
 

Lecture3 Wave equation description of NO

Learning objectives

l The wave eq.fr nonlinear media

2 Coupled amplitude equations CAE

3 phase matching.and coherent length
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The new frey.components of the polarization act as

Sourasrgf new frequency components of the E M field

Next h.no are the EM field at other
frequencies generated why it is not

that straightforward
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In real materials there are N dipoles each is oscillating
with a phase that is determined by the phasesof incident

fields
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The wave emitted by thedipole array can either

constructively interfere or destructively mute
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The system can act as a fuse array ofdipoles
when Iffmatcnnhg Itis can be satisfied

In this case E ⼆ No Edipole P ⼆ No

Pdipok.l.Thewaeequationfrnonlinen
armedia

M.aewell equations
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use the identity x Dx Ě ⼝ ⼝ Éii Ě we get
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the dielectric content

Plug in0 we get
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Cǒtno is the genenicuaeequatim.net

The nonlinear response of the medium T acts as

a source term When P Mio the equation becomes

the regular wave equation for linear optics The solution

is free waves propagating at a velocity YE

tr different frequency components
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proof P 3 Boyd
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nonlinear processes

Anexample FG in X media
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slwee.ptthe solution of the generic waveeq to

be in the form
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tehraniwave
I slowly varying dong z

To get this the nonlinear sane is in the form

I ⽩⼼ Be 华

B 4Eoddti.EE last lecture
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Generic wave equation
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Plug0 20 into so we get
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Use the slowly varying amplitude approx
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we get a ka.wave vector

1 馶 ir 蕊点
Ǖpitude equation

As depends on A and Az

Note A.and Az are not constants.they also varyalong
So we have a set of coupledamplitude equations
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3 phase matching
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〇等 when ok_ phasematching is satisfied generated as
maintains a fixedphaserelation with the Pm and is

able to extract energymost elticien.lyfrom the
incident

waves

Microscopicpicture when ok_ fieldemittedby
eachdipolesadd coherently in the forward direction

when ok to
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miil.in there is no phasemating
issue albeit with much lower conversion efficiency

g 2D materials Mie resonators

i_iat

nmcclcoh.fiele.tnresonator
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