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We present two simple soluble quantum optical models in which an atomic system is coupled to a
bath containing an infinite number of reservoir states. The total system is treated conservatively, but
the atomic subsystem of interest exhibits decay. The first system consists of a single two-level atom
coupled to an infinite number of modes of a one-dimensional cavity which are equally spaced in
frequency. The coupling results in spontaneous emission by an excited atom into the modes of the
cavity. The model also exhibits the subsequent re-excitation of the atom after the spontaneously
emitted radiation is reflected from the ends of the cavity. The second is a single two-level atom
coupled to a single mode of a damped optical cavity where the damping is provided by coupling to
quantized oscillators in the walls of the cavity. The damped cavity alters the spontaneous emission
rate from its free space value. The simplicity of both models makes them attractive as a method for
introducing quantum mechanical damping phenomena. © 1995 American Association of Physics

Teachers.

L. INTRODUCTION

Damping phenomena are ubiquitous in physics. Canonical
quantization procedures are, however, strictly applicable
only to conservative systems. The usual approach to quan-
tum mechanical damping involves the coupling of a system
of interest to a bath or reservoir consisting of a large number
of particles or modes of a field. The entire system consisting
of the subsystem of interest plus the bath is then treated
conservatively. In the limit of a large number of degrees of
freedom in the bath, the dynamical variables of the sub-
system of interest may then exhibit irreversible decay, or
damping. Such problems can often be simplified by remov-
ing uninteresting information about the reservoir states using
density matrix techniques. This approach has been used in
systems of varying levels of complexity.!”> In quantum op-
tics, spontaneous emission is perhaps the most fundamental
manifestation of damping. In this paper, we present two
simple soluble models of damped atomic excitation in which
the entire system can be treated using elementary quantum
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mechanics. Both models have been treated previously using
other techniques, but the simplicity of our methods should be
of interest to readers of this journal.

The first system we consider is the well-known Wigner—
Weisskopf model of spontaneous emission* in which an ex-
cited two-level atom is coupled to the empty modes of the
radiation field of a one-dimensional cavity, i.e., a cavity at
temperature 7=0. Using elementary techniques, we derive
exact expressions for the time evolution for all variables of
the system, including the decay of the atomic excitation. We
also note and interpret periodic revivals of the atomic exci-
tation. The price for the ease of derivation is that the formu-
las we arrive at are not as transparent as the usual expres-
sions describing such damping, although they are easy to
evaluate with the aid of a personal computer. Our result is an
extension of an often neglected portion of Wigner and Weis-
skopf’s original paper. This extension is now possible due to
the advent of computers. The second model we consider is a
single two-level atom coupled to a single mode of a damped
optical cavity. Using the same techniques that we develop in
solving the Wigner—Weisskopf model, we are able to relate
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