KEY STAGE 4 SHORT-TERM SCHEMES OF LEARNING

	Lesson
	1.  Atoms and radiation

	Objectives linked 
to 9-1 Grades



	All students must 
· Name the three types of nuclear radiation.
· Name the three sub-atomic particles found in an atom (proton, neutron, and electron).
Identify some sources of background radiation.
Most students 
· Describe some safety precautions used when dealing with radioactive materials.
· Describe how a Geiger counter can be used to detect radiation.
Identify natural and man-made sources of background radiation.
Some students could 
· Describe in detail the decay of an unstable nucleus.
· Explain the similarities and differences between nuclear radiation and visible light.
Describe the relative penetrating powers of the three types of nuclear radiation.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
Look alike (5 min) Ask students to draw and label an atom and discuss whether it is a realistic model. Show the students some caricatures of famous people to see whether these capture the essence of each person.

Atom models (10 min) Ask students to draw some simple atomic models. Ask them to note any of the properties of the sub-atomic particles that they already know, for example, from studying electricity or from atomic structure in chemistry.

Main
Investigating radioactivity (40 min) Discuss the discovery of nuclear radiation, outlining the initial evidence and the efforts made to explain it. Show how the Geiger counter can be used to detect nuclear radiation, starting with a background count. Some sample rocks or salts can be used to show that natural substances are radioactive.
Introduce the explanation of the source of the radiation –
radioactive decay. Outline that there must be changes to the
nucleus itself to produce these particles. Discuss some of the sources of background radiation, differentiating between natural sources and some man-made ones, particularly medical sources.

Plenaries
 Murder mystery (5 min) The body of a press photographer has been found in a sealed room, and all of the film in her camera has gone black even though it hasn’t been used. Students explain what they think happened and how they know.
Comparing locations (10 min) Interactive where students
are provided with some data about the sources of background radiation in different locations in a pie chart. They use the pie chart to answer questions that compare the risks in each of the locations.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Activity: Investigating radioactivity
Interactive: Comparing locations

	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	







	Lesson
	2.  The discovery of the nucleus

	Objectives linked 
to 9-1 Grades



	All students must 
· Identify the Rutherford (nuclear) model of an atom.
· Identify the locations of protons, neutrons, and electrons in the nuclear model.
State that electrons can move between fixed energy levels within an atom.
Most students 
· Describe the plum pudding model of the atom.
· Describe the evidence provided by the Rutherford scattering experiment.
Describe the properties of protons, neutrons, and electrons.
Some students could 
· Compare the plum pudding model, Rutherford model, and Bohr model of the atom in terms of the evidence for each model.
· Explain how Rutherford and Marsden’s experiment caused a rejection of the plum pudding model.
Describe how the initial evidence for the nuclear model was processed and how the model came to be accepted.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
What’s in the tin? (5 min) Peel the label off a tin of sponge
pudding. Show the unmarked tin to the students and ask them to describe ways they could find out what’s inside without opening it.

Believe it or not? (10 min) What does it take to change the
students’ minds about something? How much evidence would be needed to convince them that NASA has sent men to the Moon? Discuss how difficult it is to change people’s strongly held beliefs, and point out that scientists also find it difficult to change ideas that they may have been working with for many years.

Main
The Rutherford model of the atom (25 min) Discuss the atomic model that students will have used in KS3 and ask them what evidence there is for it. Outline Rutherford’s work and allow the students to discuss the idea of discovery by firing particles.
Emphasise Rutherford’s mathematical analysis of the Geiger
and Marsden experiment that confirmed the model and how the model matched the behaviour observed during nuclear decay. Compare the Rutherford model briefly with the plum pudding
model.

Further changes to the model of the atom (15 min) Show
the students the typical electron arrangement diagram used in Chemistry lessons, and discuss the nature of energy levels using the Bohr model. Ensure the students know that electrons can move between these levels when the electron’s energy changes. Explain the need for a neutron as a component of most nuclei, and outline its discovery. The students should now know the key properties of all three sub-atomic particles.

