
1 2J. C. Perron, Adv. Phys. 16, 657 (1967).
13V. A. Alekseev, A. A. Vedenov, L. S. Krasitskaya, and A.

I. Starostin, Pis'ma Zh. Eksp. Teor. Fiz. 12, 501 (1970)
[JETP Lett. 12, 351 (1970)].

14V. A. Alekseev, A. A. Vedenov, V. G. Ovoharenko, Yu. F.
Ryzhkov, and A. I. Starostin, ibid. 16, 73 (1972) [JETP
Lett. 16, 49(1972)].

15R. Schmutzler and F. Hensel, Phys. Lett. A36, 55(1971).
16L. J. Duckers and R. G. Ross, ibid. A38, 291 (1972).
17V. A. Alekseev, V. G. Ovcharenko, Yu. F. Ryzhkov, and

A. A. Andreev, In: VI Mezhdunarodnaya konferentsiya po
amorfnym i zhidkim poluprovodnikam (Leningrad, 1975)
(Sixth International Conference on Amorphous and Liquid
Semiconductors (Leningrad, 1975», Nauka,. Leningrad, 1975,
p. 191.

I. S. Zheludev. Optical Activity of Crystals Under
the Action of an Electric Field (Electrogyration). 1. It
was shown comparatively recently that not only frequen-
cy dispersion, but also spatial dispersion, i. e. , the
dependence of the dielectric constant e not only on the
frequency ω, but also on the wave vector k, must be
taken into account to describe a number of phenomena
in crystal optics. Thus, the long-familiar phenonema
of natural optical activity (gyrotropy) of crystals is de-
scribed from the standpoint of spatial dispersion not as
an isolated phenomenon, but as the simplest particular
case in which it is taken into account. [ 1~3 ] In fact, un-
der certain constraints, we have for media with weak
spatial dispersion,

(ω, *) = Ejj (ω) -f iT\ijk (ω) kh, eujr\ith (ω) = gu (ω), (1)

where eHj is the unit fully antisymmetric tensor and
gtJ is an axial tensor (pseudotensor) of second rank,
the gyration tensor. Thus, the gyrotropy is an effect
of the order of α/λ (where a is the lattice constant and
λ is the wavelength). The gyration tensor gtj has non-
zero coefficients only for noncentrally-symmetric crys-
tals, in which activity can be observed. The specific
rotation ρ of the polarization plane of the light is a mea-
sure of optical activity, in the simplest case, i. e.,
when the light propagates along the optical axis, it is
determined by the relation

(2)

where l{lj are the direction cosines of the wave normal
(optical axis) and η is the index of refraction. For uni-
axial crystals, gijlllj=gii.

2. The electrogyration phenomenon that we have in-
troduced consists of the influence of the electric field
on the gyrotropy of the crystals. : 4 : It is written analyt-
ically in the form of the expansion of the imaginary part
of the tensor t(j in powers of the electric field E:

(3)

where g\s is the axial gyration tensor in the absence of
the field and yijh and j3ii(!l are the axial tensors of third
and fourth rank, respectively, which describe the linear
and quadratic electrogyration effects. The linear elec-
trogyration effect occurs in all classes of crystals ex-
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cept mZm, 43m and 432; the tensors yi}h coincide with
the tensors describing piezomagnetism.

3. Phase transitions in ferroelectrics with the ap-
pearance (disappearance) of the spontaneous polariza-
tion Ps offer a natural opportunity for observation and
study of spontaneous electrogyration. The cases in
which optical activity appears in a centrally symmetric,
optically inactive crystal are simplest and most reli-
able. This effect has been studied in several crystals.
For example, investigation of the phase transitions in
glycine sulfate (GS) crystals near 49 °C indicates that
the specific rotation ρ of the polarization plane of light
is indeed proportional to Ps below Th.

lsl However, this
proportionality is not always observed. In Rochelle
salt crystals, for example, ρ changes jumpwise near the
upper Curie point, but does not depend on Ps, an indica-
tion that the optical activity of this crystal is of molec-
ular rather than crystalline nature. c e :

4. For certain ferroelectrices, the appearance of a
Ps of the opposite orientation results in the formation of
domains that have enantiomorphism—and, consequently,
optical activity—of opposite signs. m Among other
things, this makes it possible to observe optical-activity
sign changes and gyration hysteresis in ferroelectrics
on domain polarization reversal (for example, in crys-
tals of 5PbO 3GeQ>C8:).

