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Problem sheet - HT tutorial 1
Self-assessed questions

Q1. Some basic manipulations of angular momentum operators

[JMR QM HT Q1.2]

Q2. Raising and lowering operators for angular momentum

In a way similar to the harmonic oscillator we can take an abstract algebraic approach to angular
momentum without recourse to differential operators in Q1 above. As a first step towards this ap-
proach look up the definition of the operators L± in terms of Lx and Ly to prove the following relations

[L+,L−] = 2h̄Lz,

[Lz,L±] = ±h̄L±.

The operators L± are called raising and lower operators due to their action on an arbitrary angular
momentum eigenstate labelled as | l,m⟩. Write down their action on this state up to a constant C+(l,m)
and C−(l,m), respectively.
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Q3. Simple eigenfunctions of angular momentum

[JMR QM HT Q1.3]

Q4. Measuring angular momentum

[JMR QM HT Q1.4]
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Q5. Total angular momentum

Consider a system with a state of fixed total angular momentum l = 2. What are the eigenvalues
of the following operators

(a) Lz,

(b)
3
5

Lx −
4
5

Ly,

(c) 2Lx −6Ly +3Lz.

As a hint for (b) and (c) you may want to consider what the eigenvalues are for the angular momentum
along an arbitrary axis defined by a unit vector n⃗?
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Main questions

Q1. The central potential and angular momentum

[JMR QM HT Q1.1]

Q2. The total angular momentum operator

[JMR QM HT Q1.5]
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Q3. A particle in a magnetic field

[JMR QM HT Q1.7]

Q4. Analysing a Hamiltonian and its implications for angular momentum

[JMR QM HT Q1.8]
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