Hodder Education AQA GCSE Science Core Science Scheme of Work Chapter 11

Objective test Physics 1b Radiation and the Universe covers chapters 11 and 12

Lesson 1

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students observe waves in a slinky and on water to understand wavelength, frequency, amplitude and the wave equation.
	Starter

• Using a slinky, demonstrate the nature and properties of waves. 

• Introduce the terms amplitude, wavelength and frequency and explain how waves move along the slinky but the slinky remains in the same position.

Main activity 

• Using a wave machine or ripple tank (or simulation), demonstrate the nature and properties of water waves; refer to amplitude, wavelength and frequency. 

• Introduce the wave equation using Figure 11.5 on page 199 of the Student’s Book.

• Students read Section 11.1 in the Student’s Book. 

Plenary 

• Emphasise the definitions of wavelength, frequency and amplitude and the wave equation.
	Most students will: 

• understand the concepts of wavelength, frequency and amplitude in relation to waves;

• be able to use the wave equation in calculations.

Faster learners will:

• know the equation V = f ( (


	Homework

Students answer questions 1–3 on page 200.



	Resources required
• Ripple tank, slinky

• Simulation, e.g. Plato Learning – New Media Science School – ‘Wave simulations’



	Key words

frequency, amplitude, wavelength, hertz, Hz, wave speed, pulse

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities

• Calculations using wave equation
	ICT objectives

• Use wave simulations

	How science works

• 1c  How explanations of many phenomena can be developed using scientific theories, models and ideas.
	Key skills



	Cover lesson

This is not suitable as a cover lesson.

Ask students to read Section 11.1 in the Student’s Book and answer questions 1–3 on page 200 (homework activity).



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




Lesson 2

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students are introduced to the concepts of electromagnetic radiation and electromagnetic waves. They learn about the different types of waves across the electromagnetic spectrum – their uses and dangers.
	Starter

• Introduce the concept of electromagnetic radiation by referring to visible light and infra-red radiation (thermal energy), which students have already met in Chapter 9.

• Introduce the electromagnetic spectrum (‘family’).

Main activity 

• Ask students to read pages 201–202 of the Student’s Book and emphasise the properties common to all electromagnetic waves.

• Use the Simulation: ‘Waves and energy across the spectrum’ on the Interactive Presentations CD-ROM to illustrate the interaction between frequency and wavelength for all electromagnetic waves and the fact that they all travel at the same speed.

• Use the Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM to illustrate some of the properties, uses and dangers of the different types of wave.

Plenary 

• Summarise the properties common to all electromagnetic waves.
	Most students will:

• understand the concept of electromagnetic waves, that they travel as waves and transfer energy;

• know that all types of electromagnetic waves travel at the same speed through a vacuum (space);

• know that the electromagnetic spectrum is continuous but the wavelengths within it can be grouped into types of increasing wavelength and decreasing frequency. 
Faster learners will be able to:

• explain the properties of individual  electromagnetic waves.

	Homework

Students complete questions 4, 5 and 6 on pages 201–202 of the Student’s Book.

	Resources required
• Simulation: ‘Waves and energy across the spectrum’ on the Interactive Presentations CD-ROM

• Animation: ‘The electromagnetic spectrum’ on the Interactive Presentations CD-ROM

	Key words

electromagnetic spectrum, wavelength, frequency, radio, microwaves, infra-red, visible, ultraviolet, X-ray, (-ray, gamma

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities


	ICT objectives

• Use of simulation and animation



	How science works

• 1c How explanations of many phenomena can be developed using scientific theories, models and ideas.
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




Lesson 3

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students study the reflection and absorption of the different colours in visible light.


	Starter

• Go over students’ answers to question 1–6 in the Student’ Book, ensuring that all students can use the wave equation successfully.

• Remind students of the properties that all electromagnetic waves have in common (see list on page 201 of the Student’s Book).

• Ask students ‘How will the different colours (wavelengths) in visible light be reflected and/or absorbed by different coloured surfaces. Does a blue shirt always look blue? How does a red-coloured t-shirt look in disco lights?’

Main activity 

• Introduce the Class practical: ‘Where did you get that shirt?’ from the e-Worksheets CD-ROM.

• Ask students to work through the class practical and then answer the questions.

Plenary 

• Go through the questions on the worksheet. Allow students time to express their ideas and correct their answers.