Plenaries
 Not like a solar system (5 min) The students should make a list of similarities and particularly differences between atomic models and solar systems.

I don’t believe it (10 min) Interactive where students choose the missing words to complete a paragraph summarising the evidence that led to the plum pudding model being replaced. Students then use this summary to write a letter to an unconvinced scientist who wants to hold on to the plum pudding model.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources
Activity: The Rutherford model of the atom
Interactive: I don’t believe it


	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	3.  Changes in the nucleus

	Objectives linked 
to 9-1 Grades



	All students must 
· Identify the mass and atomic number by using nuclear notation.
· Identify the type of decay taking place from a nuclear equation.
Describe how isotopes are atoms of the same element with different mass numbers.
Most students 
· Calculate the number of neutrons in an isotope by using nuclear notation.
· Describe the differences between isotopes.
Complete decay equations for alpha and beta decay.
Some students could 
· Explain why particles are ejected from the nucleus during nuclear decay.
· Describe the changes in the nucleus that occur during nuclear decay.
Write full decay equations, for example, nuclear decays.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starter
Fact or fiction (5 min) The students use red, amber, and green cards to decide whether a series of statements about radioactivity and atoms are false, they don’t know, or are true.
Chemical change (10 min) Give the students a demonstration of a chemical reaction (magnesium + oxygen → magnesium oxide). Ask the students to describe what is happening in terms of particles and see if they understand basic conservation of particles in chemical reactions.

Main
Nuclear notation (10 min) Show some examples of nuclear
notation, ensuring the students can identify the atomic number (proton number) and mass number (nucleon number). Students should calculate the number of neutrons in some examples. Discuss isotopes, showing some in nuclear notation and noting the difference in mass numbers.

Alpha, beta, and gamma emission (30 min) Describe an alpha decay and the changes it causes in a nucleus. The students should look at an example and then try to construct a few additional equations by using a periodic table.
Move on to beta emission, focusing on the change of a neutron to a proton and how this affects the decay equation. Show a few examples and ask the students to complete a few more.

Discuss gamma emission, pointing out that there is no change in the particle structure of the nucleus and so no decay equations are needed. Students then calculate changes in atomic number and mass number of an atom after it emits alpha and beta radiation.
Plenaries
Name that isotope (5 min) Students use the interactive to
complete a table describing various isotopes. They need to fill in missing details such as element name, proton number, mass number, and number of electrons.

Definitions (10 min) The students must give accurate definitions of the terms ‘proton’, ‘neutron’, ‘electron’, ‘ion’, ‘mass number’, ‘atomic number’, ‘alpha particle’, ‘beta particle’, and ‘gamma ray’.
 
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Activity: Alpha,
beta, and gamma
emission
Interactive: Name
that isotope

	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	4.  More about alpha, beta, and gamma radiation

	Objectives linked 
to 9-1 Grades



	All students must 
· Rank the three types of nuclear radiation in order of their penetrating power.
· Rank the three types of nuclear radiation in order of their range through air.
State that all three types of nuclear radiation are ionising.
Most students 
· Describe how the penetrating powers of radiation can be measured. 
· Describe the path of radiation types through a magnetic field.
Describe the process of ionisation.
Some students could 
· Describe in detail how the thickness of a material being manufactured can be monitored by using a beta source.
· Compare the ionisation caused by the different types of nuclear radiation.
Evaluate in some detail the risks caused by alpha radiation inside and outside the human body.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
Too many symbols? (10 min) Scientists use a lot of symbols in their work. Students use the interactive to match some symbols they have met so far with what they represent (e.g., elements, equations, the names of things, etc.). Discuss the reasons that scientists use symbols.

X-ray flashback (5 min) The students should explain why X-rays can be harmful and the precautions used to reduce exposure.

