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The beginning of quantum nonlinear optics 

Quantum nonlinear optics as the theoretical 
basis of: 

1. Noise and coherence in parametric amplifiers 
and oscillators 

2. Prediction of spontaneous parametric 
fluorescence (observed by Harris, Oshman, Byer) 

3. Squeezing 

4. Entangled photons 
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Shawanga Lodge 
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The Maser*  

Introduce field-atom interaction Hamiltonian 
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Note product of operators ς this is key 

*Microwave Amplification by Stimulated Emission of Radiation 



8 

Conclusion 

The maser amplifier adds noise to the amplified 
optical signal 
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Degenerate (̟ p=2̟ ) parametric oscillator 
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Microwave parametrics 
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Nonlinear optics 
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The nonlinear current in the microwave circuit 
plays the same role as the nonlinear polarization  
in the optical case 
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Noise figure of the parametric amplifier 
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From Heffner: 

Is the parametric amplifier better than a maser? 



16 

Phys. Rev. 124:1646 (1961) 
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interaction
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The QUANTUM equations of motion for the  parametric amplifier are: 

along with their Hermitian adjoints.  The solutions to these equations are: 
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The elementary amplifying parametric 
transition 
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Noise 
ÅRate for generation of signal photons: 

 

 

ÅSignal photons are generated even if ns0 = 0 at a rate 
proportional to np(1)(1) 

ÅThis is Quantum Noise and is not predicted classically 

 

 

 
 

ÅThe parametric amplifier, like the laser amplifier, is 
quantum noise limited 1
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Unexpected bonus: 
Spontaneous parametric fluorescence 
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Spontaneous parametric fluorescence results in 
the emission of single pairs of correlated 
photons (signal and idler) which is the starting 
point for photon entanglement. 
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Spontaneous generation of quantum correlated 
single pairs of idler and signal photons 
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Squeezing 
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