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QUESTION ONE (18 MARKS)
a) Define the following terms and give examples where applicable:
1) Positron production (2 marks)
ii)) Gamma-ray production (2 marks)
iii) Electron capture (2 marks)
iv) Stable light nuclides have about equal numbers of neutrons and protons. What

happens to the neutron-to-proton ratio for stable nuclides as the number of protons
increases? (1 mark)

v) Nuclides that are not already in the zone of stability undergo radioactive processes to
get to the zone of stability. If a nuclide has too many neutrons, which process(es) can
the nuclide undergo to become more stable? Answer the same question for a nuclide
having too many protons. (2 marks)

b) Complete the following nuclear equations.(3 marks)

i) N +%He >?+1iH
ii) 238U+ ?- 2§JEs +5}n
iii) ?4+2H - 233Np + ¢n
c) Write nuclear equations for:
1) Alpha emission by plutonium-239, one of the substances formed in nuclear power
plants. (2 marks)
1) Beta emission by sodium-24, used to detect blood clots. (2 marks)

1i1) What is nuclear transformation? (1 mark)
iv) Give an example of nuclear transformation. (1 mark)

QUESTION TWO (18 MARKS)

a. The table shows the steady increase in the neutron-to-proton ratios of the
most abundant isotopes of the elements in group 15 on the periodic table;

ccomplete it by filling the missing protons, neutrons and neutron to proton ratios (3 Marks)

Element Number of Number of Neutron to
neutrons protons proton ratio

Nitrogen, N ltol

Phosphorus, P 16 15

Arsenic, As 42 1.27to 1

Antimony, Sb 70 51

Bismuth, Bi 126 1.52to 1

b. Describe the contribution of the following scientists in the discovery of radioactivity:
i) H. Becquerel. (2 marks)-
i1) Marie Curie and Pierre Curie. (2 marks)
c. All radioactive decay processes follow first-order kinetics. What does this mean? (1 mark)
1. What happens to the rate of radioactive decay as the number of nuclides is halved? (1
mark)



ii.

iii.
1v.

Write the first-order rate law and the integrated first-order rate law. Define the terms
in each equation. (4 marks).

What is half-life? (1 mark)

Give the mathematical expression for half-life in radioactive decay. Define the terms
in the equation. (2 marks)

A certain active substance (which has no radioactive parent) has a half-life of 8.0 days.
What fraction of the initial amount will be left after 16 days? (2 marks)

QUESTION THREE (19 MARKS)

a. Radiotracers are used in the medical sciences to learn about metabolic pathways. What
are radiotracers? Give examples (4 marks)

b.
1.

1l

Nuclear fusion and nuclear fission are two exothermic nuclear processes.
Differentiate between the two. (2 marks)

How does the energy associated with fission or fusion processes compare to the
energy changes associated with chemical reactions?(2 marks)

i. How does a nuclear power plant produce electricity? (3 marks)
ii. Discuss the Chernobyl disaster of 1986 (4 marks)

iii. Explain what has been happening at the Chernobyl power plant since Russian invasion
of Ukraine on 24" F ebruary, 2022 and how the war is affecting our economy.(4 marks)

QUESTION FOUR (15 MARKS)

a. Give the other names for the following series, and discuss the steps in the thorium series (9

marks)

1. Uranium series
11. Thorium series
1ii. Actinium series

b. The biological effects of a particular source of radiation depend on several factors. Explain.
(4 marks)

c. Write balanced equations for each of the following processes.

i

ii.

13¢ produces a positron. (1 mark)

232Bi produces a B-particle. (1 mark)
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