Relations for optical indicatrix parameters in the
conditions of crystal torsion

Skab I., Vasylkiv Yu., Savaryn V. and Vlokh R.

Institute of Physical Optics, 23 Dragomanov St., 79005 Lviv, Ukraine,
e-mail: vlokh@ifo.lviv.ua

Received: 06.08.2010

Abstract
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crystals of all the point symmetry groups for the different geometries of
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1. Introduction

It is known that the piezooptic effect consists in the changes of optical impermeability
coefficients AB;; (or the refractive indices B;; =(1/ nz),-j) of a medium under the action
of mechanical stress oy, . This can be described by the relation

0
Asz =Bij _Bij = TtijkiOki » (1)

where 7, is the fourth-rank piezooptic tensor, and Bj; and Bg the impermeability

tensors of a strained and free samples, respectively.
There are many techniques aimed at study of the piezooptic effect in crystals [1].
However, in order to determine some of the piezooptic coefficients 7,, with the indices

A=1,2,..6 and u=4,5,6 in the matrix notation, one needs to apply so-called shear

stress to a crystalline sample. Usually the shear-stressed state is created when loading a
sample along the bisector of two mutually orthogonal crystallographic axes. When the
above stress is applied, the existing components of the stress tensor are not limited to the
shear ones only, and additional compressive and extension stresses appear along the
principal crystallographic directions [1-3].

Besides (see, e.g., the analysis [4]), the piezooptic coefficients are usually measured
with a high error that can exceed 30 per cent. This error is caused by a so-called barrel-
shaped distortion appearing due to a friction force between sample faces, a cover cap and
a substrate used for sample loading. As a consequence, a resulting distribution of stresses
inside a sample is a priori unknown. For more precise determination of the piezooptic
coefficients, a three-point bending method is often used [5]. Then the stress distribution
inside a sample can be determined in advance.
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Notice that the same should be true when a torsion mechanical moment is applied to
a sample. Moreover, application of this kind of stresses should have the advantage
consisting in possibilities for determining the shear stress-associated piezooptic
coefficients. As mentioned above, the piezooptic tensor components 7;, with

A=1,2,..6 and u=4,5,6 in the matrix notation are referred to such the coefficients.

Usually the latter cannot be measured in any simple way, due to a complicated
experimental geometry required, and are therefore recalculated from the indirect
experimental data on the basis of very cumbersome relations [2, 3], thus imposing
increasing errors that can exceed the typical mean values of the coefficients themselves.
As shown in our works [6—10], application of the torsion [6, 7, 9, 10] or bending [7,
8, 10] stresses leads to some spatial distribution of the optical birefringence and the angle
of optical indicatrix rotation in crystals. In particular, when a crystal is twisted around Z
axis, a special point of zero induced birefringence is observed in the geometrical centre of
XY cross section of a sample, corresponding to the zero shear stress components o3 and

0,; . This point belongs to the torsion axis. It has been found in our earlier studies that the

birefringence linearly increases with increasing distance from the geometrical centre of
the XY cross section. Moreover, it has been shown that the birefringence distribution
forms a conical surface in the coordinates ( X,Y,An) [6, 7].

The experiments mentioned above have used a single laser-beam polarimetry
method, with scanning the beam across the XY face of a sample. This method reveals a
low resolution limited by the laser beam diameter and so should be successfully replaced
by an imaging polarimetric technique.

If a cylindrical sample is twisted around the Z axis, the relevant stress tensor
components may be determined as [11]

2M,
0, =—4 (X84, -Y55,), (2)
TR
where M, = j.r x PdS , 64, and &5, are the Kronecker deltas, R the cylinder radius, S

S
the square of the cylinder basis, and P the mechanical load. Thus, we deal with the two
shear components of the stress tensor, o3, and o3:

oM,
4 23 7Z'R4
and
2M
0'52613:_4ZY, (4)
7R

which linearly depend on the coordinates. This dependence enables one to determine
unambiguously a distribution of shear stress components inside a sample under study.
Furthermore, application of the torsion moment makes it possible to produce pure
tangential displacements (i.e., the pure shear stress components), which are usually
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Table 3. Changes in the optical indicatrix parameters under the torsion moment
applied in crystals of the point symmetry groups 6, 6 , 6/m and textures of the

Curie groups o and o/m.

