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In the independent-electron model of an insula-
tor with cubic symmetry, the effective mass m
associated with a simple band s = 0 is given by
the well-known sum rule'
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where
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Thus one has the following connection:
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We have studied a more realistic model of an
insulator in which the Coulomb interactions be-
tween all electrons are included to all orders of
perturbation theory, ' and have found that a rela-
tion very similar to (5) still holds.

In this model the effective mass of a free car-
rier is defined as follows. The many-electron
wave functions of the insiA~tor with one free
carrier can be characterized by a wave vector R
and other quant~~ numbers n. The energy syec-
trum of this system will be denoted by E„(%).
Let Es(0) be the lowest energy. Then the many-
particle effective mass m* is defined by the ex-
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where the oscillator strength fn is defined by

2 Ip
fs"=mE -E

0

Consider, in the same model, a small number,
n, of electrons yer unit volume in the band 0.
Their contribution to the real yart of the com-
plex conductivity is

yansion

E,N) =E,(0)+ (S*/2m*) n'+ ... (6)

Now let os(e) and o(tc) be the real parts of the
conductivity of the perfect insulator, without any
free carriers, and of the insulator, with no car-
riers yer unit volume in the lowest "conduction
band, " respectively. Then one finds the follow-
ing exact relationship:
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Under favorable circumstances, when m* is
very small, this relation may enable one to de-
termine the effective mass by optical measure-
ments. The main effect of the presence of car-
riers in such a case is to reduce the optical ab-
sorption of the perfect insulator near the absorp-
tion threshold. The amount of this reduction
gives an estimate of m by means of Eq. (7).'
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