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Constitutive relations for E-field: 
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Tensor notation for the third-order susceptibility  

Tensor notation for      :  
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Note that we normally omit summation notation. 
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Tensor nature of the third-order susceptibility  

For isotropic media: 
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 21 nonzero elements 

In addition: 
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Proof 

Rotation invariant: 
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Four-wave mixing (FWM) 

Consider four optical waves oscillating at                       : 
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Induced nonlinear polarisation: 
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Easy for 

phase-matching 
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Phase-matching condition 
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For energy conservation: 

For momentum conservation: 
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Is this it? 
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Recall: 

Source: Nonlinear Fiber Optics, G. P. Agrawal 



Coupled wave equations 
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Effective phase-matching condition: 

210 PPP where 
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Fibre Parameters  
Structure: 7-point core defect, 7½  ring structure. 

Hole-to-hole spacing: 3.6 m 

Hole diameter relative size (d/): 0.95 

Air filling factor: ~87% 

Core diameter: 11.6 m.  

Fundamental bandgap: 1570 nm. 

Higher order: 458, 505, 560 nm 

(Fabricated from the resources 

outside the project) 

Secondary cores: 

430 nm in diameter 

Secondary cores to be investigated for four-wave mixing! 

Four-wave mixing in fibre 
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Diffracted output image 
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RGB by four-wave mixing in fibre 
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Phase conjugation 

Complex conjugation of an input field via FWM 

Source: Optical Waves in Crystals, A. Yariv and P. Yeh 
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Self-phase modulation (SPM)? 

For Gaussian pulses: 

SPM or XPM? 
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Source: Nonlinear Fiber Optics, G. P. Agrawal 