Torsion
moment and
stress
components

Direction of
light
propagation

Refractive indices

3

k| X

2 2. 22
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2
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_o3 ”62MxZ_ Polte RS
"o 2 oM
R

2 2 2.2
n, —ne _2n0ne77'-62

X
R4Z
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Induced birefringence

Angle of optical indicatrix

2
3, 3\.22 2 My 5
(no +ne)n0ne7r45—Y
RS

M
=2y~ Z+2
7R
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the birefringence is compensated on the optical path
length
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the birefringence is compensated on the optical
path length
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Table 4. Changes in the optical indicatrix parameters under the torsion moment applied in
crystals of the point symmetry groups 4, 4 and 4/m..

Torsion Direction of Refractive indices
moment light
and stress propagation
components
1 2 3
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Induced birefringence

Angle of optical indicatrix rotation
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the birefringence is compensated on the optical
path length
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=7, 6012 n,mg—52
3,.3\.22 2 2 2 2
m, 1 (”o +”e)"o”e7f450'23 tan 26+ = 2n,n; 45003
0(An);3 = M0~ ~5 533 a2y =—— 55
2 2 ny —ng = nyn, me0, Ny =Ng = N,Ne 160712
2
M 2.2 y
3, 3\.2.2 2 Yy 2 dn nimys ——X
3 y (no +ne)n0ne7r45 71.2R8 _ o'te’t45 7'[R4
=7’l077716 4Z—2 M
2M 2 2 2.2 ¥
2 2 22 Y 7 Ny —Ng =Ny Mg —3Z
Ny =Ny, —N,N, Mg R4 R
3 M
n
0 3 y
= MeC12 =652
2 zR*
3 [ 2 2 Vg
6(An)yy = nyo15\ i + 7 tan2¢, = 266
T
_ 32MyZ [2 | 2 16
EC — e T Te6
the birefringence is compensated on the optical
path length
2 22 22
1 T4aOns + MasOy3 ) HoR 2 Tyu03 + a0y ) SR
5(An)23=—(n3+ng)( 44723 - 45 213) o'le tan2¢y = (74 232 452 13) 151,
2 n, —n, n, —n,
2 M M
M _z Mz 2.2
TTh4 Z4X+7T45 Z4 ngng 744 R4 X+7l'45 R4 Y T Ne
=2 3+ 3 R =4 T T
- n, +n, 2 2 2_ 2
n —n
n, —n, 0 e
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1 2 3
kY 2 22
I _ 13 (44013 — mus003) o,
n =n, 2n0 R
n, —n,
Mz Mz : 2.2
Tyn—=Y —-mys—=X| n.n
44 4 45 4 (S
_ 23 R R
=My =<l 22
n, —n,
2 22
_a 4L 3 (744013 = 45023) " o
ny =n, 2ne 2 2
n, —n,
Mz Mz 2 2.2
Tgpu——Y —mys—=X| nn
44 4 45 4 o'le
—n 4203 R TR
e e 2 2
n, —n,
k|| Z | not changed

Table 5. Changes in the optical indicatrix parameters under the torsion moment applied in
crystals of the point symmetry groups 32, 3m and 3m .

Torsion Direction of Refractive indices
moment and light
stress propagation
components
1 2 3
M,, k|l X not changed
3 212 2
012,013 kY n, non; (744013 +27m4101,)
nm=n,+—
1 0 7 2 2
o ~He
22 M, M, )\
none 7[44_Y+27Z'41_Z
3 zR* R*
=n, +2n, >
n, —n,
3 .22 2
_ ny nong (744013 +2741015)
n=n,——
3 e 7 2 2
Ry, — 1,
22 M, M, )\
none 7[44_Y+27Z'41_Z
4 4
—n 203 R R
ne e 2 2
ny, —n,
k|l Z s 3
_ 0 _ x
ny =1y =403 + 66012 ) = 1y — 1y —7 (M4 Y + 766 Z)
2 TR
n3 3
_ o _ X
My = Ny + (14013 + Te6012) = My + 1y —7 (MY + 66 Z)
2 R
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Relations for optical indicatrix

