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Problem Set 4
Nuclear Physics 2005, by Armin Reichold

This draws on lectures 9 to 12 discussing particle detection and interactions in matter and fission reactors

Q1. [Compton scattering, finals 2000, Q2]
Draw a Feynman diagram for the scattering of a photon off a free electron
(Compton scattering) and a Feynman diagram for the creation of an electron-
positron pair by a photon in the field of a nucleus. What is meant by photo-
electric absorption? (6 points)

Consider Compton scattering of a photon of energy Eγ off a free electron.
Show that the maximum energy that can be transferred to the electron is

∆E =
2E2

γ

mec2 + 2Eγ

7 points

The figure shows the energy spectrum from the gamma decay of 24Na as
measured in a small Ge(Li) detector. Explain the origins of the peaks A, B,
C and the edge D. (7 points)

For such a detector describe the stages by which gamma ray energy is con-
verted into a measurable voltage pulse. (5 points)
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Q2. [Cherenkov radiation, finals 1997, Q3]

As shown in the diagram a narrow parallel beam of charged particles of mo-
mentum 600 MeV/c is incident normally on a 0.3 m thick piece of transparent
glass of refractive index n = 1.45. The spherical back surface B of the glass
is silvered to form a mirror of focal length 0.3 m. The front planar surface A

of the glass is instrumented with photo detectors. Account for the following
observations:

(a) when the particles are protons, negligible light is detected;

(b) when the particles are charged π mesons, light is detected forming a
sharp circular ring of radius 0.3 m;

(c) when the particles are electrons an intense but diffuse halo of light is
detected.

(9 points)

Relativistic particles lose about 1.8 MeV in energy for each g cm−2 of material
traversed. Given that the density of the glass is 2.2 g cm−3, discuss which of
the above species of particle will pass through the glass. (You may take the
radiation length in the glass to be 12 cm). (10 points)

When the glass is replaced by an organic scintillator such as anthracene, a
greater flux of light is emitted by protons than π mesons but the light is
isotropic. Explain why this is the case. What further measurement would
you make to confirm your explanation? (6 points)

Q3. [Photons in matter, finals 1996, Q8]
Figure 1 shows the energy dependence of the various gamma-ray interaction
processes in sodium iodide. Identify and briefly explain the physical processes
responsible for the curves labelled 1, 2, 3. The sum of the curves gives the
total absorption coefficient of gamma-rays (the solid line). (10 points)

Figure 2 is the pulse height spectrum from a NaI scintillation spectrometer
exposed to monoenergetic gamma-rays of 1.08 MeV from a 86Rb radioactive
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source. Explain qualitatively the shape of the spectrum. Estimate the energy
corresponding to point A. (10 points)

What is meant by the energy resolution of a radiation spectrometer? As-
suming zero intrinsic width of the gamma transition which gave the peak in
Fig.2, estimate the energy resolution of the spectrometer. List some possible
causes of resolution loss in this device.(5 points)

Q4. [Fission Reactors, finals 1999, Q3]
Write down the form of the Semi Empirical Mass Formula for the mass of an
atom (A,Z) and give the physical interpretation of each term.(10 points)

Which terms are responsible for the existence of a viable chain reaction of
thermal-neutron-induced uranium fission? What distinguishes the isotopes
of uranium that support such a reaction? (6 points)

In the construction of a nuclear fission reactor an important role is often
played by water, heavy water or graphite. What do they do and why are
these materials chosen? (5 points)

A reactor is contained in a vessel constructed from a combination of the
following materials: lead, steel and concrete. Explain briefly the role of each.
(4 points)


