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D. N. Mirlia, Optical Studies of Surface Vibrations in
Ionic Dielectrics and Semiconductors. This paper sets
forth the results of a joint study made with V. V.
Bryksin, Yu. M. Gerbshtein, and I. I. Reshina. A spec-
troscopic method was used to observe surface optical
vibrations in crystals and investigate them in detail. In
accordance with the phenomenological treatment, such
vibrations arise in the frequency range between WrpQ and
a-'Lo^the limiting frequencies of transverse and longi-
tudinal optical phonons—where the dielectric constant is
negative (the range of "residual rays"). The studies
were made on a series of ionic dielectrics and semi-
conductors with the structure of NaCl, CaF2, and TiO2,
and on InSb and a-SiO2. The experimental part of the
work was done using a modification of the disturbed total
internal reflection (DTIR) method, which made it possi-
ble to investigate the absorption in a nonradiative region
of the spectrum, i.e., at kx > ω/c (where kx is the wave
vector of the surface vibrations). DTIR spectra were
calculated for the configuration of the experiment. Dis-
persion relations for the surface vibrations were ob-
tained experimentally for the first time, and the influ-
ence of anharmonicity on their characteristics was stud-
ied. It was shown that satisfactory agreement between
the calculated and observed frequencies requires consis-
tent consideration of the anharmonic contribution to the
dielectric constant of the crystal. Splitting of the sur-
face-vibration frequencies was detected in thin films:
in this case, two surface-phonon branches were ob-
served. Mixed surface plasma-phonon modes were in-
vestigated in degenerate semiconductors, dispersion and
concentration dependences of the frequencies were re-
corded, and the damping of the surface plasmons was
measured. (In InSb, it was found to be 2—3 times stron-
ger than the damping of bulk modes.)

The influence of anisotropy on the conditions under
which surface vibrations appear and on their character-
istics was investigated. The existence of two types of
surface-vibration branches in uniaxial crystals was es-
tablished experimentally: one of them exists only in the
polariton region of the spectrum and has no analog in
isotropic crystals. As the k x of these "anomalous" sur-
face excitations increases, they mix with the bulk spec-
trum and attenuate.

Surface waves at the boundary between two dielectrics
were also investigated, and extinction of these waves at
a boundary with a metal was observed. "Boundary"
plasmon-phonon modes at metal (semiconductor)-dielec-
tric boundaries were studied. Various manifestations of
the surface phonons can be expected in study of trans-
port phenomena in thin films, in the surface layers of
single crystals, in multilayered structures, in tunnel
spectroscopy, etc. In particular, surface-phonon mani-
festations can be expected in Raman spectroscopy of
semiconductors with excitation beyond the edge of the
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fundamental band, where the light penetrates only to a
small depth.

The basic results discussed in the paper were set
forth in the following articles:
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G. A. Askar'yan, V. A. Namiot, and M. S. Rabinovich.
Use of Ultracompression of Matter by Light Reaction
Pressure to Obtain Microcritical Masses of Fissile
Elements, Ultrastrong Magnetic Fields, and Particle
Acceleration. The possibility of obtaining very high
pressures by vaporizing metal1-1-1 with a powerful light
or charged-particle flux (ρ ~ i/v, where I is the power
density of the incident radiation causing vaporization and
ν is the outflow velocity of the matter) has recently been
put to use to obtain ultracompression1-2^—an increase in
the density of matter by hundreds and thousands of
times—under quasismooth (without shock-wave forma-
tion) isostatic compression by a vaporization pressure
ρ « ΙΟ11—1012 atm. At such densities and pressures,
matter behaves like a degenerate electron gas whose
pressure is determined by quantum motion of the elec-
trons: ρ ~ nee, where we have from the indeterminacy
principle: e « (AP)2/2m « h2/2m(Ax)2 « h2n|/3/2m and
the pressure ρ « h2ne

/3/2m, i.e., the effective adiabatic
exponent γ = 5/3 unless the total number of electrons
changes appreciably.

The paper l-2-) proposed the use of ultracompression
to lower the threshold for initiation of controlled thermo-
nuclear fusion and to increase its efficiency. We shall
consider other aspects of ultracompression—the forma-
tion of microcritical masses of fissile elements'-3·1,
ultrastrong magnetic fields1-3-1, and acceleration of par-
t ic les^ 3 .

1. Microcritical masses of ultracompressed fissile
elements. Back in 1943, Neddermeier (a reference to
his work appeared only recently, in t 4 3 ) took note of the
possibility of lowering the critical masses of fissile
elements by explosive compression, but modest blast
pressures did not open the possibilities inherent in
ultracompression, which produces critical dimensions
and masses so small that they can be accommodated in
the small regions occupied by concentrated high-density
radiation.

