
Homework Solutions # 10 (Liboff Chapter 11)

11.6

(a) Write out the matrix multiplication result:

R̂(φ1)R̂(φ2) =

(
cos φ1 cos φ2 − sin φ1 sin φ2 cos φ1 sin φ2 + sin φ1 cos φ2

− sin φ1 cos φ2 − cos φ1 sin φ2 − sin φ1 sin φ2 + cos φ1 cos φ2

)

=

(
cos(φ1 + φ2) sin(φ1 + φ2)
− sin(φ1 + φ2) cos(φ1 + φ2)

)
= R̂(φ1 + φ2)

(b) Since R̂(φ1)R̂(φ2) = R̂(φ1+φ2) = R̂(φ2)R̂(φ1), then [R̂(φ1), R̂(φ2)] = 0.

(c) We can see that R̃(φ) = R̂(−φ) = R̂−1(φ).

(d) Solve for the eigenvalues a from∣∣∣∣∣∣∣
cos φ− a sin φ 0
− sin φ cos φ− a 0

0 0 1− a

∣∣∣∣∣∣∣ = (1− a)[(cos φ− a)2 + sin2 φ] = 0

After some algebra, the solutions are a = 1, a = cos φ± i sin φ = e±iφ.
For all three, |a|2 = 1.

11.45 Just plug the various α’s and β’s into the eigenvalue equations.
You’ll find h̄

2
σx αx = h̄

2
αx,

h̄
2
σx βx = − h̄

2
βx,

h̄
2
σy αy = h̄

2
αy,

h̄
2
σy βy = − h̄

2
βy.

Keeping in mind that for a vector v, v† = ṽ∗, you can verify that
α†xαx = β†xβx = 1, α†xβx = 0, and similar relations with x → y. So they’re
orthonormal.

11.47

(a) |↑ 〉, or

(
1
0

)
.

(b)

〈S2
x〉 =

h̄2

4

(
1 0

)( 0 1
1 0

)(
0 1
1 0

)(
1
0

)
=

h̄2

4
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〈S2
y〉 =

h̄2

4

(
1 0

)( 0 −i
i 0

)(
0 −i
i 0

)(
1
0

)
=

h̄2

4

〈S2
z 〉 = − h̄2

4

(
1 0

)( 1 0
0 −1

)(
1 0
0 −1

)(
1
0

)
=

h̄2

4

1

2
〈S2 − S2

z 〉 = − h̄2

8

(
1 0

)( 2 0
0 2

)(
1
0

)
=

h̄2

4

11.51 One possible wavefunction is

ϕ = A
eikx

√
5

(
1
2

)

where A depends on the current density. Since E = h̄2k2/2me,

k =

√
2meE

h̄
= 1.98× 1011 m−1

ω =
E

h̄
= 2.28× 1018 s−1
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