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where K̂ describes the propagation direction and K ¼ 2π=Λ ¼ Ω=va is the propagation constant
with va being the acoustic velocity. A standing plane acoustic wave is a combination of two
contrapropagating traveling waves of equal amplitude, wavelength, and frequency:

u r; tð Þ ¼ U cos K � rð Þ cosΩt: (2.80)

An acoustic wave polarized in the direction of K is known as a longitudinal wave, while one
with a polarization perpendicular to K is called a transverse wave. For any given direction of
propagation in a medium, there are three orthogonal acoustic normal modes of polarization: one
longitudinal or quasi-longitudinal mode, and two transverse or quasi-transverse modes.
The mechanical strains associated with deformation are described by a symmetric strain

tensor, S ¼ Sij
� 	

, defined by

Sij ¼ 1
2

∂ui
∂xj

þ ∂uj
∂xi

� �
, (2.81)

where the indices i, j ¼ x, y, z. The three tensor elements Sxx, Syy, and Szz are tensile strains,
while the other elements Syz ¼ Szy, Szx ¼ Sxz, and Sxy ¼ Syx are shear strains. In addition, there
is an antisymmetric rotation tensor, R ¼ Rij

� 	
, defined by

Rij ¼ 1
2

∂ui
∂xj

� ∂uj
∂xi

� �
: (2.82)

Clearly, Rxx ¼ Ryy ¼ Rzz ¼ 0, while Ryz ¼ �Rzy, Rzx ¼ �Rxz, and Rxy ¼ �Ryx. For elastic
deformation caused by an acoustic wave, all of the strain and rotation tensor elements are
space- and time-dependent quantities.
Mechanical strain in a medium causes changes in the optical property of the medium due to

the photoelastic effect. The basis of acousto-optic interaction is the dynamic photoelastic effect
in which the periodic time-dependent mechanical strain and rotation caused by an acoustic
wave induce periodic time-dependent variations in the optical properties of the medium. The
photoelastic effect is traditionally defined in terms of changes in the elements of the relative
impermeability tensor:

ηij S;Rð Þ ¼ ηij þ Δηij S;Rð Þ ¼ ηij þ
X

k, l
pijklSkl þ p0ijklRkl


 �
, (2.83)

where pijkl are dimensionless elasto-optic coefficients, also called strain-optic coefficients or
photoelastic coefficients, and p0ijkl are dimensionless rotation-optic coefficients. Both are fourth-
order tensors. Because ηij ¼ ηji and Skl ¼ Slk, the pijkl

� 	
tensor is symmetric in i and j and in k

and l. Because ηij ¼ ηji and Rkl ¼ �Rlk, the ½p0ijkl� tensor is symmetric in i and j but is
antisymmetric in k and l.
The photoelastic effect exists in all matter, including centrosymmetric crystals and isotropic

materials, because the pijkl
� 	

tensor never vanishes in any material though the ½p0ijkl� tensor
vanishes in isotropic materials and cubic crystals. Acousto-optic interactions are not precluded
by any symmetry property of a material. The tensor form of pijkl

� 	
for a crystal is determined by the

point group of the crystal. The ½p0ijkl� tensor elements of a crystal are determined by the birefrin-
gence of the crystal. If the indices i, j, k, are l referenced to the principal axes of a crystal, we have
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