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By understanding the Fabry-Perot resonator, one 
can better understand the laser that oscillates 

in such a resonator. Recently, we clarified various 
aspects of the Fabry-Perot resonator, namely the 
existence of two counter-propagating modes at each 
resonance frequency and polarization, the relation 
between mode profiles and airy distributions, the 
Lorentzian and Airy linewidths and finesses, and 
the spectral response under frequency-dependent 
mirror reflectivities and under intrinsic gain or loss. 
Based on the assumption that stimulated emission 
occurs in phase with the incident field, whereas 
spontaneous emission occurs under an arbitrary 
phase difference with respect to an incident field, 
Lax and Haken derived quantum-mechanically the 
Schawlow-Townes laser linewidth and predicted 
its narrowing by a factor of two around the laser 
threshold, and Henry predicted its re-broadening 
due to amplitude-phase coupling, resulting in the 
α-factor. However, Maxwell’s equations suggest 
that both stimulated and spontaneous emission 
would violate the law of energy conservation. We 
have shown that the phase of the emitted field is 
90° in lead of the incident field. When combining 
Weisskopf’s idea that vacuum fluctuations trigger 

spontaneous emission with Einstein’s semi-
classical rate-equation approach to Planck’s law 
of blackbody radiation, a direct consequence is 
that an optical mode contains a vacuum energy 
of hν. This result contradicts with Heisenberg’s 
proof that a quantum-harmonic oscillator contains 
a zero-point energy of ½ hν. We show that this 
factor-of-two difference and the factor-of-two 
narrowing of the laser linewidth have the same 
origin. Finally, we derive straight-forwardly the 
general laser linewidth and the Schawlow-Townes 
approximation in a semi-classical manner. 
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