4 5
2.2 2 2.2
1 44013 — My5093) B N 2(m44013 — 45093 ) 0,10
5(An)13=5(n2+n2)( 44913 245 223) o'le tan 2¢y = ( 32 52 3) Mo
n, —n, n, —n,
2 M M
M M 22
(7T44 — Y —mys —Z4X) nn? [”44 7Y~ s RZ4 X] o1
(e R 7R =4 T
=Z\n, +n, 2 2 }12 _n2
n, —n, o e
5(An)12 =0 tan2§z =0
Induced birefringence Angle of optical indicatrix rotation
4 5
0(An),, =0 tan2¢, =0
1 22 +2 2 21202 (744003 + 2740
S(An)5 :E(ng+ng)”o”e (”440213 2”41012) tan2¢, = —2 Al 442 13 2 4101)
Ry — N n, —ne

2
2 2( M, M, j
nono| wa—=Y +2n —~7
oTe\™™ zR* 4 zR*

2

e

—n(3 4,3
—2(n0+ne) 5
n, —n

M M
4ngne2 (7[44 —2 Y+ 27y, —’; Z)
R R

2

2
ny, — 1,

3
8(An)y, = n (714013 + 7660717

M M
=2n3 (71'14—); Y+ 77,'66—2 Zj
7R R

tan2¢, = too
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3

M,,

012,023

kX

7’13 n2n27Z'2 02 \
Ny =N, +—=| 4093 + 0 e44™ 23
0T, 2_ 2. 272
Ny =Ny TN,N, 7114073

2
2n2n27ri4 My y2 |
o'"e
7Z'2R8

4 2M
2 2 2.2 y
n,—n., +nn.w X
0 e olte’*14
~R*

(
2M
=n0+ng T4 = X +
R

3 2 2
e

2 2
n oMo 7440723

Ny =n, —

3]

2 2
+N,N, 14073

2
My 2

28

_ 3 T°R
=n, —2n, o

2 2 2 2
Ny =Ny + NN, Ty

2
2 n, —ne

2.2 2
Ny Ne a4

y
R4X

kIlY

3 22 2 2
_ _n_O( B 4noneﬂ410'12 \
m=n, = L”140'23 2 3 3
Ny —=Ng —NyNe 714023

2.2 2
NoNe 7410712

QX NIQ o

2 2
— NN, 7140723

2.2 2 Y 2
o'’e A

kIlZ

3
_ ”o\/ 2 2 2 2
”1—”0—7 14023 + 66012
M
_ s My [ o0 22
= no — no 2 7T14X + 7T66Z
TR
" 2 2 2 2
_ 0
ny =n, +7\/7T14023 + 766012

M
— 3 y | 2 2 2 52
=n, + n, 2 7T14X + 7T66Z
R
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Relations for optical indicatrix

4 5
2,.2\.2.2 2 2 2 2
ng 1 (no +ne)n0ne7z'440'23 tan2¢, = 2n n,m,,0,,
5(An)23=77r14023+5 2_ 2, 22 Yonk—n+ninln,o,,
Ny —Ng + NN, 14073 ° ¢ o
M
2 2.2 v
dn’n'm X
e ’v44
M (n§+n§)nc2,ne27r§4 Y _x? _ oM R
2R8 =
= —2 X +2 s 2 2 2.2 2My
o4 4 2M n —n, +nnm,——X
72 2 2 2.2 y 0 e olte 7TR4
n, —n, +n0ne7z'14—4X
TR
3
=20 400 = imy My X
- — "o
2 zR*
3,.3\.2.2 2 2 2.2
; (”o +”e)”o”e”41012 4nytg 41017

