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You are advised to spend 20 minutes answering the questions in this booklet.

QUESTION ONE:  NUCLEAR MEDICINE

Iodine 131 is a radioactive isotope used in medicine because it emits beta particles.

(a) Describe what is meant by the term “beta particles”.

The equation for the reaction is shown below.
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(b) Write down the atomic number (A) and the mass number (Z) for the xenon.  

 A =

 Z =

(c) Name the conservation principle that you used to work out the atomic number.

Another useful isotope is Technetium 99m. The letter m stands for metastable, which means it does 
not decay into a different element. Technetium 99m can be introduced into the body. It emits gamma 
rays that are detected outside the body, and these are used to make images of various organs. 

Technetium 99m decays with a half-life of 6 hours as follows:
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The Technetium 99 then decays by emitting low energy beta particles. The half-life of 
Technetium 99 is 211 000 years. Its decay is as follows. 
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(d) Describe TWO important differences between the gamma emission and the beta emission.
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(e) Explain why the properties of Technetium 99m make it ideal for making images of various 
organs.

(f) The half life of Technetium 99m is 6.0 h.

 12 mg (12 × 10–3 g) of Technetium 99m is injected into a patient and starts to decay into 
Technetium 99. 

 
 Calculate the amount of Technetium 99 present in the patient after 24 hours.
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QUESTION TWO:  RUTHERFORD’S EXPERIMENTS

In 1905, Ernest Rutherford carried out an experiment to determine the nature of atoms. He fired 
alpha particles at a thin gold foil. After carrying out the experiment, he concluded that the atoms 
were mainly empty space, and that most of the matter was contained in a small, very dense, 
positively charged object that was more massive than the alpha particle. The object later became 
called the nucleus.

(a) If there was air between the alpha source and the gold foil, the air would become ionised. 
 
 Explain what is meant by the term “ionised”.

(b) Describe the results of the experiment and explain clearly how he linked his results to his 
conclusion.
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(c) As a means of identifying the nature of alpha, beta and gamma radiation, Rutherford fired 
them through a magnetic field. The diagram below shows the results of his experiment.

Radiation 

source

Magnetic field into the page

X

Y

Z

 Identify the three unknown types of radiation. Give an explanation for your answer.
 (You may assume all the particles are travelling at a similar speed.)

 X is

 Y is

 Z is

 Reason

 X

 Y

 Z
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