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Problem Set #21

Using the Schrodinger equation obeyed by the density matrix for the damped simple
harmonic oscillator:

p = —iwh[a'a, p] —1—% [QapaT —alap — paTa} +m [apaT +a'pa —a'ap — paaT] , (1)

show that the usual Boltzmann distribution:
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is a time-independent solution provided (3 is chosen so that Tr {aTap} =T.

Again consider the simple harmonic oscillator introduced in problem 76.

(a) If at t = 0 the density matrix is diagonal in the basis of energy eigenstates:
o= pa(O)ln) (1] 2)

show that it will remain diagonal at later times.

(b) Find the coupled differential equations obeyed by the probabilities p,(t). Note
the validity of these equations for the diagonal elements of p when expressed
in the basis of energy eigenstates does not require that p be diagonal in that
basis.

Use the time-dependent coherent state:
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n!
to construct a density matrix p(t) = |A(t))(A(t)|
(a) Show that such a density matrix of this form can be found which solves Eq. (1)
if we assume that |A(t)] > 1.
(b) Find the equation that A(t) must obey for this to be true.
(¢) Show that the resulting time-dependent expectation values of the position and

momentum operators execute damped simple harmonic motion.

To prove this you will need to show that the difference of the operators apa’ and
a'pa is a factor of 1/|A| smaller that either operator alone and can therefore be
neglected if |A(¢)| > 1. This can be shown by evaluating

> (n] (apaT - ana> (apaJr - ana> |n) (4)

n

where p(t) = [A(#)) (A(t)].



