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GRADE 11A: Physics 7 

Atomic and nuclear physics 

About this unit 
This unit is the seventh of seven units on physics 
for Grade 11 advanced.  

The unit is designed to guide your planning and 
teaching of physics lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and 
Grade 10A. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
describe the kinetic particle model, and be able to describe the distribution of 
charge and mass within an atom. They should know that metals contain 
electrons that are free to move, and that a flow of charged particles 
constitutes an electric current. They should be able to describe the 
commercial generation of electricity in terms of using an energy source to 
drive turbines.  
 

Expectations 
By the end of the unit, students describe a simple model for the nuclear 
atom and the evidence for it, and recognise that some nuclides are unstable 
and decompose to simpler ones, emitting three forms of radiation in the 
process. They characterise the three radiation forms and know some of their 
uses. They distinguish between nuclear fission and fusion and understand 
the dangers associated with them. They have an understanding of the 
properties of the electron and some of its main uses. 

Students who progress further show an understanding of the 
spontaneous random nature of radioactive decay, and understand and can 
use the concept of half-life. They describe how elements are produced 
within stars, and know how such processes sustain a star’s energy output.  

Resources 
The main resources needed for this unit are: 
• old TV set or cathode-ray oscilloscope (CRO) that can be dismantled 
• examples of radioactive materials (e.g. coffee beans, Brazil nuts, house 

dust that has been collected in a vacuum cleaner) 
• boxes (e.g. shoeboxes) with a large hole cut in opposite sides and 

covered with a curtain made from strips of opaque flimsy material 
• sand, large foam chips, small container (e.g. 35 mm film canister) filled 

with lead shot 
• approximately 100 coins and/or dice and/or drawing pins 
• videos highlighting the positive and negative aspects of nuclear power 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• cathode ray, cathode, anode, thermionic emission, electron gun 
• radioactive, alpha radiation, beta radiation, gamma radiation, ionising 

radiation, background radiation 
• nucleus, nucleon, proton number, nucleon number, isotope, radioisotope, 

nuclide 
• decay, activity, half-life 
• nuclear fission, nuclear fusion, chain reaction 
 

UNIT 11AP.7 
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Standards for the unit 

10 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

10A.27.1 Describe the kinetic particle model ... 11A.32.1 Interpret the results of Rutherford’s scattering experiment and describe 
how it led to modern models of the structure of the atom. 

 

10A.17.1 Describe the distribution of mass and 
charge within an atom and deduce 
the numbers of protons, neutrons 
and electrons present in both atoms 
and ions given proton and nucleon 
numbers. 

10A.30.1 Distinguish between conductors, 
semiconductors and insulators with 
reference to moving electrons or 
ions ... 

11A.32.2 Describe a simple model for the nuclear atom in terms of protons, neutrons 
and electrons, use the common notation for representing nuclides and 
write equations representing nuclear transformations. 

12A.30.3 Explain atomic spectra and permitted 
electron orbitals in terms of the 
quantisation of angular momentum 

 11A.32.3 Understand the spontaneous and random nature of nuclear decay, 
interpret decay data in terms of half-life and explain the source of the 
background radiation. 

 

 11A.32.4 Know the properties of α-, β- and γ-radiations, including the dangers to 
life and health. 

 

 11A.32.5 Know some common uses of radioisotopes.  

 11A.32.6 Know the source of energy in stars, including the Sun. 12A.31.5 Explain the process of element 
formation in stars and know how this 
leads to the generation of energy.  

 11A.32.7 Distinguish between nuclear fission and nuclear fusion, and know how 
heavier elements are formed in older stars by nuclear fusion. 

11A.31.5 Describe the commercial production 
of alternating current using a gas 
turbine ... 

11A.32.8 Understand that while nuclear fission can be used peacefully as a source 
of energy, there are significant social, political and environmental 
dimensions to its use. 

12A.30.6 Show an understanding of the 
interconversion of matter and energy 
and use the equation E = mc2 and 
recognise that this explains the 
phenomenon of nuclear energy. 

10A.31.1 Know that electric current is the rate 
of flow of charged particles ... 

5 hours 

The nuclear atom
 

3 hours 

Radioactive 
decay 
 

2 hours 

Nuclear fission 
and fusion 

10A.30.3 Describe an electric field as an 
example of a field of force ... 
 

11A.32.9 Show an understanding of the properties of the electron and the operation 
of the cathode-ray tube and the television tube. 

