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Exercises:

1. A sample of radioactive material is initially found to have an activity of 115.0 decays/min.
After 4 d 5 h, its activity is measured to be 73.5 decays/min. (a) Calculate the half-life of
the material. (b) How long (from the initial time) will it take for the sample to reach an
activity of 10.0 decays/min? (7 Points)

2. Consider a single nucleus of a radioactive isotope that has a decay rate equal to λ. The
nucleus has not decayed at t = 0. The probability that the nucleus will decay between
time t and time t + dt is equal to λe−λt dt.
(a) Show that this statement is consistent with the fact that the probability is 1 that the
nucleus will decay between t = 0 and t = ∞.
(b) Show that the expected lifetime of the nucleus τ is equal to 1/λ. Hint: The expected
lifetime is equal to

∫
∞

0 tλe−λt dt divided by
∫
∞

0 λe−λt dt.
(c) A sample of material contains a significant number of these radioactive nuclei at time
t = 0. What will have been the mean lifetime of these nuclei some time later, after they
have all decayed? (9 Points)

3. The total energy consumed in the United States in 1 y is approximately 7.0 · 1019 J. How
many kilograms of 235U would be needed to provide this amount of energy if we assume
that 200 MeV of energy is released by each fissioning uranium nucleus, that all of the
uranium atoms undergo fission, and that all of the energy-conversion mechanisms used
are 100 percent efficient? (4 Points)

4. In 1920, 12 years before the discovery of the neutron, Ernest Rutherford argued that
proton-electron pairs might exist in the confines of the nucleus in order to explain the
mass number, A, being greater than the nuclear charge, Z. He also used this argument
to account for the source of beta particles in radioactive decay. Rutherford’s scattering
experiments in 1910 showed that the nucleus had a diameter of approximately 10 fm.
Using this nuclear diameter, the uncertainty principle, and that beta particles have an
energy range of 0.02 MeV to 3.40 MeV, show why the hypothetical electrons cannot be
confined to a region occupied by the nucleus.


