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1. Density matrix of thermal light

The density matrix of a system, which is in the thermodynamical equilibrium with reser-

voir of the temperature T' can be expressed as:
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a) (3 pts) Construct the density matrix for a single-mode field in thermal equilibrium.

b) (3 pts) Compute the second order correlation function ¢g(®(0) for thermal light

g = {a*(0)a™(r)a(r)a(0))
(a*(0)a(0))?

¢) (2 pts) Construct the density matrix for a multi-mode field in thermal equilibrium.

2. (4 pt) Coherent states in position space.

Find the eigenfunctions of a coherent state |a) in the position space (either analytically

or numerically).

3. (6 pts) Random phase signal
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Imagine you have a field signal, which is given by: E(+) ~ e=®@te=%({)  Find the spectrum

of the signal
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assuming that o(t) is a random Gaussian function, with correlation function S,(w) =
1/w?:
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(p(Dp(t + 7)) = % / wi cos(wr)dw.



4. (6 pts) Nonlinear cavity
One of the common models of light-atom interaction in a cavity can be described by the
Hamiltonian :

H = hwyo, + hwa*a + hg(Vataato_ + o, aVata),

where interaction depends on the intensity. Compute the inverse population at the

timescale of Rabi oscillations, considering initial state of photons as coherent.



