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Abstract.
We show that the harmonic oscillator linearly coupled with a heat
bath has a serious defect, even in the case of conserving the rotating terms in the
interaction Hamiltonian, i.e. without the rotating wave approximation.

1.

Introduction
The most used model in quantum optics employed to investigate the transition
from the quantum world to the classical regime is the harmonic oscillator linearly
coupled with a reservoir, the latter being modelled as an inﬁnity number of the
harmonic oscillator [1]. From this model was deduced a master equation which
produced the evolution of the single harmonic oscillator [1]. Traditionally this
master equation is obtained by tracing over the reservoir, i.e. it focuses on the
single harmonic oscillator. The solution to this master equation shows that a
coherent state evolves towards a thermal state [2, 3]. A few years ago, Ford and
O’Connell showed that the Hamiltonian used to model this system, and used to
obtain the master equation, has a serious defect in that it lacks a lower bound
energy [4]. The rotating wave approximation is made in this Hamiltonian.
However, in this contribution, we show that even with the counter-rotating
terms this Hamiltonian has the same defect. For a complete treatment of this
problem see [5].

2.

The Hamiltonian without the rotating wave approximation
In the absence of the rotating wave approximation (RWA), the Hamiltonian
describing the harmonic oscillator and reservoir systems reads as [1]
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where a^ y and a^ are the creation and annihilation operators for the ﬁeld mode,
y
respectively, obeying ½^a; a^ y  ¼ 1, and b^ j and b^ j are the creation and annihilation
operators of the jth oscillator of the reservoir having frequency !j and obeying the
commutation relation ½b^ j ; b^ yk  ¼ jk , !0 is the frequency of the single mode and j is
the coupling constant ﬁeld reservoir. In order to survey the lower bound energy in
the Hamiltonian equation (1), we assume an initial normalized state consisting of a
product of coherent sates of the form
Y 
ji ¼ ji j :
ð2Þ
j

^ ji in equation (6), and
Taking the expectation value of the Hamiltonian hjH
if we take j as j ¼ j ð þ  Þ=!j (see [5]), the minimun of the expectation value
of the Hamiltonian is given by
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In conclusion, from equation (3) we can deduce that the Hamiltonian
equation (1) does not have a lower bound [5].
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