






























































Problem Set 17 Solutions 3

a Vo σ
(cm) (MeV) (cm2)

1.409× 10−14 5282.0 2.422× 10−24

2.819× 10−14 1356.0 2.501× 10−24

7.047× 10−14 234.3 2.749× 10−24

1.409× 10−13 66.42 3.198× 10−24

2.819× 10−13 21.07 4.230× 10−24

7.047× 10−13 6.284 8.292× 10−24

1.409× 10−12 3.513 1.054× 10−23

Table S17.1: Vo and σ for a range of a in the spherical square well model

Problem 66. Scattering by a Delta-Shell Potential
Part a) Set λ = 2mVoa

2 as in Problem 62. Then U (r) = −λδ(r − a)/a. The radial wave

function satisfies

Rl(r) = jl(kr) − ik

∫ ∞

0

jl(kr<)hl(kr>)U (r′)Rl(r′)r′2dr′

= jl(kr) +
ikλ

a

∫ r

o

jl(kr′)hl(kr)δ(r′ − a)Rl(r′)r′2dr′ +
ikλ

a

∫ ∞

r

jl(kr)hl(kr′)δ(r′ − a)Rl(r′)r′2dr′

= jl(kr) + ikλaRl(a)jl(ka)hl(kr)Θ(r − a) + jl(kr) + ikλaRl(a)jl(kr)hl(ka)Θ(a − r)
(S17.16)

or
Rl(a) = jl(ka) + ikλaRl(a)jl(ka)hl(ka) (S17.17)

The solution is
Rl(a) =

jl(ka)
1 − ikλajl(ka)hl(ka)

(S17.18)

and the partial wave amplitudes are

eiδl sin δl

k
= −

∫ ∞

0

jl(kr)U (r)Rl(r)r2dr = λajl(ka)Rl(a) =
λajl(ka)2

1 − ikaλjl(ka)hl(ka)
(S17.19)

Part b) In particular, for l = 0,

eiδl sin δl

k
→ aλ

1 − λ
(S17.20)

and the threshold cross section is

σ → 4πa2λ2

(λ − 1)2
(S17.21)

Part c) If the force is repulsive, Vo < 0 and therefore λ < 0. The scattering length is
between 0 and a, so the threshold cross section is between 0 and 4πa2.
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