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Abstract

A possibility for appearance of the so-called kH-effect in crystals is analyzed, which
originates from the light absorption, spatial dispersion and the influence of magnetic field.
It is shown that the kH—effect can lead to linearization of the Cotton-Mouton effect. The

coefficients of both the Cotton-Mouton ((1;f;, —n; B,)=2.08x10"°0e ) and the
kH-effect (&,,,, <0.72x107"m/ Oe ) are obtained for CdS crystals.
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Introduction

In our previous report [1] we have shown that
accounting for the optical energy dissipation and
the spatial dispersion leads to a possibility for
new parametric crystal optical effects induced
with magnetic field in crystals not manifesting
magnetic ordering. Under the presence of
external magnetic field, spatial dispersion and
the absorption, optical-frequency dielectric
constant may be written as
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Here the first two terms ¢; and ig;" describe the
ordinary refraction and the absorption; the third
(iogjmH,,) and the fourth (e, H,) ones the
Faraday effect and the refractive index change
proportional to the magnetic field in dissipative
media, respectively, the iyuke and y k. terms
refer respectively to the gyration and non-
indices in

reciprocity of the refractive

dissipative gyrotropic media, the term SjmbkiH,,
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corresponds to non-reciprocity in the refractive
indices in gyrotropic dissipative media in the
presence of magnetic field, and, finally, the term
—i0 jkmkiH» produces a magnetogyration effect.
The magnetogyration effect has been therefore
considered as an addition to the effect of non-
reciprocity of the refractive indices in gyrotropic
media inside a spectral range of essential
absorption under the application of magnetic
field. The coefficient 0, is a fourth-rank axial
(or pseudo-) tensor antisymmetric in i and j
indices, which may be rewritten according to the
duality principle as O =€ Mm, Where ej,
stands for the Levi-Civit’s unit pseudo-tensor
and 74, a third-rank polar tensor with the
internal symmetry °. It has been experimentally
studies [1,2] that the
magnetogyration effect, discovered more than

proved in the

twenty years ago [3-8], exists only in crystals
with considerable absorption. On the other side,
as reported by Krichevtsov, Pisarev et. al. [9],
an effect that follows directly from Eq. (1) has
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been observed in Cd,.,Mn,Te crystals (the point
group of symmetry 43m): the so-called kH-
effect (Anocoywmkit,) being additional to the
well-known Cotton-Mouton change in the
refractive indices. The authors recur to a quite
unusual interpretation of the observed
phenomena even on phenomenological level.
Let us consider the relation suggested in [9] for

the description of those phenomena:
Agl.j = y;lekk, + & [Bxk], (2)

where Ag; represents the change of the dielectric
permittivity, B, the magnetic displacement, k the
wave vector of light, y;,, the part of fourth-rank

axial tensor symmetric under interchange of the
first and last pairs of indices (the latter statement
is according to [9]), and gy, the fully symmetric
third-rank polar tensor (also according to [9]).

First of all, the tensor y;, is symmetric

only under the permutation of the first two
indices, because the indices £ and [ refer to
different physical quantities (the magnetic field
and the wave vector, respectively). Secondly,
the tensor gy, is not fully symmetric, being in the
best case symmetric only in the first two indices.
Moreover, it is impossible to find the kH-effect
(the “Bk-effect”, in the notations by the authors
of [9]) in the experimental geometry used in [9]
(k[ [110] and BI| [001]), since all the relevant
components of y;,, tensor are equal to zero and
the scalar products B;k; and B;sk; do not give rise
to any perturbation of optical indicatrix. As for
[Bski] and  [Bsk:],
unfortunately, the authors [9] have not explained

the vector products
a physical meaning of polar vector that appears
through vectorial multiplication of the polar
vector £ and the axial vector B. Obviously, that
should be some polar vector M, though its
physical implications are still not clear.
Moreover, taking the polar vectors M; ,=[B;sk; ]
as external field quantities contradicts principled
symmetry laws (namely, the Curie and the
Neumann principles), while leading to crystal

symmetry breaking to the triclinic point group 1.
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Lowering crystal symmetry occurs only under
the magnetic field action (the limiting symmetry

group oo/m). Then we have Z3mﬂ w,/m=2,1i.e.

a lowering of the point group to the monoclinic
one 2 (211 [001]). Even if we suppose that the
polar vectors M, act and write the equation of
optical indicatrix,

(B, + ﬂlesz)xz +(B, + ﬁlezz)yz +
+(B, "':8111—132)22 +2g,Mzy + )
+2g,M,zx =1

where B, is the optical impermeability constants
and f; the Cotton-Mouton tensor, one could
easily see that the change in the principal
refraction indices (as well as the induced
birefringence) would be proportional to A° and

(Ml2 + Mj) but by no means to M or H.

