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Abstract

‘The method is outlined, graphical results are presented, and newly-
discovered branches of zero-intensity solutions are also discussed.

1 Introduction

This report summarizes several new results for a semiclassical model of the
detuned ring laser with an intracavity saturable absorber (DRLSA) in the
uniform field approximation. These are: (i) formulation of a set of ordinary
differential equations for the detuned case, by means of the uniform field
approximation; (%) an explicit solution for the steady states of these in the
case of non-zero intensity via the roots of polynomials up to quartics; (44)
a separate formulation of the steady states for the case of zero intensity,
leading to the discovery of new branches of zero-intensity solutions even in
the tuned case; and (iv) selected numerical solutions for the stability of the
steady state solutions, showing the effects of cavity detuning. A complete
and detailed presentation of this work is being prepared for publication
elsewhere.

2 Discussion

The model is based on the Maxwell-Bloch equations for a homogeneously
broadened DRLSA in which the media consist of two-level atoms. The
results for non-zero intensity illustrated here were obtained by transforming
the Maxwell-Bloch equations into a purely real set of partial differential
equations and applying the uniform-field approximation to obtain a set of
ordinary differential equations which hold for the detuned case. It has been
possible to solve for the steady states of these; in the fully tuned case, one has
quadratic equations, and in the detuned case, a quartic in one of the state
variables. Such a solution is, in principle, explicit, and allows very rapid
and precise computation of the steady states. The differential equations
also provide a convenient foundation for a linear stability analysis of the
steady states, some of the results of which are illustrated here. The effect
of even a small detuning on the solutions is evident.

A previous approach to this problem by the author and coworkers [1]
utilized a dispersion curve—mode-line approach due to Casperson and Yariv
to obtain numerical solutions for the steady states. That method can also
be applied in the case of the zero-intensity steady state solutions, since the
dispersion curve still exists in this case, and depends upon the excitation of
the medinm. Such a method yields the previously known solution at zero
frequency and zero intensity for the tuned case, but also yields two additional
branches, which bifurcate to form the known solutions at non-zero intensity.
Previously, these had been thought to appear with increasing excitation
disconnected from other branches of solutions [2]. The method also allows
one to find the corresponding branches in the detuned case. Finally, a
stability analysis based on the corresponding differential equations can be
made, showing the changes of stability at the various bifurcation points lying
along the branches.
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