12A.30.5 Show an understanding of wave–
particle duality in the properties of the 
electron. 

Unit 11AP.7 
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Activities 

Objectives Possible teaching activities Notes School resources 

Atomic models 
At the start of this section, give students a research task: ask them to use library and Internet 
resources to explore the historical development of ideas about the small-scale structure of 
matter. Suitable topics include the following.  
• Democritus and ancient Greek ideas about atoms. 
• Mediaeval theories about ‘elements’ (fire, earth, air and water). 
• Dalton and the beginnings of modern atomic theory. 
• Islamic scientists’ theories about the nature of matter. 
• Mendeleev and the chemical elements. 
• J. J. Thompson’s measurements of e/m for cathode rays.  
• Crookes, Hertz, G. P. Thompson and the nature of the electron.  
• Chadwick and the discovery of the neutron.  
• Dirac, Anderson and antimatter.  
• Gell-Mann and the quark model. 
• The modern standard model of particle physics (quarks and leptons). 

Give each pair or individual a different topic to research, and tell them to prepare a maximum of 
ten PowerPoint slides for presentation to the rest of the class. They should include an 
acknowledgment of their sources. Allocate at least one session near the end of this section for 
students to give their presentations and discuss them with the whole class.  

 
Enquiry skills 11A.1.6, 11A.1.8, 11A.2.1, 11A.3.4 

ICT opportunity: Use of the Internet; use of 
PowerPoint.  

 

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

7 hours 

The nuclear atom 
Show an understanding of 
the properties of the electron 
and the operation of the 
cathode-ray tube and the 
television tube. 

Interpret the results of 
Rutherford’s scattering 
experiment and describe how 
it led to modern models of the 
structure of the atom. 

Know the properties of α-, β- 
and γ-radiations ... 

Describe a simple model for 
the nuclear atom in terms of 
protons, neutrons and 
electrons, … 

 
The nature of cathode rays 
Perform a sequence of demonstrations using a variety of cathode-ray tubes. Initially, do not tell 
students that these involve streams of electrons; rather, ask students what they can deduce 
from observing the demonstrations. Suitable examples include the following. 
• Maltese cross. Establish that something must be emerging from the negative (cathode) end 

of the tube, which causes the phosphorescent screen at the far end to glow. Establish that it 
must be travelling in straight lines (it casts a sharp shadow). Use a bar magnet to show 
magnetic deflection of the shadow (and, by implication, the beam).  

• Deflection tube. Establish that a narrow beam must be emerging from a horizontal slit and 
impinging on the phosphorescent screen mounted within the tube. Show how the beam can be 
deflected vertically by applying a pd to create an electric field between the horizontal plates. 

• Fine beam tube. Establish that there is a narrow beam that causes the gas within the tube to 
glow. Use Helmholtz coils to deflect the beam magnetically.  

Tell students that cathode rays were first observed in the nineteenth century (when it became 
technologically possible to make evacuated glass tubes and to produce a steady high voltage). 
They were named because they emerged from the cathode (negative electrode), and were a 
subject of great curiosity and experimentation. Students might be able to suggest that the rays 
have a negative charge. Show how a Perrin tube and gold-leaf electroscope can be used to 
establish that this is indeed the case.  

 
For maximum impact, perform the 
demonstrations in a partially darkened room.  

 

Unit 11AP.7 
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Objectives Possible teaching activities Notes School resources 

Point out that establishing the nature of the cathode rays was a major challenge to nineteenth-
century scientists. Explain that it took a series of very careful experimental measurements by 
J. J. Thompson to establish that the rays were a stream of negatively charged particles (as opposed 
to a wave within the low-pressure gas in the tube). Students should be able to appreciate that the 
force on a charged particle within an electric (or magnetic) field depends on its charge, while the 
resulting acceleration and deflection depend also on its mass. Measurements of the motion of 
cathode rays thus enabled J. J. Thompson to deduce a value of charge/mass for cathode rays.  

Explain that Thompson’s results were remarkable not only in establishing the particulate nature 
of cathode rays, but also in obtaining the same value of charge/mass irrespective of the metal 
used for the cathode. Point out that the result was remarkable because, at the time, it was 
thought that each element was composed of its own unique and indivisible atoms: extracting 
identical particles from different metals did not fit this picture.  

Tell students that the cathode-ray particles soon acquired the name electron by which they are 
still known. 

