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Nombre del Estudiante:

Problema1 An electron in a magnetic field

If we have an applied magnetic field B = Bẑ (z-direction), then the Hamiltonian of an
electron−spin takes the following form:

Ĥ = −µBBσ̂z.

In the representation that makes σ̂z diagonal:

σ̂x =

[
0 1
1 0

]
, σ̂y =

[
0 −i
i 0

]
, σ̂z =

[
1 0
0 −1

]
,

The density matrix ρ̂ is given by:

ρ̂ =
1

eβµBB + e−βµBB

[
eβµBB 0

0 e−βµBB

]
.

1. Evaluate the density matrix ρ̂ of the electron−spin in the representation that makes σ̂x
diagonal, and show that is given by:

ρ̂′ =
1

eβµBB + e−βµBB

[
Cosh (βµBB) Senh (βµBB)
Senh (βµBB) Cosh (βµBB) .

]

2. Show that the value 〈σ̂′z〉, resulting from this representation, is expressed as:〈
σ̂′z

〉
= Tgh (βµBB) .
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