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The preceding Comment [Phys. Rev. A 41, 4549 (1990)] by Zhu and Shen is incorrect on a num-

ber of issues.

Our recent paper! was specifically concerned with a re-
buttal of current conjecture® > that multipolar effects can
result in second-harmonic generation (SHG) in isotropic
fluids, where pure electric dipole coupling results in
coherent emission being forbidden. Our molecular
theory based on quantum electrodynamics® (QED) is not
at variance with experimental fact. It does, however,
throw doubt on the validity of certain theoretical models
referred to in the above Comment.”

In failing to'accommodate the molecular mechanism
for harmonic emission in fluids the adoption of a macro-
scopic polarization formalism can lead to confusion be-
tween coherent SHG and incoherent second-harmonic
scattering; however, the difference is of central impor-
tance in discussing bulk contributions to surface harmon-
ic emission. Zhu and Shen assert that such contributions
to surface SHG are often non-negligible.” However, the
assertion is only correct in relation to second-harmonic
emission in directions noncollinear with the pump. Ex-
cept at the surface, such emission cannot, however, be
phase matched®® and is necessarily incoherent in any iso-
tropic fluid.'®~'* It is therefore insignificant compared to
the coherent surface harmonic. The correct theoretical
treatment of fluids demands a distributional average of
the result for the observable,'®!>~17 which here is the har-
monic signal rather than the polarization. In this frame-
work both the disappearance of the coherent signal and
the persistence of the incoherent signal in nonforward
directions are immediately evident.

It is not the case that our theory depends on the as-
sumption of an infinite plane-wave pump. While for the
sake of simplicity only the case of a single-mode uniphase
beam has been discussed in our work, precisely the same
conclusions result for any finite width beam where the
photons have parallel wave vectors. The extension of our
quantum electrodynamical calculations to multimode

light, such as the physically important case of mode-
locked laser radiation, only requires the application of
QED methods described in detail by one of us else-
where.!® The extension in no way affects the validity of
our conclusions concerning SHG in fluids.

It is also incorrect to state that our theory was based
on the assumption of an infinite bulk medium. If it had
been, this controversy could hardly have arisen, since
such a theory could have nothing to say about surface
harmonic generation. Our assumptions concerning the
nature of the bulk phase are simply that there is no orien-
tational correlation between molecules irradiated by the
pump beam, as befits a material described as isotropic.
Part of the confusion appears to stem from a misapplica-
tion of the term isotropic to regions close to the surface of
a fluid medium. Regions of orientational correlation or
electrical anisotropy associated with the proximity of the
fluid surface clearly can give rise to a local surface har-
monic signal.

Neither the possibility of the pump containing a mix-
ture of polarizations, nor consideration of a finite physi-
cal width for the pump beam make any difference to our
conclusions on the forbidden nature of multipolar contri-
butions in SHG. When transverse modes are present, as
is the case when there is focusing or significant beam
divergence, weak coherent harmonic emission can occur;
however, under such conditions the incoherent harmonic
scattering contribution exceeds the coherent signal by
several orders of magnitude. Thus for all practical pur-
poses coherent SHG may be regarded as forbidden.

In conclusion Zhu and Shen have offered no proof for
their contention that higher-order multipole contribu-
tions to SHG in an isotropic fluid are generally nonvan-
ishing. We therefore reassert that SHG can be utilized as
a probe of the surfaces and interfaces of isotropic fluids.
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