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Abstract

In this chapter we treat the classical theory of damped harmonic oscillator,
and study mathematical structure of the model, and construct general solution
with any initial condition, and give a quantum counterpart in the case of taking
coherent state as an initial condition.

The nonlinear equation of dissipative quantum mechanics is considered in
the relaxation-time approximation. It is shown that the steady current-free state
does not change when dissipation is taken into account; in particular, there is no
ground-state damping, and the zero energy is conserved. A solution is obtained
to the problem of the excitation of a harmonic oscillator, serving as a model of
single-mode radiation in an open resonator; the solution obtained describes the
evolution of the oscillator from an arbitrary steady state under the action of a
constraining force. Transition probabilities between the oscillator steady states
are calculated. The results are found to be in agreement with the classical theory
of damping oscillations.

1.Introduction
Quantum Mechanics with Dissipation plays a crucial role to understand real

world. It is not easy to master the theory for undergraduates. The microscopic
analysis is extremely complex, there have been continuing attempts to take into
account at least some aspects of dissipative processes by introducing macroscopic
quantities that characterize the interaction of this dynamic subsystem with its en-
vironment.

The quantum damped harmonic oscillator is just such a one because under-
graduates must use (master) many fundamental techniques in Quantum Mechanics
and Mathematics. That is, harmonic oscillator, density operator, coherent state,
squeezed state, Lie algebra, representation theory, etc.

Dissipative quantum mechanics consists in the modification of the operator equa-
tions of motion by analogy with the equation of classical mechanics containing dis-
sipative forces [1 - 4].

Its basic deficiency is that the commutators of the canonically conjugate coordi-
nates and this can only be eliminated by taking into account fluctuations from the
very beginning [5- 8].

Possible approach is to refer the dissipative equations to the quantum-mechanical
mean [9].

The contents of this chapter are based on our two papers [3] and [6].

2. First we review the solution of classical damped harmonic oscillator, which is
important to understand the text. For this topic see any textbook of Mathematical
Physics. The differential equation is given by
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x + ω2x = 0 (γ > 0) (2.1)