The aim of the present paper is to re-
investigate the kH-effect (Anocojpkit,,), which
should appear as a phenomenon accompanying
the well-known Cotton-Mouton refractive index
change, on the example of CdS crystals.

Experimental Approach and Results

In order to study the induced birefringence, we
have used the well-proven Senarmont method
and high-quality homogeneous CdS crystals (the
point symmetry group 6mm). One can assume
that the Cotton-Mouton effect might be large
enough in comparison with the linear additional
effect that appears owing to optical absorption
and spatial dispersion. Thus, we should expect
the appearance of a weak linearization of
quadratic (Cotton-Mutton) dependence of the
birefringence increment on the magnetic field.

Let us analyze the corresponding tensors
and the optical indicatrix equation in the
presence of three different effects — the Cotton-
Mouton effect and the two linear magnetooptic
effects governed with the Anocay, H, and
AnocoymkiH,, terms. The Cotton-Mouton effect
is described by a polar fourth-rank tensor with
the internal symmetry [/*]*, whose form for the
point group 6mm is as follows:
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HlHl H2H2 H3H3 H3H2 H3Hl HZHI
ABll ﬂll ﬂlZ ﬂl_“a 0 0 0
ABZZ 1812 ﬁll ﬂlS 0 0 0
AB33 1831 ﬁSl ﬂ33 0 0 0
AB;, 0 0 0 P 0 0
AB;, 0 0 0 0 P 0
AB,, 0 0 0 0 0 B
.The linear magnetooptic effect may be

understood in terms of a third-rank axial tensor
possessing the symmetry & V2]V

H, H, H,
AB, | 0 0 0
AB, | 0 0 0
AB, | 0 0 0,
AB, |a,, O 0
AB, | 0 -¢a, O
AB,, 0 0

and, finally, the bi-linear kH-effect is described
by an axial
symmetry & V]V

fourth-rank tensor with the

kl Hl k2 HZ k3 H3 k3 HZ k3 Hl k2 Hl k2 H3 kl H3 kl HZ
AB, | O 0 0 0 0 O\ 11 0 0 O
AB, | 0 0 0 0 0 =0, 0 0 o1
AB,; | 0 0 0 0 0 0 0 0 0
AB,, | 0 0 0 0 O3 0 0 O3 0
AB,, | O 0 0 0y O 0 —-d0,, O 0
Aay | 01 Oiim 0 0 0 0 0 0 0
It is seen from these tensors that the the linear magnetooptic effect. The cor-

Cotton-Mouton effect and the kH-effect would
lead to changes in the principal refractive
indices (without any rotations of the optical
indicatrix) when the magnetic field is applied
along Y axis in CdS crystals and the light
propagates along X axis, while the optical
indicatrix would rotate around the Y axis due to

responding optical indicatrix equation results in
(Bl +ﬁ12H22 +§1112le[2))(2 +
+(B| + ﬁnsz - 51|1zk1Hz)Y2 +
(B, + By H)Z? =20, H,ZX =1

“4)

After rewriting Eq. (1) in the proper frame
of reference we obtain
aj H 22

X+

(Bl + ﬂlZIiZ2 + 51112k1H2 +

(Bl +:811H22 _511121‘1]—12)},2 +

2 7y2
a,H;

)
I:(Bl _Bs "'ﬁ12H22 _ﬁ31H22)+§1112k1H2]

(B3 + ﬂmsz -

I:(BI _B3 “'ﬂ12H22 —ﬂ3]H22)+§”12k1H2:|

The expressions for the principal refractive indices may be represented as

1

n =n, —Enf {ﬂlezz +0,,,H, +|:

