
Topi
s in Spin - Homework 1
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h 11, 2014

Problem SS-1: Creating Orthonormal Basis Ve
tors

Consider the following set of basis ve
tors,

|I〉 =





3
0
0



 , |II〉 =





0
1
2



 , |III〉 =





0
2
5



 .

Show how one goes from this set of basis ve
tors to the orthonormal basis

ve
tors,

|1〉 =





1
0
0



 , |2〉 = 1√
5





0
1
2



 , |3〉 = 1√
5





0
−2
1



 .

Problem SS-2: More on the Pauli Spin Matri
es

Consider the Pauli Spin Matri
es, whi
h play a 
entral role in spin angular

momentum for a spin− 1

2
system:

σx =

(

0 1
1 0

)

, σy =

(

0 −i

i 0

)

, σz =

(

1 0
0 −1

)

.

1. Demonstrate that the Pauli Spin Matri
es are unitary (that is, that UU † =
I, the identity matrix).

2. Demonstrate the relationships among the spin matri
es,

σxσy = iσz, σyσz = iσx, σzσx = iσy.

(This feature is generally known as 
y
li
 permutation - that is, that as

long as you preserve the 
y
li
 order i, j, k of the indi
es (e.g. moving the

symbols like they are on a 
y
li
 
onveyor belt, su
h that when one �falls

o� the end� it returns to the beginning: i, j, k → k, i, j → j, k, i ), then it is

true that σiσj = iσk. The way of enfor
ing this using mathemati
al short-

hand is the Levi-Civita Symbol, εijk, whi
h allows us to 
onveniently write

σiσj = iεijkσk. The feature of this symbol is that εijk = εkij = εjki = 1,
while εikj = εjik = εkji = −1 (that is, under the swap of any single pair

of indi
es, the fun
tion yields -1).
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3. Demonstrate the following 
ommutation relations:

[σi, σj ] ≡ σiσj − σjσi = 2iσk.

4. Demonstrate that the spin matri
es anti-
ommute, that is

{σi, σj} ≡ σiσj + σjσi = 0.

Remember these properties - they are immensely useful!

Problem SS-3: Exer
ise in Eigenvalues and Eigenve
tors

Find the eigenvalues and eigenve
tors of the following matrix:

M =





1 3 1
0 2 0
0 1 4





(HINT: review how to 
ompute the determinant of an n×n matrix - this is the

key to solving eigenvalue/eigenve
tor problems)
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