• Summarise the results of the practical emphasising that red objects reflect red light and absorb other colours, etc.


	Most students will:

• observe the way in which different coloured objects reflect and absorb the different colours (wavelengths) of visible light to different extents.

Faster learners will:

• understand the way in which different coloured objects reflect and absorb the different colours (wavelengths) of visible light to different extents.

	Homework

Students write their own explanations for the class results.

	Resources required
• Class practical: ‘Where did you get that shirt?’ from the e-Worksheets CD-ROM

• Dataloggers, light sensors, different coloured fabrics or card

	Key words

absorption, reflection, wavelength, frequency

	Literacy opportunities

• Speaking and listening – class discussion

• Developing explanations using key words
	Numeracy opportunities

• Tabulating results using suitable headings and units
	ICT objectives

• Datalogging



	How science works

• 2a, 2b, 2c, 2d  All practical and enquiry skills can be covered.
	Key skills



	Cover lesson

This is not suitable as a cover lesson.



	Assessment opportunities 

Practical skills assessment related to the practical. 




Lesson 4

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students study the uses, properties and hazards of microwaves and measurement of the speed of microwaves.
	Starter

• Use the Simulation: ‘Waves and energy across the spectrum’ and the Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM to identify the properties, uses and dangers of microwaves.

• Allow students 10 minutes or so to summarise the key points identified.

Main activity 

• Introduce the Demonstration: ‘Measuring the speed of light using a microwave oven’ from the e-Worksheets CD-ROM and then carry this out.

• Ask the students to answer the questions related to the demonstration as you proceed.

Plenary 

• Go over the questions related to the demonstration.

• Remind students of the hazards of microwaves and that all electromagnetic waves travel at the same speed.


	Most students will:

• know about the properties, uses and hazards of microwaves.

Faster learners will be able to:

• determine the speed of microwaves knowing their frequency and wavelength.



	Homework

Students explain what is meant by: standing waves, nodes, antinodes.

They also finish answering questions on the worksheet.

	Resources required
• Simulation: ‘Waves and energy across the spectrum’ on the Interactive Presentations CD-ROM

• Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM

• Demonstration: ‘Measuring the speed of light using a microwave oven’ from the e-Worksheets CD-ROM

• Microwave, flat squares of processed cheese (be careful with hot cheese)



	Key words

standing waves, nodes, antinodes, microwave, frequency, wavelength

	Literacy opportunities

• Explaining key words
	Numeracy opportunities

• Calculating speed of microwaves
	ICT objectives

• Datalogging

	How science works

• 2a, 2b, 2c, 2d  All practical and enquiry skills can be covered.
	Key skills



	Cover lesson

This is not suitable as a cover lesson.



	Assessment opportunities 

Practical skills assessment related to the practical.




Lesson 5

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students evaluate the hazards associated with the use of microwaves and infra red.


	Starter

• Use the Simulation: ‘Waves and energy across the spectrum’ and the Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM to recall the properties, uses and hazards of microwaves and identify those for infra-red.

Main activity 

• Introduce the Activity: ‘Sharon investigates microwaves’ on page 203 of the Student’s Book and then carry out the activity.

• Allow students time to discuss the questions in pairs then write their answers.

Plenary 

• Discuss the questions in the activity with the whole class. 

• Students extend and correct their answers during this discussion.
	Most students will:

• know about the properties, uses and hazards of microwaves and infra-red radiation;

•  know that different wavelengths of electromagnetic radiation are reflected, absorbed or transmitted differently by different substances and types of surface;

•  when radiation is absorbed the energy it carries makes the substance which absorbs it hotter.


	Homework

Students read the sub-sections entitled ‘Microwave cooking’ and ‘Infra-red radiation for cooking and detection’ in Section 11.3 of the Student’s Book and then answer questions 7– 9 on page 202.

	Resources required
• Simulation: ‘Waves and energy across the spectrum’ on the Interactive Presentations CD-ROM

• Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM

• Graph paper



	Key words

emit, absorb, frequency, wavelength, microwaves, infra-red, anomalous result

	Literacy opportunities

• Speaking and listening – class discussion

• Developing explanations using key words
	Numeracy opportunities

• Drawing a graph with appropriate scale, axes labels and unit, line of best fit, recognising anomalies
	ICT objectives



	How science works

• 3a, 3b, 3c All covered
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: students’ outcomes of graphs activity to assess data handling skills, communication skills.




