
Esercises: set 1

1. Take a complex linear space of dimension 3 and a orthonormal basis {|n > , n =

1, · · · , 3} An operator A acts as

A|m >= i
3∑

n=1

ε1mn |n > .

The Levi-Civita ε symbol is such that εijk = −εjik = −εikj = −εkji with ε123 = 1.

Determine the representation of A with respect the given basis and whether A is

hermitian.

2. Compute the commutator of [p, f(q)] where p is the momentum operator, q is the

position operator and f is differentiable function.

3. Given two operators A and B, by using complete orthonormal basis find the explicit

form of Tr(A) and show that Tr(AB) = Tr(BA).

4. Given and operator Â with a complete orthonormal basis {|n >} of eigenvec-

tors, Â|n >= zn |n >; show that the projection operator Pn = |n >< n| in the

“direction” |n >, is such that P 2
n = Pn and A−

∑
n zn|n >< n| = 0.

5. Given an unitary operator U , vector |ψ > and an operatorÂ, consider the expecta-

tion value Ā =< ψ|A|ψ > of A on |ψ >. Defining |ψ′ >= U |ψ > and AU = UAU−1,

show that Ā =< ψ′|AU |ψ′ >. Finally compute [AU , BU ] in terms of C = [A,B]

6. The operator A has the following representation with respect the orthonormal basis

{|1 > , |2 > , |3 >} 1 0 0

0 0 −i
0 i 0

 .

• Is A hermitian ?

• Determine the eigenvalues λi and the eigenvectors |λi > of A.

• Given the state vector

|ψ >=
1√
2

(|2 > +|3 >) .

Compute the probability P (λi) of measuring λi on the state |ψ >.
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