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SCIENTIFIC SESSION OF THE DIVISION OF GENERAL PHYSICS AND ASTRONOMY
AND THE DIVISION OF NUCLEAR PHYSICS, USSR ACADEMY OF SCIENCES

(May 26—27, 1971)

Usp. Fiz. Nauk 105, 775—1781 (December, 1971)

A 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 May 26 and
27, 1971 in the Conference Hall of the P. N. Lebedev
Physics Institute. The following papers were delivered:

1. A. A. Mikhalilov, The Motion of the Earth’s Poles.

2. Yu. Kagan and E. G. Brovman, The Problem of
Metallic Hydrogen.

3. V. B. Braginskil and V. 1. Panov, The Equivalence
of Inertial and Gravitational Masses.

4, Ya. B. Zel’dovich, L. P. Pitaevskii, V. S. Popov,
and A. A. Starobinskii, Pair Production in a Field of
Heavy Nuclei and in a Gravitational Field.

5. A. B. Migdal, Vacuum Stability and Limiting
Fields.

Below we publish brief contents of the papers.

A. A, Mikhailov. The Motion of the Earth’s Poles.

Soon after the American Chandler discovered in 1892
that the poles move over the earth’s surface with a
14-month period, the International Latitude Service was
organized to investigate this phenomenon. Five stations
situated on the parallel of 38°9’ N were equipped with
standardized instruments (zenith telescopes) and began
regular determinations of their latitudes from star-pair
observations by the Talcott method. The original sta-
tions were Carloforte in Italy, Chardzhui in Russia,
Mizusawa in Japan, Ukiah in California, and Gaithers-
burg near Washington., In 1930, the latitude station at
Kitab in the Uzbek SSR was set up on the same parallel
to replace Chardzhuf (now Chardzhou). The observations
of these stations were reduced at an international center
that was located in Germany originally, in Japan from




SCIENTIFIC SESSION OF THE

278°
FIG. 1

1922 to 1935, in Italy from 1935 to 1961, and again in
Japan since 1962. During this time, the observation
programs and reduction methods were modified several
times, and the work of some of the stations was tempor-
arily interrupted. There is therefore no fully uniform
material for investigation of the general laws governing
the motion of the poles, but, by way of an approximation
to it, Vicente and Yumi last year published a paper con-
taining a list of the pole’s rectangular coordinates from
1900 through 1969, referred to the so-called conven-
tional international origin—the point at which the mean
North Pole, i.e., the pole after removal of periodic mo-
tions, was situated in 1900—1905. The list contains co-
ordinates of the mean pole for the middle of each month
during the period stated, expressed in hundredths of a
second of arc accurate to 0”.001, which corresponds to
3 cm on the surface of the earth. An analysis of this
wealth of material that was carried out at Pulkovo
Observatory yielded the following results.

1. It brought out clearly a secular motion of 07,0033
per year, which corresponds to 10 cm, in the direction
of the 76th meridian of western longitude.

2. Superimposed on this approximately uniform mo-
tion is a periodic annual motion along an elliptical path
with semiaxes 0”.081 = 250 cm and 0”.064 = 200 c¢m,
with the major axis directed along the 13th meridian of
western longitude. This ellipticity indicates inequality
of the earth’s principal equatorial moments of inertia
and is probably related to a certain slight ellipticity of
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the earth’s equator. This motion with one-year period
is caused by meteorological factors, chiefly the deposi-
tion of snow and ice on the continents and the enormous
air masses over north-eastern Asia in winter.

3. The 14-month or Chandler period is that of the
earth’s natural wobble on its axis due to noncoincidence
of the axis of rotation with the axis of inertia. This
vibration decays and then increases again, and has, on
the average, traced out a nearly circular ellipse over
66 years, with semiaxes 07.125 = 3.8 m and 0”.120
= 3.65 m. Different authors have estimated the relaxa-
tion time of these vibrations at 10 to 30 years, but it
appears to be close to 20— 25 years, and a new excita-
tion of the damping vibrations requires some sort of
disturbance, which has been sought in catastrophic
earthquakes or volcanic eruptions, although the latter
are too weak to account for the effect.