Main
Radiation in action (40 min) Describe how the penetrating
power of radiation can be measured by using a Geiger counter. Discuss the safety measures that must be used when measuring radiation. Introduce the different penetrating powers of the three types of radiation – alpha, beta, and gamma. 
Students suggest how the penetrating power could be used to measure the thickness of a material and how this can be
applied to controlling thickness. Students complete the Working scientifically sheet to examine the results from an investigation on beta radiation through cardboard and link it to the measurement and control of cardboard manufacture.
Discuss the damage caused by ionisation and some of the
precautions that can reduce exposure, emphasising that keeping the sources at a distance is one of the most effective methods.
The concept of sharing data about radiation effects should be
covered here.
Plenaries
 Local rules (10 min) The students should make a plan for a poster or booklet explaining how the radioactive sources should be stored and handled and explaining how these precautionary rules reduce harm. They can then produce this booklet as homework.

Protect and survive (5 min) Ask students to suggest what would need to be done if one of the radioactive sources was dropped and lost.
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Interactive: Too many symbols?
Working scientifically: Radiation in action


	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	5.  Activity and half-life

	Objectives linked 
to 9-1 Grades



	All students must 
· State that the activity of a radioactive sample will fall over time.
·  Define half-life in simple terms such as ‘the time it takes for half of the material to decay’.
Find the half-life of a substance from a graph of count rate (or nuclei remaining) against time with support.
Most students 
· (Find the ratio of a sample remaining after a given number of half-lives.
· State that all atoms of a particular isotope have an identical chance to decay in a fixed time.
Plot a graph showing the decay of a sample and use it to determine half-life.
Some students could 
· Compare a physical model of decay with the decay of nuclei, noting the limitations of the model. 
· Outline how the age of organic material can be determined by using
· radioactive dating. 
Calculate the changes in count rate or nuclei remaining by using an exponential decay function.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
An exponential decay puzzle (5 min) A farmer has a warehouse with two million corn cobs in it. Every day she sells exactly half of her remaining stock. How long before she has sold every last nugget (not cob) of corn?

An exponential growth puzzle (10 min) A philosopher places a grain of rice on the first square of a chess board, two on the next, four on the next, and so on. How many go on the last (sixty-fourth) square?

Main
Activity and count rate (20 min) Recap decay and remind
students that some sources seem more active than others.
Discuss the concept of activity (decay rate) and then count rate. Students should then try the decay model with dice described in the practical, finding the half-life from a graph.

Half-life calculations (20 min) H The students try some half-life calculations using the relationship shown.
Discuss why the random behaviour of particles can be
mathematically modelled whereas individual behaviour cannot. Outline radioactive dating briefly, linking to a decay curve graph.

Plenaries
Activity and decay (5 min) Show the students a graph with
three decay curves on it. Students use the interactive to put the three decay curves in order of longest half-life.

Coin toss (10 min) If someone has 120 coins and tosses them all, removing all of the heads after each toss, how many tosses until there are only 15 left?
 
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Activity: Activity and count rate
Extension: Half-lives and radioactive decay
Interactive: Activity and decay





	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	6.  Nuclear radiation in medicine

	Objectives linked 
to 9-1 Grades



	All students must 
· Name some medical applications for radioactive substances.
· State that the larger the dose of radiation, the more likely harm will be caused.
Describe some precautions used during diagnoses or treatments involving radioactive substances.
Most students 
· Explain why alpha, beta, or gamma radiation is chosen for a particular medical application.
· Describe how gamma rays can be used to destroy cancerous cells and the damage they may cause to healthy tissue.
Explain how precautions to reduce exposure to patients and medical staff work.
Some students could 
· Describe the use of radioactive implants and the hazards associated with the technique.
· Discuss the factors that need to be taken into account when selecting a medical tracer for a diagnostic test.
Explain how a medical tracer is used including the function of a gamma camera.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
A three pipe problem (10 min) A plumber has found an outlet pipe in a block of flats but does not know which apartment it comes from. How can he find out?
Tumours (5 min) What are tumours, are they all dangerous, how do they arise, and how can they be treated?

