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Nonlinear polarisation 

 Constitutive relations 

  

Origin of nonlinear response 

 Related to anharmonic motion of bound electrons under the influence 
of an applied field. 

 

 

 Note: c(2) is non-zero only for media that lack an inversion symmetry 
(centrosymmetry). 
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Acousto-optic effect 

The interaction of optical waves with the acoustic wave in materials, 

i.e.  .
sound

Strainn 

Léon Nicolas Brillouin (1889 -1969) 

Predicted by Brillouin in 1922: 

 

 

Experimentally verified by Debye and Sears & 

Lucas and Biguard in 1932. 
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Traveling sound waves 

The traveling sound wave leads to compression and rarefaction 

of the medium:  .
Sound

Sn 

).sin( KztSn 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 
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Interaction of optical waves with sound  
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The momentum and energy must be conserved: 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 
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Bragg diffraction in an anisotropic medium 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 
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Two common interaction configurations 

Small-Bragg-angle diffraction 

Large-Bragg-angle diffraction 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 
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Properties of acousto-optic media 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 
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Raman-Nath diffraction 

Wave vector diagrams for multiple scattering: 

Multiple scatterings are allowed if the acoustic wave vector has 

an angular distribution. 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 



Acousto-optic devices 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 



Acousto-optic Q-switch 

Source: Quantronix-Technical Manual, Model 416 Lasers, Quantronix Co. 



Various acousto-optic devices 

Q-switch Modulator/Frequency shifter Deflector 

Fibre-coupled device 

Source: Gooch & Housego 
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