Using cathode rays 
Return to the cathode-ray tube demonstrations used earlier and explain to students, with the aid 
of a suitable diagram, how the electron beams are produced in an electron gun. Point out the 
heated metal cathode where electrons are released by thermionic emission, and the electrodes 
used to accelerate and direct the beam.  

Point out that cathode-ray tubes are widely used in visual displays. Show students the inside of 
a TV set and/or a cathode-ray oscilloscope. Students should be able to identify the electron gun 
and the coils or plates used for deflection. Explain how a coloured display is achieved using 
three different phosphors that glow red, greed or blue when excited by a high-speed electron.  

In a brief brainstorming session, get students to suggest situations where cathode-ray tubes are 
used. Examples might include medical applications (e.g. heart monitors) and radar screens.  

Ask students to write a description of the operation and use of one example of a cathode-ray 
tube, either historical or modern. 

  

Radioactivity 
Set up a circus of activities illustrating aspects of radioactivity. Provide a worksheet so that 
students can work in pairs or individually to visit each station in turn and record their 
observations. The worksheet, and the initial briefing you give to students, should emphasise 
safety procedures. Suitable examples include the following. 
• Use a Geieger counter to detect background radiation and the radiation from naturally occurring 

sources such as coffee beans, Brazil nuts and house dust (collected in a vacuum cleaner).  
• Compare alpha, beta and gamma sources by exploring the range of radiation in air. 
• Compare alpha, beta and gamma sources by exploring the absorption of radiation by various 

materials.  
• Show the effect of a magnetic field on beta radiation. 
• Observe alpha and beta radiation in a diffusion cloud chamber. 
• Display a photographic film that has been affected by ionising radiation. 
• Use a spark counter to show the presence of ionising radiation.  

 
Prepare a suitable student worksheet. 

Safety: Radioactivity experiments must only be 
directed by teachers who have had appropriate 
training.  

Alternatively, do these activities as 
demonstrations to the whole class.  

 

Enquiry skills 11A.4.1, 11A.4.2 
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Objectives Possible teaching activities Notes School resources 

Discuss students’ observations with the whole class and, by suitable questioning, establish the 
following points. 
• Radioactivity is a natural phenomenon, and background radiation is all around us. Rocks, 

soil, air and water all contain radioactive materials that contribute to the background radiation. 
• Radioactivity involves the emission of something that can be detected by the ionisation it 

produces. Human senses alone cannot detect it but it can be detected by various 
instruments.  

• The ionising radiation can be classified into three types: alpha, beta and gamma, which can 
distinguished by their penetrating power.  

• Beta radiation can be deflected by an electromagnetic force. The direction of deflection 
shows that it carries a negative charge.  

Tell students how radioactivity was first discovered in the nineteenth century by Henri 
Becquerel, who noticed its effect on a photographic film stored next to a mineral containing 
uranium compounds. Explain that experiments similar to the ones they have done led scientists 
to conclude that beta radiation consists of high-energy electrons, alpha radiation is high-energy 
He2+ ions, and gamma is electromagnetic radiation.  

Ask students to suggest how the discovery of radioactivity might have affected people’s ideas 
about the nature of matter: at the time, atoms of each element were thought to be unique, 
indivisible and unchanging, and the emission of similar radiation from many different 
substances undermined this picture.  

Scattering experiments 
Set up a circus of activities in which each station consists of an upturned box (e.g. a shoebox) 
concealing an obstacle. Cut a large hole (about 10 cm wide) in opposite sides of each box and 
cover the holes with a curtain made from strips of opaque flimsy material (e.g. black polythene). 
Tell students to visit each station in turn, roll a large marble or ball-bearing through the box and 
try to deduce its contents. Encourage them to try rolling the marble or ball-bearing at different 
speeds. Do not allow them to look inside the boxes! Suitable obstacles include: a layer of sand; 
some large foam chips, a small container (e.g. a 35 mm film canister) full of lead shot, a ball-
bearing or marble similar to those supplied for rolling, or nothing.  

Discuss students’ observations and deductions. Then explain that they have been modelling an 
important technique for studying the structure of matter (i.e. fire high-energy particles at a 
sample of matter and observe their scattering).  

