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24. Coupled qubits

Consider two two-level atoms A and B coupled via the Hamiltonian

H = ~Ω(a⊗ a† + a† ⊗ a), (1)

where a = |g〉 〈e|

(a) [5pts] Compute the super operator Λ(t) for atom A, ρA(t) = Λ(t)ρA(0) with the initial
condition ρ(0) = ρA(0)⊗ |g〉 〈g|. On which basis one can conclude that Λ(t) is completely
positive?

(c) [5pts] Show that Λ(t+ t′) = Λ(t)Λ(t′) does not hold.

25. Dephasing process

[10pts] Consider the dephasing channel, where, for t > 0,

ρ(t) = Λ(t)[ρ(0)] =

(
a e−t/τ b.

e−t/τ b∗ 1− a

)
. (2)

Follow the steps as in the lectures to arrive at a master equation of the form

ρ̇(t) =
−i
~

[H, ρ] +
∑
k

γk

(
AkρA

†
k −

1

2

{
A†kAk, ρ

})
, (3)

with H hermitian and γk ≥ 0.

26. The decaying process

[5pts] Consider a two-level atom with the Hamiltonian

H =
~ω
2

(|e〉 〈e| − |g〉 〈g|) (4)

and two single Lindblad operators

A1 = |g〉 〈e| , A2 = |e〉 〈g| . (5)

Write down and solve the Lindblad equation.
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