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4.6 Manley-Rowe relations
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4.7 Sum-frequency generation (SFG)

4



5



6



7



4.8 Difference-frequency generation (DFG)
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E* in contrast to SFG
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4.9 Optical parametric amplification (OPA)
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symmetric 
in 1 and 2
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g becomes 
imaginary:
sinh ® sin

sinh2=cosh2-1
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gain bandwidth increases 
with stronger pumping

noncollinear type-I OPAs
feature ultrabroad 
bandwidth for few-optical-
cycle pulse generation
(® later lecture)



4.10 Optical parametric oscillation (OPO)
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