If the ratio of the liquid volume to the free-surface area is infinite,
then the entire surface is covered by the gas phase at T > TC and by the liquid

at T < Tc' There is no region of phase stratification. This region appears if

the indicated ratio is finite. The width AT of the temperature interval near
Tc’ in which two surface phases coexist on the surface of the liquid layer of

thickness gz at large values of z, is given by the formula

At finite z, the derivative 930/3T is continuous.

To observe surface condensation in measurements of surface tension, the
accuracy must be sufficient to observe the kink on the o(T) curve. We note in
this connection that a much more strongly pronounced singularity should be ob-
served 1n the temperature dependence of the veloclty of the surface second sound
[4], which should experience a large discontinulty at the condensation point.

We are grateful to I M, Lifshitz for a discussion of the work and for valu-
able remarks.
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In the fundamental formulas of superconductivity theory, the coupling con-
stant enters in combination with the quantity 1 - 2n, where n 1s the occupation
number of the fermion states. This suggests that superconductivity can appear
in such "non-superconducting" systems in which both factors have an unusual
sign, namely, repulsion between particles predominates, but on the other hand
an inverted level population is producedl).

In the simplest metallic model, the time 1, of recombination of the elec~

R
trons and holes, which leads to the vanishing of the population inversion, is
so short that to produce the inversion, if at all possible, continuous pumping
would be necessary. This creates a number of complicated problems. We dis-

cuss below a model in which the time TR has been appreciably increased and one

can expect superconductivity to appear as a result of a single action of the
pump pulse,

1)We have learned that similar arguments were advanced also by A.G. Aronov
and V.L. Gurevich.
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1. The proposed model pertains to the superconducting type and is character-
ized by the presence of a dielectric gap and a shift of the extrema of the bands
(Fig. 1). Both factors cause Tp to reach tremendous values, up to 10~° sec [1].

We assume for simplicity that (a) the system is guasi-two-dimensional and the
density of its states does not depend on the energy, (b) the parameters of both
bands are identical, (c) the chemlcal potential w characterizing the population
inversion resulting from the electrons "thrown" from band 2 to band 1 is large
in comparison with the width of wp of the region of action of the repulsion

(Coulomb) interaction. These limitations are immaterial and do not change the
qualitative conclusions.

The model Hamiltonian of the system is

H= % ‘i°i+,k"i,k+ Yo 2BB; + ¥ Z;é Bi+Bj’ Bi= Zq % k>
i i #i k

where 1, j = 1, 2 are the numbers of the band, the pairing of the electrons with
electrons or holes from another band 1s neglected, yo and y: are the intraband
and interband coupling constants, respectively (yo > 0), €, = Eg + k%/2m, and

- 2 1
82——Eg— (k - ko)*/2m.

iy

2, The usual test of the normal state of the system for stability [2]
yields the following equation for the poles of the vertex parts in the "parti-
cle-particle" channel

E2. 2 o + E
_E © +
I+ ydl“‘%* (y2 -y}l d 9 1n =0, (1)

W -
P P ©p

Imaginary values of w (superconducting instability) correspond to the region
shown shaded in Fig., 2 and appear only 1f the dielectric gap is narrow enough.

At Eg = 0 and |61| << ygo (corresponding to a large value of TR) we have, in

particular,

© = % iAoeXP(-\/'ylz/y: - n2/4), A = w, €xp (= 1/y,).

[+]

When yo < 0, the instability in question vanishes in accordance with the re-
sults of [3].

£
L p
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gl )7
N (/]
1 ke K, .
=—=Vq +7
P
Fig., 1
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It is convenient to describe the resultant superconductivity in the lan-
guage of the Gor'kov.equations for the ordinary and anomalous Green's func-
tions? G, and Fy

(0 -~ € G, +.AF1+.-_1, (m+61)F1 +AG, = 6

and similarly for the functions G, and F,. Here A = [d*p(ye¢F, + y1F2). From
this, in particular, we get the expression

G, =

to

1
(L4 /E /0~ E = i8) + = (1-c,/E ) /(o +E, +i5), (2)

where E; = vel + A% and the rules for going around the poles correspond to the
lnverted population, The value of A coincides, as usual, with the 1imaginary
part of the route of (1).

