
FYS3500 - Problem set 5

Spring term 2018

Suggested hand-in: In 2 weeks, so 27th. Feb

Problem 1 – in class

a) What types of nuclear decay are there? Characterize the different types of decay.

b) What is the decay law and how do we derive it?

c) What is the relation between the width Γ of a state and its lifetime? How does Γ effect the
notion of discrete states?

d) Explain what the branching ratios is and how this we may measure them.

e) Assume you want to measure the half-live against γ-decay in an experiment? What set-up
could you choose? What types of uncertainties will be associated to the result?

Problem 2 – in class

a) What is the standard picture for α-decay? Why is the α particle so prominent? Are there also
other decay modes, e.g. 3He, 9Be or 14C or 24Na?

b) What is the relative biological effect of the different kinds of radiation? Why can I hold an α
source in my hand without necessarily suffering a lot of radiation damage?

Problem 3 General aspects of the α-decay

1. What are the requirements for spontaneous decay from a parent to daughter nucleus? What
terms in the liquid drop model lead to α-decay of a proton (/neutron) rich nucleus?

2. What determines the α-decay probability? Why is the cluster decay usually strongly sup-
pressed?

3. How does the energy spectrum of the α-particle from an α-decay look like? Why does the
energy of the α-particle deviate from the Q-value of the decay?

Problem 4 Radioactive Sources

Three radioactive sources each have activities of 1 µCi at t=0. Their half-lives are, respectively,
1.0 s, 1.0 h, and 1.0 d.

a) How many radioactive nuclei are present at t = 0 in each source?

b) How many nuclei of each source decay between t = 0 and t = 1 s

c) How many decay between t = 0 and t = 1 h?

1



Problem 5 Nuclear Archeology and nuclear physics in archeol-
ogy

14C is used to determine the age of fossils and other organic materials. The idea is that as long
an organism is alive, it constantly is exchanging carbon with its environment (eating and excret-
ing) and so the isotopic composition of the organism matches that of the atmosphere. Once the
organism dies, this exchange stops, and the 14C trapped in the system start 14C/12C ratio was the
same in the past as it is today (which is almost true, but hang on for a surprise . . . ), then if we see
less 14C it must be because this isotope has decayed (12C is stable).

a) What determines the time-scales that we can use this method on?

b) What gave a sharp rise to the fraction of 14C in the atmosphere from about the 1960’s.

If we want to look at events that take much longer than 5000 years, it’s useful to look for radioac-
tive decays that have much longer half lives. If you poke around the periodic table, you find
that heavy elements often have radioactive isotopes with half lives measured in billions of years.
Let’s focus on Naturally occurring uranium is a mixture of the 238 U (99.28 %) and 235 U (0.72
%) isotopes.

c) How old must the material of the solar system be if one assumes that at its creation both
isotopes were present in equal quantities? How do you interpret this result?

d) How much of the 238U has decayed since the formation of the Earth’s crust 2.5× 109 y ago?

This section may require knowledge from MS, Ch 5 & 6 / lectures in week 8.

Problem 6 Space-time symmetries 1

a) Show that parity invariance leads to parity conservation, that is [H, P̂] = 0, where

P̂Ψ(r1, r2, . . . , t) = P1P2 · · · Psi(−r1,−r2, . . . , t) (1)

b) Why is the reaction π− + d→ n + n + pi0 effectively forbidden for a π− at rest, but proceeds
at a normal rate for a strong reaction at higher energies?

Problem 7 Space-time symmetries 2

a) A neutral spin-2 meson M0 can decay via the strong interaction to a π + π− final state. Use
this to deduce its parity and charge conjugation quantum numbers.

b) Use the conservation of angular momentum and parity to determine possible angular mo-
mentum states in the reaction p + p̄ → π ++π− and express tje allowed transitions in spec-
troscopic notation for initial states in which the orbital angular momentrum is L = 0, 1 or 2.
Does taking account of C invariance impose any further restrictions on this reaction?

Problem 8 Quark model 1

Draw the lowest-order quark diagrams for the processes:

a) e+ + e− → K+ + K−,

b) J/ψ→ µ+ + µ−,

c) J/ψ→ νc + γ.
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