Ny
5(AI’Z)13 = 140723 -2 P P 2 2
2 o " Ne = NN, 140723

2
M
3 3y 2.2 2 Yy 2
(no+ne)n0ne7r41 g2
=n,r X -8 z R
ot R* 2 2 22 2M,
n,—n, —nnms——X
0o e o'te’t14
zR*
3
=20 71403 = n3”14£X
2 7 R

tan 28y = > 35
Ry —Ne —NyNe 14023

M
8]12]’!627'[41—);2
R
> —n?—n’n’n 2MyX
o Tte T MoMte’t14
~R*

32 2 2 2
o(An)y, = ”o\/7T14<723 + 766012

M, 5
R

60 el
tan2¢, = 266712 _ 66X
74023 T4
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3

zo

013,023

kX

3 ( 2.2 2 2 \
_ o MoNe 7440723
Ny =n, +—| my40-577 +
2 0 14%23 2 2 2 2
2 Ny —Ng + 1N, T 14073

3 222 2
e "o Me 71440723

2 ny =g +monimon,

2
2.2 2 4M; 5
o'le 3

e
2 2, 22 2M,
Ny =Ny +ngngmyy—— X
7R

kY

3 2.2 2 2
_ _l’l_o( B N,N, 7T44013 \
m=ny =, L”140'23 T > 2 2
Ny, —Ne —NuN 14073

22 2 2

N1 7144073

2 2 2.2

2 Ny —Neg —NuNe 14073

kllZ

3

n [ 2 2
_ 0
”1—”0—77%4 033 T 013
M
=n, —nmomy—=NX? +Y?
T

R4

3

n, 2 2
nm=n, +7”14V0'23 +053
M._ |
=n0+ngﬂ14 z X2+Y2
T

R4
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Relations for optical indicatrix

4 5
3 3/.2.2 2 2 2.2
S(A l’lg 1 (no+ne)none7r44023 tan2§ _ 2”0”@”44023
()23 = 2 7[14623+2 2 _n? yntn? Y2t v ntnino
n, —n, +n,n, w4073 0 e 0'te’t14%23

2 22 M
3. 3\.222 M7 dninima—=X
(n0+ne)n0ne7r44 X ofefad  pd
_ .3 MZ X 2 T R =
=N,T14 + 2 2 22 2M
zR* 2 2,22 2MZX ny —ng +nygng iy —— X
Ny —Ng T NN T4 R4 R
3
n M
=0 403 = My — X
2 R
3 2.2
n 2NN 40O
_ "o 0"e’t44%13
5(A”)13—7”14623 tan2ly = 5—————
Ny =Ny, —NEN, 71140723
1 n’n’nlcl
—E(”2+ng) 5 ge ;14213
N, =Ny = NyN, 14093 Anln? M, %
NN T a4 R4
M 2 2 22 2M,
:n27T14—Z4X Ny =g =Ny, Ty R4 X
R
220 M,
noneﬂ442—ZY
8
3,3 T°R
—2\n, +n;
2 2 22 2MzX
Ny —Ne —N,N, T4 4
R
3
n, 3 Mz
=M 4003 =Ny —5 X
2 zR*
3 2 2 Y
6(An)y = n, 4N 093 + 073 tan2¢, =13 = —
023 X

Mz JXZ_'_YZ

R4

_n,3
=2n,m4
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Table 6. Changes in the optical indicatrix parameters under the torsion moment applied in

crystals of the point symmetry groups 3 and 3

Torsion Direction of Refractive indices
moment light
and stress | propagation
components
1 2 3
M., k|| X 3
n2 = no - X
012,013
2.2 2
P g (7450713 + 2755015) )
XL7T25C713 t2M601~—5 5 3 3 J
n, =, —nyng (mp5073 + 2767073 )
M
=n, —ng ik
7R
( 2 22M, 2
Molle o (m4sY + 275, 7)
X| mysY +2mepZ — T, S oM
X
Ny —Ne —NyN, _4(71'25Y+27T6ZZ)
7R
3 22 2
ny=n Ny ngng (my5013 + 275507,)
e 2 2 22
2 ny —ng —nyn, (m25013 +2762015)
2.2 X 2
oty —5— o (Mas¥ +275,2)
_ 2 3 n°R
=n, —2n, i
2 2 2 22My
Ny —ne —NyN, 4 (7T25Y+27T6ZZ)
TR
kY 3
0
n=n, ——=x
2
2.2 2
) Ny (44013 +2741015) )
><L7T25013 t2T6012~—5 5 3 3 J
n, —n, —nyng (mp5013 + 27707,)
M
=n, —ng Vi
TR
( 2 22M, 2
noMe W(”44Y+2”41Z)
X 7[25Y+27[622_ M
2 _ 2 _ 2.2 X Y+2 Z
ny, =Nne —NyN, 4 (77:25 762 )
TR
3 2.2 2
=n e Hohg (744013 +27041012)
37 %e 2 2 22
2 ny, =N, —Nyh, (ﬂ250-13 +27T620-12)
2 2 My 2
oy — o (magY +274,2)
-n -2 3 T°R
—I’le l’le 2M
2 2 2 p2M,
n, —n, —n,n, 7} (7[25Y+27r622)
TR
214
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Relations for optical indicatrix

