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spontaneous emission 

returns after round trip 

Laser Dynamics 

Steady state operation is only one mode of operation 
- Relaxation oscillation effects 
- Gain switching 
- Q - switching 
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- total # of photons in cavity 

- population inversion 
 (total, not density)  

- photon lifetime in passive cavity 
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spontaneous emission (small) losses gain 
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At equilibrium (steady state): 
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At threshold ( ): 
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to 1st order only, small perturbations 
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To find solution for constant     (or for stepwise increase      ; r1=0) r 0r
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Solution: damped harmonic oscillator 
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Solution: damped harmonic oscillator 
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This resonant response (ringing) of the cavity limits the rate at which the system can 
respond to perturbations. Very important in diode lasers, for example. 
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Now treat the case of sinusoidal modulation of the pump 
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resonant response at   0 
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