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Self-evaluation Sheet: Basic topics in Nuclear Physics
In order to successfully take the exam, a student should know
• Definition of binding energy, binding energy as a function of A and Z, nuclear radii
• Valley of nuclear stability
• Semi-empirical mass formula and its theoretical justification, parabola of stability
• Non-interacting shell model and its theoretical justification, magic numbers and
experimental evidences
• Isospin, isospin operators, total isospin for a nucleus, isospin multiplets and their
properties
• Symmetry and antisymmetry of the nuclear wave function and consequent parity
• Nuclear isomers
Esercises
The student who is preparing to take the exam should be able to:
• determine spin and parity of the ground state of a nucleus with given A and Z
• interpret (if it is possible) the excited states of a nucleus using the shell model
• identify the components of a nuclear multiplet
In the following, some calculations that the student should be able to deal with
1. Consider the nuclei: 17 F, 39 K, 41 K, 87 Rb,
ground-states based on the shell model.
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Yb. Give a realistic prediction for the

2. Light nuclei in the shell model. Describe the ground states of the nuclei with A ≤ 4
specifying the quantum numbers L, S, J and T and parity
(a) For the nucleus of 4 He what excited states are expected within a quantum of
oscillation?
(b) What decay modes are available for these nuclei?
(c) Which of the previous states are possible for 4 H? and which ones for 4 Be?
3. Show the energy spectrum (with spin and parity) for the five lower energy levels of
the 210 Pb and explain the reason.
4. Using the shell model, provide spin and parity of the ground state of the following
nuclei: 7 Li, 6 Li, 1 H, 2 H, 3 H, 11 B, 10 B,13 C, 12 C, 141 Pr, 4 He, 3 He, 14 N, 31 P.
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5. Explain the following empirical evidences using the shell model:
(a) Zirconium (Zr) is an excellent material for coating fuel elements, as it is able
to stop the fission fragments but transparent to the paths of neutrons.
(b) Nuclides, especially the heavy ones, tend to decay by emitting α particles rather
than other combinations of neutrons and protons.
(c) The 6 Li has a very high absorption cross section at thermal energies while the
7
Li does not, in fact the 6 Li is used to produce tritium in the DT fusion reactors
through the reaction 6 Li(n,α)3 H.
(d)
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B is an excellent element for the control bars, while the
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B is not.

(e) In fission reactors charged with UO2 , one does not have to worry about oxygen
in neutron reactions.
(f) Despite having an anomalous Z/N ratio, in 1999 some experimental physicists
were able to produce 48 Ni nuclei.
(g) 9 Be has a cross-section for reactions (n, 2n) with an unexpectedly low threshold
energy for neutron emission. In fact, beryllium is used as a neutron multiplier.
6. Identify the lowest energy levels of the 14 C,
iso-multiplets I = 0 and I = 1 (see Fig.1).
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Note: Personally I suggest to solve the exercises by forming small working
groups
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Figure 1: Energy levels for isobaric nuclei with A = 14.
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