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A scientific session of the Division of General Phys-
ics and Astronomy and the Division of Nuclear Physics
of the USSR Academy of Sciences was held on October
25 and 26, 1978. The following papers were delivered:

1. G. S. Krinchik, Magnetooptical study of surfaces.

2. A. F. Andreev, Thermodynamics of liquids below
the Debye temperature.

3. Ε. E. Berlovich, Study of nuclei far from the β-
stable band.

4. V. S. Letokhov, Detection of single atoms and
nuclei by methods of laser spectroscopy.

5. G. N. Flerov and Yu. G. Oganesyan, Synthesis and
discovery of superheavy elements.

We publish below brief contents of four of the papers.

G. S. Krinchik. Magnetooptical study of surfaces.
The magnetooptical method of studying the surface
magnetic properties of crystals1 is based on the fol-
lowing two premises: 1) at absorption-coefficient val-
ues of the order of unity, visible light penetrates into
the crystal to a depth of less than 500 A in the reflection
process; 2) the magnetooptical effects in which the
intensity of the reflected light varies or the polarization
plane rotates are proportional to the magnetization of
the ferromagnetic. Thus, having determined this co-
efficient of proportionality in the range of magnetic
saturation for a given crystal, we are in a position to
determine all of the basic magnetic properties of the
surface layer by measuring the dependence of the mag-
netooptical effect on the magnetic field strength. If we
are dealing with magnetic crystals that are transparent
in the visible region of the spectrum, special measure-
ments can be made in the ultra-violet in order to reduce
the penetration depth of the light to the desired value by
increasing the absorption cooefficient. finally, if, in
addition to this limit on the penetration depth, we intro-
duce spatial limiting of the light pencil, i. e., if we
minimize the size of the area from which the light is
reflected, we arrive at a magnetooptical method for
measuring the magnetic properties of micron-size
areas of the surface.2 Under an optical microscope
with good resolution, the illuminated area can be
reduced to about 1 Mm2, so that the volume of the
"specimen" whose magnetic properties are measured
drops below 10"3 cm3. We cite certain examples of the
use of these methods to solve various physical and ap-
plied problems.

a) Surface magnetism of hematite.3 Magnetooptical
investigation of magnetization on the "low-symmetry"
faces of hematite single crystals has shown that the
magnetic states of the crystal in the interior and in
the surface layer are qualitatively different. This ef-
fect is due to spontaneous formation of a superficial
transitional magnetic layer of the domain-boundary

type, which, in turn, results from a change in the sym-
metry of the surroundings of the surface magnetic ions.
The thickness of this transitional layer can be varied
from a few microns to zero by varying an external
magnetic field. Calculation indicated that the surface
magnetism of hematite may be cuased by magnetic-
dipole interaction between superficial magnetic ions,
except that "propagation" of the transitional layer
into the crystal occurs as a result of exchange inter-
action.

b) Formation of a thin ferromagnetic layer on the
surface of austenitic steel} Heating of type EP-838
nonferromagnetic austenitic chrome-manganese steel
(a first-wall structural material for thermo-nuclear
reactors) at temperatures of 400-1100 °C under hard
vacuum results in the formation of a ferromagnetic layer
a few microns thick on its surface. Its appearance is
explained by vaporization of manganese, the basic
austenitizing additive in this steeel. No similar ferro-
magnetic phase was observed to form on type SS-316
chrome-nickel steel. The appearance of the ferromag-
netic layer indicates a. γ-a phase transition in the sur-
face layer, and in this case the magnetooptical method
can be used for diagnostic purposes.

c) Surface segregation of nickel in nonferromagnetic
nickel-zirconium catalysts? It has been know for some
time that the catalytic activity of nickel-zirconium
catalysts increases from zero to a certain maximum
value over a few hours. Magnetooptical investigation
of the surfaces of these catalysts has shown that this
activity increase is due to the formation of a thin
ferromagnetic nickel layer under the oxide film on the
surface. The formation of this sandwich structure in
the surface region was established by magnetooptical
sensing of the surface with light at various wavelengths.

d) Domain-boundary structure in ferromagnetics.2

Studies of the magnetooptical properties of small sur-
face areas at near-limit resolutions has made it pos-
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sible to obtain reliable signals directly from areas at
which domain boundaries emerge at the surface in a
ferromagnetic metal (iron) and a weak ferromagnetic
(hematite). It has been shown that the structure of the
domain boundary changes significantly as it approaches
the surface; the formation of subdomains, modification
of these subdomains under the action of an external
magnetic field, and other effects have been observed.