 

 

Enquiry skills 11A.1.1, 11A.1.3, 11A.2.1, 
11A.3.3, 11A.4.1 

 

 

 

 

 

 

 

 

Rutherford’s experiments 
Use a PowerPoint presentation to tell students about an early example of a scattering 
technique: Rutherford’s design of experiments, carried out by Geiger and Marsden, in which 
alpha particles were fired at thin metal foil. Show pictures and diagrams of the apparatus and 
explain how the experimenters counted individual scintillations that revealed the impact of an 
alpha particle on a screen.  

 
Enquiry skills 11A.1.1–11A.1.3, 11A.2.1, 
11A.3.3, 11A.4.1 
 
 
 

 

 

 

 

 



380  |  Qatar science scheme of work  |  Grade 11 advanced  |  Unit 11AP.7  |  Physics 7  © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Tell students that, at the time (early twentieth century) scientists believed that atoms consisted 
of a large cloud of positively charged matter in which electrons were embedded. Ask them to 
predict how alpha particles would be scattered by a sheet of such atoms packed close together 
(they would undergo multiple small deflections and emerge in a direction close to their original 
path).  

Tell students that Geiger and Marsden found that most particles were completely undeviated, 
but a very small fraction were reflected back through large angles – and that Rutherford was 
very surprised by this result.  

Ask students to suggest how the results might be interpreted and, by suitable questioning, 
guide them to Rutherford’s explanation (i.e. that most of each atom is empty space, but there is 
a small dense concentration of mass – the nucleus).  

Explain that Rutherford also suggested that the nucleus carried a positive charge, and this 
enabled him to use his knowledge of electrostatic forces to predict what fraction of alpha 
particles of a given energy would be scattered through a given angle by a nucleus of a given 
charge and size. Geiger and Marsden carried out a series of experiments using Rutherford’s 
predictions and were able to deduce the charge and size of several metal nuclei. 

Get students to use a gravitational analogue of Rutherford’s experiment: rolling marbles 
towards a hill, shaped so that the change in gravitational potential energy mimics the change in 
electrostatic potential energy close to a point charge. Tell them to explore the relationship 
between initial kinetic energy, direction of approach and scattering angle. They should also 
explore the same relationship using Java applets. The exploration of scattering should be 
empirical at this stage.  

Establish that Rutherford’s experiment overturned people’s ideas about atoms and led to the 
model that is still accepted today: a small dense nucleus that carries a positive charge and 
nearly all the mass of the atom, surrounded by electrons that have negative charge and a much 
smaller mass than the nucleus. Point out that initially the nucleus was thought to contain 
protons and electrons, with further electrons in orbit around it such that the total numbers of 
protons and electrons were equal, but with the discovery of the neutron (in another scattering 
experiment) the model was revised, and we now believe that the nucleus contains protons and 
neutrons but no electrons.  

 
 
 
 
 

 
 
 

 
 
 

 
 
 
 
 

Inverse-square laws of gravitation and 
electrostatics do not feature until Units 12AP.1 
and 12AP.5. 

ICT opportunity: Use of Java applets. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion of atomic models 
Ask students to deliver the PowerPoint presentations they prepared during their work in this 
section. Organise the presentations so that the ideas are presented in chronological order. 
Point out the historical place of the two examples studied in detail in this section: the nature of 
cathode rays and the development of the nuclear model.  

In discussion, ask students to consider factors influencing the development of scientific ideas, 
and how ideas about the structure of matter have been affected by economic, social, cultural 
and other contexts. Students should appreciate the importance of technological developments 
leading to experiments and observations that have radically affected people’s ideas about 
matter.  
 

 
ICT opportunity: Use of PowerPoint. 

Enquiry skills 11A.2.1, 11A.2.2, 11A.2.4, 11A.3.4 
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Objectives Possible teaching activities Notes School resources 

Using radioactivity 
If possible, arrange a class visit to a hospital to see how radioactive materials are used in 
imaging, diagnosis and treatment. During the visit, draw attention to safety information and 
procedures as well as to the benefits of using radioactivity.  

If a visit cannot be arranged, set up a display of posters, leaflets and other information around 
the lab showing medical uses of radioactivity. Give students time to study the display. 

Discuss the visit or display and focus on each of the following aspects in turn.  
• Terminology. Define the terms nucleon, proton number (atomic number), nucleon number 

(mass number), isotope, radioisotope and nuclide. Remind, or tell, students of the 
conventional notation used to represent nuclides. Provide several examples that allow 
students to practise using these terms and notation.  

