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Radiation in action 

Specification references 

 P4.2.1 Radioactive decay and nuclear radiation 

 WS3.5, WS4.1 

Aims 

You will be learning how to use the results from a penetration experiment (beta 
particles passing through card) could be used in industrial applications of 
thickness control. 

Learning outcomes 

After completing this worksheet, you should be able to: 

 plot scatter graphs from a set of data 

 use the graphical analysis of your data to interpolate useful values 

 use the results of a controlled investigation in real-life applications. 

Setting the scene 

Paper and card manufacturers use beta sources to control the thickness of the rolls 
of paper they produce. The diagram below shows how such an application works. 

 

The detector needs to take into account the natural background radiation present in 
the environment where the rolls of paper are produced. To do this, a series of test 
readings is taken without the paper between the source and the detector over a set 
amount of time. Then, a mean value of the background radiation will be calculated 
and taken away from any reading measured when the paper is introduced between 
the source and the detector. This calibrates the system of measurement and it is a bit 
like setting a weighing scale to zero before measuring the mass of an object or the 
ingredients for a recipe. Applications such as this allow manufacturers to produce 
sheets of paper and card to a very precise thickness. 
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Task 

A group of students set up the apparatus below to measure the intensity of 
radiation detected when an increasing thickness of absorber (cardboard) was 
placed between the source of beta particles and the detector. 

 

The students added a piece of cardboard 0.5 cm thick after taking a reading of the 
count of radiation for 2 minutes. The mean background radiation the students 
measured without the beta source over two minutes was 60 counts on their 
Geiger tube. 

Complete the students’ table of results taking into account the background radiation 
they measured. Remember that the background radiation will be read by the Geiger 
tube in addition to the counts from the actual beta particles emitted by the source. 

Thickness of cardboard 
in cm 

Counts after 2 min 
Counts after 2 minutes 
excluding background 

radiation 

0.0 6300 
 

0.5 4428 
 

1.0 2369 
 

1.5 1495 
 

2.0 934 
 

2.5 559 
 

3.0 372 
 

3.5 247 
 

4.0 185 
 

4.5 122 
 

5.0 91 
 

5.5 66 
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Now draw a scatter graph of your results and add a curve of best fit to your graph. 

Questions 

1 Look at the graph you drew in the task above to answer these questions. 

 a Describe the relationship between the thickness of cardboard and the 
count recorded after 2 minutes. 

  

  (2 marks) 

 
 b What thickness of cardboard was needed to reduce the count to half of the 

original value? 

  (1 mark) 

 
 c What count was recorded after 2 minutes when there was no cardboard 

between the detector and the source? 

  (1 mark) 

 
 d Another group of students carried on adding cardboard and taking 

measurements. Their last five results are shown in the table below. 

Thickness of cardboard in cm Counts after 2 min 

6.0 61 

6.5 60 

7.0 59 

7.5 61 

8.0 60 

 
  Why do you think their results are almost identical for these last readings? 

What is the significance of a count of around 60 after 2 minutes? 

  

  

  (3 marks) 
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2 The following questions are about industrial applications of the data in the task. 

 a If the apparatus in the task were used to control the thickness of cardboard 
produced in a factory. The manager wants to produce cardboard of 0.7 cm 
in thickness. To what count, measured over 2 minutes, should the system 
controlling the rollers be calibrated? 

  (1 mark) 

 
 b This system would not be suitable for controlling the production of some 

thicknesses of cardboard. What would the lower limit be? Explain your 
answer. 

  

  (2 marks) 
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