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of the temperature and density. That this is in-
deed the case is shown by the following example.
For p=2, T =100, a direct Monte Carlo compu-
tation agrees quite well with that of Fickett and

Wood: A value of 9. 2 is obtained for p/pkT when
Fickett and %food give the value 9.5. This is in
strong disagreement with the results obtained
from Barker and Henderson's theory.

Laboratoire associ5 au Centre National de la Recherche
Scientifique, Orsay, France.
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It is shown that in a liquid whose bulk modulus relaxes with relaxation time v', there exist
density' fluctuations whose correlation length is approximately vv'/m, where v is the sound

velocity at &0= (7') '.

It has been suggested that one might study the
correlation function of density fluctuations in a
liquid by measuring the correlation function of
the scattered light. ' For this to be possible it is

of course necessary that the correlation length in
the liquid be comparable to the wavelength of the
incident light. In the case of Hayleigh scattering
near the critical point it is well known that the
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correlation length does become very large, but
in the case of Brillouin scattering the correla-
tion length is not so clearly defined. Gori and
Sette' assert that the correlation length is the
distance traveled by the thermal acoustic waves
before they are reabsorbed, however, this length
is frequency dependent, so it would not define the
correlation length uniquely, and also this defini-
tion would give correlation lengths which are in
disagreement with experimental results. ' We
therefore present a short discussion of the cor-
relation length involved in Brillouin scattering.

Let 5s(r, t) be the isotropic part of the fluctua-
tions in the dielectric constant of the liquid. We
can decompose 6s(r, t) as follows

i.e. , into adiabatic and isobaric fluctuations.
TheSe are independent,

(Oe (r, t)ee (r', t')) =0,

so we can define a correlation function for the
adiabatic fluctuations alone,

g (~r, t t)=(Ve (r, t)Se (r+~r, t+~t)) .

The intensity of the polarized part of the scat-
tered light is proportional to (I 6s(g, Q) ('),' and
the intensity in the Brillouin lines is then propor-
tional to (( GAS (q, Q) )') . But with

5e (q, Q) -=(2v) ' ff Be (r, t) e d'rdt

we have

The intensity function of Eq. (1) is shown in Fig.
1, together with the approximation we shall use,
namely that there are two contributions to f(q);
one is constant in the range 0&q&q, and vanishes
for q & q„ the other is constant in the range 0 &q
& qmax and vanishes for q & qm~. The parame-
ter qmax has been introduced for obvious physi-
cal reasons, and its magnitude is determined es-
sentially by the molecular diameter.

One such rectangular intensity function will re-
sult in a spatial correlation function

Q
$S(hr, o)™,[sin(ahr) —ahrcos(ahr)],ahr '

where a is either q, or qmax. This function is
shown in Fig. 2, and it is reasonable to speak of
a correlation range D=2.5a '. Of course, the
function in Fig. 2 is not exactly like the actual
correlation function due to our approximation,
but at least in general outline it conforms to the
experimental results. '

Thus we see that a relaxation of the bulk modu-
lus, resulting in a decrease of the intensity at
q =q„demands that there be fluctuations in the
density with a correlation length of about 2.5q, ',
but the mean amplitude of these fluctuations is
much smaller than the equilibrium density. If
we normalize the complete correlation function
to unity, and define o. —= qo/qmax, then the ampli-
tude of the long-range correlation is always less
than e times that of the short-range correlation

P (tr, t t)=v 'ff([as -(q, Q)~2)
IHA

x e [(sinqLLr)/qhr] q dqdQ,
-iA at 2

which then effectively gives us a relation between
the integrated intensity in the Brillouin lines and
the correlation function of the adiabatic density
fluctuations.

For the q dependence of the integrated intensity
we may, to a first approximation, take the expres-
sion'

q.o q MAX LOG +

FIG. 1. Intensity of scattered light as a function of
wave vector of the density fluctuations.
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where s = po/yKoq'r ". We have assumed that
the liquid is adequately characterized by a single
relaxation time v', and that the complex com-
pression (longitudinal) modulus K is given by

, I 0-

2 D 5

iQK +K /r'
K=

iQ+1/r ' FIG. 2. One term of the spatial correlation function
of the density fluctuations.
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function. However, the frequency along the ~r
axis of the former is only n times that of the lat-
ter, thus the long-range correlation contributes
significantly to the intensity integral. Also, since

we are discussing radial correlation functions, the
measure is not d(r r), but 4v(hr)2d(b, x), which
compensates for the (4x) ' falloff of the correla-
tion functions.
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Nuclear magnetip susceptibility measurements are reported for the He spin system in iso-
topic mixtures of solid helium. The spin-ordering temperature 8 is derived from a plot of in-
verse susceptibility against temperatures between 0.3 and 1.2'K. For a wide range of density
and He concentration, it is found that 8 = 0 +0.005'K. These results seem to conflict with the
only other comparable published data.

I. INTRODUCTION

It is well known that the atoms in solid helium
have a zero-point motion whose amplitude is a
sizable fraction (about a third) of the interatomic
separation. This leads to exchange effects in
solid He' several orders of magnitude greater than
in any other known nuclear spin system. These
exchange effects determine the nonequilibrium be-
havior of the spin system below about 1'K and
affect appreciably the equilibrium behavior of the
whole solid at temperatures below 0. 1'K. The
exchange rate J, as defined by writing the ex-
change Hamiltonian

x =--.'ez Q 'f. ~ I. ,ex ' . . i j'
$9'j

has been measured' s by both types of behavior
and 8'/2s is found to vary from about l Mc/sec at

molar volume 20 cm' to about 25 Mc/sec at molar
volume 24 cm'. These frequencies correspond to
spin-ordering temperatures of about 0.06~10 ' 'K
and 1.5x10 ' 'K, respectively. These results
are in fairly good agreement with the theoretical
predictions of Nosanow and co-workers, 4 who are
also able to give the sign of J as favoring antiferro-
magnetism. Experimentally this point can only
be clarified by susceptibility measurements as a
function of temperature.

The presence of He4 impurity greatly complicates
the behavior of the He' nuclear spin system.
Richards et a/. ' found that in a restricted tem-
perature range hcp solid He' containing 0. 5% He'
behaved as though the impurity atoms were locally
enhancing the exchange rate by a factor of about
40. At lower temperatures the nuclear spin sys-
tem did not seem to be relaxing by the same sort
of processes as are used to describe the pure sol-
id. Another systematic investigation' showed that


