
proximants  enables  accurate  plots of K ( T )  to  be 
drawn  which  reveal  clear  deviations  from  the  pre- 
dictions of the  simpler  approximate  theories [16]. 
The  series is not,  however, sufficiently regular  to 
yield a firm estimate of the exponent u although  one 
may conclude  that  it  lies in the  range 0.60 to 0.7. 
Since y =  1.25 for  the  simple  cubic  this is con- 
sistent with some  small  value of q in (43) but  evi- 
dently  cannot  decide for or against  the  Ornstein- 
Zernike  prediction r) = 0. 

A more  fruitful  approach  has  been  to  calculate 
the series  expansions for the correlation  function 
G(r) at all  values of r on the  lattice.  The  relevant 
configurations  consist  again of polygons plus  a  chain 
but  the  chain  is now of finite length  and  simply 
runs  from  the origin to the  lattice point at r (these 
being  the only  points  at  which an  odd  number of 
bonds  may now meet).  Appreciable  assistance 
in the  calculations may be  gained ‘from the known 
series for the  susceptibility  and from  available 
numerical  data on  self-avoiding  lattice  walks. 
From  the  series  for G(r) one  may form the  moments 

Of course  the  zeroth  moment  is  just  proportional  to 
the  susceptibility  itself while the  second  moment 
is  directly  related to the  initial slopes of plots of the 
inverse  scattering  versus k2 (and to the  so-called 
Debye  “persistence  length,”  see  ref. 3). By using 
(40) and (43) we find immediately  that 

Consequently  estimates of the  critical  behavior of 
pz(T)  will yield estimates of v and r). For  the  simple 
cubic  the following terms  have  been  obtained 
(while one  more is available for the  plane  square 
lattice) 

This  series  and  the  corresponding  ones  for  the 
plane  square  lattice  and  other  three-dimensional 
lattices  are very regular  and may be  extrapolated 
by the  ratio  and Padé approximant  techniques. As 
a  check on the  consistency of our analysis  let us 
first look at  the  two-dimensional  series  for wq. Using 
the  exactly known critical point and  the  result 
y =  ‘/4 the Padé approximants t o  ( v -  v,)(d/tfv) log pl 
yield the  successive  estimates: 

r) = 0.2495,  0.2532,  0.2485,  0.2511,  0.2507, (d=2).  

These  are  evidently  approaching  the  exact limit 
r) = l/4 rather  rapidly which  confirms  the validity 
o f  our  approach.  For  the  simple  cubic  a corre- 

sponding  sequence of estimates  (taking y =  1.250 
and  using  the  accurately known critical  point)  is: 

r) = 0.0696,  0.0684,  0.0621,  0.0583,  0.0580, (d=3).  

These values  seem to be  converging  to  a limit in the 
vicinity of 0.058 to 0.060 and  studies of related  series 
lead to a  similar  result. We  may conclude with fair 
confidence  that 

r)=0.059k0.006,  v=0.644+0.002,  (d-3). (50) 

The  results for the B.C.C. and  F.C.C.  lattice  are 
quite  similar  although  less  precise  as  the  series 
are  shorter.  The  value (50) for r) is consistent with 
the  rather  natural  conjecture r)= 1/16=’0.06250 
(implying v =  20/31 = 0.64516 . . .) but  the  .true  value 
might well be  lower,  say, n = V I E  = 0.05555 (implying 
U = ~ / I ~  = 0.64285 . . .). (It is interesting  to  note 
that  the values of the  analogous  exponent for the 
self-avoiding  walk  or  excluded  volume  problem  are 
r)’=2/9 and 1/18 in  two and  three  dimensions, 
respectively.) 

One may also use the series for G(r) to  estimate 

Gr(r)= Gr(x, y, z)  directly  for  small  values of r 
although  this  cannot  be  very  accurate owing to the 
singularity of C(r) as  a  function of T which is simi- 
lar  to  that in the  energy  i.e., roughly (T-T,) log 
(2‘- TJ. For  the  nearest  lattice  points to the origin 
we estimate: 

(0, 0, 1) 0.328, (0, 0, 2) 0.160, (0, 0, 3) 0.11; 

(0, 1, 1) 0.206, (0, 1, 2) 0.137; (1,   1,  1) 0.163. 
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These  values  are  quite  consistent  with (31) and (50) 
i.e.,  with G,(r) - l/r1.”6, but  they  do  not  yield  an  inde- 
pendent  estimate of 7. 

For  the  Heisenberg  model  fewer  terms  can  be  cal- 
culated  and  their  behavior  is  less  regular  especially 
for low spin  values. The most favorable  case is 
the F.C.C. lattice  for S =  00 where we obtain  the 
sequence of estimates: 

u = 0.786,  0.760,  0.724,  0.710,  0.702. 

From  this  and  other  sequences we feel  able  to 
estimate 

r )  = 0.07Sk 0.035, u =  0.692 f 0.012.  (51) 

The values of r )  and u (as those of y )  do not  appear 
to  depend  significantly, if at all, on the  value of the 
spin  (or on the  lattice  structure).4 

(8) It  seems  clear  from  these  calculations  that r )  

has a positive value  for  three-dimensional  Ising 
models  and  for  the  Heisenberg  models.  The  value 
of r )  is, however, rather  small  although i t  is interest- 
ing  to  note  that it is  apparently  slightly  larger  for 
the  Heisenberg model. (This is in accord  with 
the larger  deviation of the  exponent y from its 
classical  value of unity.) I feel r )  might be some- 
what  larger  still in  a continuum fluid with  mole- 
cules of a  nonsimple  shape  where  “excluded  volume 
effect”  would be  expected  to play a  larger  part. 