As for the secular motion of the poles, it is intrigu-
ing to compare it with the action of the force that arises
as a result of the earth’s rotation and tends to shift the
continents toward the equator. This force is propor-
tional to the elevation of the particular land area above
sea level and to the sine of the doubled latitude, so that
it vanishes at the pole and the equator and reaches its
maximum values at the latitudes +£45°. If the earth’s
crust shifted as a single whole on the underlying magma,
the resultant of all such forces would tend to rotate it
from north to south in the direction of the 97th meridian
of eastern longitude. The North Pole would then move
in the opposite direction relative to the crust, i.e.,
83° W, which is very close to what is observed. The
various continents pull the crust in different directions,
but the action of the vast Tibetan Plateau, the highest on
earth, predominates. If this is the cause of the secular
motion of the pole, the past history of this motion should
be the same as its history over the past 70 years, and it
should continue into the future as long as there are no
substantial changes in the relief of the continents.

Yu. Kagan and E. G. Brovman, The Problem of
Metallic Hydrogen.

Interest in the problem of metallic hydrogen was
originally related chiefly to astrophysical problems.

The pioneering work of Wigner and Huntington (1935)
was followed by publication of a whole series of papers
in which attempts were made to find the equation of state
and to analyze the physical properties of metallic hydro-
gen at extremely high densities. A. A. Abrikosovt!]
made an important contribution to the elaboration of
these problems.

Recently, however, the problem has acquired a purely
‘‘earthbound’’ interest. This has been due basically to
three circumstances.

First, it was suggested that metallic hydrogen should
be a superconductor with a high transition temperature.
This statement has some basis in reality in view of the
high values of the characteristic phonon frequencies (the
small mass of the ion) and the relatively large electron-
phonon interaction constant (the absence of an ionic
core). Secondly, the hope was voiced that the metallic
phase of hydrogen would have a metastable state.
Thirdly, the development of the physics and technique
of high pressures made it realistic to pose the problem
of producing, in the very near future, the enormous
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pressures necessary for the transition from the mole-
cular to the metallic phase.

A second problem must be singled out here. It is
readily understood that the existence of a sufficiently
long-lived metallic phase of hydrogen at zero pressure
would be of cardinal importance for numerous ‘‘earth-
bound’’ applications.

Analysis of the problem of the metastable metallic
phase of hydrogen presupposes solution of a whole
series of interrelated problems:

1. Finding the energy of the metallic state of hydro-
gen and proving the existence of stationary points with
respect to all parameters of the phase, including vol-
ume, as well as determination of the structure to which
the absolute energy minimum corresponds.

2. Proof of dynamic stability, both in the long-wave
limit (uniform deformation) and in respect to excitations
with arbitrary wavelength (the reality of the phonon-
spectrum frequencies for the entire momentum space).

3. Finding the equations of state for various crys-
talline phases and establishing the relation between the
structure obtained under pressure from the molecular
phase and the structure of the metastable phase at pres-
sure p = 0.

4. Determination of the lifetime of the metastable
state.

For analysis of the first three problems, we have
employed the results of a %reviously developed multi-
particle theory of metalst®!, application of which to
analysis of specific nontransition metals resulted in
good quantitative agreement with the experimental data
for a broad range of static and dynamic properties, in-
cluding both the equation of state over the entire acces-
sible interval of pressures and the phonon spectrum
throughout the phase volume.

Use of these results for the case of metallic hydrogen
is made easier by the absence of ionic-core overlap and
of uncertainty as to the value of the electron-ion inter-
action, which is now of purely Coulomb nature, so that
only the universal constants appear in the problem.