Lesson 6

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the properties, uses and hazards of ultraviolet waves. 

They learn the importance of sensible sunbathing and investigate the effectiveness of different sunscreen creams.
	Starter

• Use the Simulation: ‘Waves and energy across the spectrum’ and the Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM to identify the properties, uses and hazards of ultraviolet radiation.

Main activity 

• Ask the students ‘What precautions do they take whilst sunbathing?’ Use their response to introduce the Investigation: ‘Block that Sun!’ from the e-Worksheets CD-ROM.

• Students carry out the investigation and then answer the questions.

Plenary 

• Go over the questions on the worksheet. Discuss the extent to which the blocking factor is an indication of effectiveness and the reliability of the experimental data.


	Most students will:

• know about the properties, uses and hazards of ultraviolet radiation;

•  know that different wavelengths of electromagnetic radiation are reflected, absorbed or transmitted differently by different substances and types of surface;

• know that different wavelengths of electromagnetic radiation have different effects on living cells – some may cause cancerous changes and some may kill cells;
• appreciate the hazards of ultraviolet radiation whilst sunbathing and relate this to total exposure time.

Faster learners will be able to: 

• explain the effectiveness of sunscreens.



	Homework

Students read the sub-section entitled ‘Ultraviolet (UV) radiation – sunbathing and energy-efficient lamps’ on pages 203–204 of the Student’s Book and then answer questions 10 and 11 on page 205.



	Resources required
• Simulation: ‘Waves and energy across the spectrum’ on the Interactive Presentations CD-ROM

• Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM

• Investigation: ‘Block that Sun!’ from the e-Worksheets CD-ROM



	Key words

ultraviolet, emit, absorb, reflect, ozone, melanin, exposure, skin cancer

	Literacy opportunities

• Communicating their scientific method
	Numeracy opportunities

• Tabulating results using suitable headings and units
	ICT objectives

• Datalogging

	How science works

• 2a, 2b, 2c, 2d All practical and enquiry skills can be covered.

• 4a, 4b, 4c All covered
	Key skills



	Cover lesson

This is not suitable as a cover lesson.

Students could do the homework activity.



	Assessment opportunities 

Practical skills assessment related to the practical.




Lesson 7

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students develop their understanding of  the hazards of UV radiation. 

They evaluate methods of reducing exposure to ultraviolet rays  and practise their literacy skills by planning, writing and presenting an article.  


	Starter

• Recap the properties of electromagnetic waves.

• Introduce the Activity: ‘Sensible sunbathing’ on page 205 of the Student’s Book.

• Ask students to suggest features that their articles should possess for impact and success.

Main activity 

• Students carry out the Activity: ‘Sensible sunbathing’ individually or in pairs.  This could be done using ICT tools. While students are composing their articles, go round the class helping, prompting and encouraging.

Plenary 

• Ask individuals or pairs to present their articles to the class.  If appropriate judge the presentations in terms of features agreed in the starter.


	Most students will:

• practise their communications skills;

• enhance their understanding of the hazards of ultraviolet rays and the means of reducing exposure to them.



	Homework

Students prepare a poster or PowerPoint presentation of their articles.

	Resources required


	Key words

skin cancer, ultraviolet, risk

	Literacy opportunities

• Expressing their ideas in a clear and concise manner
	Numeracy opportunities


	ICT objectives

• Use word-processing

• Create PowerPoint presentations

	How science works

• 3a, 3b, 3c All covered

• 4a, 4c  Both covered
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Peer assessment: judge the presentations in terms of the features agreed in the starter.




Lesson 8

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the properties, uses and hazards of X-rays.
	Starter

• Ask the students what experiences they have had of X-rays – possibly during treatment at the dentist or in hospital.

Main activity 

Use students’ responses in the starter activity, the Simulation: ‘Waves and energy across the spectrum’ and the Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM to identify the properties, uses and hazards of X-rays.

• Ask students to complete the Activity: ‘They’ll need their feet all through life’ on the e-Worksheets CD-ROM.

Plenary 

• Discuss the questions and issues raised.

• Summarise key points about the hazards of X-rays and the importance of reducing exposure to them.
	Most students will:

• know about the properties and uses of X-rays;

• know that different wavelengths of electromagnetic radiation are reflected, absorbed or transmitted differently by different substances;

• know that different wavelengths of electromagnetic radiation have different effects on living cells – some may cause cancerous changes and some may kill cells;
• appreciate that overexposure to X-rays is dangerous.

