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Abstract. We have analyzed a gradient piezogyration effect induced by torsion
stresses in optical materials belonging to different point groups of symmetry. It has
been shown that the effect manifests itself as a rotation of light polarization plane
only in the tetragonal and cubic crystals and textures described by the point symme-
try groups oo/co/mmm, comm , ©/m, 4/m, 4/mmm, m3 and m3m, provided that
light propagates along the optic axis in the tetragonal crystals, along one of the crys-
tallographic axes in the cubic crystals, or along the infinity fold axis in the textures
and the crystals are twisted around these axes.
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As shown in our recent studies [1-3], a torsion stress-induced optical activity is the effect
caused by spatial derivatives of mechanical stresses rather than by the stresses themselves. It is
described by the tensorial relation

A1y = BinkmvOO i / X, (1)

where Ag,, is the induced increment of the gyration tensor, doy,, /0X, the coordinate derivative
of the stress tensor, and f,;,,, a fifth-rank axial tensor. Notice that the f,,,,, tensor has nonzero

components even in centrosymmetric media. As a result, generation of spatially inhomogeneous
distribution of mechanical stress tensor components in such media would lead to appearance of
optical rotation. It is this property that distinguishes the gradient piezogyration effect from a com-
monly known piezogyration [4—7] described by the formula

Agln = '9[11km Okm > (2)

with 9, being the fourth-rank axial piezogyration tensor equal to zero for any centrosymmetric

media.

Comparing Egs. (1) and (2), one can see that the gradient piezogyration appears alone, with-
out a usual accompanying piezogyration effect, in centrosymmetric materials since the piezogyra-
tion is symmetry forbidden here. It has been shown in Refs. [1-3] that it would be convenient to
study the gradient piezogyration under crystal torsion, because the torsion moments can be suc-
cessfully controllable unlike, e.g., residual internal inhomogeneous stresses.

From the other hand, it is known that the shear stress tensor components o;, and o, in-

duced by the torque moment A, are described by the relation [8§]
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kazo'#:—ﬂR4 (X64#—Y55’u). (3)

Here Z axis coincides with the direction of torsion, X and Y are orthogonal to Z,
M, = I(rx P)dS denotes the torsion torque, Oy the Kronecker delta, R the cylinder radius, S the
s
square of the cylinder basis, and P the mechanical load. The above shear stress tensor components
are equal to zero along the torsion axis, while their coordinate derivatives are not. Moreover, the
latter peculiarity implies that piezooptically induced birefringence is equal to zero at the very tor-
sion axis (see, e.g., [9]). We remind that the piezooptic effect is described by the relation [10]

0

where 7 is the fourth-rank polar piezooptic tensor, and B;; and Bi? stand for the impermeabil-

ijkm
ity tensors of stressed and free samples, respectively (with B;; = (1/ n’ ); and n denoting the re-

fractive index). Propagation of light beam along the direction of optic axis in optically uniaxial
crystals, which remains to be isotropic after the torsion moment is applied, enables studying the
optical rotation using a direct method for measuring polarization plane rotation.

Until now the torsion-induced optical activity has been studied only in the centrosymmetric
NaBi(MoOy), crystals [1-3] belonging to the point symmetry group 4/m. While choosing other
optical materials appropriate for the studies of the effect mentioned, it is necessary to formulate the
requirements to the properties of these materials. Let us remind that the optical birefringence does
not appear along the direction of optic axis in NaBi(Mo0Q,), when the torsion moment M, is ap-

plied and the shear stress components o,, and o,, are in action [3]. This fact allows one to scan

over laser beam propagating in the Z direction inside the cross section XY of a twisted sample and
measure the XY distribution of the optical rotation [3].

Hence, the conditions needed for studying experimentally the torsion-induced optical activity
may be formulated as follows:

A material should be isotropic or optically uniaxial in order to provide propagation of optical
beam along the isotropic direction.

