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A response is given to a criticism in a paper of Kim and Overhauser of an earlier work by
Abrikosov and Gor'kov on superconductors with impurities. The criticism is based on a primitive
misunderstanding of the nature of the attraction of electrons achieved by phonons. As it was
explained by the present authors in several publications, there exists a complete equivalence of their
results with the later work by Anderson.

In their recent paper Kim and Overhauser claim that
they have found a mistake in our old article. 2 It would be
more appropriate to discuss other papers where it was
first shown that in the BCS weak-coupling limit and for
an isotropic model nonmagnetic impurities do not change
the order parameter and temperature of the supercon-
ducting transition [apart &om corrections of the order
(re~) c, where r is the scattering time, e~ is the
Fermi energy, and c is the atomic concentration of the

impurityj. Independently the same result was obtained
by Anderson4 and it is well known as the "Anderson the-
orem. " After considerable hesitation we have decided fi-

nally to comment on the statement made in Ref. 1, which
could give a wrong impression that there are two conBict-
ing results in the theory of superconductivity.

As is well known, T, is determined &om an integral
equation of the form

s(w„, p) = T) f v(e~) de (dB'/4m') K(w —ru, p —p')G(w, p')G( —w, —p')s(w, p').

In the weak-coupling limit, the right-hand side of Eq. (1)
contains a logarithmic divergence

f- ',t- (2)

and requires a cutoff which then becomes absorbed by the
definition of T, well known &om BCS theory. The sym-
metric form of the divergence in Eq. (2) permits one to
introduce such a cuto8' either for ur or (; all the results
being expressed in terms of T, become cutoff indepen-
dent.

Now, it has been shown in Ref. 3 (see also Ref. 5) that
for isotropic s pairing (b, independent of p) Eq. (2) in
the presence of nonmagnetic impurities transforms into

). d(ti(w )
w2 r12(w ) + (2 '

(3)
g= 1+

G(z, x') = Go(z, z') e I
—'Il

S(*,*') = Z, (*,z')e-~"-"'~i", (4)

l = vv being the mean &ee path. Since the gap is pro-
portional to F(z, x), there is no change due to impuri-
ties. What has not been realized iu Ref. 1 is that in more
complicated cases (such as magnetic impurities) or in the
truncated model Hamiltonian used in the original BCS
formulation, one often uses the trick of introducing a cut-
off for the continuous variable ( instead of the discrete
cu; once the divergent terms are removed all convergent

where A is a dimensionless interaction constant. By in-
tegrating over d( first (under the assumption that the
density of states does not change) one concludes that the
sum over frequencies in Eq. (3) is the same as in Eq. (2).
This result has been expressed in Ref. 3 in an even more
explicit way by demonstrating the exact form of the new
Green functions:
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frequency sums can be performed more easily.
Of course, it was known even before the BCS theory

that phonons provide an attractive interaction between
electrons due to their retarded nature; the interaction is
always local in space but is nonlocal in the time variable
on a scale 1/uD. This can be described more physically
as follows: one electron distorts the lattice vibrational
state at one point; after some time another one comes
to the same point and is affected by this distortion. The
kernel in K(ur„—tu, p —p') in Eq. (1) is nothing but
the phonon D function, and this allowed Eliashberg later
to extend the BCS theory beyond the weak-coupling ap-
proximation. The present authors never thought that
they would have to explain these obvious details in a
scientific journal. However, for students, we made some
explanatory remarks in Ref. 5 (see bottom of p. 337 and
top of p. 338).

To summarize, there is no contradiction between the
two theories (by Abrikosov and Gor'kov and the An-
derson Theorem ). Solely due to the isolation of Russian
science in those days, the result in Ref. 3 was indepen-
dently obtained in Ref. 4. It also explains why, instead
of discussing Ref. 3, Kim and Overhauser criticize the
later paper where the focus was on magnetic impuri-
ties, and the question about the cutoff was assumed to
be clear to the reader. We would like to mention that,
since the correct understanding of the nature of the inter-
action permits one to avoid wrong conclusions, there is
no need to use inconvenient and unjustified "projected"
Green functions (see Ref. 1).
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