Induced birefringence Angle of optical indicatrix rotation
4 5
3 tan2¢y =
n, X
O(An)ys = 7(”25013 +276,017) ) 2
_ 2nyng (45013 +275,075)
3, 3\ 22 2 T2 2 22
1 (”o + ”e)”o”e (745013 + 2755013 ny = ng = ngng (5013 + 2765015
2 02 —n? —n*n?(rys5005 + 27600 2 2 M,
o ~Me =My e( 25013 62 12) 4n;n; 4(7[45Y+27;522)
3 M,y (725 + 276, Z) = =
=n,— 725 62 M
R n2 —n?—nin2 =2 (735Y + 2762 Z)

M? (ng + nz)ngnez (7r45Y + 27z522)2

2 8 M
R ”Rff (725Y +276,Z)

-2

3
nO
27(”250'13 +27,01,) =

M
3
=-n, ﬂ.R); (7T25Y+ 27[622)

0 e o'"e
aR*

3
n
o(An)3 = 70(”25013 +275,013)

3, ,3),2,2 2
1 (”o +”e)”o”e (744013 + 274101,

52 2 22
2 ny —ng —nyn; (mys013 + 2752015

3 ﬂ(nﬁn 276, 7)

= nO
zR*

) M)% (l’lg +n2)n§nez (7T44Y+272'4IZ)2

2.8 M
7R ng —ng —nyn, ﬂRx(”25Y+27T622>

4

3
nO
= 7(”25013 +27,01,) =

3 ﬁ(nﬁn 276, 7)

= nO
zR*

tan 28y =

2.2
2nyn; (744013 + 2741015)

2 2 22
Ny —Ng — NG, (7725‘713 +27T620'12)

M
R

2M
n2 —n?—nin? ”R: (725Y + 276, Z)
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1 2 3
k| Z n
m=n, —70((7[25 +714)013 + (g6 + 2762) 07
3 M
=n, —m, —((7p5 + m4)Y + (766 +27065)Z)
TR
3
hy =n, _?0((”25 ~ 714)013 — (g6 — 2762 )02
M
3
=n, —n, _ﬂ'R); (7025 = m14)Y = (7066 — 27062)Z)
3 2 2 2
M,, kllx _ _n_o(z B _ Ny Ng (44003 + 2755015 ) )
ny =n, L 762012 74023~ 5 52 2 2 J
C12> 2 Ny = Ng + 151, (T14023 = 2767013)
023 ( 2M )
22 2
Ny, R‘)‘} (44X +275,2)
=no—n2—); 27[622—71'14)(_ T M
7R 2 2, 2 24My X 277
hy, —ng + 1,1, R4 (”14 762 )
T
3 22 2
ny=n _he Hote (T44023 +275,071)
© 2 ”02 —”ez +’13”e2(77140'23 ~276,015)
2
M
2.2 My 2
n,n, 2 8(7[44X+27[52Z)
=n, —2n3 ZR
2 2. 2 22M, X 42707
Ny — Ny + 1N, _4(7[14 T 276 )
TR
k|lY 3 2 2 2
I " = _”_o( b B none (2”41012 —”45023) )
150 =) k”14023 26201~ 2 2 5
o — Mg — Ny, (714023 + 276,075
( 2 2 2M, 2
5 Mo e R (27141 Z — m45X)
=n, =Ny —r| My X + 27157 - 7
TR 2 2 2.2 y
Ny —nhe —NyN, 7Z'R4 (7T14X+27T6ZZ)
3 22 2
ny=n e Hohy (27041015 — Ta5033)
© 2 ”02 _”e2 _”3”3(”14023 +276,0715)
2M
2 2 4My 2
M NoNe — 4 (27041 Z — m45.X)
S B 4 R
¢ e R M
7R ng _l’le2 —noznez —i} (7T14X+27T622)
R
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Relations for optical indicatrix

