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Curricular links
National Qualifications

SQA Intermediate 2 Physics: Radioactivity Module. 

There is also some overlap with SQA Standard Grade Physics.

Curriculum for Excellence

Sciences
The project relates to, and extends, the following experiences 
and outcomes:

SCN 3-11b	 By exploring radiations beyond the visible, I can 
describe a selected application, discussing the advantages and 
limitations.

SCN 4-11b	 By carrying out a comparison of the properties of 
parts of the electromagnetic spectrum beyond the visible, I can 
explain the use of radiation and discuss how this has impacted 
upon society and our quality of life.

Structure and timing
There is some initial teacher input in the form of context setting 
and a basic introduction to radioactivity. The pupils then work 
in parallel groups to research a specific aspect. Next they feed 
back to groups made up of three individual members of the 
other co-operative learning groups and complete consolidation 
work. A final informed class debate takes place.

The Intermediate 2 unit has an allocation of 20 hours. In 
practice this work can be done much more quickly. The 
introduction and research phases take about 4/5 hours, the 
feedback and consolidation another 5/6 hours. The final debate 
would take another period or two. In total this might require, 
overall, about 10 hours.
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Key resources 
Although none of these is essential, the activities are certainly 
enhanced if they are available:

GM Tube & counter•	

alpha, beta & gamma Sources•	

Absorbing Materials•	

Radioactive Tracers demonstration board•	

Home made Detector or materials to allow pupils to build •	
this themselves

 Jenga game (or similar)•	

Half Life simulation using dice•	

Half life experiment (either practical with a short lived •	
source, simulation or on video)

Nuclear power station simulation on suitable ICT equipment•	

The package contains a considerable number of videos and 
PowerPoints relevant to different sections of the work.  These 
are identified at the appropriate points in the pupil instruction 
sheet.  This instruction sheet also contains a number of 
hyperlinks to relevant sites.



The Nuclear Power DebateEngineering Activity Teacher Guide

11Engineering the Future

Activity 1
Discussion of advantages/
disadvantages of nuclear 
power

Time required
30 minutes to 1 hour, depending on how full the debate is.

Resources required
Mock newspaper article – "Nuclear College newspaper"

Preparation
Have copies of the mock newspaper article available for groups 
to consider.

Procedure
The pupils are given the mock newspaper article about a 1.	
nuclear power station being built near a school.

They are asked their immediate response to this and to 2.	
debate some of the advantages and disadvantages of nuclear 
power.

 The pupils make a list of what they consider to be the 3.	
advantages and disadvantages of nuclear power.
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Activity 2
Introduction to Cause 
and Different Types of 
Radiation 
Some simple experiments are performed to introduce the 
different types of radiation and what causes it in the first place. 
Background radiation is introduced and safety is stressed 
through the modelling of good practice.

Time required
About 30 minutes

Resources required
GM Tube & counter1.	

 alpha, beta & gamma Sources2.	

Absorbing Materials3.	

Jenga game (or similar) (Wikipedia provides a clear account 4.	
of this, if needed)

Preparation
GM Tube and counter should be set up. 

Standard school procedures for accessing radioactive sources 
should be followed.
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Procedure
Introduction to Background Radiation: the GM tube is switched 
on and no source is present. Discussion with pupils as to why 
there might be a reading.

Standard teacher demonstrations of absorption in air and by 
materials of alpha, beta and gamma sources. Emphasis on safety 
procedures by modelling when performing these experiments.

Use the Jenga game to discuss the concept of instability. 
What makes the tower unstable? Can you predict precisely 
when it will fall? How could you return it to a more stable 
configuration? Extend this to the idea that some elements/
isotopes are inherently unstable.
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Phase   .13
Pupil Task 1 – What is 
radioactivity?
Pupil research:

What is radioactivity? •	

What effect does radiation have on individual atoms? •	

How is this used in detectors? •	

Does it have any uses other than nuclear power?•	

Some suggested topics: 

Geiger Muller Tube •	

Film Badges•	

Scintillation Counters•	

Smoke Detector•	

This relates to the SQA Intermediate Physics Content 
Statements: 4.1.1, 2, 5, 6, 7, 10

Time Required
1.5 to 2 hours

Resources required
Home-made detector or materials to allow pupils to do this •	
themselves (see experiment sheet 3.1 for more details); 

alpha source for demonstration use with detector.•	
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Preparation
Research materials will need to be available. These could be the 
text book, your standard notes or access to the internet. The 
pupil sheets include some suggested links. Files downloaded 
from the internet into this pack could be placed on a school 
intranet or VLE. 

Procedure
Pupils should work as an independent group with the teacher 
intervening as appropriate to give guidance and support.

Once they have built their detector (or are ready to use a 
prefabricated one) then the teacher will have to demonstrate the 
effect of bringing an alpha source near to it.
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Phase   .23

Pupil Task 2 – How do 
we measure the effect of 
radiation on living things? 

Pupil research:
By considering the case of Alexander Litvinenko pupils are 
introduced to the concepts behind the effects of radiation.

What effect can radiation have on living cells? Can this be •	
put to use? Some suggested topics: Sterilisation, Gamma 
Camera, Radiotherapy

How do we measure how strong a source is? What is •	
the relevant formula? How do we measure the effects of 
radiation on human beings? What are the relevant formulae? 
What has a bearing on the effects? How do we decide what is 
a dangerous amount? Are there natural amounts of radiation 
we can compare it to? Where do these come from?