The energy of the metallic phase of hydrogen was
analyzed as a function of the continuous structure
parameters (unit-cell parameters). Here the problem
was analyzed over the entire parameter region for cubic,
uniaxial, and rhombic lattices (for all 11 Bravais lat-
tices) and for known diatomic structures of the diamond
and B-5n types and the close-packed hexagonal struc-
ture, The Monte Carlo method was used in a six-
dimensional parameter space for structures of lower
symmetry.

Analysis of the results obtained indicated the follow-
ing:

1) The presence of a region of intermediate densities
rg ~ 1.7, where p = 0 and compressibility is positive,
is characteristic for the metallic phase of hydrogen.

2) All cubic structures are unstable with respect to
shearing deformations at p = 0.

3) Only the strongly anisotropic structures are
mechanically stable in principle.

4) Anisotropy gives rise to families of structures
in which there are practically no energy barriers be-
tween different structures of the same family and the
structures themselves merge into one another by defin-
ite types of deformation. Naturally, the corresponding
elastic modulus is near zero.
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5) The absolute minimum is realized on the ‘‘trian-
gular’’ family of structures, which is the set of struc-
tures obtained from the simple hexagonal lattice if the
sites are shifted parallel to the ¢ axis (z axis) while
preserving the hexagonal projection onto the x, y plane
and the distance between sites along z (the distance be-
tween ions on the x, y plane is markedly larger than the
distance between them along z). Next higher in energy
is the ‘‘square’’ family, which is obtained from the sim-
ple tetragonal lattice by a deformation of the same type.

6) Leaving aside the elastic modulus corresponding
to the deformation that generates the family, these
structures exhibit long-wave stability.

Analysis of the phonon spectrum over the entire
phase space indicated that structures of the triangular
family possess full dynamic stability. Consideration of
the zero-point oscillations has as a consequence that the
triangular (and, by analogy, the square) family of struc-
tures appears to become the only structure that loses
crystalline symmetry along the z axis but preserves the
strict triangular lattice in the x, y plane. As a result,
we arrive at a three-dimensional substance with two-
dimensional order. Interestingly, thermal fluctuations
at T = 0 do not disturb such a two-dimensional struc-
ture. This was first demonstrated by Landau (see[:’]).

Thus, the possibility of the existence of a hydrogen
metallic phase at p = 0 that is stable within the frame-
work of the metallic state and, to all appearances, pos-
sesses a highly unique structure must be regarded as
established in principle.

With the object of analyzing the properties of the me-
tallic state under pressure, the equations of state were
found for the various crystal structures and the phase
diagram determined with the thermodynamic potential
and pressure as coordinates (T = 0). With increasing
pressure, the anisotropy of the energywise favored
structures decreases owing to the increasing relative
importance of the ionic lattice. In the limit of astronom-
ical densities, the lowest energy corresponds to the
symmetrical FCC and HCP-type lattices, which become
stable at high pressures. Phase transitions take place
between the various metallic structures at intermediate
densities, e.g., at comparatively low pressures a tran-
sition takes place from the ‘‘compressed’’ structures
(c¢/a < 1) corresponding to the triangular and square
families to ‘“stretched’’ structures (¢/a > 1), among
which the rhombohedral lattice comes to be that with
the lowest energy as the pressure increases. The tran-
sition from the molecular to the metallic phase under
pressure will take place in one of the stretched struc-
tures. However, the wide scatter of the results for the
molecular phase makes it impossible to estimate the
transition pressure with any confidence. Thus, using
only recent papers as a basis, we can obtain values
ranging from 3 megabars to 1 megabar.

It should be noted that metallic hydrogen under pres-
sure exhibits liquid tendencies. In the case of stretched
structures, this results from the relatively free slip of
the crystal planes parallel to another. In view of this,
the possibility that the transition from the molecular
phase will be to a liquid-metal phase cannot be entirely
excluded.

The question as to the lifetime of the metastable state
remains open. (This time is finite even at T = 0 owing
to quantum effects.)






