ngls‘tion 1 (15 marke)
he radial Schrédinger equation for a central potential in spherical coordinates,
lettin xa(r .
g Y(r,0,¢) = 7) Yim (0, ¢), is:

2 2
ﬁl(l+1) _
W-#—F(E—V(T)—W)Xl(r)_o'

ﬁ(a) Estimate the depth of the proton-neutron potential approximated by the -
.Spherica,l Square well. It is known from experiment that the binding energy
is close to zero (deuteron), nucleon mass m ~ 940 MeV, and the radius of
the potential B 2 fm.

(b) Compare your answer for (a) with the Coulomb interaction of two protons
at a distance of 2 fm.

Hints: using units # = ¢ = 1,

1 fm™' = 197 MeV
a=e’/hc~1/137

Qﬁestion 2 (15 marks)

(a) Using the attached picture of single particle energy levels, find the shell
model configuration for the ground state of {SMg and 25Al. What are the
parities and spins of these nuclei?

(b) Calculate the magnetic moment of these nuclei using the formula

unlali =1/ +30],  j=1+1

e [gz—g—lj L3 %;i—lgs] , j=1-1

ILL ==
where g = 1, g; = 5.6 for a proton and g; = 0, g, = —3.8 for a neutron.

(c) The first two excited states of {3Al have quantum numbers JP = 1/2+
and 3/2%. (The energies of these states are 0.844 MeV and 1.014 MeV,

respectively.) Find the shell model configuration for these states.
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the value of the 'spm-orblt constant a for this spin-orbit pair.
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