• Safety. Establish that radiation can damage or destroy living tissue. This can be useful 
(e.g. in treatment of tumours) but can also be hazardous if healthy tissue is affected.  

• Properties of radiation. Ask students to suggest why particular isotopes are chosen for 
medical use. They should be able to appreciate the relevance of the absorption experiments 
they carried out earlier (e.g. gamma emitters are used where highly penetrating radiation is 
needed for imaging).  

 
Visit opportunity: Visit a local hospital. 

Enquiry skills 11A.2.3, 11A.2.5 

 

 

Set students a challenge: give them a limited time (e.g. 24 hours) in which to use the Internet 
and library resources to list as many uses of radioactivity as they can find. For each, they 
should note the type of radiation used and, if possible, the isotope used as its source. Examples 
might be drawn from industry, research and the home. Display students’ lists in the lab (and 
maybe offer small prize for the longest and most detailed or diverse list).  

ICT opportunity: Use of the Internet. 

Enquiry skills 11A.1.8, 11A.2.5, 11A.3.4 

 

 

4 hours 

Radioactive decay 
... use the common notation 
for representing nuclides and 
write equations representing 
nuclear transformations. 

Understand the spontaneous 
and random nature of nuclear 
decay, interpret decay data in 
terms of half-life and explain 
the source of the background 
radiation. 

Know the properties of α-, β- 
and γ-radiations, including the 
dangers to life and health. 

Know some common uses of 
radioisotopes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Radioactive transformations 
With the aid of suitable diagrams and equations displayed on the board or OHP, along with any 
available models or Java applets, explain to the class the nuclear transformations that occur 
when an unstable nucleus emits alpha, beta or gamma radiation. Show how the electron (beta 
particle) is represented using conventional nuclear symbols and emphasise that the total proton 
number (charge) and nucleon number are both separately conserved in any reaction. 

Explain that beta decay involves a neutron transforming into a proton, with the emission of an 
electron. 

Organise a game in which each student is given a card with symbols showing either the starting 
point or the products of a radioactive transformation. Designate three areas of the lab as alpha, 
beta and gamma. Students should first find their partners (i.e. the student holding the other part of 
their transformation) and then decide which group they should join. Students within each group 
should then look at one another’s cards and decide whether any pairs are in the incorrect group.  

Give students plenty of examples that allow them to practise writing and interpreting equations 
involving radioactive transformation.  
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Objectives Possible teaching activities Notes School resources 

Decay and half-life 
Refer to the previous activity and establish that a pure sample of a radioactive isotope will 
change its composition over time (i.e. the original nuclide will decay).  

Explain how the amount of the original isotope present can be related to its activity (i.e. the 
number of decays per second): the greater the number of unstable nuclei present, the greater 
the number of emissions.  

Demonstrate and explain how to monitor the activity of a short-lived isotope. Show how the 
background count must first be determined. Then obtain measurements of the count-rate at 
regular intervals, subtract the background count and plot a graph of count-rate against time to 
produce a decay curve.  

If apparatus and local safety requirements permit, let students work in pairs to obtain their own 
decay curves for the decay of protactinium or another short-lived isotope. Tell them to use a 
datalogger and PC to collect and display the measurements, and to discuss how to select the 
appropriate sampling rate.  

Discuss the decay curves and establish that the time for the activity (and hence the number of 
unstable nuclei) to halve from any initial value is independent of the value chosen (i.e. there is a 
constant half-life). Tell students to use their own graphs to determine a value for the half-life of 
the isotope studied. Encourage them to comment on the precision and accuracy of their results 
and to suggest ways in which these might be improved.  

Refer to earlier work in which students studied some uses of radioactivity. Ask students to suggest 
whether an isotope with a long or a short half-life would be desirable in each case. For example, in 
medical use a short half-life is desirable for isotopes injected into patients (there is a high activity 
for only a short time), whereas a long half-life would lead to the patient being exposed to radiation 
for a long period. On the other hand, isotopes used in industrial monitoring devices should have 
long half-lives so that their activity remains almost constant while the device is in use.  

If students have not already identified archaeological dating as a use for radioactivity, draw their 
attention to it now and explain how it can be used to estimate the ages of once-living materials 
that exchanged carbon with the atmosphere until their death.  

Give students plenty of examples that allow them to practise using the concept of half-life.  

 
 
 
 
 

 

Safety: Radioactivity experiments must only be 
directed by teachers who have had appropriate 
training.  
 

ICT opportunity: Use of a datalogger. 

