
Nuclear Physics Autumn 2017
Exercise set 4

1. Suppose a ”deuteron” to have a 3P1 (3P0) neutron-proton configuration. Would
these states have magnetic dipole and/or electric quadrupole moments and, if so,
can you tell what? In case you need radial dependence, you can leave that in the
form of a radial integral.

2. Calculate the range parametre α in the (simple) deuteron wave function ψd(r) ∼
exp(−αr). Then calculate the r.m.s. radius of the deuteron. Use as the ”radius” the
relative coordinate of the nucleons r = rn − rp.
It might be fun to play about giving a little more freedom by letting u(r) =
N(exp(−αr) − exp(−βr)) with β > α. This has, in principle, the correct beha-
viour for small and large r, though not the exact sin-function dependence of a
constant potential at short distances - but then, the square well is not exactly rea-
listic either. (Remember the difference of the wave functions from the original radial
Schrödinger equation and from the ”u(r) form” without the first order derivative.)

3. Outside the scattering potential region (assuming azimuthal symmetry) the scatte-
ring wave function is of form

ψ(r) ∼ eik·r + f(θ)
eikr

r
.

Show that the latter term presents an outgoing solution of the free-particle Schrödinger
equation and that the scattering cross section is

dσ

dΩ
= |f(θ)|2 .

What is the particle current to dΩ, if the incident intensity is I0? (Note that the
dependence on the angle θ is just parametric; why?)

4. How does the expression for the L = 0 phase shift change from the result of the
lectures (p. 36), if there is also a hard core of radius b < R inside the well (i.e. an
infinitely high repulsive region)? Sketch the behaviour of the phase shift for up to
200 MeV nucleons in scattering from the well

V (r) =


∞, 0 < r < b

−V0, b < r < R
0, r > R ,

if b = 0.5 fm, R = 2 fm and V0 = 40 MeV and compare with the purely attractive
result without the hard core.