For avoiding interference of the traditional piezogyration effect, a material should be centro-
symmetric or, at least, the axial fourth-rank tensor should lack nonzero components 9;;, and
8.3, » which might have led to appearance of piezogyration optical rotation along the Z direction.
Notice also that we will not consider here the crystals possessing a natural optical activity, in order
to avoid a cumbersome case of mutual overlapping of the piezogyration, the natural gyration and
the gradient piezogyration.

The piezooptic birefringence should not be induced in all of the cross sections perpendicular
to the direction of light beam propagation.

The components f,,;,, and/or fB,.;,, of the gradient piezogyration tensor should not be equal
to zero.

According to the first and second conditions, we should consider the crystals of the symmetry
groups 3m, 5, 3m , 4mm, Z, Z2m, 4/m, 4/mmm, 6mm, 5, g2m, 6/m, 6/mmm, m3, 43m , and

m3m. One can also consider the textures with the symmetry groups comm and «/m, and the iso-
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tropic media described by the group co/co/mmm. These symmetry classes can be divided into a
number of piezooptic subgroups, i.e. the subgroups for which the matrix of the piezooptic tensor
has the same form.

The isotropic media (c0/c0/mmm) and the cubic crystals (43m and m3m) belong to the
subgroup denoted hereafter as A. The matrix of piezooptic coefficients for these classes is as fol-
lows:
my my 7wy 0
Ty my w0
Ty mp Ay 0

0 0 0 my
0o 0 0 0 7y
0 0 o0 0 0 7y

S O o O

) ©)

S O O o O

where the relationship =, =7, —,, holds true for the class c/co/mmm. When the tor-
sion-induced stress components o,, and o, act, the XY cross section of the optical indicatrix
undergoes no changes, so that these symmetry groups satisfy the third condition, too.

The subgroup B includes the only point symmetry group m3. The piezooptic matrix for this
class is similar to that given by Eq. (5), though x,; = 7;,, = 7,,. Nonetheless, the shear stresses
mentioned above will not induce any birefringence in the XY cross section.

The next subgroup, C, embraces the crystals and the textures with the symmetries 4mm,
42m, 4/mmm, 6mm, 62m, 6/mmm, comm and oo/ m , with the piezooptic matrix
Ty 7wy my 0 0 0
T, T mz O 0 0

my oy 73z 0 0

(6)

)
=)
(=)
3
N
iN
S
S O O

Upon inspecting this matrix one can see that the stress components o3, and o3, do not in-
duce the birefringence along the Z direction.

The same is also true of the point symmetry groups 4 and 4/m, which form the subgroup D
and include some additional piezooptic coefficients, when compared with Eq. (6) (754 = —745,
Ty =Ty and mgy =74, ). The next subgroup, E, involves the symmetry classes 6 and 6/m,
for which the additional components sy =—7y5, g =—7 =27, and g =—mg OCCUL.
Crystals of all these symmetry groups remain optically isotropic under the torsion moment M,
applied.

From the other hand, the crystals belonging to the point symmetry groups 3m and 3m,

which constitute the next subgroup, F, do not remain optically isotropic in all of the XY cross sec-
tions when the torsion moment M, is applied (see [9]). In these conditions, the linear birefrin-
gence does not appear only when the light beam propagates exactly along the torsion axis, whereas

the X7 distribution of the birefringence has a conical shape. Thus, the latter crystals should not be
preferred if one tries to detect the torsion-induced optical activity.
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The last subgroup, G, consist of only one point symmetry group 3. Here the piezooptic ma-
trix is given by
a8 Ty M3 Mg s 27
4ap) Ty M3 Ty M5 —27g
T3 T3 733 0 0 0 7
Ty 7y 0 Wy My 275y |
sy Ay 0 w5 o 27y

o2 T2 0 Uys T4 66

with 7ee =7 — 7, . Now let us consider the XY cross section of the optical indicatrix perturbed
by the stresses o3; and o3, appearing due to application of the torque moment A, to the crys-

tals belonging to the subgroup G:
2 2
(B) + 71403y = 725031 X ™ +(B) = 714035 + 35031)Y~ + 2(7p503; + m403) XY =1, (8)

