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Aufgabe 7 (20 Punkte): Two-level atom and electromagnetic vacuum

Let us consider a two-level atom interacting with an electromagnetic field. The system is described
by the Hamiltonian

H = ω0σz + ωa†a+ g
(
σ+a+ σ−a

†
)
.

In the interaction picture and at the resonance condition 2ω0 = ω, the interaction Hamiltonian is
(see Übungsblatt 1)

H̃ = g
(
σ+a+ σ−a

†
)
.

Assume the electromagnetic mode starts in the vacuum whereas the atom starts in an arbitrary
state.

(a) Express H̃ and the evolution operator in matrix form using the ordered basis {|+, 0〉, |+, 1〉, |−, 0〉, |−, 1〉}.

(b) Why is the previous ordered basis enough?

(c) What is the state of the whole system at time t?

(d) What is the state of the atom at time t?

(e) Assume sin2(gt) = γ. What are the Kraus operators describing the evolution of the atom?

Aufgabe 8 (10 Punkte): Lindblad master equation transformation

Show that the Lindblad master equation

ρ̇ = −i [H, ρ] +
N2−1∑

k

γk

(
LkρL

†
k −

1

2

{
L†kLk, ρ

})
,

is invariant under the following transformation

Lk → L′k = Lk + ak1,

H → H ′ = H +
1

2i

∑
k

γk(a
∗
kLk − akL†k) + b1,

with ak ∈ C and b ∈ R.
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