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correspond closely to the maxima of the phonon density
of states F(eV) reconstructed from neutron data [the
dashed curve is the F(eV) relation for Cd6]. According
to theory, the value of the second derivative of the cur-
rent with respect to the voltage in the microcontact is
given by

^4=-4e>aefr/V(0)G(eI·), (2)

where N(0) is the density of electron states on the Fer-
mi surface, Ωβ,( is the effective phonon-generating vol-
ume (ΩβΙί~d3), and G(u>) is the "transport" function of
the electron-phonon interaction, G(co)=.L2(co).F(u>):

G ((•>) =
Λ' (U)

~ \ -jf- w'p_p- 6 (">-ωρ-ρ·) Α (ρ, ρ')
(3)

elastic-scattering length. For noble metals, in which
the specifics of the ^-electrons are manifested, the
function ά2(ω) decreases with increasing energy, so that
the line intensities of longitudinal acoustic phonons are
much lower than those of the transverse phonons. This
last property is seen most distinctly in the "true" d-
metals Fe, Co, and №.

Together with the phonon singularities in the energy
range of the order of the Debye temperature QD (i.e.,
eV>0.05 eV), the microcontact spectra of ferromagnet-
ic metals7 show a strong anomaly at energies corre-
sponding to the magnon energy. Theoretical interpre-
tation indicates that a transition from the Knudsen to the
Maxwell regime of current flow takes place at these
high energies (I <d instead of I >d), with the result that
the contact heats up. The position of the singularity is
determined by the relation eVc = 3.6kTc (Tc is the Curie
temperature), which is well confirmed in experiment.
Measurements of microcontact spectra in this energy
range can be used to reconstruct the temperature de-
pendence of the part of the resistance due to scattering
on magnons, pw(T), at high current densities that are
inaccessible in ordinary experiments.

Here u>q is the phonon dispersion law and W,.,· is the
squared matrix element of the electron-phonon interac-
tion, averaged over the Fermi surface with the geomet-
ric form factor K(p -p'). The latter enables us to in-
vestigate the anisotropy of the G-functions, which is
conspicuous to experiments performed to study single
crystals in various orientations. The electron distri-
bution on the aperture has the form shown in Fig. 2b.
Only scattering events from states />i

>0 to states p't<0
contribute to the current.

The experimental studies indicate that ά2(ω) is prac-
tically constant for multi vale tit metals, i.e., the matrix
element of the electron-phonon interaction depends
weakly on energy. For the alkali metals Na and K, the
form factor δ2(ω) increases with ω. The microcontact
spectra of these metals contain a strong background
(nonzero value of the second derivative at ω > ω ^ ) ,
evidently because of poor structure, i.e., the short
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V. P. Galaiko and V. M. Dmitriev. Nonequilibrium
superconductivity in specimens with small transverse
dimensions. Nonequilibrium superconductivity is inter-
esting for the fact that new and unusual properties may
be expected under nonequilibrium conditions in super-
conductors by virtue of their special sensitivity to ex-
ternal disturbances. These conditions can be set up
most easily throughout the entire volume of the super-
conductor by using specimens with small transverse di-
mensions and, for example, passing a current higher
than the critical value through the specimen or exposing
it to electromagnetic radiation. It is possible as a re-
sult to observe certain new physical aspects of super-

conductivity, which are the subject of the present note.
They concern the nature of resistive (i.e., dissipative
but not normal) current states in narrow superconduc-
tive channels and stimulation of superconductivity in
these channels by external electromagnetic radiation.
From the standpoint of superconductor kinetics, both of
these phenomena are determined by the properties of
the essentially nonequilibrium electron distribution over
microstates in the presence of the superconducting con-
densate.