Faster learners will be able to:

• explain the need to reduce the dose of X-radiation received.



	Homework

Students read Section 11.4 in the Student’s Book and answer questions 12–14 on page 206.

	Resources required
• Simulation: ‘Waves and energy across the spectrum’ on the Interactive Presentations CD-ROM

• Animation: ‘Uses and dangers of the electromagnetic spectrum’ on the Interactive Presentations CD-ROM

• Activity: ‘They’ll need their feet all through life’ on the e-Worksheets CD-ROM



	Key words

X-rays, wavelength, frequency, hazard, exposure, dose, ionising radiation, ionisation

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities


	ICT objectives



	How science works

• 3a, 3b, 3c All covered.

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




Lesson 9

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students identify the kind of electromagnetic radiation that can be used for communications and

explore their uses in different circumstances.


	Starter

• Ask the students which of the seven types of electromagnetic radiation can be used to send information from one place to another. Then ask students to identify the circumstances in which visible light, infra-red, microwaves and radio waves are used.

Main activity 

• Use the Simulation: ‘Radiation journeys’ on the Interactive Presentations CD-ROM to further the students’ understanding of the use of different waves in transmitting data, the sources and receivers needed and the hazards involved.

• Possibly demonstrate that infra-red signals can only travel a short distance in air c.f. microwaves (wireless mouse or keyboards used to use infrared, now radio frequency). Relate to radio waves passing through the atmosphere.

• Use a globe to clarify ‘line of sight’ for long-distance communications, and why satellites are used (relate to Figure 11.24 on page 208 of Student’s Book).

• Demonstrate a length of optical fibre, with a bright light source or torch. Bend the fibre round the room.

• The Activity ‘We need to talk’ from the e-Worksheets CD-ROM could be used here to compare microwave links to optical fibres.

Plenary 

• Summarise the main circumstances in which visible light, infra-red, microwaves and radio waves are used in transmitting information and the hazards involved.


	Most students will:

• know that radio waves, microwaves, infra-red and visible light can be used for communication;

• know that microwaves can pass through the Earth’s atmosphere and are used to send information to and from satellites and within mobile phone networks.
Faster learners will:

• understand and be able to explain why visible light, infra red, microwaves and radio waves in different communication systems.

	Homework

Students read Section 11.5 of the Student’s Book and then answer questions 15–19 on page 208.

	Resources required
• Simulation: ‘Radiation journeys’ on the Interactive Presentations CD-ROM

• Activity ‘We need to talk’ from the e-Worksheets CD-ROM



	Key words

visible light, infra-red, optical fibre, microwaves and radio waves, electromagnetic radiation, spectrum, communication, satellite, ionosphere, atmosphere

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities


	ICT objectives

• Use simulation.

	How science works

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is suitable as a cover lesson (or homework activity could be used instead).



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




Lesson 10

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students investigate the reflection and refraction of light and discover how total internal reflection enables a beam of light to travel through an optical fibre.
	Starter

• Go over questions 15–19 from the Students’ Book, which students answered for homework. 

• Remind students about the use of optical fibres in communication systems and explain that during this lesson they will be able to investigate how this works.

• If necessary review Key Stage 3 knowledge of reflection. 
Main activity 

• Introduce the Class practical: ‘Bending light’ on the e-Worksheets CD-ROM and then ask the students to work through the investigation in pairs.

• Move around the class, checking that students are working successfully and encourage them to discuss and answer the questions.

Plenary 

• Discuss answers to questions, developing model answers. Ensure that students have understood the concept of total internal reflection and the use of optical fibres.

• Recap students’ experience with infra-red remote controls – you can ‘bounce’ the signal off walls (possible demo with an infra-red remote control and TV).
	Most students will:

• know the law of reflection;

• know what is meant by total internal reflection;

• know that infra-red and visible light can be used to send signals along optical fibres and so travel in curved paths.
Faster learners will:

• understand how total internal reflection enables the use of optical fibres in communication systems and endoscopy.



	Homework



	Resources required
• Class practical: ‘Bending light’ on the e-Worksheets CD-ROM



	Key words

reflection, refraction, normal, critical angle, total internal reflection, optical fibres, endoscopy

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities

• Measuring angles

• Drawing accurate ray diagrams
	ICT objectives



	How science works

• 2c Work accurately and safely when collecting data.
	Key skills



	Cover lesson

This is not suitable as a cover lesson.