In  as  much  as r )  is positive  we  must  expect a plot 
of the  inverse  scattering  intensity  versus k’ to  be 
curved ut  and  (by  continuity) near T,. for small k 
as shown by (33) and (42). Since  the  expected 
value of r )  is so small, however. this  curvature  (even 
if present) might not be very evident.  In  fact, 
the  main effect (as may be verified by plotting  curves 
according  to (42) for small  values of r ) )  is to  cause 
the scattering  plots  “to  hang  up” so that  the  inter- 
cepts  appear not to  approach  zero as T +  T,., and 
even  at T,. the  curve  appears  to  extrapolate  linearly 
with h.’ to  a  nonzero  value. These effects  are 
indicated in  figure 2 where,  however, a relatively 
large  value of r )  has  been  assumed  for the sake of 
clarity. 

What do the  experiments  say? Well, we will 
hear  the  latest  situation  from  some of the following 

t h a t  the value of y is probably appreciably larger than the S = m  value y = 1.33 (al- 
4Note added in Proof, However, recent work on the susceptibility for S= 1/2 indicates 

though 7 may not change much): see G. A .  Baker. H .  E. Gilbert J .  Eve, and G .  S.  
Rushbrooke, Physics Letters. 20. 146  119661. 

speakers  but  perhaps I should finish by reviewing 
very  briefly  a few  relevant  experiments  which, I 
think, give some  indications of small  deviations  from 
the Ornstein-Zernike  theory. These deviations  are 
in the  expected  direction  although, I should  stress. 
the  problem is still very much  “in  the  air”! 

Walker  and  Keating in their  recent  neutron 
scattering  experiments on the  binary alloy p -  
brass [171 observed  that when T approached T,. 
the  intensity of the  superlattice  line  (which is 
analogous  to K T  in  a fluid system)  increased  more 
rapidly  than  expected  on  the  classical  theories. 
Their  observations  were, in fact.  consistent  with 
y= 1.25. They  also  observed a slight narrowing of 
the line  relative  to a Lorentzian line shape  near T,. 
which would be  expected  from (42) with a  small 
positive  value of r). More  recent  experiments on 
P-brass by Dr. Als-Nielson  and Dr. Dietrich will 
be reported tomorrow. 

Jacrot’s  original  neutron  scattering  experiments 
on iron  yielded.  on  reanalysis. the  estimates 7 ~ 1 . 3 0  
to 1.33 for the  behavior of l/i(O) near T,.. This is 
in agreement  with  direct  measurements of the sus- 
ceptibility as  has  already  been  reported  (and wi th  
the  Heisenberg  model  predictions).  Passell  and 
coworkers  have also found  a  value of y = 1.33 from 
their  more  recent  experiments on iron.  They  seem. 
in addition,  to find evidence  that  the  intercepts of 
the  scattering  curve  are  hung  up” in  a way con- 
sistent  with  a  small  value of r ) ;  but this is very 
tentative  and I will leave Dr. Passel1  himself  to de- 
scribe  his very careful  and difficult experiments. 

“ 

Thomas a n d  Schmidt 118) have  made x-ray experi- 
ments on  argon i n  the  critical  region; they observed 
no deviations  from  Ornstein-Zernike  theory! 
However,  they d i d  not measure  along  an  isochore 
nor did  they g o  very close  to  the  critical point. 
It  is  to  be  hoped  that  these  experiments will be 
extended both with x rays  and wi th  light. since  the 
behavior of (presumably)  simple fluids  like xenon 
and  argon is obviously of cardinal  interest. 

The most extensive  critical  scattering  measure- 
ments  have  been  made on binary fluid systems 
where in most cases o n e  or both species  are com- 
paratively  complicated  organic  molecules  This 
makes  me.  as  a  theoretician.  somewhat  apprehen- 
sive  when i t  comes t o  applying the (relatively) 
simple  theories w e  have been discussing!  Pro- 
fessor  Brumberger will review  this field in detail 
later  this  afternoon so let me  just  skethc some o f  the 
recent work. Professor  Debye  and  his  collabora- 
tors  working in particular wi th  polystyrene-cyclo- 
hexane  solutions have  found little or no evidence 
of deviations  from  the  classical  theories ---ever~ as 
regards  the  value of y for i ( 0 )  which appears  to  be 
quite  close t o  unity.  However. the experiments 
are  quite difficult to perform,  especially  near Tc ,  
and McIntyre.  Wims, and Green. in experiments on 
the  same  system.  have  indeed found deviations from 
the  classical  expectations  close t o  T,. roughly of‘ 
the  sort t o  be  expected  with  a  positive  value of r). 
Brady and  Frisch 1191 have also observed  somewhat 
similar nonclassical  anomalies in the  system 
perfluoroheptane in iso-octane. 

More recently Dr. Chu i n  a series o f  very careful 
experiments on n-dodecane in dichlorethyl  ether 
has  found  significant  deviations  from  linearity i n  

the  inverse  scattering plots  at temperatures  very 
close t o  critical. I do not  want t o  anticipate Dr. 
Chu’s  lecture  later  this  afternoon  but let me  say 
that  the  value of 7 that  seems t o  fit his  excellent 
data. namely 7) = 0.35. is much  larger  than  our 
simple  theoretical  models would suggest.  Maybe 
this is an effect o f  steric. hindrance  due t o  the  shape 
of his  molecules-I do n o t  know! Whatever  the 
answer. it is clear  that  there  remains  much  scope for 
experimental and theoretical work before our  under- 
standing of these  subtle  but  fundamental  questions 
will be complete. 
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