on whose surface a granulated metallic coating is deposited, is practically free of the in=-
dicated shortcomings and constitutes a relatively simple (from the point of view of experi-
ment) system with easily controlled parameters. The interaction between the conduction
electrons in the film of the n-semiconductor and the aforementioned dipole oscillations of the
electrons in the granules can lead to a pairing effect, and consequently to the occurrence of
two-dimensional superconductivity along the film, If the parameters of the semiconducting
film are such that only one two-dimensional subband is filled in momentum space, then the
width of the gap characteizing the binding energy (correlation) of the electron pairs in the
film is given by (see [7, 12]):

A =2h expl~1/ply, u,>>h w, (5)
exp[-2/p]l, u <<t w,

where p = e2/endhm, € is the high~frequency dielectric constant of the semiconductor, d is
the film thickness, u, = ﬁ2/2mn[2wNnd + (nz/d2)] is the limiting (Fermi) energy of the con-
duction electrons, and m and Nn are their effective mass and concentration.

It is easy to see that when fiw v ealend the gap reaches a maximum, Amax ~ fiw, Thus,
for example, for films with 4 = lO’6 cm and e, = 3 at a dipole-oscillation frequency
w = lOlh sec™! we obtain as an estimate B ooy 2 3% 1072 eV, which corresponds to a
superconducting=junction critical temperature Tc > 100°K.

In conclusion, we are sincerely grateful to A, I. Akhiezer, V. G, Bar'yakhtar, and

A, S. Davydov for a discussion of the result and useful remarks.
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QUANTUM ELECTRONIC SPIN ACOUSTIC WAVES

P, 8. Zyryanov, V. I. Okulov and V. P, Silin
P, N. Lebedev Physics Institute, USSR Academy of Sciences
ZhETF Pis, Red._9, Wo. 6, 371~37h (20 March 1969)

It is shown in [1] that in a metal, in the presence of a quantizing magnetic field,
there exist longitudinal oscillations of electron~-gas density with an acoustic dispersion law,
In the present communication we show that similar oscillations of the electron density are
connected with oscillations of the magnetization, and as a rule the difference between the
oscillating density of the number of electrons 2s§ with spins parallel and antiparallel to
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the magnetic field greatly exceeds the density of the number of electrons n, which take part

in the oscillations. This new observed effect is a result of the spin paraﬁagnetism of the
conduction electrons of the metal, which was actually neglected in [1]. On the other hand,
allowance for the interaction of electrons within the framework of the theory of the elec-
tronic Fermi liquid [2] reveals the presence of one more effect = longitudinal guantum spin
waves, the analog of the already discussed transverse quantum spin waves [3). In such waves,
the nonequilibrium magnetization oscillates along the direction of the constant field, and
the oscillating density of the electron gas vanishes, Under more general conditions, an
appreciable interaction takes place between the quantum spin waves and the osciilations of the
electron densities accompanying the spin oscillations. In this connection, such waves should
be called quantum electronic spin-acoustic waves (QESAW).

We present here several characteristic results of the theory of QESAW for the case when
they propagate along a constant magnetic field parallel to the z axis, The spectrum of the

oscillations is determined by the egquation [v exp(-iwt + ikz)]:

Xt 4 X= +4yp XTXT =0, (1)

and the ratio of the spin density to the electron-density is

z 2 + -
2s; - 4ne XT =X . (2)

n, kT 1+yg(XT+XT)

Here e is the electron charge and y is a constant characteristic of the theory of the electron

liquid and takes into account the spin dependence of the electrons on their distribution [4],

and
X =

dp lelB  FE (g V-8 (¢ . g0
+ g s €n, p fn,p ~ Fk , (3)

2
(2nh) < n he - €n,p Y €n,p - fk

where B is the intensity of the constant layer, c the velocity of light, € o the energy of
+ 9
(£) is the distribution function of the electrons

the electron in the magnetic field, and f
with spins parallel and antiparallel to the direction of B, In (1) and (2) it is assumed that
the wavelength of the oscillation greatly exceeds the Coulomb-field screening radius, and the
frequency is low compared with the plasma frequency.

Bearing in mind that for long waves we have

E"IP- L zc"lp = .ﬁkv"lp+(h2 k 2/2’""1 P)'

it is easy to see that, neglecting the temperature scatter, whose effect is small, there is
certainly no Landau damping if,[s - vi | >> ﬁk/mi, where s = w/k and vi is the veloéity of the
electron at the n-th discrete level of the guantizing magnetic field, corresponding to the

Fermi surface for the spin parallel and antiparallel to the z axis, respectively., To simplify

the formulas we shall assume that |s - v:ol << vgo << v, where v is the usual electron velocity
- - + ,
on the Fermi surface., Let Vo be the value of v closest to V0! Then, using the symbol
- + )
As(vn, =vi)2e/50),
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where p is the electron momentum on the Fermi surface and @ is the electron gyroscopic fre-
quency, we get from the dispersion equation (1) the following two expressions for the phase
velocity of the QESAW and for the ratio (2)

hQ 1+28 ‘ 1
A2

S =v++_A+ +

t
B2t ap 1+ 1+8) (%)

257  4e? p? A

ny T ahv B2K _11\/1+A2(1+B)i
_ .2 2..3
vhere B = yp~/(7°vh~).
In the limit of small values of A we get hence
4 hQ /28 257‘_ 4:2/p 2 2
Sy =Vt +AJ; = ‘ >
4p \1+8 n, ahv \hk Al + B)

When A = O these formulas describe longitudinél spin waves, which can exist only when account

is teken of the interaction between the electrons., The second solution has at (1 + B) A << 1
the form

+
s, =v,, t—(2 +A); - 5

no 4p n .

.

hQ --ZSz 4e2. fp 2 A
(%

Waves that are accompanied by spin oscillations exist only in the limit when 4 = 0; this

corresponds to the results of [1].

In the opposite limit 1 << A (1 + B) << v/v;O, the QESAW phase velocities differ from
+ -
Vo and v by (hQ/bp) (1 + 2B) (1 + 8). Here

25: 4e? P 2 1
s (3)
nk whv hk 1+ B

It is seen from this expressions that inasmuch as ee/ﬁv 2 2 for real metals it follows that

for QESAW with wavelength much larger than the interelectron distance the oscillations of the
spin density greatly exceed the oscillations of the electron-number density. We note that

- + -
at A = %2 8 (1 + 28) 1 the QESAW phase velocity coincides with v_, or v

n0 m0
the wave propagation becomes forbidden as a result of the Cerenkov effect on the electrons.

respectively'when

If the QESAW phase velocity is not small compared with the Fermi velocity, it may not be close
+ Z 2

70 = Vo + ll' Then (ESk/nk) ~ (Qp/Bk°v).

Comparing this expression we (7), we can state that the relative role of the spin oscillations

decreases, although even here they predominate for wavelengths X (em) > 3 x lO—h p1/2

+
to one of the values of vi, so that Is -V, ‘ vt

B is in Gauss. We note in conclusion that since B does not equal the energies of the elec-
tron with spin parallel and antiparallel to B, the QESAW will occur in metals under the same

conditions as the wave observed in [1].
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