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Problem 1: Characterization of non-classical states of light.

Show that the radiation field state which is a linear superposition of the vacuum state and a single
photon state,

|ψ〉 = a0|0〉+ a1|1〉,

with a0, a1 ∈ C, is a non-classical state.

Problem 2: Second-order correlation function and density matrix.

Consider the state described by the density operator ρ̂ = Nâ†me−κâ
†ââm, where N is a normaliza-

tion constant.
a) Show that it goes over to a Fock state in the limit κ→∞ and to a thermal state in the limit
κ → 0. HINT: check the matrix elements ρmn for the respective states. For the thermal state
limit, consider also n� 1.
b) Find g(2) for this state and show that the photon statistics is sub-Poissonian if n̄ <

√
m/(m+ 1),

where n̄ = [exp(κ)− 1]−1.

Problem 3: Spatial properties of g(2).

Consider a field with a single photon in each of the two modes k, k′ with the same frequency
(k = k′), |1k1k′〉 = â†kâ

†
k′|0〉. Show that the (unnormalized) second order correlation function for

this field is
G(2)(r, r′; τ = 0) = 2E4k[1 + cos((k− k′) · (r− r′))].

Problem 4: Experimental estimation of g(2).

The 546.1 nm line of a pressure-broadened mercury lamp has a line width of 0.001 nm. Sketch
the second order correlation function g(2)(τ) for τ in the range 0 -1 ns.
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