5. Observations of induced electrogyration required
a careful search for suitable crystals and subtle exper-
imental techniques. At this time, linear electrogyra-
tion has been observed, measured, and studied in
α-ΈΠΟ3, LiLO3, and PbMoO4 crystals and certain others.
Study of electrogyration in the optically biaxial a-HIG,
crystal (class 222) is made difficult by the attendant
electro-optical and piezoelectric phenomena. Even for
this crystal, the experimentally determined electro-
gyration coefficient y52 = (4. 33 ± 0. 70) · 10"13 m/V for

λ = 632. 8 n m . [ 9 :

6. In uniaxial crystals of classes 4, 6, 3, etc., elec-
trogyration is not greatly complicated by electrical phe-
nomena or the piezoeffect in an electric field with the
wave normal coinciding with the optical axis (the crys-
tal remains uniaxial). To arrive at any confident state-
ment as to the possibility of experimental observation,
of induced electrogyration, it was therefore important
to have experiments in which this phenomenon was stud-
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ied on LilQ, crystals, which belong to class 6 . c l 0 ] The
effect was measured at - 140 °C, since these crystals
possess ionic conductivity at room temperature. The
electrogyration coefficient y33 was found to equal (1. 57
± 0. 30) · 10"13 m/V with a piezoelectric deformation con-
tribution amounting to 17% of the experimentally ob-
served value.

7. Experiments to study induced electrogyration in
PbMoC>4 crystals merit the greatest attention, since,
unlike the crystals considered above, in which the
change of optical activity under the action of the elec-
tric field was studied, the optical activity of PbMoO4

appears on application of an external field (the crystal
is centrally symmetric, of symmetry group 4/m).
Electrogyration can be studied without the usual accom-
panying electro-optical phenomena and piezoeffect. The
specific rotation in this crystal at fields that are easily
attainable in practice (~ 10 kv/cm) is quite large,
amounting to several degrees. The phenomenon has
dispersion: p= 1. 5° cm"1 at E = 10 kV/cm and Xs 700
nm, and ps5° cm'1 at the same field and xs400 nm.
The value of the coefficient y33 (field and wave normal
along the optical axis) is (1.23 ± 0.12) • 10'12 m/V even
a t y = 5 1 7 n m . t u :

8. The quadratic electrogyration is described by an
axial tensor of fourth rank and is possible only in acen-
tric crystals. c 1 2 3 This phenomenon has been observed
experimentally in quartz crystals under the action of an
electric field along the crystallographic axes and a
plane-parallel wave propagating along the optical axis.
The measured quadratic electrogyration coefficient is
&! = (4. 51 ± 0. 34) · ΙΟ'80 m2/YE. [ 1 3 :

9. Electrogyration broadens possibilities for study
of structural and energy changes in the crystals on
phase transitions in ferroelectrices and pyroelectrics.
Evidently, elements that use the electrogyration phe-
nomenon may have practical applications in control sys-
tems for optical radiation, e. g., laser control systems.

S. A. Pikln. New Electromechanical Effects in Liq-
uid Crystals. A fundamental property of the liquid
crystal that distinguishes the mesophase from the iso-
tropical liquid is the existence of an orientational degree
of freedom ("director") n, which characterizes the mac-
roscopic ordering of the long axes of the molecules in
space. This additional degree of freedom of the aniso-
tropic liquid is responsible for the unique properties of
the mesophase, which are attributable to the high sen-
sitivity of spatial orientation n(r) to external factors
(electric and magnetic fields, flow velocity fields, etc.).
The general theory of instability of the homogeneous
n(r) distribution that appears under the action of the
electric field"'2 1 adequately describes the multiparam-
eter experimental data ofc3l4] and yields concrete recom-
mendations for the creation of liquid-crystal materials
for light-valving devices with optimum threshold char-
acteristics.

New types of instabilities have been predicted the-
oretically and observed experimentally in the meso-
phases, including azimuthal electrohydrodynamic in-

These elements include amplitude and phase modulators,
controlled optical filters, devices for spectrum scan-
ning, deviators, and deflectors. Nor is it impossible
that the use of electrogyration elements in optoelectron-
ics might result in the creation of new (nonvacuum)
types of color televisions, optical radars and rangefind-
ers, and elements for optical computers. The use of
electrogyration in spectroscopy appears possible.
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stability and instability of the plane-parallel flow of non-
magnetic and smectic liquid crystals with inclined ori-
entation of n(r) on the boundary surfaces, t 5·8 1 and non-
linear orientational instability of the plane-parallel flow
of the nematic mesophase. m The calculated and mea-
sured critical flow velocities vc, above which nonsta-
tionary motion of the director (orientational turbulence)
appears in the layer of liquid crystal, have a singular
dependence on the temperature T:

ν - (r0 - r)-v», τ < τ0,

where To is the point of sign change of the specific
shear viscosity of the mesophase.

The new types of instabilities make it possible to ex-
plain the above-threshold behavior of liquid crystals
both under stationary-perturbation conditions and in the
"dynamic dispersion" (turbulence) regime, which arises
at electric field strengths near the threshold of station-
ary electrohydrodynamic instability.

The specific piezoelectric properties of the meso-
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