In fact, the critical dimension R c r « If ~ l/n^, while
the critical mass M c r ~ njRc r ~ l/n?, whence it follows
that even hundredfold density increases reduce the criti-
cal mass by a factors in the tens of thousands. The con-
centration of the nuclei then reaches n̂  ~ 1025 cm'3,
which corresponds to an ionization multiplicity Ze£f
« 10. Ultracompression permits the use of an ultradense
reflecting layer to reduce the critical size still further.
The equation describing the development of the neutron
avalanche is
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where α is the coefficient of back reflection from the
reflecting layer.

It is possible to make α « 1 - e~nics1', since the
concentration of light atoms in the reflecting layer may
be an order higher than the concentration of the ultra-
compressed heavy element at a given pressure, which
gives a[a'sl' ~ 1 at a's « 1 barn even when /' « 10"2 cm.
Back scattering and a starting burst of neutrons.can be
provided, for example, by using deuterium or LiD. We
note that (fffV) decreases very little on a decrease in
neutron velocity, but this is undesirable because it could
protract the multiplication process in time. From the
above equation we obtain

This strong dependence of the critical mass on the
multiplication and reflection parameters makes it easier
to find conditions under which it is possible to guarantee
small critical values. Estimates indicate the possibility
of obtaining R c r w 10'2 cm and M(,r « 1CT2 g. The energy
necessary to effect this compression may exceed the en-
ergy to compress this mass:

ρ dV Pmax^mi
V - 1

since most of the energy goes into vaporization when
the pressure is maintained for a sufficiently long time.
The required energy is estimated at i0 « 10z k j for the
most efficient of the available working substances. We
note that the vaporized jacket can be made from any
material (for example, Pb), thus lowering the consump-
tion and the necessary amounts of fissile material.

Since most of the energy release occurs in the last
few generations of the neutron-multiplication avalanche
(we note that the time to breed a generation ti α ΙΟ"11

sec), there is not time enough for any appreciable change
in the radius of the ultracompressed matter, and hence
no time for loss of avalanche-development efficiency
(the expansion time is ~ 10"10 sec because of the high
density of the ultracompressed matter). For example,
even at one percent reacted nuclei, we obtain an energy
release ~104 kj and emission of ~ 1018 neutrons in
10"11 sec. Such high-density neutron fluxes are of great

interest for a number of physical experiments and appli-
cations. Such a burst could also be used to produce a
powerful neutrino source.

2. Production of ultrastrong magnetic fields by ultra-
compression of matter; particle acceleration. The high
pressures attainable can be used to produce ultrastrong
magnetic fields Η « νβττρ « 5 · 109 Oe at ρ « 1012 atm by
compressing dense highly conductive matter in which a
magnetic flux is confined or frozen. (The largest cross-
section transformation coefficients are possible when a
hollow body is compressed.) Since the compression time
t ~ R/Ca ~ 1(T9 sec is smaller than the skin time t g ^
« 47TR2a/c2 <: ΙΟ"7—10"6 sec, the entire confined flux is
compressed and Η « HoRo/R2. An abrupt change in a
very large field will give rise to strong inductive fields
Ε w RH/2c « 3 · 109 v/cm at R « 10~2 cm, Η « 5 · 109 Oe,
and τ ~ 10~10 sec, fields that can be used to accelerate
charged particles. Using the invariant P2/H « const in
the varying magnetic field (P is the momentum of a par-
ticle of any energy), we find that the final relativistic
particle energy

% α Pc χ ZeHR w Z-VS G e V .

It would be simplest to accelerate electrons and ions
in a cavity in the compressed substance, which could be
chosen at will.

In the case of substances in which reactions on
charged particles are used, the inductive fields may en-
hance thermal or epithermal processes and yields.

The problems set forth above are discussed in a
paper that we submitted to " JETP Letters" in August of
1972. Six months later, Winterberg's independent
paper'-5-1, which was concerned only with microcritical
masses of fissile matter, made its appearance.
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Scientific Session of The Division of General Physics and Astronomy,
USSR Academy of Sciences (23-24 January, 1974)

Usp. Fiz. Nauk 113, 718-728 (August 1974)

A scientific session of the Division of General Phys-
ics and Astronomy of the USSR Academy of Sciences
was held on January 23 and 24, 1974, at the conference
hall of the P. N. Lebedev Physics Institute. The follow-
ing papers were delivered:

1. O. F. Prilutskii, I. L. Rozenthal', and V. V. Usov,
On the Nature of Bursts of Cosmic γ Radiation.

2. V. S. Troitskii1, L. N. Bondar', and A. M. Staro-
dubtsev, The Search for Sporadic Radio Emission from
Space.
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3. F. Yu. Aliev and E. G. Kasumova, Thermal Expan-
sion and Electric Conductivity Anomalies in Cooled
CuFeS2 Films.

4. I. M. Dmitrenko, I. S. Shchetkin, T. V. Sil'vestrova,
and E. A. Osika, The Anomalous Electric Conductivity
of Metal-ammonia Solutions.

5. Ν. Ε. Alekseevskii and A. A. Slutskin, Magnetic
Breakdown in Metals.

We publish below brief contents of four of the papers.
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