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If the the light (Electric field in the plane wave form) can pass through the solid with has
a complex optical index n + iκ and propagate in the z-direction

E = E0e
i(kz−ωt) = E0e

−κωz/cei(nωz/c−ωt) (1)

Here k = 2π/λ = (n + iκ)ω/c, ω is the angular frequency, c is the speed of light.
In the solid the refractive idex can be described as
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Here x, y, z is the high symmetery direction in the solid. In the fused silica (glass) the solid
is isotropic then nx = ny = nz.

The dielectric constants (then refractive index) are function not only of applied electric
field and of stress of the crystal. In the case of electric field we may write

n = n0 + aE0 + bE2
0 + ... (3)

Now suppose the crystal has a center of symmetry. If we reverse the elecric field

n = n0 − aE0 + bE2
0 + ... (4)

The regractive index should be the same, then a = 0.
If a uniaxial stress σ is applied to the crystal axis y, the refractive index in the y-direction

becomes
n = n0 + aE0 + a′σ + bE2

0 + b′σ2 + b′′E0σ + .... (5)

Even in the centrosymmetric media the change of sign of σ, i.e. tension and compression,
induces the change n. This is why even an isotropic material like glass shows a first-order
photoelastic effect, but cannot show a first-order electro-optical effect.

If the input light to the elastic modulator is linear-polarized α degree to x-axis and the
light is propagates in z-direction.

Ein(z = 0) = E0(cosαi + sin αj)e−iωt (6)
i = (1, 0, 0), j = (0, 1, 0)

I in(z = 0) = Ein∗(z = 0) ·Ein(z = 0)
= E2

0(cos2 α + sin2 α) = E2
0 (7)
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If the photoelastic modulater (PEM) is located between z = 0 and z = d and the light
absortption in the PEM is negligible, the electric field at z = d is given by

Eout(z = d) = E0(cos αi + sin αjeia′σωd/c)ei(nωd/c−ωt)

= E0(cos αi + sin αjeiδ)ei(nωd/c−ωt) (8)
Iout(z = d) = Eout(z = d)∗Eout(z = d) = E2

0(cos2 α + sin2 α) = E2
0 (9)

where the phase shift is defined as δ = a′σωd/c. The output polarization is shown in the
following figure. In the photoelastic modulator AC-voltage is applied to piezo-oscillator is

Figure 1: The output of the electric field by photoelastic modulator. x = sin θ, y = sin(θ + δ)
for 0 ≤ θ ≤ 2π

used,
σ = Vpiezoe

−iγt (10)

Then the phase shift is given by

δ(t) = a′σωd/c = a′Vpiezoe
−iγtωd/c = AVpiezoe

−iγt/λ (11)

For the ellipsometer the p-wave is i-direction and s−wave is j-direction. For the PM-FTIR
the p-wave is [i + j]-direction and s−wave is [−i + j]-direction. If we can decpompose the Eout

to p−wave and s−wave in the case of PM-FTIR.

Eout
p = E0(cosαi + sin αjeiδ) · i + j√
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2
=

E0√
2
(− cosα + sin αeiδ) (14)
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(1− sin(2α) cos δ) (15)
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