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A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics of the USSR Academy of Sciences was held on
December 20 and 21, 1978 at the P. N. Lebedev Physics
Institute. The following papers were delivered:

1. B. I. Verkin and I. B. Svechkarev, Weak magne-
tism as a method for studying the electronic structure
of metals and alloys.

2. / . K. Yanson and I. O. Kulik, Microcontact phonon
spectroscopy in metals.

3. V. P. Galdiko and V. M. Dmitriev, Nonequilibrium
superconductivity in specimens with small transverse
dimensions.

4. V. D. FH'f Electronic mechanism of acoustic-
pulse transfer in magnetic fields.

5. V.A.Yarba, Superhigh-energy particle accelera-
tors in construction and design stages.

6. E. L. Feinberg, Hadron clusters and semibare
particles in quantum field theory.

We publish below brief contents of five of the papers.

B. L Verkin and I. B. Svechkarev. Weak magnetism
as a method for studying the electronic structure of
metals and alloys. Along with the generally recognized
Landau- Peierls contribution from states at the Fermi
level, the constant component of fhe orbital magnetic
susceptibility of the conduction electrons contains inter-
band contributions from all occupied states of the spec-
trum. In principle, therefore, it can be used to probe
the deep structure of the spectrum, i.e., to escape the
limitations of traditional Fermi-surface investigations.
Because of the extreme complexity of the theory, the
role and properties of the interband contributions have
been established experimentally in a group of simple
(nontransition) metals and their alloys, where the pres-
ence of near-degenerate bands in the spectrum favors
intensification of these contributions. For example, the
following orbital-susceptibility properties that result
from the presence of interband contributions have been
established.1·2

1. Completely filled bands with small energy gaps
possess anomalous diamagnetism.

2. Sharply defined susceptibility singularities whose
form depends not so much on the nature of the change in
Fermi-surface topology as on the actual structure of
the near-degenerate bands correspond to the critical
points of the spectrum (associated with electronic phase
transitions of order 2-1/2).

3. The temperature of scattering-parameter range
in which susceptibility singularities appear is deter-
mined by the size of the characteristic energy gap and
is much wider than the corresponding range for oscilla-
tion and resonance phenomena.

The orbital contribution is a unique tool for detection

of critical points in a system of near-degenerate bands,
since the relative susceptibility modulation at the criti-
cal point may be several orders of magnitude higher
than the corresponding singularities in the density of
states.2

If the chemical-potential level is shifted by a suitable
disturbance, the susceptibility can be used to determine
the positions of the nearest critical points—first of all
for bands with the smallest energy gaps—, the gap
width and other parameters of the spectrum (from the
amplitudes of the extreme values of the susceptibility,
their temperature dependence, and the distance between
critical points), i.e., entire fragments of the spectrum
can be reconstructed. Since not only the observation of
critical points, but also the details of their appearance,
which depends on the structure of the related bands, is
important in this spectral-analysis procedure, we may
speak of a kind of magnetic-spectroscopic technique
that does not, however, create real excitations in the
spectrum.

The advent of an orbital-susceptibility theory that
operates directly with the Hamiltonian matrix for near-
degenerate bands3 permits full exploitation of the possi-
bilities of this technique. It can be illustrated with a
whole series of examples.

Thus, the behavior of the susceptibility in alloyed
tellurium has served as a check on the derivation of the
theory and as a source of information on the relativistic
constants of the Hamiltonian. A concentration (up to
~30 at. %) dependence of the energy gaps has been es-
tablished in lithium-magnesium alloys, and the position
of the critical point at which the Fermi surface touches
the face of the Brillouin zone (19 at. %) has been
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found. The values of the spin-orbital and Coulomb
splittings of three near-degenerate bands and the con-
centration dependence of the gaps and the chemical-po-
tential level have been determined in alloys of cadmium
with isovalent impurities (~10 at.%).2·4 The character-
istics of the scattering caused by the disorder of the po-
tential have been found for the above systems. Rather
far-reaching extrapolation of the spectral concepts that
have been adopted for ideally ordered systems is found
to be admissible when it is used to describe the elec-
tron structure of the alloys.

A critical point in degenerate bands of beryllium has
been detected through the anomalous maximum in the
diamagnetism even at ~800 °K, making it possible to
determine the temperature dependence of the chemical-
potential level up to Γ ~ 1300 °K.5 As for the behavior of
the chemical-potential level, the susceptibility proper-
ties indicate that its position in the middle of the energy
gaps on the corresponding Bragg planes is the basic
factor that stabilizes long-period superstructures in
self-ordering alloys.

Detailed examination of these and other examples
points to the conclusion that the parameters of the
single-electron spectra of simple metals (especially the

energy gaps, which are an immediate consequence of
crystalline potential) can be determined with the aid of
the orbital susceptibility with better accuracy than is
obtained from existing a priori and empirical calcula-
tions of the spectrum, even when the Fermi surface is
strongly diffused by temperature or scattering. We do
not now have any other method capable of competing
with the constant component of susceptibility in subtlety
of electron-spectrum analysis over a broad range of
concentrations and temperatures, and the latter can be
recommended as an effective tool for investigation of
disordered metallic systems.
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L K. Yanson and I. O. Kulik. Microcontact phonon
spectroscopy in metals. Since the appearance of Shar-
vin's paper,1 weak electrical contacts between metals
have interested investigators as a tool for study of en-
ergy spectra. References [2] were concerned with the
effects of focusing of electrons injected from microcon-
tacts 1-10 μηι in diameter, which can be used to recon-
struct Fermi-surface parameters. The present paper
reports on a series of experimental and theoretical
studies of microcontacts with smaller diameters id
~ 100 A), which enable us to obtain direct information on
the phonon spectra and the intensity of the electron-pho-
non interaction.3"5 This procedure has been used to
investigate Pb, Zn, Cd, Sn, In, Al, Cu, Ag, Au, Na,
Li, Ni, Co, and Fe—normal metals, superconductors,
and ferromagnets. The microcontacts were produced
by either of two methods—by weak breakdown of film
tunnel transitions with rather high resistance or by
pressing a sharp needle against a metallic "anvil." In
the latter case, the metals forming the contact may be
single crystals. At the point of application, local de-
struction of the oxide film is accompanied by the forma-
tion of a direct metal-to-metal contact. Its diameter
can be determined from its resistance by the formula

R 2(2.1»)· ' V '

which is valid at the Knudsen limit (the diameter of the
contact is smaller than the electron free path); here S
is the contact area and SF is the area of the Fermi sur-
face.

The current density in the contact cross section
reaches very large values (j~10 A/cm2), which corre-
spond to drift velocities on the order of the speed of

sound S~ 105 cm/sec. Under these conditions, the elec-
tron flux generates phonons whose frequency is deter-
mined by the voltage applied to the contact. At the
same time, the contact is not heated by the flowing cur-
rent because the Joule heat is released over the inelas-
tic relaxation length fte& 103 A), which is large com-
pared to the contact diameter. The volt-ampere char-
acteristic of the contact becomes nonohmic, reflecting
the dynamics of electron scattering on the phonons.

Figure 1 shows a typical "microcontact spectrum"—
a curve of the second derivative of the current with re-
spect to the voltage plotted against V (solid curve) in
the case of Cd. The spectra have a distinct structure
that reproduces well on different samples. The posi-
tions of the maxima on the curve of V2(eV)~d2V/dI2{V)
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