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In the above-named paper, a variational principle was proposed to solve the problem of calculating the potential
due to an impurity ion. This variational principle included the heretofore neglected K term, where K is the
spatially variable dielectric constant. This approach was still approximate, in that only the linearized theory (charge
density p linear in the potential #) was treated. In this note, the treatment is extended to include the nonlinear case

exactly into an equivalent variational principle.

Poisson’s equation for the potential ¢ of a
charged donor ion is?

V. (KVo)+4mp=0, (1)

where the effective dielectric constant is a func-
tion of the distance to the ion site K=K(v). The
charge density p is itself a function of the poten-
tial ¢, ’

p=C[F,5(n,) - El:1/2(771;""30¢)/k)gT)] , (2)
where the constant C is given by
C =2e,(2mm*k ,T)¥ 212 . (3)

Here 7, is the reduced Fermi level, m* is an ef-
fective mass, &,,, is a Fermi-Dirac integral,

§,(2)= — f”—"z‘l"— (4)

Y e +1 "’

and the remaining symbols have their usual mean-
ing.

Several variational principles have recently
been formulated to solve approximately Eq. (1).
Csavinszky® first neglected the VK term in (1)
and linearized (2) with respect to ¢. Later,
Csavinszky? treated the nonlinear case by a power-
series expansion of Eq. (2) while still neglecting
the VK term. Brownstein® showed how to incor-
porate the VK term into the linear case. Treating
the VK term in a manner similar to that in Ref. 3,

Csavinszky? included the VK term into the non-
linear case [again, by power-series expansion of
Eq. (2)].

The purpose of this note is to present a vari-
ational principle which includes the VK term and
treats the nonlinear case exactly (rather than by
power-series expansion). This variational prin-
ciple is

5 [ F(o,%6,Dav=0, (52)

where

F=1KV¢ V¢ - 4nC

X [¢F,2(n,) = (kpT/eo)Fs5(n, +e,d/kpT)].
(5b)
With the aid of the identity

L 50 =51s(e), ®)
one sees that the Euler-Lagrange equation applied
to (5b) yields (1). In closing, we note that the case
of a tensor dielectric constant could easily be ac-

commodated into the formalism by using

194 - K+ V¢ as the first term in Eq. (5b).

The author is indebted to R. A. Morrow for sev-
eral useful discussions concerning this topic.
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