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Material  Polarization 

Material Magnetization 

For Isotropic, Homogeneous, Linear, and Causal media: 

Ge  and Gm  represent the material «memory»  to  
previous times of electromagnetic field 

Fourier Transform: 

χe = electric susceptibility 
χm = magnetic susceptibility 

Constitutive Relations 
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Therefore: 

Constitutive Relations 
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For Anisotropic Media: 

tensors 

Permittivity Matrix is symmetric  εij = εji  (i,j = x, y, z) 

(a)  If εxx ≠ εyy ≠ εzz ≠ εxx  (biaxial medium) 
        (two optic axes) 
(b)  If εxx = εyy ≠ εzz (uniaxial medium) 
        (one optic axis) 
(c)  If εxx = εyy = εzz (isotropic medium) 

Constitutive  Relations for Anisotropic Media 
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Example:  Isotropic, Hmogeneous Medium with Nonlinearity (Pockels effect) 

Constitutive Relations for Nonlinear Media 
 
 

tensors of order m+1 
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https://encrypted-
tbn0.gstatic.com/images?q=tbn%3AANd9GcTffV_gO0
qOYUmFR2xVStdKjY9mmXhiK3xKFVmqPb0Apn7dLA7n 

https://www.thorlabs.com/images/tabimages/LiNbO3_Modulator_CrossSectionX_D1-780.gif 

Electro-Optic Modulator 
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Index  Ellipsoid 
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Index  Ellipsoid 

Index Ellipsoid In Principal Axes System  
(before applying electric field) 

Index Ellipsoid In Principal Axes System  
(after applying electric field) 

Linear Electro-optic Effect (Pockels Effect) 

Quadratic  Electro-optic Effect (Kerr Effect) 

Impermeability Matrix 



Prof. Elias N. Glytsis, School of ECE, NTUA 9 

Linear Electro-Optic Effect (Pockels Effect) 

Convention 

Matrix Form 
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Quadratic Electro-Optic Effect (Kerr Effect) 

Convention 

Matrix Form 
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Crystal  Classes 

https://opengeology.org/Mineralogy/10-crystal-morphology-and-symmetry/ 

crystal system possible 
first symbol 

possible 
second symbol 

possible 
third symbol 

example of a point 
group 

cubic 
hexagonal 
trigonal 
tetragonal 
orthorhombic 
monoclinic 
triclinic 

4, 4/m, 4, 2, 2/m 
6, 6/m, 6 
3, 3 
4, 4/m, 4 
2, m,2/m 
2, 2/m, m 
1, 1 

3, 3 
2, 2/m, m 
2, 2/m, m 
2, 2/m, m 
2, 2/m, m 
blank 
blank 

2, 2/m, m 
2, 2/m, m 
2, 2/m, m 
2, 2/m, m 
2, 2/m 
blank 

blank 

 43m 
6/m

2/m
2/m 

32 
422 
mm2 
2/m 
1 
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Crystal  Classes 
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Linear Electro-Optic Effect (Pockels Effect) 

Centrosymmetric Triclinic Monoclinic 

A. Yariv and P. Yeh, “Optical Waves in Crystals”, Wiliey & Sons, 2007 (Table 7.2) 
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Linear Electro-Optic Effect (Pockels Effect) 

A. Yariv and P. Yeh, “Optical Waves in Crystals”, Wiliey & Sons, 2007 (Table 7.2) 

Orthorombic Tetragonal 
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Linear Electro-Optic Effect (Pockels Effect) 

Trigonal Hexagonal 

Cubic 

A. Yariv and P. Yeh, “Optical Waves in Crystals”, Wiliey & Sons, 2007 (Table 7.2) 
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Quadratic Electro-Optic Effect (Kerr Effect) 

Triclinic Monoclinic Orthorombic 

Tetragonal Trigonal Hexagonal 
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Cubic 

Quadratic Electro-Optic Effect (Kerr Effect) 

Isotropic 
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Example:  Linear Electro-Optic Effect (Pockels Effect) 

KDP crystal is uniaxial 

Index  Ellipsoid 
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Example:  Linear Electro-Optic Effect (Pockels Effect) 
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Example:  Linear Electro-Optic Effect (Pockels Effect) 

Coordinate System Transformation 

Impermeability  Matrix  Transformation 

 For  θ = π/4 
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Example:  Linear Electro-Optic Effect (Pockels Effect) 

New Principal  Indices 

Input/Output  Fields 

Acquired Phase Shift 



Basic Acousto-Optic Transducer 

S. O. Kasap,  “Optoelectronics & Photonics” 2nd Ed.,  Pearson  2013, (Instructor’s Powerpoint Slides) 
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Basic Acousto-Optic Transducer 
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Basic Acousto-Optic Transducer 
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Particle Picture of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Analysis of Bragg Diffraction of Light by Sound 
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Deflection of Light by Sound 
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Deflection of Light by Sound 
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Deflection of Light by Sound 
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Deflection of Light by Sound 
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Deflection of Light by Sound 
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