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science made simple

Year 12 Physics
Tutorial 9.8.C — Radioactive Decay Answers

1.

8.

The strong nuclear force is an attractive force between all nucleons in the nucleus. If there are enough neutrons, the
strong nuclear force will balance the Coulomb repulsion force between the protons and make the nucleus stable.

The Coulomb repulsion force is a repulsive force that obeys the inverse square law so that it is large at small separations
and vice versa. The strong nuclear force is a short range force only that is attractive between all nucleons.

The strong nuclear and Coulomb repulsion forces are not balanced due to an inappropriate ratio of neutrons and
protons. Excess energy is released as the kinetic energy of ejected particles or as gamma ray photons.

(a) 84 protons and 117 neutrons
(b) 19 protons and 21 neutrons

(c) 95 protons and 146 neutrons

Complete the following nuclear equations:

(a) 23SRa — %32Rn + 3He

(b) 2C >IN+ Se+v

(c) 32Na — 33Ne + e +v
(d) 283Th - 28BPa+ %e+v
(e) 233U — *55Th + JHe

(f) 3INi—37Co+ le+v

Write equations for the following decay processes:

(@) 13K - 33Ca+ e +7v

(b) '§iXe > 1EI+ Q1!

(c) 233Am — "l Np + 3He

(d) #Tc! p!" +11

In beta minus decay, a neutron in the nucleus is converted into a proton and an electron. The electron is ejected but the
proton stays in the nucleus and increases the atomic number by one. In beta plus decay a proton is converted into a

neutron and a positron. The loss of the proton decreases the atomic number by one.

A gamma decay also occurs after the alpha decay and this accounts for the energy difference in energy.



10.

11.

12.

During beta decay, beta particles were observed to have a spectrum of kinetic energies rather than just one quantised
energy such as in alpha decay. Since the energy of a beta particle could vary, Pauli reasoned that there was another
particle being ejected from the nucleus that carried away the balance of the kinetic energy, which we now know as the
neutrino. The more energy carried by the beta particle, the less energy carried by the neutrino and vice-versa.

In alpha decay only one particle is released by the nucleus so it carries away all of the energy as a fixed value for kinetic
energy. In beta decay, two particle are released; the electron/positron and the antineutrino/neutrino. The quantised
energy from the nucleus is shared between the two particles and can vary for each but for both must add up to the total
energy lost by the nucleus.

While most commercial and medical radioisotopes are made in nuclear reactors, a 124 1 123 1
wXet p—> [ Cs+2 n

few are made in smaller particle accelerators called cyclotrons or synchrotrons.

ANSTO in Sydney uses a particle accelerator and a type of fusion process to make 2Beg_318yay 0at
these radioisotopes. lodine-123 is an example of a radioisotope produced in this 1;; 1‘;’: o +
way. It is a beta and gamma emitter and used to detect and treat thyroid diseases 54 Xe— 53|+ 1e

and cancers. To make iondine-123, a particle accelerator is used to accelerate

protons towards a xenon-124 target. When the proton is taken up by the xenon-124 nucleus, it becomes caesium-123.
Caesium-123 then undergoes beta plus decay to produce xenon-123 and a positron. Beta plus decay produces the
antiparticle of the electron (positron) instead of an electron. Xenon-123 then decays further to form iodine-123 and
another positron. The iodine-123 isotope concentrates in the thyroid and then the beta radiation is used to treat
cancerous tumours or the gamma radiation is used to take images of the thyroid with a gamma camera.
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