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A joint scientific session of the Division of General
Physics and Astronomy and the Division of Nuclear
Physics of the Academy of Sciences of the USSR was
held on May 28 and 29, 1980 at the Academy's P. N.
Lebedev Institute of Physics. The following papers
were presented:

May 28

1. A. P. Levanyuk and D. G. Sannikov, Present status
of the theory of phase transitions in ferroelectric s.

2. / . V. Ivanov, Low-temperature ferroelectrics:
dielectric nonlinearity and parametric interactions in
the microwave band.

3. O. G. Vendik, Ferroelectric films (soft-mode
dynamics, microwave applications).

May 29

4. A. M. Gal'per, Yu.D.Kotov, and B. I. Luchkov,
The diffuse cosmic gamma radiation.

5. V. E. Nesterov and Q F. Prilutskii, Discrete
sources of cosmic gamma radiation.

6. V. G. Kirillov-Ugryumov, R. Z. Sagdeev, and
Yu. P. Semenov, The outlook for observational gamma
astronomy.

We publish below brief contents of the papers.

A. P. Levanyuk and D. G. Sannikov. Present status
of the theory of phase transitions in ferroelectrics.
Much experimental material on various kinds of phase
transitions has now been accumulated. The phenomeno-
logical approach based on Landau's theory of phase
transitions1 is found to be most efficient for interpreta-
tion and classification of this material. The phase
transitions in ferroelectrics are a typical example of
structural transitions, and one that is relatively well
understood, since the ferroelectrics are a convenient
object for study and are of practical interest. It is
the characteristic features of various types of structural
phase transitions as exemplified by the ferroelectrics
that are the subject of the present discussion.

Structural phase transitions, i.e., transitions in
which there is a change in the symmetry of the crystal
(we exclude isomorphic transitions from consideration),
are of two broad classes: commensurable and noncom-
mensurable. We shall confine ourselves for the sake
of argument to displacement-type transitions. Here the
change of symmetry attending the transition is deter-
mined by the atomic displacements that correspond to
one normal coordinate, i.e., to one "wave of displace-
ments" of atoms. In most known cases, the period of
this displacement wave is 1, 2, 3, or 4 times larger
than the period of the symmetric-phase crystal lattice.
These transitions are called commensurable. Noncom-
mensurable phase transitions, in which the period of the
atomic-displacement wave is not a multiple of (not com-
mensurable with) the period of the symmetric-phase
crystal lattice, have recently been observed in various
compounds (including ferroelectrics). As a result, the
crystal loses periodicity in a certain direction in the
noncommensurable phase, which, for practical pur-
poses, means a very large unit-cell size.

The difference between commensurable and non-
commensurable phase transitions is manifested in dif-
ferent kinds of dispersion of the soft branch of the

normal lattice vibrations. In the case of the commen-
surable phase transition, the soft mode is localized in
k space, i.e., the minimum of the soft branch is situa-
ated at a certain point of the Brillouin zone that does
not vary with temperature. These points are sym-
metrically-determined and correspond to the values
ka/2ir = l, 2, 3, and 4, where a is the lattice constant.2

In the case of a noncommensurable phase transition,
the position of the soft-branch minimum is not deter-
mined by the symmetry of the crystal and therefore
varies with temperature. The value of ka/2n that cor-
responds to the soft mode is an arbitrary and, generally
speaking, irrational number, i.e., k and 2v/a are not
commensurable.

Figure 1 shows the soft optical branches of crystal
vibrational spectra for three cases —the commensurable
phase transition, a) without change in the translational
symmetry of the crystal and b) with doubling of the lat-
tice constant, and c) the noncommensurable phase
transition.

The transition in barium titanate corresponds to case
a). A phenomenological theory of such transitions was
developed by Ginzburg.3 The order parameter in this
theory is the polarization, which is proportional to the

FIG. 1.
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coordinate of the soft mode. Ginzburg's theory ex-
plained the dielectric anomalies and other properties
not only of barium titanate, but also of many other fer-
roelectrics.

The ferroelectric phase transition in gadolinium
molybdate corresponds to case b) in the figure. Here
polarization is not an order parameter and appears on
the phase transition only because it is proportional to
the quadratic combination of the coordinates of the
doubly degenerate soft mode. Indebom4 was the first to
draw attention to the possibility of such ferroelectric
transitions. They were later observed experimentally
and designated improper phase transitions (see Ref. 5).
The dielectric anomalies in improper ferroelectrics
are quite different from those in proper ones. The
Curie-Weiss law is not observed, and the second-order
phase transition is not eliminated by an electric field,
as it is in proper ferroelectrics, which are described
by Ginzburg's theory.

The improper phase transition in the ferroelectrics
sodium nitrate and thiourea corresponds to case c) in
the figure. A sequence of two transitions is observed
in these crystals as the temperature is lowered, the
first to the noncommensurable phase, and the second
to the ordinary (commensurable) polar phase. The
structure of the noncommensurable phase can be char-
acterized as a polarization wave with a period an order
of magnitude or more larger than the lattice constant.

