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Problem 1: Calculate the commutators, [L̂x, x], [L̂x, y], [L̂x, z] and [L̂y, x], [L̂y, y],

[L̂y, z]. Do you detect a pattern that will allow you to state the commutators of L̂z

with x, y, z ? Hint: Use the commutator rules: [Â, B̂Ĉ] = [Â, B̂]Ĉ + B̂[Â, Ĉ] and/or

[ÂB̂, Ĉ] = Â[B̂, Ĉ] + [Â, Ĉ]B̂.



Problem 2: Show that [L̂x, r
2] = [L̂y, r

2] = [L̂z, r
2] = 0, where r2 = x2 + y2 + z2. Hint:

Use the commutator rules: [Â, B̂Ĉ] = [Â, B̂]Ĉ+B̂[Â, Ĉ] and/or [ÂB̂, Ĉ] = Â[B̂, Ĉ]+[Â, Ĉ]B̂.



Problem 3: A system is described by the Hamiltonian:

Ĥ =
L̂2

2I
+ α L̂z . (1)

where I is the moment of inertia of the rotating particle and α is a constant. What is the

energy spectrum of the system ?



Problem 4: Consider the Hydrogen [“Hydrogenic”] atom. Prove that the expectation

value of rk in the eigenstate, Φnlml
(r, θ, ϕ) is given by:

〈rk〉 = 〈nlml|rk|nlml〉 =
∫ ∞
0

dr r2+k [Rnl(r)]
2 , (2)

where Rnl(r) is the radial wave function, (n, l,ml) are three quantum numbers, k is a constant

and r2 = x2 + y2 + z2.



Problem 5: Use the properties of associated Laguerre polynomials to verify that:

〈r〉 =
a0

2Z
[3 n2 − l(l + 1)] , (3)

〈r2〉 =
a2

0 n2

2 Z2
[5 n2 + 1 − 3l(l + 1)] . (4)

Hint: The notation for the Laguerre and associated Laguerre polynomials is the one used

by Arfken and Weber, Mathematical Methods for Physicists, Fifth Edition, page 832.


