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A1: Classical Larmor precession
We use the classical expression for the evolution of a magnetic moment in a static magnetic field to understand an
electron with a magnetic moment ~µ in the presence of a magnetic field ~B. In spherical coordinates ~µ and ~B are given
as

~µ = (µ, θ, ϕ)

~B = (B, 0, 0)

(a) What is the classical expression for the torque exerted by ~B on ~µ?

(b) Calculate the time evolution of the angular momentum ~L = −2m~µ/gLe, with m the electron mass, −e it’s charge,
and gL is the Landé-factor.

(c) Show that the trajectory of ~L is a circle with constant θ and L and find the rotation frequency. Draw schematically
the trajectory in a unit sphere.

A2: Quantum Larmor precession

Imagine a particle of spin 1/2 in a uniform magnetic field pointing in the z-direction. The Hamiltonian has the
following form:

Ĥ = −γ ~B~S.

The spin operators are defined the following way: Ŝi = ~
2σi, where

σ1 = σx =

(
0 1
1 0

)
σ2 = σy =

(
0 −i
i 0

)
σ3 = σz =

(
1 0
0 −1

)

(a) The spin wavefunction is given at t = 0 by χ(t = 0) =

(
a
b

)
. Calculate the wavefunction χ(t) at time t.

(b) Calculate the time dependent expectation value Ŝx.