	Assessment opportunities 

Practical skills assessment related to the practical.




Lesson 11

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students discuss and explain the use of infra-red images in temperature sensing and detection  and explore the health risks of mobile phones.
	Starter

• Ask students ‘What is the difference between an infra-red image and a visible light image?’

‘How can infra-red radiation be used to indicate the temperature of objects?’ Discuss ideas.

Main activity 

• Recap heating effect of microwaves when absorbed. Introduce the Activity: ‘Are mobile phones a health risk?’ on page 209 of the Student’s Book. 

If appropriate, use the Simulation: ‘Radiation journeys’ on the Interactive Presentations CD-ROM to recap how mobile phones transmit, receive messages and the potential hazards of microwaves.

• Ask students to complete the activity and answer the questions.

• Discuss ‘shielding’ in microwave ovens (metal mesh in door) as a method of reducing exposure/hazard when cooking. Discuss ways of reducing mobile phone risk (e.g. keeping calls short, don’t use phone when signal is weak since phone has to boost transmission power to compensate).

Plenary 

• Draw out of a discussion the advances and improvements that science and technology have brought to our lives in using waves in communications. Also summarise any disadvantages and potential health risks, and draw attention to the fact that there are still questions that science cannot answer.


	Most students will:

• know that infra-red radiation can be used to detect temperature differences and so detect survivors of earthquakes, avalanches, criminal fugitives;

• evaluate the possible hazards associated with the use of microwave signals in mobile phones;

• evaluate methods to reduce exposure to different types of electromagnetic radiation.
Faster learners will:

• appreciate the limitations of technology;

• appreciate that scientific knowledge continually evolves.

	Homework

• Students create a poster, produce a presentation or draw a mind map to show the benefits of electromagnetic waves in communications and also the disadvantages and potential health risks associated

	Resources required
• Simulation: ‘Radiation journeys’ on the Interactive Presentations CD-ROM

There are many internet teacher’s resources on the hazards of mobile phones – see e.g. www.upd8.org. There are also many ‘campaign’ sites e.g. against phone masts near schools, students could evaluate reliability of evidence and potential bias.

	Key words

limitations, microwaves, infrared, radiation, temperature, absorption, emission, tumour, heating, transmission

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities


	ICT objectives

• Simulation, 

• PowerPoint presentation

• Internet research

	How science works

• 1d There are some questions science cannot currently answer and some that science cannot address

• 4a, 4b, 4c All covered
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.

Peer assessment of homework activity.




Lesson 12

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the differences between digital and analogue signals and appreciate the advantages of using digital signals with modern technology.


	Starter

• Describe what is meant by a digital signal and an analogue signal and ask students to give an example of each.

Main activity 

• Demonstrate the use of digital and analogue signals – use members of the class to illustrate how messages can be sent by the different systems (e.g. Morse code). 

• Discuss ‘interference’ as radio hiss, and that digital radio does not suffer from interference.

• Students read Section 11.6 in the Student’s Book and then answer questions 20–23 on page 210.

Plenary 

• Summarise the nature of digital and analogue signals and the advantages of the former with modern computers.


	Most students will:

• be able to explain the difference between analogue (continuously varying) and digital (discrete values only, generally on and off) signals;

• know that communication signals may be analogue or digital; digital signals are less prone to interference than analogue and can be easily processed by computers.
Faster learners will be able to:

• justify the choice of analogue or digital signal for different applications.

	Homework



	Resources required
• Signal generator, dual beam CRO



	Key words

analogue, digital, amplitude, frequency, noise

	Literacy opportunities

• Speaking and listening – class discussion
	Numeracy opportunities


	ICT objectives



	How science works

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is not suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.

Peer assessment of homework activity.


Lesson 13

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the sub-atomic structure of atoms and the existence of isotopes.
	Starter

• The focus in this chapter is emissions from radioactive substances. To understand these, students must first study the structure of atoms.

• Use Figures 11.28 and 11.29 and the first paragraph in Section 11.7 to introduce students to the rapid increase in our knowledge of atomic structure between 1897 and 1932 with the discovery of first electrons, then protons and finally neutrons.

( Thompson, Rutherford and Bohr models are covered in Additional Chemistry.)

Main activity 

• Draw diagrams like those in Figure 11.30 on page 212 of the Student’s Book to describe the structure of atoms. 