4 5
3 _
8(An)yy =, (2m62015 — M140713) tan 267 =+
M
3
=2n; nRﬁ (762Z = m14Y)
tan2¢y =

1
O(An)y; = 5”3 (272017 — m14023)

3, .3,.2.2 2
1 (ny +ng)ngng (44003 + 2755045)

2 2., 22
2 ny —ny +nyng (w1403 —2752072)

M
3
=n, _J; (277:622 — 71'14X)
TR

2

M
(ny +nYngng —2e Ty X +275,7)°
-2 TR

2M
ng —ng +nyn; Ri (14X =276y 2)
n

1 3
=57 (27201 — m14093) =

M,
o (27622 — M4 X)

_ 3
_no

2.2
2nyn, (7440793 + 275,01,)

=2 2 22
n, —ng +nyng (714093 — 276,073)

M
R

2

2M
2 2.2
Ny —Ng + 1,1, TZ(”I4X_2”6ZZ)
T

1
O(An)y; = 5"3 (714023 + 2762012)

3, 3,22 2
1 (ny +ng)ngng (2741015 — 745053)

2 2
2 n, —ne

2.2
—ngng (714093 + 27620712)

M
= ny — (X +276,2)
7R

2

M
3. 3v,2.2
(ny + 1 myn; —2e Qg Z — 45 XY’
) TR

2M
ng —ng —nyn; RZ (14X =276y 2)
T

1 3
=57 (714023 + 273015) =

M
_ 3 Yy
= no _ﬂ.R4 (7[14X + 27[622)

tan 28y =

2 2
2nyng (27041015 — 145033)

2 2 22
o — Mg — Ny, (14093 + 27r015)

n

M
dngn; —2Q2rpZ - mysX)
R

2M

2 2 2.2

Ny —ne —NyN, Tj(ﬁl4X+2ﬂ62Z)
T
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3

k\Z

3
n 2 2 2
_ 0
n =n, _7(2”620_12 +\/”14C723 +(7T25‘723 + 660712 ) )

M
o =1y H—I;;(Z”&Z + \/7T124X2 + (75 X + ”662)2)

3
n, \/ 2 2 2
ny =n, _7(2”62612 —\ 4073 + (795023 + 66072

M
3 My 2 42 2
o — —d (27[62Z—\/7r14)( +(7ys X + 16 Z) )

013>

023

k|l X

2.2 2
noNe (”44023 + ”45013

75013 — 14093 — J
L 3—”3 —”2”3(”25013 ”14023

7,

2M, A
2.2
M n,n, R (7r44X+7r45Y J
o

Tys¥ =My X —
~R* 2 2 2
o

5 2M.
n e

R4

o n, —n,n (7T25Y 7T14X

22 2
e nyne (7744023 +7T450'13)
e 2 2 22
2 n,—n NN, (”25013—”14023)

2
2 2 M;
e

7r2R8

(maa X + 745Y)?

2M
n2 —n? —n’n? (7Y — w4 X)
R

k|lY

2.2 2
nyne (7[44013 —”45023) )
2 2 22
o e —HpN, (”14023 +7T250'13)
( 2 2M,
nong “—=(myy¥ — 145X’
7rR

I’llzl’lo_

S} |Q:w

L”140'23 + 75013 —

z

0 4 7T14X+7Z'25Y—
7R 2
o

—n

22
o

e — 1

2M
e2 Rj (m14X + 757

22 2
1, NyNg (44013 — T45023)

e 2 2 2.2
2 ny —n; —nyng (4093 + T50713)

2
7 (magY —m45X)

2M
n2 —n?—n’n? — (M4 X + 7y5Y)
R
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Relations for optical indicatrix

