
1.6. CLASSICAL LINEAR CRYSTAL OPTICS
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where ncub is the refractive index of the cubic phase. Thus the
birefringence in the tetragonal phase as seen by light travelling
along x1 is given by
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Thus a direct connection is made between the birefringence of
the tetragonal phase of BaTiO3 and its lattice parameters via the
spontaneous strain. As in the case of the linear electro-optic
effect, the calculation can be repeated using equation (1.6.3.14)
with the susceptibilities �11 and �12 to yield the relationship
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1.6.7.3. The acousto-optic effect

The acousto-optic effect (Sapriel, 1976) is really a variant of
the elasto-optic effect, in that the strain field is created by the
passage of a sound wave through the crystal. If this wave has
frequency !1, the resulting polarization in the presence of a light

wave of frequency !2 is given by P!
i ¼ �ijk‘E

!2
j S

!1

k‘, where
! ¼ !1 � !2. However, since the sound-wave frequency is very
small compared with that of the light, to all intents and purposes
the change in frequency of the light field can be ignored. The
effect then of the sound wave is to produce within an acousto-
optic crystal a spatially modulated change in refractive index: a
beam of light can then be diffracted by this spatial modulation,
the resulting optical diffraction pattern thus changing with the
changing sound signal. Acousto-optic materials therefore can be
used as transducers for converting sound signals into optical
signals for transmission down optical fibres in communications
systems. Consider, for instance, a sound wave propagating along
the [110] direction in gallium arsenide (GaAs), which crystallizes
in point group �443m. Suppose that this sound wave is long-
itudinally polarized. With respect to the cube axes, this corre-
sponds to an oscillatory shear strain S12 sinð!t � k�Þ, where � is a
distance along the [110] direction (Fig. 1.6.7.1). Then one can
write

��ij ¼ pij12S12 sinð!t � k�Þ ð1:6:7:12Þ

or in contracted notation

��i ¼ pi6S6 sinð!t � k�Þ: ð1:6:7:13Þ

From Table 1.6.7.1, it seen that the change in dielectric imper-
meability tensor is
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Table 1.6.7.1. Symmetry constraints on the linear elasto-optic (strain-optic) tensor pij (contracted notation) (see Section 1.1.4.10.6)

Triclinic Orthorhombic Tetragonal Trigonal

Point group 1 Point groups 222, mm2, mmm Point groups 4, �44, 4=m Point groups 3, �33

p11 p12 p13 p14 p15 p16

p21 p22 p23 p24 p25 p26

p31 p32 p33 p34 p35 p36

p41 p42 p43 p44 p45 p46

p51 p52 p53 p54 p55 p56

p61 p62 p63 p64 p65 p66

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 0 0 0

p21 p22 p23 0 0 0

p31 p32 p33 0 0 0

0 0 0 p44 0 0

0 0 0 p55 0

0 0 0 0 0 p66

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 0 0 p16

p12 p22 p13 0 0 �p16

p31 p31 p33 0 0 0

0 0 0 p44 p45 0

0 0 0 �p45 p55 0

p61 �p61 0 0 p66

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 p14 p15 p16

p12 p11 p13 �p14 �p15 �p16

p31 p31 p33 0 0 0

p41 �p41 0 p44 p45 �p51

p51 �p51 0 �p44 p44 p41

�p16 p16 0 �p15 p14
1
2 ðp11 � p12Þ

0
BBBBBB@

1
CCCCCCA

Monoclinic Point groups 4mm, �442m, 422, 4=mmm Point groups 3m, �33m, 32

Point groups 2, m, 2=m (2 k x2) Point groups 2, m, 2=m (2 k x3)

p11 p12 p13 0 0 0

p12 p22 p13 0 0 0

p31 p31 p33 0 0 0

0 0 0 p44 0 0

0 0 0 0 p44 0

0 0 0 0 0 p66

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 p14 0 0

p12 p11 p13 �p14 0 0

p13 p13 p33 0 0 0

p41 �p41 0 p44 0 0

0 0 0 0 p44 p41

0 0 0 0 p14
1
2 ðp11 � p12Þ

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 0 p15 0

p21 p22 p23 0 p25 0

p31 p32 p33 0 p35 0

0 0 0 p44 0 p46

p51 p52 p53 0 p55 0

0 0 0 p64 0 p66

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 0 0 p16

p21 p22 p23 0 0 p26

p31 p32 p33 0 0 p36

0 0 0 p44 p45 0

0 0 0 p54 p55 0

p61 p62 p63 0 0 p66

0
BBBBBB@

1
CCCCCCA

Hexagonal Cubic Isotropic

Point groups 6, �66, 6=m Point groups m�33, 23

p11 p12 p12 0 0 0

p12 p11 p13 0 0 0

p12 p12 p11 0 0 0

0 0 0 1
2 ðp11 � p12Þ 0 0

0 0 0 0 1
2 ðp11 � p12Þ 0

0 0 0 0 0 1
2 ðp11 � p12Þ

0
BBBBBB@

1
CCCCCCA

p11 p12 p13 0 0 p16

p12 p11 p13 0 0 �p16

p31 p31 p33 0 0 0

0 0 0 p44 p45 0

0 0 0 �p45 p44 0

�p16 p16 0 0 0 1
2 ðp11 � p12Þ

0
BBBBBB@

1
CCCCCCA

p11 p12 p21 0 0 0

p21 p11 p12 0 0 0

p12 p21 p11 0 0 0

0 0 0 p44 0 0

0 0 0 0 p44 0

0 0 0 0 0 p44

0
BBBBBB@

1
CCCCCCA

Point groups 6mm, �66m2, 622, 6=mmm Point groups �443m, 432, m�33m

p11 p12 p13 0 0 0

p12 p11 p13 0 0 0

p13 p13 p33 0 0 0

0 0 0 p44 0 0

0 0 0 0 p44 0

0 0 0 0 0 1
2 ðp11 � p12Þ

0
BBBBBB@

1
CCCCCCA

p11 p12 p12 0 0 0

p12 p11 p13 0 0 0

p12 p12 p11 0 0 0

0 0 0 p44 0 0

0 0 0 0 p44 0

0 0 0 0 0 p44

0
BBBBBB@

1
CCCCCCA
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