3. In the model in question, the energy of the superconducting state ex-
ceeds the energy of the normal state (at a specified quasiparticle distribu-
tion). Thus, at vi1 = Yo

d%
l%'.h? A2> 0.

[

E. - E, = sign(y,) [,

one can expect that the system, after relaxing from a higher energy state to
which it was "thrown" by the pumping action, will end up ultimately in a super-
conducting state.

After the end of the intraband relaxation, the remaining inverted popula-
tion (see Fig. 1) vanishes after a time TR, and the superconductivity vanishes
after a time T~ These times are of the same order of magnitude. In fact, the
inequality TR << Ty is impossible, for once the inverted population vanishes
the superconductivity disappears, too. The opposite inequality would bring the
system to the normal state under conditions of inverted population, which, how-
ever, is unstable. Therefore the system recombines and loses superconductivity
at equal rates, Accordingly, one can speak of superconductivity only as applied
to time intervals that are short in comparison with TR (ef. [4]). The kinetic

problems involved here will be the subject of a special paper.

The temperature smearing of the Fermi distributions in both bands distorts
the distribution funection in the region of interest to us near the extrema of
the bands, by an amount on the order of exp(-u/T). One can therefore expect for
the critical temperature a rather high value, on the order of u. On the other
hand, the critical temperature determined by the gap A is the largest "negative
temperature" characterizing the degree of the inversion of the distribution.

In conclusion, we emphasize once more that in order for superconductivity
to appear 1t 1s necessary to have a sufficlently narrow dielectric gap. In all
other respects the model considered here coincides with the one usually employed
in connection with the problem of the condensed exciton phase in a semiconduc-
tor [17.

We are grateful to V.L. Gingburg and the participants of his seminar, and
also to L.V. Keldysh, A.G. Aronov, and V.L. Gurevich for valuable discussions,

2)Since the pairing is not on the Fermi boundary but at the extrema of the
bands, the functions F do not contain the factor exp(-2iut) (the corresponding
chemical potential is equal to 0). This corresponds to pure imaginary routes
of (1).
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1. When a plasma is produced by nanosecond laser pulse, a hot expanding
corona 1is formed, in which the laser energy 1s absorbed. It is known that the
laser beam can produce in the corona plasma instabilities that lead to the ap-
pearance of strongly epithermal plasma-density fluctuations and scattering of
the incident beam [4]. In the present article we call attention to one more
possible cause of the "darkening" of the plasma corona.

If the plasma consists of ions of two or more types with different ze/M,

for example thermonuclear fuel consisting of a deuterium-tritium mixture, then
the ambipolar electric field E = —(Te/e)Vln ng, of the corona will accelerate

the ions unevenly. 1In the region of the rarefied corona, where the force of
friction between the ions with different ze/M i1s no longer capable of equalizing

the velocities, the lighter ions will start to run away forward and a two-stream
motion 1is produced. Such a state, as is well known, 1s unstable. The fluctua-
tions of the electric field and of the density can grow 1n 1t with a character-~
1stic scale on the order of or larger than the ion Debye radius. Scattering of
the ions by the turbulent electric fields leads to effective friction between
the components, and some of the work of the ambipolar electric fileld will be
consumed in thelr heating. One can expect the processes occurring in this case
to be similar to the turbulent heating of plasma in an electric field, which

has been sufficiently well investigated theoretically and experimentally [11].

2. Let us review the qualitative arguments of the theory of turbulent
heating (see, e.g., [1]) as applied to the phenomenon under consideration,
In a plasma with two types of iocns (M2 >> M., Te >> T1
exist besides ordinary ion sound wl = k(Te/2IVIl)1}2 also short-wave slow sound
Wy = k(T1/M2)1/2 (the theory of turbulent heating is based on the existence of
a small parameter m/M; the case of comparable masses can be obtained as a limit-
ing approximation; to simplify the formulas we assume n; = n, = n/2 and zi =
Z, = 1), The slow sound can build up if the average velocity u of the light
ions relative to the heavy ones exceeds w,/k. The unstable perturbations are

those with wave vectors
4nne? V7?2 4nne? M1 L/ 2
k < T * Ymax 7 T~ _Mz v (l)

1 1

>> T2) there can

The light ions are scattered by the electric field cf such a turbulence, with
effective frequency
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