1. Resistive current states. When a supercritical
current is passed through a narrow semiconducting
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specimen (film or whisker), a number of singularities
that cannot be explained in the generally accepted mod-
els are observed near the critical temperature Tc of
the superconductor.1"3 The most important ones are as
follows: 1) a broad resistive range on the volt-ampere
characteristic (VAC) between the critical depairing
point Ic and the depairing point Ic2, above which the
specimen goes over into the normal state; 2) a nonzero
value of the reactive component of the specimen's ad-
mittance in measurements in the microwave range; 3)
in some cases, generation of low-frequency (/ = 30-250
MHz) electromagnetic vibrations. These experiments
indicate the simultaneous existence of superconductive
ordering (Δ^Ο) and a constant longitudinal electric field
in the specimen. Because of the specimen's small
transverse dimensions, it cannot be a result of a mixed
or intermediate state, and the possible contribution of
the fluctuations of Δ to resistance is found to be too
small. The hypothesis has therefore been advanced4

that the transition from the normal current state to the
resistive state in the channel is accompanied, because
of the Cooper instability, by a nonequilibrium micro-
scopic, "phase" separation into superconductive and
quasinormal regions that alternate along the specimen.
Subsequent theoretical5"8 and experimental3·9 studies
have clarified the physical mechanisms by which this
structure forms, the nature of its singularities, and de-
tails of principle.

It was found that the phase of the super conductive-
ordering parameter is important in the formation of
structure, as is the fact that the condensate can adjust
itself quickly to the spatial distribution of the longitudi-
nal field, so that the field potential enters into the local
excitation spectrum. The resulting imbalance of elec-
tron- and hole-like excitations relaxes slowly, giving
rise to normal diffusion fluxes that penetrate to a depth
5B into the superconductive regions. Parallel flow of
superconductive and normal currents becomes possible
as a result. Here the quasinormal segments of the
structure are associated with singular centers at which
there are discontinuities of the rate of change of the
phase with time. This results in small Josephson oscil-
lations in the neighborhood of these centers.

The relaxation processes that determine the depth δΒ

may be related both to elastic and to inelastic electron
collisions, producing different temperature dependences
in the extreme cases: 5^>~(ι_ί)" 1, δ«>~ (l _ ί ) " 1 / 4 .
The structure is manifested experimentally in the form
of voltage discontinuities on the VAC, separated by
segments with dynamic resistance Rs = 2^EN/anS (ΛΓ is
the step number, σπ is the normal conductivity, and S is
the cross section of the specimen. Measurements of
RN enable us to determine the temperature dependence
of δΒ, which conforms to theory, changing from (1-i)" 1

to (1 - i )~ 1 / 4 with the approach to the critical tempera-
ture.

The details of the VAC and those of the electrical-po-
tential oscillations in the case of moving structure are
generally in agreement with the implications of the the-
ory and point to the conclusion that in addition to the
previously known resistive states of large superconduc-

tors there is also a kind of nonequilibrium resistive
current state of microscopic "phase" separation in
small specimens.

2. Stimulation of superconductivity by an electromag-
netic field. Any external disturbance, including elec-
tromagnetic radiation, usually suppresses superconduc-
tivity. However, it has been found10 that there is a non-
equilibrium superconducting state in an external micro-
wave field, in which its superconductive properties are
amplified for T<TC or arise out of the normal state for
T>TC. It has been shown theoretically11 and confirmed
experimentally12 that this results from a change in the
energy distribution of the electronic excitations in the
microwave field, which, under certain conditions, can
contribute effectively to superconductive electron pair-
ing, raising the critical parameters Ic, Hc, and Tc of
the superconductor. The conditions are: the presence
of external radiation with frequency ω 1 >ω>ω 2 and not
too high amplitude, a specimen temperature relatively
close to the equilibrium critical temperature, and a
zero magnetic field or one that is not too large com-
pared to critical. The numerical values of these quan-
tities depend on the material of the specimen. Without
these conditions, the stimulating effect of the radiation
gives way to its usual depairing effect or to disruption
of superconductivity by Joule heat.

An interesting aspect of this type of nonequilibrium
superconductivity is the fact that as the temperature of
the specimen in the radiation field is lowered, the sup-
erconductive-ordering parameter appears abruptly at
the transition point Tm>Tc, as in a phase transition of
the first kind. At the same time, analysis of the non-
equilibrium depairing curves js(&) indicates that the
nonequilibrium critical current, which is usually the
quantity measured in experiments, is a continuous func-
tion of temperature, even though it increases rapidly
from zero as the temperature is lowered (T<Tm).
Thus, we encounter the case in which the superconduc-
tor cannot be loaded with any constant current at a non-
zero super conductive-ordering parameter, since this
causes it to transfer to the dissipative state.

