
Exercise sheet 1 - Quantum mechanics

1. The operators Ai(i = 1, ..4) are defined as follows:

(a) A1ψ(x) = x3ψ(x)

(b) A2ψ(x) = d
dxψ(x)

(c) A3ψ(x) = sin[ψ(x)]

(d) A4ψ(x) =
∫ x

a
ψ(s)ds

Which of these operators are Hermitian?Which are linear? Justify
your answer.

2. A quantum particle is confined in a box of length L with impenetrable
walls, the centre of the wall being at the origin of the coordinates. In the
ground state, the wave function of the particle is given by

ψ1(x) =

{ (
2
L

)1/2 cos(πx/L),−L
2 < x < L

2
0 otherwise

.

(a) What is the expectation value of the position x?

(b) What is the expectation value of the momentum of the particle?

(c) Is the wave function an eigenfunction of the momentum operator?
Justify your answer.

3. Consider the wavefunction

φ(p) =
1

(2πh̄)3/2

∫
ψ(r) exp[−ip.r/h̄]d3r.

(a) Show that p̂φ(p) = pφ(p).Can one say this function is an eigenfunc-
tion of p̂?Why of why not?

(b) Show that r̂φ(p) = −ih̄∇pφ(p), with ∇p = ∂/∂pxi+∂/∂pyj+∂/∂pzk.
Can one say this function is an eigenfunction of r̂?Why of why not?
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