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The third order polarization will have 22 components which their 

frequency dependent are:

Third Order Effects
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Note: There are 6×6×6 = 216 terms, can be 

sorted to 22 frequencies. 
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Third order polarizations (General)
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Two possible mixing processes that can occur

when 3 input waves interact in (3) medium
5



6



f

7



8



ff

9



Third Harmonic Generation (THG)

(Frequency Tripling)

Frequency tripling is a process of NL frequency conversion 
where the resulting optical frequency is three times that of 
the input laser beam. 

This can be achieved with χ(3) nonlinearity for direct THG, 
but this is difficult due to the small χ(3) nonlinearity of 
optical media and phase-matching constraints.

Thus, frequency tripling is usually realized as a cascaded 
process, beginning with frequency doubling of the input 
beam and subsequent sum frequency generation of both 
waves, with both processes being based on nonlinear 
crystal materials with χ(2) nonlinearity. 10



If the medium possesses cubic nonlinearity, 

under the action of 2 monochromatic waves 

w1 and w2 the polarization P (3) would contain 
the components with frequencies:
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Typical configuration for frequency tripling

An infrared input beam at 1064 nm generates a green 532 nm wave, and 

these two mix in a second crystal to obtain 355 nm light. 
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Kerr Effect

 Strong applied electric field can induce birefringence in 
materials which are isotropic without the field. The 
refractive index becomes a function of light intensity
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The Kerr effect:
The polarization rotation is proportional to the Kerr 

constant K and E 2

where Dn is the induced 

birefringence, 

E is the electric field 

strength, K is the Kerr 

constant of the material.

The AC Kerr Effect creates birefringence using intense fields of a 

light wave. Usually very high irradiances from ultra-short laser 

pulses are required to create quarter-wave rotations.
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Intensity Dependent Refractive Index 

 The incident optical field

 Third order nonlinear polarization
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The total polarization can be written as

One can define an effective susceptibility 
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The refractive index can be defined as
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By definition 
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Self Focusing 

Self focusing of light is the process in which 

an intense beam of light modifies the optical 

properties of a material medium in such a 

manner that the beam is caused to come to a 

focus within the material.
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Self Focusing 

It is a NL optical process induced by the change 

in refractive index of materials exposed to 

intense light. A medium whose refractive index 

increases with the electric field intensity acts as 

a focusing lens for an EM wave characterized 

by an initial transverse intensity gradient (as in a 

laser beam).
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Due to a Kerr lens, an intense optical pulse propagating 

in a nonlinear medium can experience self-focusing: the 

beam diameter is decreased.

The mechanism is based on a Kerr nonlinearity with 

positive χ(3). The higher optical intensities on the 

beam axis, as compared with the wings of the 

spatial intensity distribution, cause an effectively 

increased refractive index for the inner part of the 

beam. This modified refractive index distribution 

then acts like a focusing lens.

A related effect, occurring in the case of a negative χ(3)

nonlinearity, is self-defocusing.

Self Focusing and Self Defocusing 
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The laser beam has 

Gaussian intensity 

profile. It can induce a 

Gaussian refractive index 

profile inside the NLO 

sample.  
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Self Focusing 

28



.

29



.

30



31



32



33



34



.

.

.

35



.

.

.

.

36