4 5
3 2 2 2 TTrsOnq + Mg O
5(A”)12:”o\/”14023+(7T25023+7766012) tan2¢, = —22—23 —66-12
M > T14023
5,3 y\/ 2 12
—2]’[0 ﬂ.R4 71'14X +(7T25X+7T66Z) _ 71'25X+7Z'66Z
7[14X
L3 20212 (704403 + T45013)
5(A”)23:5”0(”25013—”14023) tan 24y = ————o—e—4a=1 - SasTl3
Ny =My =My, (350713 = 7114073)

3, .3),2,2 2
1 (”o +”e)”o”e (744023 + M45013)

52 2 22
2 Ry —he —N,N, (”25‘713 —”14023)

M
4ngn; - (Tgg X + 1my5Y)
R

2 2 2 22M,
3 M, ny —n, —nyn, ———(my5Y — m4X)
=, —= (7557 — 14 X) S
R
3 3y 20 M? 2
4
(no +ne)none 2—Rg(ﬂ44X+ 7T45Y)
-2 T
2 2 222M,
Ny —NHg =N, N, R4 (EZSY_”MX)
Vi3
1 5
:5”0 (”25013 - 7714023) =
_ .3 Mz
=n, _7Z'R4 (”25Y_7714X)
1 3 n2n2
_ nn, (7 013 — M40
5(An)13—Eno(ﬂ140'23+7f25013) tanzé’Y: 5 20 6(2 4;‘ 13 45 23)
n, — Ny —nyn, (14093 + 795073)

3, 31,22 2
1 (g +ng)ngng (44013 — m45093)

2 2 22
2 ny —ny —nyn; (m14053 + TH5073)

M
3
=n, ﬂRZ4 (143X + mpsY)
2
3, 3,22 M 2
(ng +n)ngng; ——=o(4gY — m45.X)
) °R

2 2 2 22M,
Ny =N —NyN, R4 (7[14X+ ”ZSY)
Via

1 3
= 5”0 (714093 + 7p5073) =

M
_ .3 z
=Moo (143X + mp5Y)

M
ngng —= (m4gY — w45 X)
TR

2 2 2 22M,
o ~ e ~MoMe g (14X + 735Y)
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1 2 3
k| Z 3
I 1, \/ 2 2 2
nm=n Y 735013 T\ 4023 + (25023 + 714013)
M
=n0—ng 24(77:25Y+\/7T124X2+(7T25X+7T14Y)2)
R
n 2 2 2
_ [
ny, =n, —7(”25013 —\/”14023 + (35023 + M14013) )
M, 2 2 2
=n, —n,—~ (7725Y—\/7T14X + (o5 X +114Y) )

Table 7. Changes in the optical indicatrix parameters under the torsion moment applied in

crystals of the point symmetry groups 222, mm2 and mmm.

Torsion Direction of Refractive indices
moment light
and stress | propagation
components
1 2 3
M., k|l X not changed
012,013 kY 1 Wn?ni.o? wnin? 2M2
/ 13755013 _ 13 55
mEmt ST T 2p8
nl _n3 nl _n3 R
252 2 252 2
n = ny _1”1 3755013 _ M3 7ss M
2 nt-nd nt —ni =y
kllZ 522 2 52 2 2
I _ 1 niny 7601y _ niny e 2My
mEmt T T =t
2 nl _n2 nl _I’l2 R
25 2 2 2.5 2 2
= n, _1”1 M766C12 _ M "M2766 2M;
2 nf—ns nt —n3 =y
M k| X 52 2 2 2
r 7 = ny 1 mn3minos; mniayy 2My s
612,023 2 n3—n} n —nj 7r2R8
252 2 2
0 =n 1 myn3miyon; _ ”2”3”44 My,
3T, 22 3772 2 2.8 8
n2 _I’l3 7’[2 _}’l3 T R
kY not changed
k| Z 522 2 2
, | minimgeot,  nmimjmes 2My
mEmt o= T2 2 2.8 2 8
2 nf-ny ni —ny ©°R
2.5 2 2 2
" 1 nynymee0i, ”1 ”2”66 2M 2
m=m-"= 3 ~Mm~— 2.8 8
2 nl _nz nl _I’l2 R
220
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Relations for optical indicatrix

4 5
3/ 2 2 2 Ty503 + 4O
6(An)y = ”o\/7T14<723 + (725023 + 71140713) tan2(, = —2-23 ~ “14713
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Table 8. Changes in the optical indicatrix parameters under the torsion moment applied in
crystals of the point symmetry groups 2/m, mand 2 (2||Y,m LY).

