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Nonlinear polarisation

(] Constitutive relations
D=eE=cE+P,
P=¢,yE
d Origin of nonlinear response
Related to anharmonic motion of bound electrons under the influence
of an applied field.
P=g,yE=¢,(y"E+ yPEE + yPEEE+--)

Note: ¥ is non-zero only for media that lack an inversion symmetry
(centrosymmetry).



Linear electro-optic effect

Also called Pockels effect: Refractive index change linearly proportional
to the external electric field, i.e. An<E,,.

Recall P=e,/E =c,(7"E + Z“”Eggj...)

For An=CE,, C,~10"m/\V
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Quadratic electro-optic effect

Also called Kerr effect: Refractive index change quadratically proportional
to the external electric field, i.e. An o« E?

ext

Recall P=e,zE=c,(7"E+ Z\(&E\Ef”')

For An=C_.E’ C, ~10" m?/V®
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Kerr constant: An=KAIE?

e.g. K=5.1x10%* m/V? for water

. L 1
Intensity dependent refractive index: an=n,l, where |=§gocn|E|2

e.g. n, ~3x102° m?/W for silica glass



Electro-optic amplitude modulator
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Electro-optic phase modulator
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Electro-optic modulator (Fabry-Perot filter)
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Electro-optic beam deflector
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Electro-optic Q-switch
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Electro-optic property of liquid crystal

O Liquid crystals
- Liquid crystal phases: smectic, nematic, and cholesteric
- Nematic LC: uniaxial dipole moment
= dynamic director alignment along the applied electric field
- Switching time: ~msec

0 Twisted nematic LC in liquid crystal displays (LCD’s)



Nonlinear response of fiber gratings

B Nonlinear Coupled-Mode Theory
V-(E'xH_ +E xH)=—iwE_ -(Ae +Agy )E', (p=12,..)

2 |1 (g=5),
s| +%(q,s) = |

B Efficiency of All-Optical Switching in Fiber Gratings

e

3 2
A‘E‘NL(q) =&, ZZ(3) (r’¢1 Z) ) Za(q,s)‘Es (t’ Z)‘
S

- Conditions for high efficiency:
Large nonlinear spectral shift & Rapid spectral modulation band

- Nonlinear spectral shift: A4s _ Mot lert

A AN g

FBG: Steep spectral modulation slope but small spectral shift

LPFG: Large spectral shift but slow spectral modulation slope
— Cascaded LPFG's