Main
Nuclear radiation in medicine (40 min) Discuss the idea of using radioactive tracers in the body, balancing the risks and benefits clearly. Ensure that the reasons alpha sources cannot be used are discussed. Show some gamma camera images and outline the operation of a detector. Images can be compared with X-rays in terms of resolution.
The purpose of gamma treatment should now be discussed, linking to ionisation and cell destruction. Damage to healthy cells should also be mentioned. Discuss the need for implants to provide long-term exposure to tumours.
These are often in regions where a gamma ray beam would cause too much damage to healthy tissue (e.g., the brain).
Summarise the benefits of each treatment and the risks to the patient, along with the precautions taken by medical staff.

Plenaries
Radiation and medicine (5 min) Interactive where students match up the type of radiation with its medical use. They then explain why each type of radiation is used for that particular medical use.

Informed consent (5 min) Students discuss who should have the final say about medical diagnosis and treatment. How much information should be provided to the patient?

	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources
Activity: Nuclear radiation in medicine
Interactive: Radiation and medicine

WebQuest: Radioactive tracers






	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	7.  Nuclear fission

	Objectives linked 
to 9-1 Grades



	All students must 
· Describe how nuclear fission is the breaking of a large nucleus to form two smaller nuclei.
· Distinguish between induced fission and spontaneous fission.
Label the key components of a nuclear reactor.
Most students 
· Describe induced nuclear fission in terms of neutron impacts and release.
· Explain how an escalating induced fission reaction occurs.
Outline the function of the moderator, control rods, and coolant.
Some students could 
· Explain how a steady-state induced fission reaction can be maintained.
· Explain the differences between naturally occurring isotopes and enriched nuclear fuels.
Explain the operation of a nuclear fission reactor, including the choices of appropriate materials.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
Protection from radiation (5 min) The students describe the penetrating powers of the three types of radiation and explain how people can be protected from them.

Power station basics (10 min) Interactive where students put in order a simple flow diagram showing how a fossil fuel power station operates, including the furnace, boiler, turbines, generators, and transformers. They then complete an explanation of what each part does.

Main
Chain reactions and the fission process (25 min) Use the domino model to introduce a chain reaction. Students should note that the reaction must be started off but then rapidly snowballs.
Introduce the fission process, including the fission neutrons so that the next stage in the chain reaction can be discussed.
Describe what would happen if the process was uncontrolled (as in a nuclear weapon) and how this is prevented in a reactor by absorbing excess neutrons.
Discuss the fact that only a few isotopes will undergo fission in a reactor and that these are fairly rare and difficult to enrich, making the technique expensive.

Reactor design (15 min) Compare the design of a nuclear power plant to a non-nuclear one. Bring the focus onto the reactor and then the roles of the moderator, control rods, and coolant. Suggest some example materials for these and their properties.

Plenaries
The China syndrome (5 min) If a nuclear core melts down, it gets so hot that it can melt the rock beneath it and start sinking into the Earth. What stops it sinking all the way through?

Chain reaction (10 min) The students should be asked to develop a physical model to show a chain reaction.
 
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Interactive: Power station basics
Working scientifically: A domino chain






	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	8.  Nuclear fusion

	Objectives linked 
to 9-1 Grades



	All students must 
· State that nuclear fusion is the energy releasing process in the Sun.
· State that the Sun fuses (joins together) hydrogen nuclei into helium nuclei.
Describe how very high temperatures and pressures are required for fusion to take place.
Most students 
· Outline the process of nuclear fusion.
· Complete a nuclear equation showing simple fusion processes.
Describe the key design features of a nuclear fusion reactor.
Some students could 
· Explain why it is difficult to carry out controlled nuclear fusion on Earth.
· Construct a variety of nuclear equations showing nuclear fusion.
Compare the operation of a nuclear fission reactor and a nuclear fusion reactor.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
A Sun myth (10 min) The Sun has a lot of mythology based on it and a lot of religions had a ‘Sun god’. What stories do the students know?

