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dratic in the field and is characterized by the interaction
energy W2 ~E1LE2, where ca = e^ — EL . The reorientation is
accompanied by a change in the birefringence of the medium
and this is utilized for the modulation of monochromatic
light. The threshold voltage of the corresponding effect is
I/c , while the time of response to the field is
T~yt/£aE

2, where y\ is the coefficient of viscosity for the
reorientation of the director.

There are several variants of the Fredericks transition
which differ by the geometry of the initial orientation of the
director and the sign of £a . Of particular interest is the so-
called twist-effect. In the latter case an orientation of the
director twisted by 90° is produced artificially by a special
treatment of the cell walls. Such a structure rotates the po-
larization vector of the light by an angle of 77/2, and upon the
application of a field ea > 0 the effect of the rotation disap-
pears (see Fig. 1 ) . Using two polaroid films one can produce
a light shutter, and this is used in the majority of the displays.

The Fredericks effect in nematics has been well studied
both theoretically and experimentally, and at the present
time the focal point of research has shifted into the range of
practical applications (optimization of materials, develop-
ment of methods of orienting the director on a solid surface,
etc.)

One of the interesting variants of new applications is the
supertwist-cell in which the initial direction of the director
has been twisted through an angle of 77 or 37T/2. In this case
the switchover occurs exceptionally sharply, it is in fact of a
bistable nature.

2. The presence of an electrical current leads under cer-

tain conditions to the flow of a liquid crystal.2'3 This flow
may be laminar or turbulent. Laminar flow is accompanied
by spatial-periodical distortions of the distribution of the
director, and this is observed optically in the form of various
domain patterns. Turbulent motion leads to intensive scat-
tering of light. The threshold voltages of EHD-processes are
determined, as a rule, by the anisotropy of the electrical con-
ductivity of a medium Uc~aa~

l /2,cra = a^ — aL. Although
the mechanisms of the various EHD instabilities (in differ-
ent liquid crystal phases, at different frequencies, etc.) have
been studied quite thoroughly, still many unsolved problems
remain. In particular, the process of transition from laminar
to turbulent flow, the behavior of instabilities in spatially-
periodic fields, etc., deserves serious study.

3. Recently considerable amount of attention is being
devoted to the study of electro-optical effects due to the lin-
ear interaction of the field with the electrical polarization of
the medium P (the corresponding energy is fFu)P'E). The
polarization can be induced by the deformation of the field of
the director even in centrally-symmetric phases (the flexoe-
lectrical effect). Of the greatest interest are ferroelectric
phases (particularly the mirror-asymmetric smectic C*
phase), which are characterized by the presence of a sponta-
neous polarization Pc. The threshold and the time of the
field-induced switchover of the director are in this case
inversely proportional to the polarization Uc

~ (Pc) ~ ' , T~y(/PcE.4 At the present time the greatest at-
tention is devoted to the study of the interrelationship be-
tween the molecular structure and the magnitude of the
spontaneous polarization of liquid crystal ferroelectrics, to
the search for new switching regimes (fast modes, spiral
structures), to the study of specific properties of thin layers,
and to the special features of electro-optics near phase transi-
tions, etc.

The liquid crystal phases are very varied, and for many
of them the electrical effects have not been studied at all.
This refers, in particular, to discotic, lyotropic and low-tem-
perature smectic phases, the investigations of which will be
developing in the near future.
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Nauka, M., 1980.
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E. I. Kats and V. V. Lebedev. Dynamics of freely sus-
pended smectic films. In recent years thin bilayered and even
multilayered films of smectic liquid crystals have been ob-
tained and are being investigated.1'2 The very possibility of
the existence of such films in a freely suspended state is asso-
ciated with the layer structure characteristic of all smectics,
i.e., the presence of internal forces which compel the center
of mass of the molecules to lie in a single layer. In making the
transition to a nematic or isotropic phase this layered struc-
ture disappears and the freely suspended films become un-
stable. Thus, freely suspended smectic films are a new aggre-

gate state of matter: a two dimensional object imbedded in
three dimensional space. We note that in actual fact we do
not necessarily have in mind multilayered films. All our re-
sults refer to multilayered films, but in these cases the thick-
ness of the film restricts the allowable range of wave vectors
in which we do not have to take into account the variation of
the hydrodynamical variables across the thickness of the
film.

As hydrodynamic variables of the film we can choose
two-dimensional densities of the mass/?, entropy a, momen-
tum j and displacement vector u. For films of C and B smec-
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tics we must add to these variables the angle q> which de-
scribes the orientational degree of freedom in the plane of the
layer. In B smectics the layer possesses hexagonal symmetry,
while the films of C smectics possess an anisotropy vector
determined by the projection of the director of the layer.

