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Linear Algebra Quiz
Physics 480 / Fall 1999

Professor Klaus Schulten

Problem 1: Inner Product

Let |1〉, |2〉, |1′〉, |2′〉 be two-dimensional vectors and define |1′〉 = R|1〉,
|2′〉 = R|2〉 where

R =

(
cosφ − sinφ
sinφ cosφ

)
(1)

Show 〈1′|2′〉 = 〈1|2〉.

Problem 2: Commutator

Let

L1 =

 0 0 0
0 0 −1
0 1 0

 (2)

L2 =

 0 0 1
0 0 0
−1 0 0

 . (3)

Evaluate [L1, L2].

Problem 3: Function of Operator

Evaluate expA where

A =

(
0 1
0 0

)
. (4)

Problem 4: Matrix Diagonalization

Find the eigenvalues and associated normalized eigenvectors of 2 0 0
0 3 −1
0 −1 3

 . (5)
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Problem 5: Function Space

Consider the set of functions defined in the interval [0, L]

ψm(x) =
(

2
L

) 1
2

sin
mπx

L
(6)

and define |m〉 = ψm(x). Define a scalar product 〈m|n〉 such that the set
is orthonormal with respect to your choice. Hint: sinα sinβ = 1

2 [cos(α −
β) − cos(α+ β)].
Determine the coefficients cm in the expansion f(x) =

∑
m cmψm(x) where

f(x) =

{
1 for x ≤ L/2
0 for x > L/2

(7)

2