Star one (5 min) Ask students where does the Sun get its energy? The students discuss their ideas and then discuss possible problems with them.

Main
Fusion reactions (40 min) Introduce nuclear fusion, explaining that the mass of the products is slightly less than the mass of the initial nuclei and so there is an energy release.
Discuss this process in the Sun, where there is a readily
available source of fusible nuclei and the right conditions to
cause them to fuse.

Students should form some of the nuclear equations for fusion. They can make models of some of the processes.
Discuss the design of a fusion reactor and compare the conditions with those in the core of the Sun. Emphasise how difficult it is to maintain the right conditions for fusion in reactors on Earth. Discuss the future potential for nuclear fusion, but note that progress has been very slow.

Plenaries
A bright future (10 min) Students use the interactive to
sort statements according to whether they are advantages or
disadvantages of using nuclear fusion as a potential energy source of the future. They then complete a paragraph to compare nuclear fusion and nuclear fission.

Building carbon (5 min) The carbon in the students’ bodies was formed in stars through fusion processes. Ask the students to suggest the stages that produce carbon-12 from lighter elements. 
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources

Activity: Fusion
Interactive: A bright future






	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
	



	Lesson
	9.  Nuclear issues

	Objectives linked 
to 9-1 Grades



	All students must 
· Identify sources of radiation, including medical and background radiation.
· Describe the type of damage caused by large-scale nuclear accidents.
Describe how nuclear waste is very dangerous and must be stored safely for very long periods of time.
Most students 
· Compare the risks and damage associated with alpha, beta, and gamma radiation.
· Describe how damage caused by radioactive material can be reduced.
Discuss the difficulties associated with the handling and storage of nuclear waste.
Some students could 
· Discuss the risks and benefits of nuclear power compared to other methods of electricity generation.
· Describe and explain the safety precautions that need to take place after a large nuclear accident.
Evaluate in detail a variety of storage or disposal solutions for nuclear waste.

	Key Language
Literacy
Numeracy
	
	

	T&L
	Lesson Overview
Starters
An empty pie (5 min) Show the students a pie chart with all
the sources of background radiation and their contribution to an average dose removed. Ask the students to guess what each slice of the pie represents and then compare with the real figures.

Risk awareness (10 min) All activities have some associated risk but this must be balanced against the benefits. Discuss some activities with the students, such as driving, crossing a road, walking to school, and ask them to assess how risky they think each activity is.

Main
Radiation all around us (15 min) Recap the sources of
background radiation, presenting some data for the local region if possible. Compare this with more dangerous locations. Discuss the typical radiation dose and how this is significantly affected by some medical treatments.

Nuclear accidents and waste (25 min) Show news footage of the two major nuclear accidents and ask the students to compare the responses by the authority in the short and long term. Discuss the environmental damage caused and casualty numbers. Incorporate a brief discussion of the handling and disposal of the radioactive waste produced by reactors.

Plenaries
Radioactivity (10 min) Students complete the interactive to
summarise what they have learnt about radioactivity, including the advantages and disadvantages of using radiation and nuclear power in the various contexts introduced.

Where’s the waste? (5 min) Show the students maps of the UK and the rest of the world and ask them to decide where nuclear waste should be stored and why.
 
	 Differentiation :
 Challenge

 Core

 My task



	Resources
incl. ICT/VLE 
	Resources
Activity: Nuclear issues
Interactive: Radioactivity
WebQuest: Nuclear waste – not in my back yard?

	Differentiated homework 
	 Challenge;
 Core;
 My task;

	EMB Assessment
	EMB title:

	SMSC

	

	Health & Safety 
(if applicable)
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