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Abstract

We show that the weak optical activity should manifest itself in changing refrac-
tive indices and optical birefringence of a medium. Increments of both the refrac-
tive indices and the birefringence which appear due to the weak optical activity
are quite small and depend on the signs of neither the optical activity vector nor
the light wave vector.
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1. Introduction

It is well known that the optical activity is described by accounting of inhomogeneity of
electric induction D; in relation to electric field E of an optical wave propagating

through a medium:

Eiza(j)Dj"'i?/ijka&’ D
X
where a? denotes the optical-frequency impermeability tensor, y; third-rank antisym-
metric polar tensor (¥ =—7;ik) ad X, the coordinate. Using the known duality rela-
tion,
2

— ik = Gij1 Yik » )

one can write the tensor y;;,c as an axial nonsymmetric second-rank gyration tensor g

(with &;

ji being the unit antisymmetric Levi-Civita tensor). Thus, Eq. (1) may be rewrit-

ten as
E = (B +i&j axmc)D; (3)
where Kk =27”m< is the wave vector of light and m, the unit vector parallel to k.. The

nonsymmetric gyration tensor may be decomposed in the symmetric and antisymmetric
parts:
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Ok =9k + Oik » (4)

A common point of view is that the optical activity effect is purely associated with
the symmetric part of the gyration tensor. Concerning its antisymmetric part which is dual
to some polar vector h,,

ik = Oy, (5)

and describes a so-called weak optical activity [1], only afew mentions may be found in
the literature. As far as we know, the latter phenomenon has not yet been discovered.
However, some data are available in the literature on the observation of this effect by in-
direct optical techniques, i.e. by changes observed in the exciton reflection and lumines-
cence spectra [2, 3]. It has been shown in the work [4] that the weak optical activity can
be detected by ellipsometric analysis of the light reflected from relevant gyrotropic crys-
tals. Moreover, it has been stated in [5] that the reflection spectroscopy is the only method
enabling any experimental studies of the weak optical activity. Besides, as mentioned in
the work [6], this kind of optical activity should cause no changes in the refractive indices
of weakly optically active media.

The present work is devoted to description of weak optical activity in crystals and
analysis of manifestations of this phenomenon.

2. Polarisation of optical waves

Let us consider the weak optical activity in a more detail. Since the vector h, is a consti-
tutive coefficient of a medium, its non-zero value would be peculiar only of polar media.
Actualy, the point symmetry groups for which h. #0 are 1, 2, m, mm2, 3, 3m, 4, 4mm,
6, 6mm, o and cmm. Among these groups, only four do not reveal the usual optical
activity (g, =0), namely 3m, 4mm, 6mm and -smm. For those media Eq. (3) may be
written as

E =(B] +idj di [y xm]) D; (6)
It is obvious that only a single component of the h, vector remains non-zero for the
crystals belonging to the point groups 3m, 4mm, 6mm, e.g., hy #0. Hence, the waves

propagating along Z axis should not be affected by the weak optical activity because the
vector product is [hgxm;] =0 in this case.

Notice that the imaginary part of the optical-frequency impermeability tensor
1831 Gk [ xmy ] is antisymmetric either for the usual or weak optical activity effects,

being dual to an axial vector. For example, for the propagation of light along X axis we
may write

E =(Bf +i8j20213[ s xm]) D;, (7
wheretheindices i, ] areequal to 1, 3 or 3, 1, respectively. Then we have
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Ey :(st +i51325213“b><ml]) D; or

0 . (8)
By = ( B3y + 103120513 hg x ml]) D,

Since B, =B% =0 and 831, =1, 8x3=—1, &3, =—1, one can present Eqs. (8) as

AE, = Ei—B&D3=[i[|']3erll]XD3] or
AE;=E; - B§)1D1=|:—i[f‘5><rq]><D1]

9)

where [hyxmy| = p, isan axial vector describing rotation of the E; vector around Y axis

with respect to the D; vector, i.e.

Thus, the weak optical activity should manifest itself in appearance of a so-caled

longitudinal component of the electric field of electromagnetic wave and a longitudinal
dlipticity of extraordinary wave (see Figure 1).
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Fig. 1. Schematic representation of electric field components of electromag-
netic wave in the presence of weak optical activity (a, b) and ellipticity of one
of the eigen waves for this case (c).
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It is seen from the above relations that during each half period the wave becomes
purely longitudinal with respect to the wave vector k,, though the latter conclusion is not

novel (see, e.g., [1, 7]). Furthermore, the el ectromagnetic wave can have only atransverse
polarisation due to the well-known relations (D<k) =0 and (E-S)=0 (with S being the

Poynting vector). At this point a number of questions appear, e.g., how the Poynting vec-
tor is directed for this longitudinal electric field component of the wave, and whether the
weak optical activity influences the refractive indices of the medium?

