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1. Consider scattering o¤ an in�nte "hard ball":

V (r) =

8<:
0 dla R < r

1 dla r < R
:

Calculate phase shifts from the conditon Al(R) = 0 where:

Al(r) = ei�l(k) [jl(kr) cos �l(k)� yl(kr) sin �l(k)] :

Find low energy behaviour of �l. Calculate the cross-section for the lowest
partial wave l = 0. As you will see the cross-section is not geometrical i.e. � 6= �R2.

2. Sum up higher partial waves

�tot =
4�

k2

X
l

(2l + 1) sin2 �l(k)

up to a maximal clasically allowed lmax � kR. To this end use

sin2 �l(k) =
tan2 �l(k)

1 + tan2 �l(k)

and the formula for tan �l(k) in terms of spherical Bessel functions. Then use as-
ymptotic form of Bessel functions. The resulting cross-section is still not geometrical
(�tot = 2�R2). Try to interpret this result (Sakurai, Advanced QuantumMechanics,
Chapt.7.6).

3. Using expansion for the wave function from the previous problem set

 =
X
l

(2l + 1)ilAl(r)Pl(cos#)

and conditions

�l =
r

Al

dAl
dr

����
r=R

;

tan �l =
kR j0l(kR)� �l jl(kR)

kR y0l(kR)� �l yl(kR)

derive general formula (in terms of spherical Bessel functions) for the scattering
length for the �nite spherical well (V0 > 0):

V (r) =

8<:
0 dla a < R

�V0 dla r < R
:

In particular calculate tan �0. Discuss two limits k ! 0 and k ! 1. How �0
depends on V0?