These nonequilibrium-superconductivity effects are
interesting in themselves, but their interrelationships,
which have yet to be studied, will be even more inter-
esting.
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V. D. Fil'. Electronic mechanism of acoustic-pulse
transfer in magnetic fields. Experimental1·2 and the-
oretical3'4 studies of the propagation behavior of sound
pulses in pure metals at low temperatures have shown
that in dissipating the energy of the sound wave, the
electron subsystem returns it to the lattice in forms
other than incoherent phonons alone. An additional re-
laxation channel involving radiation of a coherent sound
wave by the electrons is possible under certain condi-
tions. If we are dealing with a sound pulse, i.e., a wave
packet that is bounded in time and space, we find that
because of the large difference between the electron and
sound velocities vF and S the acoustic field can be de-
tected where it cannot be according to the laws of ordi-
nary acoustics. This phenomenon, which is known as
electron transport of sound, is conceptually similar to
effects of anomalous penetration of an electromagnetic
field into a metal (AFP), but the acoustic transparency
of the metal and the resulting determinacy of the sound
wave vector q in the metal endow it with a number of
specific features.

Electron transport of a sound pulse is observed best
in the propagation of a sound wave perpendicular to a
weak magnetic field H.1 In this case, the electron-
density perturbation determined by the deformation field
of the wave is transferred in space at velocity vF

through a distance equal to twice the Larmor radius R
into the part of the specimen not occupied by the main
pulse, where it gives rise to an acoustic "precursor."
The delay time of the "precursor" is linear in H~x, but
the slope of the line is proportional to the extreme-val-
ue Fermi momentum. This last circumstance makes it
possible to measure the dimensions of large Fermi-
surface cross sections with high accuracy (~\/qR). An
estimate3 indicates that the amplitude of the "precur-
sor" is proportional to the square of the deformation
potential at the effective-interaction point; thus it be-
comes possible to measure the anisotropy of this im-
portant electron-phonon interaction parameter.

By analogy with AFP studies, this should be called a
path mechanism. This size of the "precursor" in path
transfer is no more than a few percent of the main-sig-
nal amplitude, since selection of the electrons that par-
ticipate in formation of the transport sound pulse is
governed solely by the geometry of the Fermi surface.

However, if we single out a certain group of electrons

with the aid of resonant interaction with the input acous-
tic field, a substantial increase in the amplitude of the
transport signal should be expected on the basis of re-
ciprocity considerations. This phenomenon has been
demonstrated in Ga2 by observation of Doppler-shifted
cyclotron resonance on open orbits.5 Since the open
direction in coordinate space coincided with the sound
propagation direction, the acoustic field was observed
to be transferred at the Fermi velocity along q for the
entire length of the specimen; given exact tuning to
resonance, the amplitude of the transferred signal was
comparable to that of the main signal. The effect has
also been observed independently in Cu and Ag.e

The collisionless-absorption edge that can be ob-
served when a strong field Η deviates from exact per-
pendicularity to q by an angle φο~ s/vF can also serve
as an effective selection mechanism; this usually known
as the "slant effect."7 In this case, the coherent sound
field carried along Η is also comparable to the main
signal.2

In the examples given above, the magnetic field "in-
cluded" some mechanism for selection of electrons cap-
able of transporting a coherent acoustic signal. The
sole selection mechanism in a zero field is found to be
"Landau damping"—only electrons moving in phase with
the wave, i.e., at an angle φ0 to the plane normal to q,
contribute to absorption of the sound. These electrons
also transport the acoustic field out of the spatially
limited beam, diffusing it transversely over the free-
path length of the carriers. A characteristic peculiarity
of this transport is that it is suppressed by a weak mag-
netic field (~l-2 Oe) as a result of curving of the elec-
tron paths.
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