This activity also relates to Standard 10A.25.2. 

Enquiry skills 11A.1.1, 11A.1.3, 11A.1.5, 
11A.3.1–11A.3.3, 11A.4.1, 11A.4.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Modelling decay and half-life 
Divide the class into pairs or small groups and allocate each a different model illustrating the 
random nature of radioactive decay. Provide a briefing sheet for each activity which guides 
students to record data and plot a decay curve. In each of the following, students should 
repeatedly drop a large number of the objects, remove according to instructions, and plot a 
graph of the number remaining after each drop.  
• Drawing pins. Remove all those that lie on their backs. 
• Coins. Remove all those that land ‘heads’. 
• Dice. Remove all those that show 6. 
• Dice. Remove all those that show either 1 or 2. 

 

Prepare suitable briefing sheets. 
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Objectives Possible teaching activities Notes School resources 

 

Display and discuss the decay curves. Establish that, in each case, the plotted points lie close 
to a smooth curve with a constant half-life (i.e. a curve that closely resembles a radioactive 
decay curve). By suitable discussion and questioning, establish the following points.  
• In all the examples the decay is random: it is impossible to predict which individual object will 

decay at any one time. 
• Although the individual decay is random, there is a well-defined decay probability, so it is 

possible to predict the fraction of the objects decaying. 
• This spontaneous random behaviour is a good model for radioactive decay. It is impossible to 

predict which nucleus will decay, but the fraction decaying in a given time, and hence the 
half-life, can be determined accurately.  

Students should also use computer models to simulate the random nature of radioactive decay. 
  

 
 
 
 

 
 

 
 

 
 

ICT opportunity: Use of computer models. 

 

4 hours 

Nuclear fission and fusion 
Know the source of energy in 
stars, including the Sun. 

Distinguish between nuclear 
fission and nuclear fusion, 
and know how heavier 
elements are formed in older 
stars by nuclear fusion. 

Understand that while nuclear 
fission can be used 
peacefully as a source of 
energy, there are significant 
social, political and 
environmental dimensions to 
its use. 

Nuclear fission 
Using suitable visual aids and nuclear equations, explain to students the principles underlying 
power generation using nuclear fission. Establish the following points. 
• Electricity can be produced using steam-driven turbines that drive generators. A variety of 

energy sources can be used to power the turbines. 
• Some massive nuclei can decay by splitting (fission) in which the products have greater 

kinetic energy (i.e. are hotter) than the original nuclei. 
• Fission can be induced artificially in some nuclei (e.g. uranium-235) by neutron absorption.  
• Uncontrolled fission can lead to a runaway chain reaction and explosion. This is exploited in 

nuclear weapons. 
• Fission can be controlled by the use of control rods to absorb excess neutrons, leading to a 

steady reaction and the emission of heat. This is exploited in nuclear power stations.  

Ask students to draw flow charts showing the processes involved in generating electricity from 
fissile materials.  

Show students one example of a video or other material highlighting the positive aspects of 
nuclear power (e.g. from a nuclear power company) and one focusing on negative aspects 
(e.g. produced by an environmental pressure group). Point out that producers of such materials 
often act from a position of self-interest, so when using the information it is important to be 
aware of possible bias.  

Set the task of preparing to debate whether or not a nuclear power station should be built near 
their home town. Tell students to look for evidence to support the case for nuclear power, and 
for evidence making a case against it.  

Ask two students to introduce the case for, and two to introduce the case against nuclear 
power. Then ask other students in turn to add to, or dispute, the evidence presented. During the 
debate, encourage students to consider both sides and to form their own opinions. Hold a vote 
at the end.  

 
Enquiry skills 11A.1.6, 11A.1.8, 11A.2.3, 11A.3.4
 
 

 
Students will meet the relationship E = mc2 in 
Unit 12AP.6 
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Objectives Possible teaching activities Notes School resources 

Nuclear fusion on earth 
Explain to students that the fusion (joining) of light nuclei can also lead to an increase in the 
particles’ kinetic energy and so could, in principle, be used as a power source for electricity 
generation. Point out that the process gives rise to fewer waste-disposal problems than nuclear 
fission, and that water could be a plentiful cheap source of light nuclei (i.e. hydrogen).  