The position of this polarization wave is not fixed in an
infinite crystal, i.e., the wave can shift without en-
countering resistance in an ideal, defect-free crystal.
The presence of the theoretically predicted new branch
of acoustic-type oscillations—the so-called phason
branch—is the result. Unlike acoustic phonons, the
longwave phasons are always overdamped and should
not be manifest in either the infrared absorption spectra
or the light-scattering spectra. Still, there is definite
interest in experiments to study oscillations correspond-
ing to the phason branch, which are possible at suf-

ficiently large k~kQ. Other interesting experiments
might be performed to observe the electric quadrupole
moment in the noncommensurable phase, which is
anomalously large owing to the presence of the polariza-
tion wave (the quadrupole moment was even used orig-
inally to identify the noncommensurable phase in rubi-
dium trihydroselenite); to study the generation of the
second optical harmonic, which is also anomalously
large; to investigate the NMR spectrum, which has its
own peculiarities; to study the anomalous properties of
dielectric susceptibility, heat capacity, etc. The non-
commensurable phase is distinctive in that its proper-
ties are strongly influenced by defects. This effect
results from the possibility of the displacement waves
being fixed by the defects.

A phenomenological theory of the noncommensurable
superstructure was first derived by Dzyaloshinskii" for
magnetics. A similar approach has also been used for
noncommensurable phase transitions in ferroelectrics.7

One of the possible macroscopic, i.e., symmetric,
causes of noncommensurable transitions was already
indicated in a 1941 paper by Lifshits.2

'L. O. Landau and Ε. Μ. Lifshits, Statisticheskaya fizika
(Statistical Physics), Part 1, Nauka, Moscow, 1976.

2E. M. Lifshits, Zh. Eksp. Teor. Fiz. 11, 255, 269 (1941).
3V. L. Ginzburg, ibid. 15, 739 (1945), 19, 36 (1949); Usp. Fiz.

Nauk 38, 490 (1949); Fiz. Tverd. Tela 2, 2031 (1960) [Sov.
Phys. Solid State 2, 1824 (1961)].

4V. L. Indenbom, Kristallografiya 5, 115 (I960); (Sov. Phys.
Crystallogr. 5, 106 (I960)]; Izv. Akad. Nauk SSSR Ser. Fiz.
24, 1180 (1960).

5A. P. Levanyuk and D. G. Sannikov, Usp. Fiz. Nauk 112, 561
(1974) ISov. Phys. Usp. 17, 199 (1974)].

6I. E. Dzyaloshinskii, Zh. Eksp. Teor. Fiz. 46, 1420 (1964);
47, 336, 992 (1964) [Sov. Phys. JETP 19, 960 (1964); 20,
223, 665 (1965)].

7A. P. Levanyuk and D. G. Sannikov, Fiz. Tverd. Tela 18, 423,
1927 (1976) [Sov. Phys. Solid State 18, 245, 1122 (1976)].

I. V. Ivanov, Low-temperature ferroelectrics:
dielectric nonlinearity and parametric interactions in
the microwave band. The dielectric nonlinearity of
ferroelectrics in the microwave band—the nonlinear
dependence of the ionic polarization of the crystals on
the strength of the external field—reflects the micro-
scopic anharmonicity of these crystals and is usually
described phenomenologically in terms of equilibrium
thermodynamics.1·2 The macroscopic characteristic
of the crystals—the dielectric constant—changes on a
change in the constant external field Eo, and also
"tracks" the instantaneous value of the high-frequency
field Ε if the frequency of this field is much lower
than that of the soft ferroelectric mode at the par-
ticular temperature. In this case the dielectric non-
linearity can be characterized by the static and dy-
namic nonlinearity coefficients α»'(Ε0) and ah(E0):

0 + Ε)
(1)
(2)

where ε(Ε0) is the low-signal ( £ - 0 ) dielectric permit-
tivity at the given displacement field Eo. The macro-
scopic and microscopic3 approaches to description of
ferroelectric phenomena are based on postulation of ex-
pansions of either the thermodynamic potential or the
system Hamiltonian in series, the coefficients of which
can as yet be obtained only from experiment. Any ex-
periment to study the linear dielectric parameters of
ferroelectric crystals under conditions of a varying
displacement field is suitable for determination of the
static nonlinearity coefficients in (1). The frequency-
multiplication effect4 can be used to determine the
coefficients of dynamic nonlinearity in (2). Measure-
ment of frequency-doubling efficiency permits deter-
mination of a, =(l/t)dc/dE—the coefficient that char-
acterizes the quadratic nonlinearity, which is most
important in applications.

Nonlinear interactions between waves of different
nature in solids are widely used in devices operating
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