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Activity and count rate 

Specification references: 

 P4.2.1 Radioactive decay and nuclear radiation 

 P4.2.3 Half-lives and the random nature of radioactive decay 

 MS 4a, 4c 

 WS 1.2, 2.7, 3.1, 3.5, 4.1 

Aims 

In this activity, you will simulate the decay of radioactive atoms using a dice 
model. You will plot a graph of your results and use it to find the ‘half-life’ of 
the dice. 

Learning outcomes 

After completing this practical you should be able to: 

 state that the activity of a radioactive sample will fall over time 

 define half-life 

 state that all atoms of a particular isotope have an identical chance of 
decaying in a fixed time 

 plot a graph of count rate (or nuclei remaining) against time, and use it to find 
the half-life 

 compare a dice model of decay with the decay of nuclei, noting the limitations 
of the model. 

Setting the scene 

Dice can be used as a model for the decay of unstable atoms. Each die 
represents one unstable atom. Like real atoms, it is impossible to predict when a 
particular die will ‘decay’, but it is possible to predict the fraction of the dice that is 
likely to decay in a given time. 

Safety 

 keep dice off the floor. 

Equipment 

 set of 60 identical six-sided dice 

 tray or box lid 
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Method 

1 Roll the full set of dice into the tray or box lid. 

2 All dice that have landed showing a 1 have ‘decayed’ – remove them. These 
will not be rolled again. 

3 Count and record the number of dice remaining, together with the roll number. 

4 Roll only the remaining dice. 

5 Repeat steps 2–4 until there are no dice left. 

Results 

Create a suitable table to record your results. 

Questions 

1 Explain why the number of dice that ‘decay’ decreases as the roll number increases. 

 (1 mark) 

 
2 Using graph paper, plot a suitable graph showing number of dice remaining 

(on the y-axis) against roll number (on the x-axis). Draw a best fit line. (5 marks) 

 
3 Describe the relationship shown by your graph. 

 

 (2 marks) 

 
4 Estimate the half-life of the dice, using your graph. If you are unsure how to do 

this, you can find an example in Chapter P7.5 of the Student book. 

 (2 marks) 

 
5 The theoretical half-life of the dice is 3.8 throws. Compare your result with this value and suggest 

why the result of this experiment does not always match the theoretical value.  

 (2 marks) 

 

6 Describe two ways in which the dice model is a good model for radioactive decay. 

 

 

 (2 marks) 
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7 Describe one way in which the dice model is not a perfect model for 
radioactive decay 

 

 (1 mark) 

 
8 State how you could improve the accuracy of your measurement of the half-life 

of the dice.  

 (1 mark) 

Student follow up 

The table shows the half-lives of four radioactive isotopes. You will need to refer 
to the table to answer some of the questions. 

Radioactive isotope Half-life 

helium-6 0.8 s 

radon-222 3.8 days 

carbon-14 5700 years 

uranium-238 4.5 billion years 

 
1 Define the ‘activity’ of a radioactive source. 

 (1 mark) 

 
2 Describe and explain what happens to the activity of a radioactive source over time. 

 

 (2 marks) 

 
3 The measured count rate for a radioactive source is proportional to the source’s 

activity, but lower in value. Explain why the measured count rate is lower than 
the activity. 

 (1 mark) 

 
4 The half-life can be defined in several different ways (all of which agree with 

one another). Define half-life using the idea of: 

 a activity 

  (1 mark) 
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 b count rate 

  (1 mark) 

 
 c number of undecayed atoms left in the source. 

  (1 mark) 

 
5 Suggest and explain which isotope in the table above has the highest 

probability of decay per second. 

 (2 marks) 

 
6 The graph shows the activity of a sample of a radioactive isotope. 

     

 a Use the graph to estimate the half-life of the isotope. 

  (1 mark) 

 
 b Sketch a graph (with values marked on the x-axis, but without values on 

the y-axis) of the number of undecayed atoms in this source against time, 
for the first 7 h. 

 

 

 

 

 

 

 

 

 

     (2 marks) 
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7 Sketch a graph of count rate for a sample of radon-222 over 12 days if the 

initial count rate is 8000 counts/minute. Mark values on the x- and y-axes. 

 

 

 

 

 

 

 

 

 

     (4 marks) 

Extension 

8 Radon-222 is one of the isotopes in a long chain of unstable isotopes, which 
begins with uranium-238. Each isotope in the chain decays into an isotope, 
which is itself unstable. 

 a All elements that appear after iron in the Periodic Table were made in 
explosions (called supernovae) of giant stars at the end of their lifetimes. 

The solar system, including the Earth, formed around 5 billion (5  109) 
years ago from material that had come from supernovae. Explain why 
uranium-238 can still be found naturally on Earth. 

  

  

  (2 marks) 

 
 b Radon-222 can be found naturally on Earth in small quantities, despite its 

short half-life. Suggest why. 

  

  (1 mark) 
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