Ask students to suggest reasons why nuclear fusion power is not yet a commercially viable 
option, despite several decades of research and development. By suitable questioning and 
prompting, establish that fusion requires two positively charged particles to join, and this is 
made difficult by electrostatic repulsion. Establish that the reacting particles need to approach 
one another at high speed so as to come close enough to react before the repulsion reverses 
their motion. Students should appreciate that high speeds imply high temperature. They should 
also appreciate that, in order to increase the likelihood of a collision between nuclei, the material 
undergoing fusion should have high density.  

Tell students that, in order to promote fusion in prototype reactors, temperatures of the order 
108 K are required. Ask students what problems might arise when dealing with such high-
temperature material (it tends to vaporise any other material with which it comes into contact, 
including the walls of any container). 

 
 
 
 
 
 
 
 

 
 
 
 

 

 

If time permits, let students search the Internet for examples of nuclear fusion experiments on 
Earth, including ‘cold fusion’. Point out that the results of some experiments are open to question, 
and that the reports of cold fusion have been widely (though not completely) discredited.  

Give students some examples that allow them to practise using nuclear symbols and equations 
to show fission and fusion reactions.  

ICT opportunity: Use of the Internet. 

 

 

 

 

Nuclear fusion in the stars 
Refer to the previous discussion and explain to students that, while the high temperatures and 
densities required for nuclear fusion are hard to achieve on Earth, they are found within the 
cores of stars, including the Sun.  

Tell students that, until nuclear fusion was discovered early in the twentieth century, the 
energy source of the Sun was a great puzzle: no conventional source (such as burning oil or 
coal) could sustain the Sun’s power output for more than a few thousand years, which 
conflicted with other evidence about the age of the Earth. However, models of the Sun’s 
output involving nuclear fusion of hydrogen can account for the observed power output and 
supposed age of the Sun. The energy released by fusion reactions in the Sun’s core (centre) 
heats the overlying material so that it radiates electromagnetic radiation that we receive on 
Earth as heat and light.  
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Objectives Possible teaching activities Notes School resources 

 Ask students to work in pairs to research information about nuclear fusion reactions in stars. 
Guide students by suggesting they look for answers to the following questions. 
• Which elements were present in the very early Universe? 
• Which reactions are involved in the processes known as the pp and CNO cycles that create 

helium from hydrogen? 
• What are the typical temperatures and densities in the core of a Sun-like star, and in the core 

of a star with ten times the mass of the Sun? 
• After the production of helium, what are the reactions that produce carbon and heavier 

elements? 
• Why can large, hot stars produce heavy elements in their cores, whereas Sun-like stars cannot? 
• What happens when a very hot, massive, short-lived star can undergo no further fusion? How 

are heavy elements recycled into later generations of stars and planets? 

Tell students to display their findings by making a colourful poster. Display the posters around 
the lab.  
 

Enquiry skills 11A.1.6, 11A.1.8, 11A.3.4 
 
 
 

 

 
 
Heavy elements are produce in the cores of very 
hot, massive, short-lived stars, which exhaust 
their nuclear fusion and come to a catastrophic 
end while still young. Only low-mass, cool, stars 
survive long enough to become ‘old’, but their 
core temperatures never become high enough 
to initiate fusion of heavy elements.  
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Write a short article for an encyclopaedia explaining how a cathode-ray tube can be used in a 
TV. Illustrate your article with diagrams and include the following terms: electron gun, 
thermionic emission, charge, electric field, electrode. 

  

Carry out an experiment to determine the range of alpha radiation in air, and use your results to 
explain how an alpha source can be used in a simple smoke detector. 

Provide suitable apparatus and ensure that 
safety procedures are followed.  

 

When Rutherford saw the result of Geiger and Marsden’s experiments, he said it was as if a 
cannon-ball had bounced back from a sheet of tissue paper. Explain why Rutherford was so 
astonished by the result and describe the theory he developed to explain it. 

 
 

A radioactive isotope of carbon has 6 protons and nucleon number 14. 

a. Write an equation using conventional symbols showing what happens when this nuclide 
undergoes beta decay.  

b. This isotope has a half-life of 5600 years. If a sample initially contained 1 mg of the isotope, 
how much would remain after 11 200 years? 

  

Repeatedly drop a large number of dice and on each occasion remove all those that show an 
even number. Explain how this process is similar to radioactive decay. 

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

 

Write a paragraph to explain why nuclear fusion is difficult to achieve on Earth but occurs 
readily in the cores of the Sun and other stars. 
 

  

 

 

Unit 11AP.7 
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