A simple analysis shows that the fluctuations ofp, trand
u are unimportant for the static properties of the films. How-
ever in films of C smectics fluctuations of the anisotropy
vector lead to a logarithmic renormalization of the moduli of
orientational elasticity. The film of a C smectic becomes iso-
tropic on a large scale, and so becomes equivalent to a film of
B smectic.

The equations of hydrodynamics of freely suspended
films can be derived from Poisson brackets for three-dimen-
sional hydrodynamic variables which have to be integrated
over the thickness of the film. As a result of this we arrive at
formulas which involve only two-dimensional densities. The
specific properties of freely suspended smectic films are re-
lated to the possibility of a bending motion of the film.
Strong fluctuation effects in the dynamics of the films are
associated specifically with this circumstance.2 The bending
motion of a film can be propogated along it and represents a
mode of bending sound. The damping of the sound is anoma-

lously weak. It is proportional to only the fourth power of
the wave vector q. However the fluctuational damping turns
out to be much stronger. Calculations2 show that fluctua-
tional damping of shear sound is proportional to (f.

In their turn the nonlinear equations of hydrodynamics
couple the mode of bending sound with the mode of the usual
longitudinal sound and the viscous diffusion mode. This in-
teraction gives a fluctuational contribution to the imaginary
part of these modes, proportional to q5'3 which in the long
wavelength limit exceeds the regular q2.

Thus, the spectrum of the eigenoscillations of freely sus-
pended smectic films cannot be described within the frame-
work of traditional hydrodynamics. The damping of the
bending and longitudinal sounds and the diffusion coeffi-
cient of the viscous mode are determined by fluctuational
effects.

The same results are also valid for films of smectics of
low symmetry with the additional consideration that the
fluctuational contribution also determines the spectrum of
the orientational mode.

'D. E. Moncton and R. Pindak, Phys. Rev. Lett. 43, 701 (1979).
2E.I.KatsandV.V.Lebedev,J.Phys. (Paris) 46,2093 (1985);Kristallo-
grafiyaSl, 23 (1986) [Sov. Phys. Crystallogr. 31, 10 (1986)].

S. A. Pikin and M. A. Osipov. Ferroelectricity in liquid
crystals. At the present time no limitations in principle are
known forbidding the appearance of ferroelectric ordering
in an isotropic liquid. However such ferroelectric substances
have not been discovered as yet. At the same time, as was
predicted by Meyer in 1975 a spontaneous polarization must
arise in the so-called smectic C* liquid crystals (LC) whose
structure is shown in Fig. 1.

In smectic C* LC there exist both an orientational and a
one-dimensional translational order, and the direction of the
predominant orientation of the long axes of the molecules
defined by the unit director-vector n is inclined at an angle Q
with respect to the normal e to the smectic layers. If the
molecules of such a LC are chiral then in the system only a
polar axis of the second order remains which lies in the plane
of the smectic layer perpendicular to the vectors n and e
(Fig. la). It is along this polar axis that the spontaneous
polarization arises, and this was confirmed experimentally
in 1975. At the present time hundreds of ferroelectric LC
have been synthesized, and the maximum polarization at-
tains values of 10~7 C/cm2.

The chirality of the molecules of the C* smectic leads
also to the formation of a helicoid structure, so that the azi-
muthal angle <p of rotation of the director in the smectic layer
varies along the Z axis, <p = qz + <p0. The existence of such a
spontaneous orientational twisting deformation leads to an
additional contribution to the spontaneous polarization as a
result of the flexoelectrical effect. As a result the total spon-
taneous polarization is P=0(np +ftfd<p/dz). Thus, the
ferroelectric ordering in the C* smectic is not intrinsic and
arises as a consequence of the tilting of chiral molecules in
the layer. The transition itself from the smectic A phase into
the C phase is in this case described by the two-component

order parameter'

Si = nznx, (1)

where we have z||e. Then the free energy of the ferroelectric
LC can be written in the form

elastic terms. (2)

Here the third term is the Lifshitz invariant which leads to
the appearance of helicoidal structure, the fourth term de-
scribes the linear coupling between the spontaneous polar-
ization and the order parameter, the fifth term is the flexoe-
lectrical effect, and the sixth term is its anisotropy in the

FIG. 1. Structure of a ferroelectric C* smectic. (a) Inclination of mole-
cules in a smectic layer, (b) Helicoidal structure.
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