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In the case of Madsen and Tanaka® there is not a
perfect agreement with the result of other theories,
whereas in our case Eq. (9) is exact. The instabil-

SERGIO M. REZENDE 3

ity criterion (8) indicates the intensity of the excita-
tion for which the Green’s-function series does not
converge. This criterion should also be applicable
to determine the threshold condition in other non-
linear effects, such as the stimulated Raman or
Brillouin scattering.

*Work supported by Banco Nacional do Desenvolvimento
Economico and Conselho Nacional de Pesquisas (Brazilian
Government).
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Recently, Gadzuk’? presented theoretical studies
concerning band-structure effects on field-induced
tunneling from metals and resonant tunneling
through atoms absorbed on metal surfaces. The
calculation of the matrix elements necessary for
comparison with experiment in these papers ap-
pears to be seriously in error and, at least in the
second paper, to cast doubts on the usefulness of
these calculations for comparison with the experi-
mental work of Plummer and Young.® The basic
error is the statement 7,(ik7) =% (k7). That this
is incorrect can be seen clearly by considering
the case [ =0 where j,(x) =x"!sinx. The matrix

elements are easily recalculated by replacing 7,(x)
by (n/2x)?,, , ;5(x) wherever it occurs. Thus,
for example, Eqs. (35a) and (35b) of Ref. 2 should

read

11:12—,3(%25-7?——)1)7(73‘;+355§+213§+1),
3r(8) I(9)

To =m0, 2 P g0 (B = 17 = B+ 7]

Hence, for k=1.2 A7Y, 2,~1.5 A7%, I,(corr)/I,(35a)
=~ ~ 25, I,(corr)/I,(35b) =30 000.
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In the preceding paper,! Glasser has pointed out
an oversight in some manipulative details leading
to approximate expressions in this writer’s theoret-
ical studies of field-induced tunneling, #® However,

the mishap is not as disastrous as it might first
appear. In all cases in which the tunneling matrix
elements were calculated, the physically significant
results were presented in the form of ratios of ma-
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trix elements. Thus the errors are of order unity
rather than of order 30000 which should not be too
important since only relative strengths and positions
of structure in the enhancement factors were of
interest. Since the models upon which calculations
were performed were sufficiently crude, the re-
sulting numerical discrepancy should not be re-
garded as physically meaningful. The calculations
were purely model calculations to illustrate physical
points, and the importance of the numerical agree-
ment between theory and experiment was simply

to show that experimental field-emission and reso-
nance tunneling data could be analyzed in a reason-
ably straightforward manner by choosing realistic
parameters characterizing the interacting atom-
metal system.

It was the hope that the simple model calculations
would point out a new physical effect and stimulate
further more realistic calculations, In Ref, 2, the
fact that d-band tunneling is significantly lower than
s-band tunneling was illustrated. As a result of
this observation, Politzer and Cutler* have since

1773

confirmed this point, improved the model, and cal-
culated numbers which are in qualitative accord
with those obtained in Ref. 2.

The key spectroscopic results in the resonance
tunneling analysis,® namely, that the ns level widths
2A are about 1 eV and the (z — 1)d level widths are
about 0.1 eV in adsorbed alkaline-earth atoms, re-
main unaffected by Glasser’s comments. The tun-
neling theory presented in Ref, 3, in which it is
shown how experimental results can be analyzed in
terms of level-width parameters, is in accord
with other resonance tunneling theories.® Thus if
we regard 2A =T as a fitting parameter and do a fit
to the data of Plummer and Young® with the tunneling
theory result, Eqs. (13) and (19) of Ref. 3, then
similar values for A as calculated® will obtain,

In conclusion, although the methods of obtaining
the matrix elements in Refs. 2 and 3 must be re-
vised as indicated by Glasser,' when this is done
it is felt that the altered results will not be suffic-
iently different from the reported ones to make it
worth doing.

M. L. Glasser, preceding paper, Phys. Rev. B 3,
1772 (1971).

%J. W. Gadzuk, Phys. Rev. 182, 416 (1969).

3J. W. Gadzuk, Phys. Rev. B 1, 2110 (1970).

B. A. Politzer and P. H. Cutler, Surface Sci. 22,

277 (1970).
53, N. L. Connor, Phys. Rev. B (to be published).
SE. W. Plummer and R. D. Young, Phys. Rev. B 1,
2088 (1970).

PHYSICAL REVIEW B VOLUME 3,

NUMBER 5

1 MARCH 1971

Comments on the Upper Critical Field of Type-II Two-Band Superconductors

W. S. Chow
Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221
(Received 12 February 1970)

The justification for the existence of interband coupling between the pair wave functions
A% and A% for two-band superconductors in the dirty limit is explained in greater detail.

In two previous papersl’ % py the present author,
a model two-band superconductor in the dirty lim-
it was studied. It is found that even without inter-
band BCS coupling, the pair wave functions A¥ ()
and AX(X) (for the s band and the d band, respec-
tively) can be coupled through vertex corrections
due to interband impurity scattering. As a result,
we find that in the temperature region between the
s-band transition temperature and the d-band tran-
sition temperature, the upper critical field is uni-
formly lowered by the interband impurity scattering
(see I) and in the temperature region just above
zero, T >0, the upper critical field for a supercon-
ductor with both bands in the superconducting phase
is higher than that for a superconductor with d band
in the superconducting phase and s band in the nor-

mal phase (see II). In a recent paper by Sung, ® it is
asserted that the calculation performed in I is not
correct, and his reason is that he cannot think of
any justification of Eqs. (I34) and (I35), which cou-
ple the pair wave functions AX(X) and Af(X) through
interband impurity scattering. As a matter of fact,
his assertion is not correct. A justification in the
spirit of the Feynman-diagram technique for ob-
taining vertex corrections? is given in I. For the
convenience of the readers of these papers, in this
note we shall explain this in greater detail.

We start with Eqs. (I131) and (132),

A¥X) =g, T2, [ a1 (GA,(I,%; -2,)

XG(?ss (1 )y X5 z,) A: a ))vert.corr.



