
1. Suppose n̂ is the angular momentum operator of a rotor and Ĥ is Hamiltonian. Show that [Ĥ, n̂] = 0
implies

(a)
∫
dθ ψ∗(θ)Ĥψ(θ) =

∫
dθ ψ

′∗(θ)Ĥψ′(θ), where ψ′(θ) = ψ(θ − δ).

(b)
∫
dθ ψ∗(θ, 0)n̂ψ(θ, 0) =

∫
dθ ψ

′∗(θ, t)n̂ψ′(θ, t), where ψ(θ, t) is the state obtained by evolving the
initial state ψ(θ, 0) for time t.

2. Let the total Hamiltonian of a single rotor is written as Ĥ = Ht(θ̂)+HU (n̂), where Ht and HU depend
only on θ̂ and n̂, respectively.

(a) Show that e−εĤ = e−εĤU e−εĤt +O(ε2)

(b) Show that

e−εĤU e−εĤtΨ(θ) =
∑
n′

∫
dθ′

2π
ein

′(θ−θ′)−εHt(θ′)−εHU (n′)Ψ(θ′). (1)

(c) Show that

e−TĤΨ(θ) = lim
ε→0

∑
n(1),n(2),..,n(M)

∫
dθ(1)

2π

dθ(2)

2π
...
dθ(M)

2π
e
∑M

l=1[in
(l)(θ(l+1)−θ(l))−εHt(θ(l))−εHU (n(l))]Ψ(θ(1))

∣∣∣∣∣∣
M=T/ε

, (2)

where θ(M+1) = θ.
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