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change in parity for dipole transitions. Double-
quantum transitions mould occur with no change
in parity. In asymmetric molecules, however,
these selection rules will not be strict and both
single- and double-quantum transitions are possi-
ble to the same level by different components of
the dipole operator.

A correlation is shown in Table I between the
absorption cross sections for the A -'I.~ single-
quantum transitions and the observed intensity of
fluorescent light. We feel that this correlation of
double-quantum excitation with single-quantum ab-
sorption probabilities is reasonable, since it is
highly likely that there are many levels to which

double-quantum transitions are allowed in the ab-
sorption bands of these complex molecules. Con-
sequently, we suggest that such a two-quantum ex-
citation is taking place in these molecules and that
this phenomenon should be a general one for or-
ganic molecules of this type.

The authors would like to thank Dr. A. G. Ander-
son for suggesting this problem to us, and Dr.
J. D. Swalen for most helpful discussions.
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Recently some calculations of the absorption of
electromagnetic waves in a plasma have been
given. The absorption in classical plasmas has
been treated with an elementary model by Dawson
and Oberman' and by Oberman, Ron, and Dawson'
via the Bogoliubov-Born-Green-Kirkwood-Yvon
hierarchy. Reference 2 gives a complete classi-
cal derivation of the high-frequency conductivity
of a plasma, taking into account properly collec-
tive effects. Another approach to the classical
problem has been given by Perel' and Eliashberg'
via a quantum-mechanical diagram technique. Al-
though the latter approach can be systematized,
most of the results are in error, because of the
nonsystematic treatment of the ion role, and thus
differ from the results of references 1 and 2.

The purpose of the present Letter is to give re-
sults of a systematic study of the absorption prob-
lem in both classical and quantum plasmas. We
study the problem using the same temperature-
dependent Green's function method as that em-

ployed in reference 2. We are, however, able to
correct their procedure to give a consistent treat-
ment of multispecies quantum and classical sys-
tems. In the classical limit complete agreement
with reference 2 is obtained. Furthermore, we
get an exact expression for the absorption coef-
ficient valid for all temperatures, which covers
both quantum and classical domains.

The outline of the calculation is as follows:
We start from Kubo's~ expression for the con-
ductivity in terms of the autocorrelation function
of the current operators. We then evaluate the
leading asymptotic contribution to the conductivity
by applying the well-known diagram technique of
the temperature-dependent Green's function, tak-
ing into account the diagrams given in Fig. 1.
These diagrams represent the exact contribution
to the conductivity in quantum (classical) plasma,
when the number of particles in the Bohr (Debye)
sphere is large, the frequency is higher than the
collision frequency, and the wavelength of the in-
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cident field is larger than the Bohr (Debye) radius. The solid lines in the diagrams represent the s-
species free propagators, and the wavy lines the effective interaction. Our general result is given by
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with g~(s) the distribution function of the sth spe-
cies, and
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is the effective potential. The classical limit of
Eq. (1) for a hydrogenic plasma leads to results
identical to reference 2.

where es, ns, and ms are respectively the charge,
particle density, and mass of the sth species, P

the inverse temperature in energy units, P de-
notes the principal value, ~ the frequency,

1 1 n, (s)-n, (s)

An interesting new result is the conductivity of
a quantum system of electrons moving in a field
of heavy scatterers. In this case Eq. (1) yields
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where e, n, and m are respectively the charge,
particle density, and mass of the electrons (prop-
erly renormalized in the case of a crystal), and
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is the dielectric constant of the system. This re-
sult can be applied to the study of the impurity
contribution to the absorption of electromagnetic
waves in doped semiconductors, ' when the applied
frequencies embrace the plasma frequency, 4e'n/
m, of the conducting electrons.

The authors wish to thank Dr. E. A. Frieman
and Dr. Carl Oberman for valuable discussions
and for reading the manuscript.

FIG. 1. The diagrams which contribute to the con-
ductivity.
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