
Nuclear Physics Autumn 2017
Exercise set 6

Considering the fact that no opposition appeared against the exam on the general depart-
mental exam date Friday December 15 at 12–16 o’clock in auditorium A110 (Chemicum),
this time may be accepted. You should register through WebOodi as usual by December
5.

1. Consider a repulsive potential of form

V (r) =

{
V0, r < R, V0 > 0
0, r > R ,

for particles with mass m at the energy E < V0. Solve the ℓ = 0 radial wave
equation for both regions. Match the wave functions to obtain an equation for the
phase shift δ. Show that for low energies E ≈ 0 and for V0 → ∞ (”hard core”)
the total scattering cross section becomes σ = 4πR2. What is the scattering length
then?
Clearly there are two cases: E > V0 and E < V0, of which the former reduces
literally to the same formulae as the attractive square well discussed in the lectures.
Therefore, it is not of interest and it is enough to do the second (especially as it is
also the relevant one in the limit V0 → ∞).
If the finite square wall is too difficult for you, you can do the hard core case alone
but for a reduced point scale.

2. Clearly (and trivially) P̂σ = 1
2
(1+σ1 ·σ2) works well as the spin exchange operator

on symmetric and antisymmetric spin wave functions (actually eigenstates of exc-
hange). Check this! Show further explicitly that this operator also exchanges the
spin operators, i.e. σ1 → σ2 and vice versa (one direction is enough to convince).
Hint: Remember that operators transform via the similarity transformation ÛÂÛ−1

with Û = P̂σ = P̂−1
σ and σi σj = δij + i ϵijk σk is useful.

3. In isospin formalism, what is the form of the Coulomb potential between two
nucleons? Show that it cannot change the total isospin. What would be the to-
tal magnetic dipole moment operator for two nucleons at rest? Could this change
the total isospin? (If the account of spin or spatial dependence feels too difficult,
you may omit these complications.)

4. Repetitio est mater studiorum. Refresh your memory about reaction kinematics.
Are the following reactions exoergic (kinetic energy releasing) or endoergic (kinetic
energy absorbing)

a) 1H+ 4He → 2H+ 3He, b) n+ 6Li → 3H+ 4He ?

What is the threshold energy (or energy released) in the CMS and in the laboratory
system (assuming the heavier particle to be the target)? The latter reaction could
be used to produce tritium needed in fusion reactors.