• Summarise our knowledge of atomic structure using the eight bullet points in the second paragraph of Section 11.7, page 211 of the Student’s Book.

• Introduce the terms atomic number and mass number and explain the existence of isotopes.

• Ask students to complete questions 24–26 on pages 211 and 213.

Plenary 

• Go over the answers to the questions. Check that students have understood key concepts.
	Most students will:

• understand the basic structure of atoms in terms of protons, neutrons and electrons;

• understand the existence of isotopes and the terms atomic number and mass number.

Faster learners will be able to:

•  explain how the model of the atom has developed and the evidence for it.



	Homework

Students write a letter from Thompson or Rutherford to a young relative explaining how the model of the atom and its structure has developed up to the time of their discoveries.

	Resources required


	Key words

atom, electron, proton, neutron, atomic number, mass number, isotope, nucleus



	Literacy opportunities

• Speaking and listening – class discussion

• Writing a letter to a target audience
	Numeracy opportunities


	ICT objectives



	How science works

• 3c Present information using scientific language.

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.

Peer assessment of homework activity.




Lesson 14

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the working of real science and scientists through the work of Marie Curie.
	Starter

• Remind students of the basic structure of all atoms and then point out that the nuclei of some isotopes are unstable. The nuclei of these isotopes break down emitting radiation.

•Introduce the terms ‘radioactive’ and ‘radioactivity’.

Main activity 

• Students read Section 11.8 on pages 213– 214 of the Student’s Book, and the caption to Figure 11.33 describing the work of Becquerel and the Curies.

• Emphasise how initial observations led to years of painstaking but rewarding work with breakthroughs in our understanding and knowledge of radioactivity.

• Students carry out the Activity: ‘Pierre and Marie’ on the e-Worksheets CD-ROM. This transposes the lives and work of this famous scientific couple into the present day idiom of celebrity journalism.

Plenary 

• Two or three students present their newspaper article to the whole class.

• After these presentations, discuss how observation links the real world with research and draw attention to the processes and methods of science in the work of Pierre and Marie Curie.
	Most students will be able to:

•  appreciate the work of scientists can involve collection of data over a long time, leading to new ideas;

•  know that some substances give out radiation from the nuclei of their atoms all the time, whatever is done to them.  These substances are said to be radioactive.
Faster learners will be able to:

• justify the scientific methodology used.



	Homework

Students research the lives and discoveries of a nuclear/radioactivity scientist of their choice.

(Becquerel, Bohr, Oppenheimer, Lisa Meitner, Rutherford, Appleton, Marsden, Geiger, Muller, Einstein, Irene Curie)

	Resources required
• Activity: ‘Pierre and Marie’ on the e-Worksheets CD-ROM

• Internet access or library

	Key words

radiation, radioactive, radioactive decay

	Literacy opportunities

• Speaking and listening – class discussion

• Writing an article to a target audience
	Numeracy opportunities


	ICT objectives

• Internet research

	How science works

• 4a, 4b, 4c  All covered
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.

Peer assessment of homework activity.




Lesson 15

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn how radioactivity is measured and about the nature and properties of nuclear radiations.


	Starter

• Ask students what is meant by radioactivity. Possibly show simulation of decay.

• Demonstrate how radioactivity is measured using an appropriate source plus a Geiger–Müller tube and counter as shown in Figure 11.34 on page 214 of the Student’s Book.

• Emphasise the precautions you take to reduce exposure to nuclear radiation during the demonstration. Teachers should refer to CLEAPSS Guide L93 Managing Ionizing Radiation and Radioactive Substances.

Main activity 

• Describe the nature of the three types of nuclear radiation and, if possible, demonstrate their penetrating powers and the effect of a magnetic field on them. Alternatively, use simulations of radioactive penetration (e.g. Multimedia Science School).

• Draw attention, as before, to the precautions you are taking.

• Use the Animation: ‘The uses and dangers of the electromagnetic spectrum’ from the Interactive Presentations CD-ROM to illustrate the properties and dangers of gamma rays.

Plenary 

• Ask students to read Section 11.9 on pages 214– 215 of the Student’s Book and then to list the precautions taken in the demonstration. 


