
Homework No. 04 (Spring 2015)

PHYS 530A: Quantum Mechanics II

Due date: None

1. (30 points.) The Pauli matrices satisfy

σiσj = δij + iεijkσk. (1)

A particular representation of Pauli matrices is

σx =

(

0 1
1 0

)

, σy =

(

0 −i

i 0

)

, σz =

(

1 0
0 −1

)

. (2)

(a) Construct the matrix

σθ,φ = σ · n̂(θ, φ) =

(

cos θ sin θ e−iφ

sin θ eiφ − cos θ

)

, (3)

where

σ = σxî + σy ĵ+ σzk̂, (4)

n̂(θ, φ) = sin θ cos φ̂i+ sin θ sinφĵ+ cos θk̂. (5)

Find the eigenvalues σ′

θ,φ and the normalized eigenvectors, |σ′

θ,φ = +1〉 and |σ′

θ,φ =
−1〉, (up to a phase) of the matrix σθ,φ.

(b) Now compute the matrices

σ̄x =

(

〈σ′

θ,φ = +1|σx|σ
′

θ,φ = +1〉 〈σ′

θ,φ = +1|σx|σ
′

θ,φ = −1〉
〈σ′

θ,φ = −1|σx|σ
′

θ,φ = +1〉 〈σ′

θ,φ = −1|σx|σ
′

θ,φ = −1〉

)

, (6)

σ̄y =

(

〈σ′

θ,φ = +1|σy|σ
′

θ,φ = +1〉 〈σ′

θ,φ = +1|σy|σ
′

θ,φ = −1〉
〈σ′

θ,φ = −1|σy|σ
′

θ,φ = +1〉 〈σ′

θ,φ = −1|σy|σ
′

θ,φ = −1〉

)

, (7)

σ̄z =

(

〈σ′

θ,φ = +1|σz|σ
′

θ,φ = +1〉 〈σ′

θ,φ = +1|σz|σ
′

θ,φ = −1〉
〈σ′

θ,φ = −1|σz|σ
′

θ,φ = +1〉 〈σ′

θ,φ = −1|σz|σ
′

θ,φ = −1〉

)

. (8)

These matrices are representation of the Pauli matrices in the eigenbasis of σθ,φ.

(c) Show that
σ̄iσ̄j = δij + iεijkσ̄k. (9)
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