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Jarii and Mohanty Reply: %'e recently developed a
density-functional formalism for calculating elastic
moduli of crystals' and quasicrystals. This formalism
was illustrated in a recent Letter where we reported
finding an elastic instability of a hypothetical icosahedral
Co quasicrystal and the negative Poisson ratio of the
hard-sphere (HS) crystal at melting. Although our for-
malism is more general, these results were obtained from
the second-order Ramakrishnan- Yussouft density-func-
tional expansion. Consequently, we suggested that
third-order terms, which arise from the three-point cor-
relations in the reference liquid phase, might be sig-
nificant.

Our surprising negative- Poisson-ratio result especially
stim ula ted much interest. Subsequent molecular-dy-
namics and Monte Carlo calculations, as well as a
more general density-functional calculation which in-

cludes some higher-order correlations, found that the
Poisson ratio [defined as v=C~2/(C~~+C~2)] is positive.

They obtained v =0.347, 0.343, and 0.674, respectively.
Such calculations do not account for the presence of

an equilibrium density of vacancies and, therefore, can-
not be compared with experiments or results of theories
which take this eAect into account. Ho~ever, even if va-

cancies are excluded in the second-order Ramakrishnan-
YussoufY density-functional theory, the HS Poisson ratio
remains negative' (v= —0.61). Therefore, we shall ex-

plore the role of the neglected three-point correlations.
We shall focus on the uniform part CI (0,0) of the

direct three-point correlation which has been recently
calculated for the HS liquid. This correlation contrib-
utes a term

—(1/6!)C"'(0,0) (n, /n —1) '

to the density functional, where n, /nt is ratio of the solid

and li uid densities. At freezing, we have n, /nt = 1.19
and C~ )(0,0) = —300 so that the above correction term
changes v to 0.06. This value of v, although positive and

remarkably close to the free-volume value (y=0.077),
is still too low. The correction term also aAects the bulk

modulus leaving the other eigenmoduli unchanged and

too high. The corrected bulk modulus is within 10% of

the more reliable values.
Therefore, we conclude that inclusion of the three-

point correlations beyond the uniform term is necessary
and probably sufticient in order to calculate the elastic
moduli with a similar degree of accuracy with which the
thermodynamic potential can be calculated using only
two-point correlations. It is hardly surprising that the
second-order theory would yield accurate predictions of
the melting transition (determined by the value of the
thermodynamic potential) while at the same time lead-

ing to incorrect elastic moduli (determined by the
derivatives of the potential). Undoubtedly, notwith-

standing recent observations of quasicrystal distortions
compatible with our results, more sophisticated densi-

ty-functional calculations, with more realistic two- and
three-point correlations, are desirable.
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