
 

Lecture I Nonlinearoptical processes

Learning objectives

1 Review of linear optics
2 Origin of optical nonlinearity

3 Second order nonlinear processes

4 Third order nonlinear processes

5 NL0 Zoology
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Consider light incident on a material dielectric metal
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Physical meaning f n
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No frequency
conversion

氐吴 ⼀譽 ni is a good approximation since

in most cases the E field of light is much

weaker than the field inside the atom

smoke
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Consider EM wave incident on a hydrogen atom

Hydrogen atom
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Forces applied to the electron
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Assuming a beam radiusof 1mm
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Intensity 器2
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2 Originofopticalnonlinearig
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ear optics Pt toX En at low E field
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when Ect is sufficientlyhigh X x

cannotben.plonly occurs in non_centrosymmetric materials no inanion
symmetry

y can occur in all materials
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In this case
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How large are the 如 and X susceptibility
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20 Sum and Difference.frequency Generation
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Comments

Although inprinciple fourdifferent nonzero frey components
are present in the nonlinearpolarization typicallyonly one nonlinear

process can occurefficiently.This is due to the constrains from

phasematching momentumconservation



Sam_Frequency generation
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Application generation of wavelength tunable

shorter wavelength light

Di fence frequency generation
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Three level system in lasers
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Physicalmeaning

the atom absorbs a photon of frequency wi
and jumps to the highest virtual Level

the day will be stimulated by the input at 以
Even without the input at u this down_conversion



process can also happen known as spontaneous

parametricdown conversion spm or parametric
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Optical parametric oscillator cop
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Application optical modulators
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Consider the simplest input
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ptd out.sut process
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