This relates to the SQA Intermediate Physics Content 
Statements: 4.1. 8-10; 4.2.1-8

Time Required
1.5 to 2 hours
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Resources required
Radioactive Tracers demonstration board (see task sheets •	
3.2a & 3.2b for more details). Copy the pictures in the 
experiment sheets then blow up in a photocopier to A3. 
Place an arrangement of straws behind the crosses. At points 
where you wish a reading you fill the straw with potassium 
chloride. At the other points you fill with sodium chloride (to 
prevent cheating!). 

GM Tube & counter•	

Preparation
Research materials will need to be available. These could be the 
text book, your standard notes or access to the internet. The 
pupil sheets include some suggested links. Files downloaded 
from the internet into this pack could be placed on a school 
intranet or VLE. http://www.insidestory.iop.org/insidestory_
flash1.html is a particularly useful radiotherapy simulation 
which allows the pupils to interact with a model.

Procedure
Pupils should work as an independent group with the teacher 
intervening as appropriate to give guidance and support.

When they are ready they can complete the Radioactive Tracers 
experiment (3.2a and 3.2b) on their own but some initial 
teacher input in this may be useful.



The Nuclear Power DebateEngineering Activity Teacher Guide

18Engineering the Future

Phase   .   3 3
Pupil Task 3 – What 
are the long term safety 
implications of radiation?

Pupil research:
Does a radioactive source remain radioactive forever? Why •	
not? This will involve a teacher demonstration or video of a 
short lived source.

Why does a source not remain radioactive forever? What •	
happens to it as time passes? How is this measured? Can you 
calculate what the activity of a particular source will be at 
any point in time?

What precautions must be taken when dealing with •	
radioactive sources? How can we reduce the risk?

This relates to the SQA Intermediate Physics Content 
Statements: 4.3.1-7;

Time Required
1.5 to 2 hours

Resources required
Half life simulation using dice•	

Half life experiment (either practical, simulation or on •	
video)
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Preparation
Research materials will need to be available. These could be the 
text book, your standard notes or access to the internet. The 
pupil sheets include some suggested links. Files downloaded 
from the internet into this pack could be placed on a school 
intranet or VLE. 

Procedure
Pupils will probably need immediate teacher input in the form 
of the dice simulation and the half life experiment. Thereafter 
they should work as an independent group with the teacher 
intervening as appropriate to give guidance and support.
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Phase   .   3 4
Pupil Task 4 – How does 
a nuclear power station 
work?

Pupil research:
What is nuclear fission? What is a chain reaction? How is it •	
controlled? What are the important parts of a nuclear power 
station? How is nuclear waste disposed of?

Experiment 3.4a – Nuclear Power Station Simulators. One •	
method of achieving this is to run a simulation of a nuclear 
power plant where they are put in the position of process 
engineers in charge of the control rods and coolant pumps.

This relates to the SQA Intermediate Physics Content 
Statements: 4.4.2-5

Time Required
1.5 to 2 hours

Resources required
Nuclear power station simulation on suitable ICT equipment. 
This software is available from http://www.ae4rv.com/ at a very 
reasonable price. There are also some free versions available.
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Preparation
Research materials will need to be available. These could 
be their text book, your standard notes or access to the 
internet. The pupil sheets include some suggested links.  Files 
downloaded from the internet into this pack could be placed on 
a school intranet or VLE. 

Procedure
Pupils should work as an independent group with the teacher 
intervening as appropriate to give guidance and support.
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Phase   4

Feedback carousel
Pupils now form discussion groups, each of which includes 
one member from each working group. Each group member 
explains the findings from their own task in turn. The 
resources they have used should be available to enable them 
to demonstrate their findings. Lastly pupils complete relevant 
consolidation examples as normally used. 

Time Required
5 to 6 hours

Resources required
Ideally all of the equipment used above in the research •	
stages.

Standard consolidation examples.•	

Preparation
Research materials will need to be available. These could be the 
text book, your standard notes or access to the internet. The 
pupil sheets include some suggested links.  Files downloaded 
from the internet into this pack could be placed on a school 
intranet or VLE. 

Procedure
Once again the pupils should work as independent groups with 
the teacher intervening as appropriate to give guidance and 
support.

Ideally the teacher will also be available to demonstrate again 
some of the experiments done with the individual groups. 
The teacher may chose to organise these as whole class 
demonstration using the relevant group members as experts.
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Phase   5
Nuclear Power Station 
Competition
If available, a final run of the nuclear power simulation can be 
completed by each discussion group, introducing a competitive 
element since pupils are trying to generate as much money as 
possible from the available fuel rods.

Time Required
0.5 hours

Resources required
Nuclear power station simulation on suitable ICT equipment. 
This software is available from http://www.ae4rv.com/ at a very 
reasonable price. There are also some free versions available.

Preparation
Possibly buy a small prize.

Procedure
The groups have half an hour to achieve the maximum return 
from their fuel rods.
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Phase   6
Final Debate
Having now investigated the science and engineering behind 
nuclear power, pupils can engage in a more informed debate 
on the advantages and disadvantages of nuclear power. Pupils 
then revisit their list produced in activity 1 and produce a final 
version of advantages and disadvantages.

Time Required
1 to 2 hours

Resources required
If time and resources allow there are further links available to 
investigate opinions on nuclear power.

Procedure
Assign two discussion groups each to be pro and anti nuclear 
power. The two groups on the same side can then critique each 
others’ arguments. Each side then allocates three members to 
be their team and a full debate takes place.