	Most students will:

• know that radioactive substances emit damaging radiations from the nuclei of their atoms;

• know that precautions are needed to reduce our exposure to them;

•  know that alpha and beta radiations are deflected by both electric and magnetic fields but gamma radiation is not.
Faster learners will:

• know the types of radioactive emission and their properties: relative ionising power, their penetration through materials and their range in air (and relate these to the hazards of each type)

• be able to describe an alpha particle as a helium nucleus, a beta particle as an electron from the nucleus and gamma radiation as electromagnetic radiation.

	Homework

Students answer questions 27 and 28 on pages 215 and 216 of the Student’s Book, and make a table summarising the nature and properties of alpha particles, beta particles and gamma rays.

	Resources required
• Animation: ‘The uses and dangers of the electromagnetic spectrum’ from the Interactive Presentations CD-ROM

• For demonstration: Geiger–Müller tube, scaler or ratemeter, tongs, radioactive sources (Caution: Follow procedures for handling radioactive materials with students)



	Key words

alpha, (, beta, (, gamma, (, Geiger–Müller tube, emission, ionising, decay, exposure, penetrating power

	Literacy opportunities

• Discussing safety precautions
	Numeracy opportunities


	ICT objectives

Possible use of simulation to show decay (several internet resources)



	How science works

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is not suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




Lesson 16

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn what is meant by background radiation and what contributes to it. They consider the reliability and validity of measurements of radiation levels and study the benefits and risks of medical treatment using a radioactive tracer.


	Starter

• Introduce and explain the term ‘background radiation’. 

• Ask students to read Section 11.10 on page 216 of the Student’s Book and answer question 29.

• Discuss question 29. Make sure that students appreciate that repeated readings result in a more reliable mean value. Ask students if they think their answer to part d) is valid. Is it reliable and does it give a sensible answer to the investigation?

Main activity 

• Discuss sources of background radiation from e.g. routine medical and dental X-rays, and more penetrating nuclear radiation during special medical treatment.

• Students do the Activity: ‘Radioactive for a day’ from the e-Worksheets CD-ROM (this could also be used in lesson 19, uses of radioactivity).

Plenary 

• Go through the questions on the activity sheet. 

• With student prompting, list the benefits and the risks of medical treatment with radioactive tracers.


	Most students will:

• understand what is meant by background radiation and what contributes to it; 

• consider the reliability and validity of measurements of radiation levels;

• be able to evaluate the appropriateness of radioactive sources for particular uses, including as tracers, in terms of the type(s) of radiation emitted and their half-lives.

Faster learners will:

• justify the reliability and validity of measurements of radiation levels;

• understand the benefits and risks of medical treatment using a radioactive tracer.



	Homework

Students write a leaflet for patients that are about to undergo medical treatment involving radioactive tracers 

to explain the advantages and disadvantages of using radioactivity.

	Resources required
• Activity: ‘Radioactive for a day’ from the e-Worksheets CD-ROM

	Key words

background radiation, tracer, Geiger–Müller tube, radioactive, alpha, (, beta, (, gamma, (, emission, ionising, exposure

	Literacy opportunities

• Speaking and listening – class discussion

• Writing a leaflet to a target audience
	Numeracy opportunities


	ICT objectives



	How science works

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.

Peer assessment of homework activity.




Lesson 17

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students generate data to model radioactive decay. 

They are introduced to the term ‘half-life’ and study its measurement.
	Starter

• Ask students ‘How long does radioactivity last?

Are all radioactive substances as active as each other?’

• Introduce students to decay curves for radioactive isotopes and the term ‘half-life’ along the lines of Section 11.11 in the Student’s Book.

• Ask students to read the first sub-section of Section 11.11 on page 217 and answer question 30.
Main activity 

• Introduce the Practical: ‘Random nature’ on the e-Worksheets CD-ROM and ask students to work through it in pairs. 

• Allow time for pairs to share their results and for student to discuss and write their answers to questions. (Determination of half life from graph is not required)

• Alternatively show a computer model simulation

Plenary 

• Go through the questions on the activity sheet with the class, allowing a wide range of participation and focusing on the accuracy and effectiveness of the model.
	Most students will:

• understand the meaning of half-life and how it is measured: the time it takes for the number of nuclei of the isotope in a sample to halve or the time it takes for the count rate from a sample containing the isotope to fall to half its initial level.

Faster learners will:

• appreciate the use of models in the study of science.



	Homework

Students answer exam questions 5 and 6 on page 222 of the Student’s Book.