, 1
n, =n _E”Zl} {IBIIHZZ _61112k1H2}

1,

(5)
VZ2 =1
ayH;
(Bl _B3 "':812}122 _ﬂ31H22)+51112k1H2:|
(6)

\]

ny=ny ——n; {ﬁnsz _[
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oy M
(Bl - B, +ﬂ12H22 _ﬂ31H22)+51112k1H2]
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If the optical beam is propagated along

the X  direction, the birefringence

1
Oo(An), 2_5 (n1316)11 _njﬂn)sz _}/11351112k1H2 +n§|:

1
SR8 =R B+ ok

It is possible to neglect the smallest last
term in the r.h.s. of Eq. (7) and so the resulting
birefringence increment reduces to

1
O(An),, :E(H;ﬂsl _nlsﬂn)sz +
1 )
+5n1351112k1H2

One can see that the sign of the additional
kH-effect should depend on the direction of light
propagation, i.e. the sign of the wave vector.
Thus, contrary to the Cotton-Mouton effect, the
kH-effect turns out to be k-sensitive. It is
reasonable to remember that, in case of
experimental separation of the Faraday effect
and the k-sensitive magnetogyration [1,2], the
operation of sign change for the wave vector
(k,—> —k,) has been performed with the rotation
of sample by 180° around the axis perpendicular

23’

3.0

8(an),., 107

2.5 1

2.0 1

1.5

1.0

0.5 1

increment induced with the magnetic field H,
becomes

ot

(B1 _B3 +ﬁ;2H22 _@11_[22)"‘51112]"11_[2}

~
~

(7

to the Z axis. Such the operation leads to the
change of sign of the third-rank polar
magnetogyration tensor, whereas the sign of the
polar second-rank Faraday tensor remains
unaltered in the same coordinate system. One
can try to apply the same operation for checking
experimentally the fact whether the observable
appearance of the linear birefringence in the
magnetic field
kH-effect.

Let us analyze what would happen if CdS

really corresponds to the

sample is rotated by 180° around the Z axis
under the conditions that the light is propagated
along X or X axes and the magnetic field is
applied along the Y direction. It is easy to check
that, contrary to the magnetogyration tensor, the
tensor components of both the Cotton-Mouton

(”;ﬂm _”Eﬂn)%(”l;ﬁm _nfﬂn) and the

0.0

20 -15 -10 -5

Fig. 1. Dependence of the birefringence increment versus magnetic field for CdS crystal at
A=632.8nm: solid curve (full circles) — experimental data; dashed curve (open triangles) — pure
Cotton-Mouton effect; dashed line (open circles) — pure kH-effect.
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kH—effects (0;;;—>91,12) keep their
invariable under this operation. It means that,

signs

after rotating the sample by 180° around the Z
axis, there will be no difference between the
rotation directions of polarization plane ¢,
behind the quarter-wave plate, appearing due to
Cotton-Mouton and kH-effects.
linearization of the Cotton-Mouton effect could

Instead, a

be visible if the latter is really accomplished
with the kH-effect.

As seen from Figure 1, the manifestation of
the effects described above is fairly well
obtained

confirmed experimentally. The

dependences have been fitted with the function
S5(An),, = A+ BH +CH?, where A4=0.02366,

B=0.0053 and C=0.0104.

The following coefficients of the Cotton-
Mouton and kH-effects may be calculated from
those dependences:

(R B, 1’ B,,) =2.08x10"50¢ 2,
8., <0.72x10%m/ Oe .

One can see that the kH-effect is very
small. The value of the induced birefringence
(~10®) due to this effect is only slightly above
our experimental sensitivity. It is therefore
difficult to testify unambiguously whether the
feeble linearization of the Cotton-Mouton effect
observed by us is really the kH-effect.

Conclusion

Based on the analysis reported in this work, one
can conclude that, from the viewpoint of
electrodynamic equations, the light absorption,
spatial dispersion and the effect of external
magnetic field should produce the observable
kH-effect. On the other hand, the experimental
search of this effect itself is associated with the
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necessity of increasing the birefringence
increment sensitivity up above 10, It follows
from our experiments that the values of the
Cotton-Mouton and kH-effect coefficients for

CdS crystals are respectively
(s, — 1} B,) =2.08x10"° 0e™? and
8,11, £0.72x10 m/ Oe at A=632.8nm .
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