
Exercises for decoherence and open quantum systems

Sheet 1

Prof. Reinhold A. Bertlmann, Philipp Köhler & Veronika Baumann
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Exercise 1

Show that for mixed states the following properties are fulfilled:

ρ2 6= ρ

Tr
(
ρ2
)
< 1

Exercise 2

Consider the Hamiltonian
H = −~µ · ~B

with
~µ =

gµB

2
~σ =

gµB

2
σz (if ~B || z-axis)

What is the time evolution of a general density matrix ρ(t)?

Calculate the expectation values 〈~σ〉(t).

Exercise 3

Calculate the Eigenstates of ~n · ~σ, where ~n is a normalized vector.

~n · ~σ|±~n〉 = ±|±~n〉

Remark:
Use spherical coordinates for vector ~n:

~n =

 sinθcosφ
sinθsinφ

cosθ


Exercise 4

Calculate the following expectation values:

〈σi〉+~n = 〈+~n|σi|+~n〉 i = 1, 2, 3


