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The author proposes that not only can the laser linewidth [1] be derived in a semi-classical approach, but, 

moreover, the quantum-mechanical treatment provides an incorrect explanation. 

In his centennial paper [2], Einstein exploited a semi-classical rate-equation approach including the rates of 

stimulated and spontaneous emission and absorption to derive Planck’s law of blackbody radiation [3], thereby 

predicting the existence of stimulated emission. However, Einstein did not specify the phase difference between 

the incident and emitted electromagnetic field. The usual approach proposes that stimulated emission and 

absorption occur in phase and out of phase with their driving field, respectively, whereas spontaneous emission 

occurs under an arbitrary phase difference with respect to an existing field. It has served as a basis for explaining 

quantum-mechanically the laser linewidth [4,5], its narrowing by a factor of two around the laser threshold [4-6], 

as well as its broadening due to amplitude-phase coupling, resulting in Henry’s -factor [7]. Assuming the validity 

of Maxwell’s equations, all three processes would, thus, violate the law of energy conservation. 

Semi-classically, i) Maxwell’s equations, ii) energy conservation in a Fabry-Pérot resonator, iii) the Lorentz 

oscillator model [8,9], iv) the Kramers-Kronig relations applied to the complex susceptibility, v) the amplitude-

phase diagram, and vi) simply adding up sine waves in a quantized electric-wave picture predict that stimulated 

and spontaneous emission occur under a 90 phase difference with the incident field [10], in agreement with recent 

experimental investigations regarding the interaction of attosecond pulses with an atom [11], as also found in other 

resonant photonic system, such as plasmonic nanostructures [12] and parametric amplification and oscillation [13]. 

Particularly, spontaneous emission does not induce amplitude and phase fluctuations, of which the latter would 

constitute the quantum noise that determines the fundamental laser linewidth, whereas the former would be 

damped out in a laser. Consequently, neither the experimentally observed reduction of laser linewidth by a factor 

of two [14] nor Henry’s -factor result from the damping of amplitude fluctuations. 

The finite linewidth of a continuous-wave laser can be explained semi-classically in three simple equations. 

Since the spontaneous-emission rate is positive, the stimulated-emission rate must be smaller than the photon-

decay rate, i.e., the gain is smaller than the losses. Consequently, photons inside the resonator decay out of the 

resonator. Fourier transformation of this exponential decay in time space provides the laser linewidth in frequency 

space. When applying the approximations made by Gordon, Zeiger, and Townes [15] and Schawlow and Townes 

[1], we derive exactly the Schawlow-Townes linewidth [16]. The reduction of laser linewidth by a factor of two 

is related to spontaneous emission in a very different manner [17]. 
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