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Nonlinear optics

Period doubling crystals

no inversion symmetry
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806 nm light : lithium iodate (LiIO3)
860 nm light : potassium niobate (KNbO3)
980 nm light : KNbO3
1064 nm light : monopotassium phosphate (KH2PO4, KDP), lithium triborate (LBO).
1300 nm light : gallium selenide (GaSe)
1319 nm light : KNbO3, BBO, KDP, lithium niobate (LiNbO3), LiIO3
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Birefringence (Doppelbrechung)

http://en.wikipedia.org/wiki/Birefringent

Two indices of refraction
Calcite
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Birefringence

http://en.wikipedia.org/wiki/Crystal_optics



Birefringence

Calcite



Rhombohedral = Trigonal



Optical effects 

spontaneous 
polarization Ek DC

Pockels effect
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Ek,El DC
Kerr effect
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Hk DC
Faraday effect

Hk,Hl DC
Cotton–Mouton effect





Electrostriction 

piezoelectricity Electrostriction

2
ijk

ijk
ij k k ij

P G d
E E


 
  

        



Rank 4 Tensors

Stiffness tensor
Compliance tensor
Piezoconductivity
Electrostriction
Magnetostriction
How the Seebeck effect depends on stress
How the electric susceptibility depends on stress
How the magnetic susceptibility depends on stress
Nonlinear electric susceptibility
Nonlinear magnetic susceptibility



Symmetric and asymmetric tensors
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Symmetric
electric susceptibility
magnetic susceptibility
electrical conductivity
thermal conductivity
stiffness tensor

Asymmetric
Seebeck effect 
Peltier effect
piezoconductivity



Anharmonic terms

Thermal expansion
Thermal conductivity limited by Umklapp scattering
High temperature limit of specific heat does not approach the
Dulong-Petit law
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kuExpand the energy in terms of the normal modes of the linearized problem 



Nonlinear effects

Thermal expansion
Thermal conductivity limited by Umklapp scattering 
High temperature limit of specific heat does not approach the
Dulong-Petit law



Phase transitions



Structural phase transitions

Some materials make a transition from one crystal structure to another.

Two allotropes of tin: gray tin (-Sn) is stable at temperatures 
below 13.2°C and white tin (-Sn) is stable above.

The phase with the lowest free energy prevails. (White tin 
can be stabilized below 13.2 C by adding impurities.)
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Structural phase transition in Sn

semiconductor
diamond crystal 
structure

metal
tetragonal 
crystal structure



metal  Sn

semiconductor: electrons make a 
negligible contribution to the entropy
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 Sn

Structural phase transition in Sn



metal  Sn = A5

Structural phase transition in Sn

http://lampx.tugraz.at/~hadley/ss1/materials/sgte/SGTE.html


