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Rapidly growing demand of high-power laser applications 
has stimulated extensive investigation of flowing molecular 
gas lasers. In this frame, mode control of resonators filled 
with a flowing medium has attracted a great deal of numerical 
modeling and analysis.1-2 These approaches neglect the effect 
of motion on the field distribution. Motion only enters the 
problem by modifying the form of the rate equations ruling 
the device kinetics. Although one can expect the quantitative 
changes introduced by the motion on the mode patterns to be 
negligible on a practical ground, the discussion of an exact 
solution, besides being interesting per se, can provide a direct 
evidence for the above-mentioned approximation. 

To work out an exactly solvable case, we assume a nondis-
persive medium moving uniformly and steadily along a z di
rection perpendicular to the optical axis of a resonator made 
of two or more highly reflecting mirrors, in a stable or unstable 
configuration. In addition, we assume that the medium fills 
the resonator completely while maintaining a uniform velocity 
profile, in spite of possible departures from a cylindrical ge
ometry. We have to find solutions of Maxwell's equations, 
supplemented by the appropriate constitutive relations, sat
isfying metallic boundary conditions. 

Nonstatic fields, in the absence of charges and currents, are 
described by two Maxwell equations: 

together with the transverse boundary condition: 

n(r) being a unit vector normal to the mirror surfaces and the 
Minkowski constitutive relations for an uniformly moving 
dielectric3 

Here A is the dyadic 

where I is the unit dyadic, V = (v/u)(v/u), with v indicating the 
medium velocity, 

and 

If we now transform the space coordinates and the field 
vectors according to the relations 

where T is the linear operator exp(bz' ∂/∂t), one easily ob
tains4 

with 

and the boundary condition 

n ' being an unit vector normal to the mirror surfaces trans
formed in accordance with Eq. (9). Equations (12)—(16) are 
completely equivalent to those for the medium at rest, once 
the dielectric and magnetic susceptibilities are multiplied by 
the factor α, and the geometry of the resonator is scaled by a 
factor α1/2 in the directions normal to the flow velocity. Ac
cordingly, the effects of motion can be fully analyzed by re
ferring to an equivalent resonator filled with a medium at 
rest. 

As a simple application, the longitudinal frequencies of a 
plane-mirror resonator vm = mc/(2nL), with n = c(εµ)1/2 and 
m an integer, are modified into vm' = vm /αl/2. 

For small values of β (in practice u does not exceed sonic 
velocities), α differs from unity by the quantity (n2 – 1)β2, so 
the geometry of the equivalent cavity does not noticeably 
differ from the original one. Therefore, the motion does not 
practically affect the mode patterns but for the presence of 
the factor T = exp (2πiv'mbz), strictly related to the well-known 
Fizeau drag effect. 
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