3. Refractive indices and the ellipticity of light

Let us consider the case of optically uniaxial crystals, for which the following conditions
are satisfied:

h#0,h=hy=0, By=B)#By m=mg=0 m=1. (11)
The matrix that couples the components of the electric field and electric displace-
ment vectors may be given by
| Db D, Ds
E|BY 0 ip
E,| 0 By O
Es|-ip, 0 B
so that we get a system of equations in the following form:
E = BlolD1+|:i [hgxmy]x D3]
E,=B)D, : (13)
Es =[ —i[gxm]x Dy |+ BD,

As one can easily see, the refractive index for the wave polarised parallel to the Y

axis remains unchanged and is equal to n, =]/ /BY . Accounting for that E; = Dl/ n?

: (12)

and E; =Dy / n? , one can reduce the system of Egs. (13) to that including only two equa-

tions:
%:Ble1+[i[l”5xml]xD3] | "
22 —[-i[hxm]xD, ]+ BSD,

or
[n—lz—%]Dl—[i[mxrq]x D;]=0 -
[i[hgxmy]x Dl}{n_lz_%J D;=0
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This system has two positive roots:
n8

_—-_03 16
3= Mog =7~ S[m m° (16)
and
6
-0 17
M =Ny —7— 3[h3xrm] (17)
with
Angy =g — nz—A%z—ZAn'i[hs xm]’. (18)
M3
Hence, the dlipticity x of the extraordinary eigen wave is defined by the relation
&:i/c,andweobtain
DS
2/ =31 2
colhxm]’ mlhxm] (19)
11 2Anm 2An;,
s Mo

where n isthe mean refractive index and Anf3 theinitial birefringence. The ellipticity of

the ordinary eigen wave remains to be zero. The relation for the optical retardation may
be represented as

2rd 2zd| , o 1 n03

A=——Angy =—— A%Z—ZA—B[% m | J (20)

Here we have taken into account that the two electric field components (E, and E,)
of the electromagnetic wave appear in the presence of weak optical activity when the in-
cident light propagates along the X direction in crystals or textures belonging to the point
symmetry groups 3m, 4mm, 6mm and -mm. The corresponding components of the
Poynting vectors are defined by the relations

S =[EsxH>], (21)
and
S;=[E;xH>]. (22)
Thus, the electromagnetic energy flow could appear along the Z axis at the cost of
reducing the corresponding energy flux along the X axis. This problem will be discussed
in our forthcoming papers, along with the problem of parameters of electromagnetic
waves in case of coexisting symmetric and antisymmetric parts of the gyration tensor
(i.e., both coexisting “strong” and weak optical activities).

Conclusions

From the relations derived above a number of important conclusions follow. The first is
that the weak optical activity should manifest itself in some changes of the refractive in-
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dices and the birefringence. The second is that the increments of the refractive indices and
the optical birefringence appearing due to the weak optical activity do not depend on the
sign of hg vector, and the same concerns the sign of the wave vector my. Notice that the

signs of the rotation of polarisation plane or the phase difference caused by the usual op-
tical activity depend on the wave vector sign.

Finally, the increments of both the refractive indices and the birefringence caused by
the weak optical activity are very small, being proportional to the square of the optical

activity vector (h,z). Indeed, assuming that the antisymmetric part of the gyration tensor

is of the same order of magnitude as the symmetric one (~10‘5 in common cases), we

arrive at the conclusion that the birefringence increment should be of the order of 1077
The dllipticity of the eigen extraordinary wave in this case should also be very small

(~1077).
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Anomauyin. Iloxazano, wo ciabka ONMUYHA AKMUBHICMb NOBUHHA GUABIAMUCL Y 3MIHAX
NOKA3HUKIE 3aNOMIeHHs 1 0803anoMlenHs cepedoguwa. Ilpupocmu NOKA3HUKIE 3a10MAEHHS
i 0803an0oMIeHHs, WO 3’ A6NAIOMbC 6HACTIOOK CNAbGKOI onmuyHol akxmueHocmi, oocums Mani i
He 3anexcams Hi 6i0 3HAKA eKMOPA ONMUYHOI AKMUBHOCMI, Hi 8I0 3HAKA X6UTLOBO2O 8EKMOPA
ceimia.
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