Refractive indices

Torsion Direction of
moment light
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components
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Relations for optical indicatrix
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Relations for optical indicatrix
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Table 9. Changes in the optical indicatrix parameters under the torsion moment applied in
crystals of the point symmetry groups 1 and 1: M,, 0,,,0,;, k|| X
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Relations for optical indicatrix

Torsion moment - M,, stress tensor components - o, , 0, and direction of light propagation- & || Y
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Torsion moment -M,, stress tensor components - 0,,, 0, and direction of light propagation - k || Z
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Relations for optical indicatrix

Torsion moment - M,, stress tensor components- 0,,,0,; and direction of light propagation- & || X
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Torsion moment -M,, stress tensor components- ,,, 0,, and direction of light propagation - k || Z
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Torsion moment -M,, stress tensor components- 0,5,0,; and direction of light propagation -k || ¥
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Torsion moment- M., stress tensor components- 0,5,0,; and direction of light propagation- k || Z
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Relations for optical indicatrix

accompanied by additional normal displacements in any other geometry of sample
loading, thus leading to appearance of the compression and/or extension stress
components. As a matter of fact, this is one of the reasons why complicated relations
appear that couple so many piezooptic tensor components with the mechanical stresses.
This is also a clear reason for increasing error of determination of a particular piezooptic
coefficient.

In spite of promises associated with the piezooptic experiments that use torsion
loading, the relations for the optical indicatrix perturbed by the torsion in crystals have
not yet been derived. As a result, the goal of the present work is to deduce theoretical
relations for the refractive indices, the birefringence and the optical indicatrix rotation
describing the torsion of crystals belonging to different point groups of symmetry.

2. Results
In general, the piezooptic tensor may be presented as

011 Opy O33 O3 031 Op

AByy |y my m3 M4 M5 Mg
AByy | Ty Ty M3 Ty4 s Mg
AByy | 31 73 33 M4 M35 Mg (5)
ABsyy | T4y T4y T3 Taq Tas Tae
ABy | sy 75y Wsy  Tsq Mss Tsg

ABy| | g1 Tea T3 Tes  Tes  Tee

The piezooptic coefficients under our interest are indicated by the blue colour. The
general form of equation for the optical indicatrix subjected to the torsions around the X,
Y and Z axes (the torque moments M, , M, and M, respectively) is as follows:

B\ X% +ByyY? + B3 Z% +2By3YZ + 2B 3 XZ + 2B, XZ =1, (6)

where B;; denote the coefficients depending upon the stress tensor components and,

subsequently, on the torque moments.

The optical indicatrix parameters may be derived basing on eigen values of the
optical impermeability tensor for different cross sections perpendicular to the light wave
vector direction. The principal refractive indices, the optical birefringence and the angles
of the optical indicatrix rotation thus obtained by us for the crystals and textures of
different symmetry systems are presented in Tables 1 to 9.

3. Conclusion

In the present work we have derived the relations that describe the optical indicatrix
changes appearing for all of the point symmetry groups for different cases of geometries
concerned with the torque moment application and the light propagation. The aim of this
study has not included a comprehensive analysis of the relations presented above, so that
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the

paper has mainly a systematic value. A detailed analysis should be performed

separately for each specific experimental situation.
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Anomayia. B pobomi ompumani cniegioHOWeHHs, AKi ONUCYIOMb 3MIHU ONMUYHUX THOUKAMpUcC 8
KpUCMAnax 6cCix MmoOuKouX epyn Cumempii npu pisHUX 2eOMEempiax NPUKIAOAHHA MOPCIIHO2O0
MOMeHmY | HaNPAMKAX NOWUPEHHS CEITNIA.
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