e) Study of the distribution of magnetization in
micron elements? It will be appreciated that micron-
resolution magnetooptics is useful not only in study of
magnetic properties on specific areas of large speci-
mens, but also for investigation of small ferromagnetic
elements. These elements have been produced in res-
ponse to the demands of modern integrated-circuit
technology; they are components of cylindrical mag-
netic domain memory devices and thin-film magnetic
heads; the range of applications of magnetic micro-
elements will expand continuously in the future. The
distribution of magnetization in these elements and their
magnetic properties fully determine the functional pa-
rameters of the devices for which they are developed.
Even the research done thus far on the controlling
elements and elements of chevron detector circuits with

cylindrical magnetic domains, together with work done
on the magnetic circuits of integrated magnetic heads,
has brought out a number of new factors that have changed
existing concepts and provided data in support of sound
theoretical design of devices incorporating these ele-
ments.
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A. F. Andreev. Thermodynamics of liquids below
the Debye temperature. According to the concepts
developed by Frenkel', a high vibration frequency ω
of the atoms near certain equilibrium positions as com-
pared to the reciprocal lifetime τ near the particular
equilibrium position is a characteristic property of
liquids. In the low-temperature quantum region, in
which the vibrations of the atoms are basically zero-
point vibrations and the time τ is governed by quantum
tunneling, the inequality ωτ»ί means that there are
in the liquid two characteristic energies of quantum
nature and of different orders of magnitude: the Debye
temperature Q ~ Κω and the energy uncertainty T4 ~ Η/τ,
which is related to particle delocalization, and two
physically different temperature ranges corresponding
to the quantum fluid2: 1) Τ« Tt and 2) Tt« Τ « e-
Since Td is of the same order of magnitude as the quan-
tum degeneracy temperature (Fermi or Bose), it is
clear that the first inequality actually obtains only for
helium isotopes—ordinary quantum fluids. The number
of quantum fluids of the second type is larger (this class
includes the hydrogen isotopes as well as helium).

To prevent freezing of the liquid at Τ « Q, it is nec-
essary that the amplitude of the zero-point vibrations
be not too small compared to the distance between par-
ticles or, which is the same thing, that the Debye
temperature θ not be too small compared to the char-
acteristic interaction energy U of adjacent particles in
the liquid. Actually, V is only a few times © in helium
and hydrogen. But since ωτ~ expW/Θ), this is quite
sufficient to ensure satisfaction of the condition ωτ
» 1 (or Ta«Q) for validity of the Frenkel' picture
of the liquid.

It is found that the thermodynamic properties of
quantum fluids in the range Tt« Τ « Θ can generally
be established theoretically. In fact, the condition

Τ» Tt~Κ/τ makes it possible to treat the atoms of the
liquid as localized near equilibrium positions in cal-
culating the thermodynamic functions. Since the liquid
lacks long-range order and the equilibrium positions
are distributed quite irregularly in space, the liquid
then becomes glasslike. Since practically no vibrations
are excited at Γ « Θ , the main contribution to the
thermodynamics comes from a mechanism analogous
to that proposed by Anderson, Halperin, and Varma3

and Phillips4 to explain the low-temperature properties
of glasses. That is to say, we are dealing with dis-
turbances corresponding to the transition of atoms to
neighboring equilibrium positions with an energy in-
crease ε~ Τ. The difference from the case of glass
consists in the fact that all energy barriers are pen-
etrable in these liquids because of the high tunneling
probability, so that the excitation density is low only
because the temperature is low compared to the inter-
action energy U. Let vdt be the probability that a cer-
tain atom has a neighboring vacant equilibrium posi-
tion with an excitation energy between ε and ε + dc.
At ε« U, the level density does not depend on energy
and its order of magnitude is that of z/V, where ζ is
a certain effective number of neighboring vacant equili-
brium positions. The free energy of the liquid per
atom is

f[T)=-T f vdsln(l+.-e/T)=—jjvl1·,
υ

from which we find the entropy and heat capacity

The figure shows experimental plots5"7 of the entropies
of liquid He3, He4, and parahydrogen per atom against
the ratio Τ/Θ. The Debye temperature was calculated
from the usual formula for solids, into which the mea-
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