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Upon integration of Eq. (15), we get the usual expression

(n(x)n(y) ) = n, '+f(R, cr(T) ),
which result may be obtained by a direct evaluation of the correlation function.
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EVIDENCE FOR THE VALIDITY OF THE LANDAU THEORY OF LIQUID He'
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We observe that the Landau theory of liquid He3 makes a definite prediction about the
behavior of the liquid structure factor S(k) when @k«PF. Using the two-parameter
Ansats E(g =E 0E+,P&( cogsfor the spin-symmetric part of the quasiparticle interaction
function with &0 and R~ determined by zero sound and compressibility, we obtain a qual-
itatively good fit to recent x-ray data for S (k).

is applied. The response in the density,

5(p(rt)) =Re[R(k)e "~'' ~"], (2)

is related to the dynamic liquid structure factor

In a recent Letter' it was reported that the
Feynman-Bijl relation S(k) =hk/2mc for the liq-
uid structure factor of liquid He' was experimen-
tally verified by x-ray diffraction methods. Sim-
ilar measurements have been carried out by Ach-
ter and Meyer, ' who also measured the liquid He'
structure factor. The purpose of this I.etter is
to point out that the recent S(k) data for liquid
He' provide strong evidence for the validity of
the Landau theory of zero-temperature density
os cillations.

Pines and Nozieres' have observed that the be-
havior of S(k) for hk «P, is in principle deter-
mined by the Landau theory. We begin by briefly
describing how this prediction is made. Suppose
that the Fermi liquid is in its ground state in the
remote past and that a small (spin-independent)
scalar potential

&p(rt) =Re[@(k)e'("'' ~')] imp)0,

S(k, &u) via the usual rules of linear response
theory,

A(k) =)((k, g)y(k),

2p "S(k, &u) &ud&u

X 1 k 2 (2M p
(3b)

From the zero-temperature Landau transport
equation, it is not difficult to show that

5n= Re[ —5(e,—p. )+(x, s)y(k)e""' ' ~') ],

where x=cos6 =k p/kP~, s=pm*/kP~, e, (p) is
the single quasiparticle energy spectrum, and p.
is the chemical potential. C(x, s) is determined
by the integral equation

+(x, s) = [1+—,'J G(x, y)q (y, s)dy],

Imp(k, &u+ i0') = (pw/k)[S(k, (u) —S(k, —(u)]. (3c)

The density response 5(p(rt)) can be computed
in the Landau theory via the change in the quasi-
particle distribution 5n(r, p, t):
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where

G(x, y) = Z F P, (x)P, (y). (7)

The quantities I; are the coefficients of the Le-
gendre polynomials P, (cosy) in the standard ex-
pansion'

E(y) = Z E, P, (cosy) (8)

X(k, g) = (m"P—,/2p'h') f 4(x, s)dx.

The Landau prediction for S(k, ur) follows from
Eqs. (6), (9), and (3c).

It is well known' that the dynamic liquid struc-
ture factor S(k, ~) obeys the following sum rules:

lim J S (k, (u)

(9)

(1Oa)

of the spin-symmetric part of the quasiparticle
interaction function on the Fermi surface. From
Eqs. (2)-(5) it follows that the Landau theory pre-
dicts

orous prediction of the Landau theory for the be-
havior of the liquid structure factor S(k) as k-o.
We have evaluated the coefficient n by assuming
that E, =O for /)2. From the data of Abel, An-
derson, and Wheatley' on the velocity of first
(c = 188 m/sec) and zero (co= 194 m/sec) sound,
one obtains the values I0=10.8 and E, =6.25.

With the above assumption of only two nonzero
pa.rameters, the integral equation (6) can be
solved exactly and yields the result

Q, (s) = 2s in[(s + 1)/(s —1)]—1. (14)

One must, in doing the integral in Eq. (12), take
into account the zero-sound pole at s = 3.60; this
yields a contribution

f 4 (x, s)dx

2Q&(&) (1+ -'&g)

(1+ —', E,) —[E,(1+ -'E,) + E,s'] Q, (s) '

where Q, (s) is the first-order Legendre function
of the second kind, i.e.,

f &uS(k, &u)du = Sk'/2m, (lob) n(zero sound) = 0.571. (15)

f S(k, &u)dm = S(k). (loc)

The remaining contribution to e is the quasipar-
ticle-quasihole pair background which is found

by simple numerical integration as

c' = (1+P,)P„'/3mm*,

m*/m = 1+ qadi,

(1la)

S(k) = n(35k/4PF) as k-o,
where

o.= -(2/v) f,dxf dv Im4'(x, v+ io').

