
Of great interest in respect of their structure are the so-
called "exotic" smectics—three-dimensional bodies that
have in comparison with the A and C smectics a different
degree of positional order in their layers or order in the ori-
entation of the bonds (crystallographic axes). X-ray investi-
gations carried out with a high resolution show that phases
which have earlier been classified as B smectics in many sub-
stances are in fact not liquid crystals, but lamellar systems
with a true long-range order in three dimensions. However,
there are also examples when the smectic B-phase represents
a pile of hexatic layers with long-range order in bond orien-
tation and a short-range translational order. There are rea-
sons to assume that the special features of a number of new
LC phases (F, I and others) are associated with some form
or another of dipole ordering of molecules. In such LC sys-
tems incommensurate structures arise, and smectics with a
modulation of layers are found.

Both orientational and translational order is possible
also in systems consisting of disc-shaped molecules. In smec-
tic phases such molecules instead of layers form columns
containing piles of disc-shaped molecules. For these phases a
two-dimensional hexagonal arrangement of the centers of
mass of the molecules is characteristic, with the transla-
tional order being absent in the direction perpendicular to
the planes that are formed. Such a type of LC corresponds to
a two-dimensional density wave in a three-dimensional liq-
uid.

Of great importance for determining the nature of the
transition from two dimensions to three dimensions is the
study of freely suspended liquid crystal films in which it is
possible to produce a controlled increase in the number of
molecular layers. In such systems with a small number of
layers n (n S 20) it is possible to observe smectics which are
piles of hexatic layers. These properties do not manifest
themselves within the bulk of a liquid crystal. One should
also note liquid crystal structures which have no center of
inversion. Such systems formed by chiral molecules include
cholesteric liquid crystals, chiral C smectics and the blue
phase of cholesterics.

In conclusion we list problems which appear to be at
present the most important ones for the study of the struc-
ture of liquid crystals.

1. The reconstruction of the form of the correlation
function G(r;fl) which depends both on the position of the
centers of mass of the molecules, and also on their orienta-
tion in nematic liquid crystals.

2. The study of the special features of long-range order
in layered systems with one-dimensional and two-dimen-
sional translational order. To this belong A and C smectics,
the lyotropic phases La and Le, model membranes, and dis-
cotics.

3. Investigation of the "exotic" smectics of the type B,
F, I, etc.

4. The study of systems with a reduced dimensionality
of the space with the aim of determining the conditions for
and the nature of the transition from two dimensions to three
dimensions. This refers to such systems as freely suspended
LC films, layers of amphiphilic molecules on the surface of a
solvent, surface layers of LC, thin Langmuir-Blodgett films.

5. Investigation of incommensurate layered structures
and smectics with modulation of layers in liquid crystals
consisting of polar molecules.
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L. M. Blinov. Electro-optics of liquid crystals. The popu-
larity of liquid crystals is due primarily to their numerous
applications in microelectronics. The dial indicators of
watches and of calculators (first generation), television
screens and electronic computer displays (second genera-
tion ), modulators and devices for the optical processing of
information (third generation)—are all examples of devices
utilizing electro-optical effects in liquid crystal materials.
These effects are exceptionally varied1, but in all cases the
same general scheme is at work. In the first stage the electric
field is in some way "coupled" with one of the order param-
eters of the liquid crystal (here the "solid-state" nature of
the material is manifested). In the second stage, in order to
minimize its energy under the action of the field the liquid
crystal flows, rearranges itself and changes its molecular ori-
entation characterized by a unit director-vector L (here the
"liquid" nature of the medium manifests itself). Finally, due
to its optical anisotropy again resulting from the presence of

nonzero order parameters (just as in a solid) the entire rear-
rangement is accompanied by a sharp change in the optical
properties of the specimen (absorption, refraction, scatter-
ing of light). Thus, in the electro-optics of a liquid crystal the
"crystal" passes the baton to the "liquid", and the latter
again back to the "crystal". It is precisely due to this that the
effects under consideration are absent both in ordinary liq-
uids and in solids, since the baton itself is absent. The tech-
nique of the experiment is also common for all the effects.
Usually all the investigations are carried out in a thin layer of
liquid crystal confined between two glass plates covered with
transparent electrode-films (cf., Fig. 1). Let us discuss the
most interesting of the electro-optical effects.

1. In a Fredericks transition induced by an electric field
a nematic liquid crystal tends to become so oriented that the
direction along which its permittivity is a maximum (elt or
EL with respect to the director), would coincide with the line
of action of the field regardless of its sign. The effect is qua-
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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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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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