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Problem 3.9

(a) Cite a Hamiltonian from Chapter 2 (other than the harmonic oscillator) that has only a
discrete spectrum.

(b) Cite a Hamiltonian from Chapter 2 (other than the free particle) that has only a continuous
spectrum.

(c) Cite a Hamiltonian from Chapter 2 (other than the finite square well) that has both a
discrete and a continuous part to its spectrum.

Solution

Part (a)

The Hamiltonian for the infinite square well in Section 2.2 has only a discrete spectrum (with
normalizable solutions):

Ĥ = − ℏ2

2m

∂2

∂x2
+ V (x),

where

V (x) =

0 if 0 ≤ x ≤ a

∞ otherwise
.

Part (b)

The Hamiltonian for the delta-function barrier in Section 2.5 has only a continuous spectrum
(with non-normalizable solutions):

Ĥ = − ℏ2

2m

∂2

∂x2
+ V (x),

where
V (x) = αδ(x), α > 0.

Part (c)

The Hamiltonian for the delta-function well in Section 2.5 has both a discrete part (with
normalizable solutions) and a continuous part (with non-normalizable solutions) to its spectrum:

Ĥ = − ℏ2

2m

∂2

∂x2
+ V (x),

where
V (x) = −αδ(x), α > 0.
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