	Resources required
• Practical: ‘Random nature’ on the e-Worksheets CD-ROM

• Dice or tillick bricks, graph paper

• Plato Learning – Multimedia Science School, ‘Half-lives’ CD-ROM 

	Key words

radioactive, decay, half-life



	Literacy opportunities

• Speaking and listening – class discussion


	Numeracy opportunities

• Tabulating results, plotting a graph, drawing a curve of best fit, calculating ‘half-life’
	ICT objectives

• Can be modelled using simulations



	How science works

• 3a, 3b, 3c All covered.

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is not very suitable as a cover lesson. It is probably better to use the homework activity.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




Lesson 18

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the effects of exposure to nuclear radiation. They consider and evaluate the measures taken to reduce exposure to nuclear radiation.
	Starter

• Ask students ‘What are the hazards of using of using nuclear radiation?’ Discuss their ideas.

• Ask students to read the sub-section ‘What are the hazards of using nuclear radiation?’ on pages 217–218 of the Student’s Book.

• Discuss the consequences of exposure to (i) low doses, (ii) moderate doses and (iii) high doses of nuclear radiation and the precautions taken in different situations and by different people to reduce exposure.

Main activity 

• Discuss and evaluate the effectiveness of the different methods of reducing exposure to nuclear radiation.

• Students work in pairs on the Activity ‘What are the long-term effects of radiation?’ on page 218 of the Student’s Book.

Plenary 

• Discuss students’ answers to the questions in the activity, focusing particularly on the flawed comparison of data in Table 11.5.
	Most students will be able to:

• understand the effects of exposure to different types of nuclear radiation (and relate to properties of alpha, beta and gamma);

• consider and evaluate the measures taken to reduce exposure to nuclear radiation.

Faster learners will be able to:

• identify flawed conclusions from unfair tests and comparisons.



	Homework

Students research the effects of the atom bombs in Hiroshima and Nagasaki or the radiation accident in Chernobyl, or radon in houses, ‘dirty bombs’.

They produce an A4 poster to highlight the effects.

	Resources required


	Key words

exposure, radiation, sickness, leukaemia, isotope

	Literacy opportunities

• Speaking and listening – class discussion

• Writing a leaflet to a target audience

• Justifying conclusions
	Numeracy opportunities

• Data analysis
	ICT objectives

• Internet research

	How science works

• 3b Use both qualitative and quantitative approaches.

• 4a,4 b, 4c All covered.
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.

Peer assessment of homework activity.




Lesson 19

	Lesson objectives
	Suggested teaching activities
	Differentiated learning outcomes

	Students learn about the uses of various radioactive sources and the choice of different sources for different uses.
	Starter

• Ask students ‘What determines which radioactive source is chosen for a particular use?’ Discuss the importance of penetrating power and half-life in the choice of a particular source.

• Ask students to read Section 11.12 on page 219 of the Student’s Book. Review the text that they have just read and evaluate the appropriateness of the source in each case.

Main activity 

• Use the Demonstration: ‘Watching for smoke’ from the e-Worksheets CD-ROM to begin an investigation of a smoke detector.

• Demonstrate that the smoke detector has a radioactive source using a Geiger–Müller tube and counter and show how the emissions from the source have a weak penetrating power.

• Ask students to complete the activity and answer the questions on the worksheet.

• Activity: ‘Radioactive for a day’ from the e-Worksheets CD-ROM could also be used, if not used in lesson 16.

Plenary 

• Go through the question on the worksheet, allowing time for discussion and encouraging students to correct their answers where necessary.

• With student prompting, summarise the factors that determine the choice of radioactive sources for different uses.
	Most students will be able to: 
• evaluate the appropriateness of radioactive sources for their particular use, in terms of the type(s) of radiation emitted and their half-lives.



	Homework

Students complete the Activity: ‘Choosing radioactive isotopes for different industrial uses’ on page 220 of the Student’s Book.



	Resources required
• Demonstration: ‘Watching for smoke’ from the e-Worksheets CD-ROM

	Key words

radioactivity, penetrating power, half-life, smoke detector



	Literacy opportunities

• Speaking and listening – class discussion


	Numeracy opportunities


	ICT objectives



	How science works

• 4a, 4b, 4c All covered.
	Key skills



	Cover lesson

This is suitable as a cover lesson.



	Assessment opportunities 

Assessment for learning: use the outcome of the answers to questions to assess the students’ conceptual grasp of the topic.




