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FIG. 2. Width of the Eo& x-rays as a function of Z. FIG. 3. Width of the E62 x-rays as a function of Z.
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An experimental determination of the pressure
dependence of the sound velocity c(P), the density
p(P), and the Griineisen constant u(P), of liquid
He has been reported recently. ' It is straightfor-

ward to deduce the ground-state energy from these
data'

where p0=0. 02185 A ' is the experimental density
at zero pressure, and Z(po)/N is taken to be
—7. 14'K. We find the following expression to
give a very precise fit of the results:

'-z(p)= —v. i4+is. s5 p p' +V. ev p p'
po po

where all coefficients (hereafter) are in 'K.
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Theoretical calculations based on var iational
wave functions of the Jastrow type
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E,„(p) = E....(p). AE(p),

where

(1/&) &E(p) =a+ f)(p p,)/pi)+ ~ -~ .
The coefficients a and b are determined by

E,„(po) = E(po)

(4)

have previously been reported. ' The evaluation
of the energy expectation value employs either
some integral-equation methods or molecular dy-
namics. We shall compare the experimental ener-
gies of Eq. (2) to two sets of theoretical results:
one by Massey and Woo and one by Schiff and

Verlet. '
It is clear from the curves in Fig. 1 that a di-

rect comparison of experimental and theoretical
results is not illuminating. The reason is that
variational calculations always give rise to ener-
gies higher than the exact eigenvalue, and further-
more, the equilibrium densities differ. To effect
a meaningful comparison, we postulate that cor-
rections to theoretical results can be expanded in
power series of (p-po)/po. The leading terms in
the correction series will be determined by forc-
ing the equilibrium density and energy to agree
with experiment. It is expected that the series
converges rapidly, so that terms beyond the sec-
ond need not be included. Thus, we write

0 MASSEY AND WOO

( Reference 2)

SCHIFF AND VERLET
( Reference 3)
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FIG. 2. Experimental energies and theoretical values
after linear correction.

(1/AAE "(p) =-1 17+2. oo(p-PI))/PI) (8)

while the resulting energy fits well the following
expression:

(1/X) E„"„(p)= —7. 14+ (16.0 a 0. 6) (p —po) /po

+ (10.2+ 4. 6)(p —p, )'/p, & .

Finally, E„„,(p) will be compared to E(p). The
coefficients still free for comparison are those
which determine the sound velocity and the Grun-
eisen constant.

For the Massey-Woo (MW} calculation the cor-
rection series turns out to be

and d E,.„(p}
P-Po

= 0. (7} For the Schiff-Verlet (SV) calculation, the corre-
sponding expressions are

(1/&) AE" (p) = - 1.40- 3 62(p Po}/Po-
I

f
I

E (oK)

-50 ——

and

(1 N/) „E„( )p= —7. 14+(14.9+0.4)(p —p ) /pI)'

+ (2. 6+ 2. 8)(p —p, ) /p (10)

EXPERIMENTAL CURVE
(Reference I)

MASSEY AND WOO
(Reference 2)

—70 ——

Note that for (p- po)/po & 20/o, both the MW and the
SV correction series, indeed, appear to converge
rapidly. Figure 2 compares E(p), E„"„(p), and
E',.„(p).

Using the thermodynamic relations

&(o) o' —„ I( )=
mc'(p) = &(P),d

dp
SCHIFF AND VERLET

(Reference 3)
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FIG. 1. Experimental and theoretical ground-state
energies.

(12)

u(p) =
d c(p)p

cp dP

we find c (po) = 267 m/sec and c (po) =248 m/sec,
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in comparison with the experimental velocity of
sound c(po) = 286 m/sec, and u (po) = 2. 96 and

u (po) = 2. 26, in comparison with the experimental
Griineisen constant u(po) = 2. 64.
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It is pointed out that the inhomogeneity correction term to the Gaspar-Kohn-Sham
exchange potential proposed recently by Herman, Van Dyke, and Ortenburger follows, to
within a numerical factor, from a similar correction to the statistical energy derived pre-
viously by Hohenberg and Kohn. The numerical coefficient in the latter case, obtained from
Hubbard's work on electronic polarizabilities, is about four times larger than the average
variational value of Herman, Van Dyke, and Ortenburger.

G (P) =P "'[f(vP/P)' —2v'P/P] . (2)

In their work, Herman, Van Dyke, and Ortenburger
take cx' ' (and, initially cx") to be a variational
parameter determined by minimizing the total HF
energy. They find that for the ground states of
the atoms considered (Ar, Cu', Kr, and Xe), cx"
turns out to be essentially (8/)))' 'e, the value ob-
tained from statistical energy extremization by
Gaspar and Kohn and Sham, while c~' is about
—', (0.005) cx") for the above cases. Herman, Van
Dyke, and Ortenburger suggest that as far as the
local approximation to the HF exchange potential
is concerned, the Gaspar-Kohn-Sham value can
be assumed to be a first-principles result deriv-
able from independent considerations. But, they
suggest, in the absence of a first-principles value

In a recent letter, Herman, Van Dyke, and
Ortenburger' have used the so-called statistical
model of the atom to propose the following local
approximation to the nonlocal Hartree-Fock (HF)
exchange potential:

( )[ ( )])/3 (a)G ( )
)/3

The novel feature of their proposal is the inclusion
of the inhomogeneity correction term

of c~', it should be treated as a variable or em-
pirical parameter.

Herman, Van Dyke, and Ortenburger arrive at
their form for V& by adding the inhomogeneity
correction

(2 )f [(VP)2/P4 /3] d3& (8)

to the usual statistical expression for the total en-
ergy, analogously to the addition of the Weizs'acker
inhomogeneity correction '

c„"'J [(vp)'/p] g'~

to the kinetic energy term. We wish to point out
that the form for V~ suggested by these authors
is, in fact, implicit in the work of Hohenberg and
Kohn, who derive, in an approximate way, the
form of the kinetic and exchange inhomogeneity
corrections given above [Eq. (92) of Ref. 6] from
Hubbard's work on electronic polarizability. 7

Furthermore, the constant c&', extracted from
their expression, turns out to be )/(8v') /~e
= —,'(0.028219)cx', about four times larger than the
variational value of Herman, Van Dyke, and Orten-
burger. Albeit, this fundamental value of c&" has
inherent in it the inaccuracies associated with the
approximations made in deriving (8), but then the


