reflected wave can be neglected. As a result we readily obtain

2 19y3 w? , N AY A ?
-(___ o 2N _) ch-2 & I(d)l . (6)
6 v N T 2T

E,(d)
H

]

n(d) -‘

We shall use in the estimates the experimental law 6 ~ §,(1 - tz)l/z, and the
velocity v is conveniently expressed in terms of the correlation length &, =
O.l8ﬁv/ch. For an indium film (8§ = 6.4 x 10~% cm) of thickness @ = 5 x 10-*

cm, on which radiation with wavelength A = 3 c¢m is incident, we obtain n
10— (?t A(0)/2T = 0.9). An effect of this magnitude lends itself to obser-
vation?/.

In conclusion, the authors are grateful to M.Ya. Azbel', G.M. Eliashberg,
and A.I. Rusinov for useful discussions.
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The exciton mechanism of superconductivity could, in our opinion, become
manifest most clearly in the case of systems with planar geometry, i.e., for
dielectric-metal-dielectric sandwiches and for layered chemical compounds (see
[1] and the literature cited therein). There is no doubt, however, that it
is quite difficult to attain an appreciable increase of the critical tempera-
ture Tc in the aforementioned cases. For sandwiches, the difficulties are con-

nected with the need for making the metallic film extremely thin, even if we
disregard the choice of a suitable dielectric [1, 2]1. For layered compounds,
the main problem is to introduce the necessary dielectric "layers" (e.g., by
"intercalation"). The use of large molecules of the pyridine type [3] for
such layers is not effective enough [3, 4]. On the other hand, the possi-
bility of producing "layers" of the semlconductor type with the required
exciton band has not yet been demonstrated.

In view of the foregoing, in the new experimental investigations [5 - 71,
particular interest attaches to granulated superconductors, in which very

2)An effect connected with the expulsion of the excitations from the skin
layer might exist also in a normal metal. The corresponding calculations are
made very difficult by the nonlocality of the problem in the normal metal (in
view of the absence of a Meissner current). This gquestion was investigated
in [4] only for the limiting case wtT << 1, which is the inverse of the case
considered above.
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minute metallic particles (best in the form of flakes or strongly flattened
disks) are situated in a suitable dielectric matrix. In this case, as already
emphasized earlier [1], there is no need to produce a solid ultrathin film, and

very extensive possibilities are apparently uncovered at the same time for the
choice of the dielectric.

In [6], superconductivity was observed in the systems Cu-Ge, Au-Ge, and
Ag-Ge, and it was assumed there that the superconductivity is due to the metal-
lic phase of Ge (such a phase, which is stable at pressures p > 115 kbar, is
actually superconducting with Tc = 5.35°K). A different explanation, however,

is given in [7], and is connected precisely with the assumption of granulation
and influence exerted on the Cu, Au, and Ag particles by the surrounding matrix
of semiconducting Ge. Such a point of view is confirmed to a certain degree

by experiments [5, 7] on the Al-Ge system. In this case the film is made
granulated by different methods, and it is assumed for a number of reasons

that the increase of Tc is connected with the presence of the dielectric.

There is no doubt that much progress in the understanding of the role of
the exciton mechanism in the case of granulated superconductors can be attained
only by means of new experiments. To interpret them, however, it 1s desirable
to have at least approximate formulas that make it possible to estimate the
effect exerted on Tc by different parameters, primarily the granule dimensions

(in our opinion, the use for this purpose of the formula of [8] is not wvalid,
for reasons indicated in {1, 9]).

For samples with dimensions that are small compared with the "coherence
length," the effective interaction Veff can be regarded as equal to the aver-

age interaction over the volume of the sample [10, 11]. Therefore, for a
granule with a volume v we can put

1 V, (v - +V
Ve =—;[V(t)dr=—-b—(v v s's (1)

v

where on going to the last expression it is assumed that the interaction re-
sponsible for the appearance of the superconductivity in the "volume" of the

granule is equal to Vb’ while in the surface layer of the granule, with volume

vy = Sa, the corresponding interaction is equal to VS; here S is the surface

area of the granule and a 1s the characteristic depth to which the action of
the dielectric extends.

We take Vb to be a phonon interaction and VS an exciton interaction, and
we therefore put

9, =N(@0) 1V, | for © <wys g =0 for o> w,, (2)
9, =N® |V, | for 0w < Q_, g, =0 for v > Q,

Here N(0) is the density of states near the Fermi boundary for a metallic

granule, wph N kOD/ﬁ, OD is the Debye temperature, and Qe = Vel = k@e/ﬁ is

the characteristic exciton frequency (for details see [1]). Allowance for the
Coulomb interaction, if it is suppressed to a sufficient degree (the condition
ln(wF/wph) >> 1, where fwg = Ep is the Fermi energy in the metal), changes the

picture 1little and, to a certain degree, it can be assumed that the Coulomb
interaction has been taken into account when choosing the values of gy and 8-
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Under the discussed conditions, in the weak-coupling approximation (see [1],
formula (54)), we have

T_~@pe-'/e = gy (1-§) M £t
™ e » -9 - + ' T
D S % 1-g,£In(8_/8p) v )
If
e
gbgsf(l‘f)l"(_ez)<< 9, 1 - &)+ g, &,
then
9,¢
9 (1-£r+ g &
T ~ 80(—8—') ’ exp -—1_._ . (4)
QD 95(1‘§)+gs£

For granules made of materials which are not superconducting in the bulky
state, it 1is apparently necessary to put 8y < 0. Obviously, at g, = 0 we have

1

TC” 8‘0-983 . (5)
For spherical granules of radius r, we have £ = 3a/r; for granules in the form

of flat discs of thickness 2d and characteristic radius R >> 4 the parameter is
£ = a/d. The use of discs (flakes) 1s preferable, for in this case one can
hope t% obtain not too small values of & (for a good metal the depth is a <

3 -5 A) at not too small a volume of the granules. The latter is necessary

to decrease the thermodynamic fluctuations and the possibility of disregarding
the quantization of the electron levels in the granule. The role of the sur-
face, and particularly the surface-connected contribution of the exciton mecha-
nism, can hopefully be ascertained by varying the parameter &, with other con-
ditions kept constant (of course, the changes of TC will not be large so long

as £ << 1). In order for the exciton mechanism to be appreciable (i.e., for
the parameter 8g to be sufficiently large), there should exist in the dielec-

tric excitons with frequencies Qe << Whs which do not attenuate too strongly
for the wave numbers q v dp (‘ﬁqF is the momentum on the Fermi boundary of the

metal), and furthermore have as large an oscillator strength as possible [1].
It is quite diffigult to satisfy these requirements, and Ge apparently does
not satisfy them!’). The latter casts some doubts on the interpretation of the
data of [5 - 7] on the basis of the exciton mechanism and, what is more impor-
tant, makes it possible to recommend urgently that the dielectric matrix in
the granulated superconductors be made of different dielectrics (semiconduc-
tors) with distinct exciton bands lying much lower than the Ferml energy of
the metal (in this connection, sultable values are AR < 1 - 2 eV, where Qe is
the exciton frequency at g v qF). €

1)The situation here, incidentally, is obscure, since the dielectric con-
stant € = g; + ie, of Ge depends in a rather complicated manner on the fre-
quency w (see, e.g., [12]), and the calculations of [1l, 2, 9] were performed
only for a much simpler model of the dielectric.
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