(1lc)

(12)

Equations (1la) and (lib) have been previously
derived by other methods. They show that the
Landau prediction for S(k, &u) obeys the sum rules
(loa) and (lob). The sum rule (loc) for hk «PF
must also be obeyed by the Landau prediction
since any high-frequency error in the integrals
would be larger for the known result (lib) than
for the new result (llc) of this paper.

Equations (6), (llc), and (12) constitute a, rig-

In the limit k-o, the Landau prediction for S(k, m)

[Eqs. (3c) and (9)] also obeys these sum rules
since only long wavelengths Ak «PF and low fre-
quencies h&u «ip, i

are relevent to the integrals.
A somewhat lengthy but direct calculation [using
Eqs. (6), (9), and (3c)] shows that Eqs. (10) im-
ply, respectively,

n(pairs) = 0.004.

Altogethe r,

(16)

n = 0.575.

It is of interest to note that the continuous
quasiparticle-quasihole background part of n is
only about 1% as large as the zero-sound con-
tribution. In other words, the zero-sound pole
practically exhausts the sum rule (loc) in the
limit k-0. Equations (llc) and (17) imply that
S(k) for liquid He' (/ik «PF) is 57.5% of the re-
sult that one obtains for an ideal Fermi fluid at
the same density (i.e., o.,d„,= 1).

We have plotted our results for S(k) in Fig. 1
along with the experimental data of Achter and
Meyer' for the values kk/P, &1. The agreement
is qualitatively good. Note, in this connection,
that the deviations at particularly small values
of hk/P, are to be expected since the experiment
was carried out at finite temperature (T=0.56'K).
The limit of [S(k)/k] as k-0 is finite only at ab-
solute zero.

We have shown that a prediction for the He'
structure factor S(k), in semiquantitative agree-
ment with recent x-ray data, can be obtained
from the Landau theory in which I', and I", are
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O.s
bility and the speed of zero sound, and E, is as-
sumed to vanish for l ~2. We have used neither
the theory nor the data. for the specific heat (the
theory being quite controversial) in our consid-
erations. It seems to us that our result consti-
tutes strong evidence for the validity of the Lan-
dau theory of density oscillations in Fermi liq-
uids.

0.5

(~j /
I.O

determined from a knowledge of the compressi-

FIG. 1. Line B is the prediction of the Landau theory
for the structure factor S (k), i.e., S (k) =u (3hk/4P„.
a is determined to be 0.575 for He3. Line A indicates
the structure factor for an ideal Fermi gas (n „d,» = 1) .
The experiment31 points are from the data of Ref. 2,
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It has recently been shown experimentally that the thickness of a saturated helium film
is independent of its state of superflow. We present a simple model in which the thick-
ness of such a film is fixed by dynamical considerations at the gas-film interface, and
the required balance of forces is then provided by relatively minor adjustments in the
film surface tension.

In the two-fluid hydrodynamics of He II, steady-
state flow is governed by the equation

v(du+2u, ') =0,

where p, is the chemical potential and u, the
superfluid velocity. ' This is closely analogous
to Bernoulli's equation in ordinary fluid mechan-
ics. It means that, if u, changes with position,
some other quantity, such as the fluid pressure,
must vary to change p. and balance Eq. (1). This
is required since changes in u, are accelera-
tions in a frame moving with the superfluid, and
need balancing forces.

Kontorovich' has predicted that in helium films
the film thickness z would change in order to
balance changes in u, by means of the van der
Waals force binding the film to the wall. Keller'
has shown experimentally that the predicted
changes in z do not occur. Huggins' has suggest-
ed that the temperat:ure T varies instead in order

to balance u, by means of the thermomechanical
effect, but this has also been found to be incor-
rect. ' In the usual formulation of film hydro-
dynamics p depends only on z and T, and so Eq.
(1) appears to be violated.

We shall argue below that the difficulty arises
from the common assumption that the film be-
haves just like the bulk liquid except for the van
der Waals field, i.e. ,

p = pz o'/z,

where g~ is the chemical potential of the liquid
and e is constant. This assumption becomes un-
tenable when the surface tension y, usually ne-
glected in the liquid, becomes a more important
source of forces than the pressure, that is, for
thickness less than zo=y/P =10 ' cm. The
films of interest are in the range z- 5& 10 ' cm, '
and P =3 && 10' dyn/cm' is the vapor pressure of
helium at =2'K.
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