The spatial distribution of the induced birefringence in the XY plane may be written as [11]

M

3[ 2 2. 2. 2 3 2 vl

Anyy =”a\/(”14+”25)(04 +05)=2n, 724\/(7714“725)()( +Y7), 9)
T

whereas the angle of optical indicatrix rotation around the Z axis may be presented as

3504 + M140s _ o X + 4V

tan2¢, = (10)

M404 = 7y50s5  MaX —7psY

Introducing the polar coordinate system (X = pcosg, Y = psing ), we rewrite Egs. (9) and (10)

as

M M

3 2 2 w2 2 3 [2 . 2

Amy =2n;, RZ4 \/(”14 +mys (X +Y7) =2n, RZ4 P T4 + 7035 (an
T T

and

Tys X +m4Y 75 COSQ+ 4 Sin
tan2¢ , = 225 14t _ Mp5 COSQF 14 SINP

(12)

X —Ty5Y M4 COSQ —TTy5SINQ

As seen from Eq. (11), the birefringence does not appear only along the torsion axis, while
the XY coordinate distribution of the birefringence has a conical shape. As a consequence, the sub-
group G should also be regarded as unsuitable for studying the torsion-induced optical rotation.
Now let us consider the implications of the fourth condition for the subgroups A, B, C, D, and E.
As far as the subgroup A is concerned, the fifth-rank axial tensor components SB333,; and 33315
are equal to zero for the crystals of the class 43m, and the condition Sy33, = —fs3312 # 0 takes
place for the materials of the class oo/co/mmm and m3m. For the subgroup B (i.e., the point
symmetry group m3) we have f53351 # B33312 # 0. Consider now the subgroup C embracing the
classes 4mm, 42m, 4/mmm, 6mm, 62m, 6/mmm, comm , and oo/m. We have the relation
B33321 = —P33312 # 0 for the classes 4mm and 4/mmm oomm and oo/m and f33371 = f33312 =0
for the classes 42m, 6mm, 62m, 6/mmm. Concerning the subgroup D, one has

B33321 = —P33312 #0 for the class 4/m and f33351 = f3331 =0 for the group 4. Finally, the

equality fB3332; = Bs3312 =0 is valid for the subgroup E consisting of the classes 6/m and 6.
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In conclusion, the studies of polarization plane rotation due to the torsion stress-induced
gradient piezogyration have to be performed with the materials belonging to the point symmetry
groups 4/m, 4/mmm and m3m, comm, co/m and oo/co/mmm for which f333,; =—B3331, 20,

and the symmetry group m3, for which [33351 # B33312 # 0. Here the fifth-rank axial tensor com-

ponents under interest remain nonzero. These groups of symmetry refer to the tetragonal and cubic
systems and include the inversion centre among their symmetry operations.
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Anomayin. Y pobomi npoananizoeano egpexm epadienmnoi n’esocipayii, iHOyKo8aHuil HANPyHceH-
HAMU KPYYEHHs 8 KpUCmanax pisuux epyn cumempii. Iloxasano, wo yeu eghexm UAGIAMUMEMbCS
6 N0BOPOMI NIOWUHY NOAAPU3AYIL C8IMNA Tuue 8 KPUCMANAX KYOIYHOI | mempazoHanibHoi CuHzo-
HIll ma mexkcmypax, wo Hanexcams 00 2pyn cumempii oo/oo/mmm , comm, ©/m, m3m, m3,
4/mmm i 4/m 3a yMo8 nowuperts ceimna 830084 KPUCMAI0SPpApIuHUX ocell Yy KYOIYHUX Kpucma-
JIax, onMuyHOi 0Ci 8 MEeMPALOHANLHUX KPUCMANAX MA OCi 6E3MeNCHO20 NOPAOKY 8 MEeKCmypax i
KpY4eHHsl HABKOJIO Yux OCel.
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