
PH142 Physics II Spring 2014

Homework 3 - Commutators and operations

Q3.1. The Hermitian operators x̂ and p̂ satisfy

[x̂, p̂] = i (Q3.1.1)

and
x̂ |x〉 = x |x〉 (Q3.1.2)

Using the Baker-Campbell-Hausdorff formula

eAeB = exp

(
A+B +

1

2
[A,B] +

1

12
[A, [A,B]] +

1

12
[B, [B,A]] + . . .

)
(Q3.1.3)

calculate
ex̂
(
e−iap̂ |x〉

)
(Q3.1.4)

and hence interpret
e−iap̂ (Q3.1.5)

Q3.2. Let

〈a|b〉 =

{
1 if a = b
0 if a 6= b

(Q3.2.1)

for a, b ∈ {x, y, z},

Lxy = i |y〉 〈x| − i |x〉 〈y| (Q3.2.2)

Lyz = i |z〉 〈y| − i |y〉 〈z| (Q3.2.3)

Lzx = i |x〉 〈z| − i |z〉 〈x| (Q3.2.4)

and
L2 = L2

xy + L2
yz + L2

zx (Q3.2.5)

Calculate
[LA, LB] (Q3.2.6)

and [
LA, L

2
]

(Q3.2.7)

for A,B ∈ {xy, yz, zx}.

Q3.3. Using

ex =
∞∑
n=0

xn

n!
(Q3.3.1)

calculate
exp (−iθLxy) (Q3.3.2)

and interpret your answer.
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