[image: ]
Edexcel GCSE (9–1) in Combined Science Support scheme of work (including Entry Level Certificate) - Physics


Edexcel GCSE (9–1) in Combined Science Support scheme of work (including Entry Level Certificate) - Physics
Edexcel GCSE (9–1) Combined Science Support 
Scheme of work (including Entry Level Certificate) 
PHYSICS

Important information:

This Scheme of Work matches the Active Learn Digital Service for Physics. 
You can access these materials here. 

You may also find the document titled ‘Entry Level specifications map to resource topics and assessments’ useful when planning your course.
Also available on our website are course planners so you can plan your topic delivery order.


How to use this scheme of work:

This Scheme of Work focuses on allowing students to access GCSE foundation tier content, whilst achieving the Entry Level Certificate qualification. There is no obligation to complete or certificate the Edexcel Certificate through this course.

Each topic is allocated 4 hours and is supported by Active Learn Digital Resources.

Approximately 2 hours is allocated to teach ELC content and up to a further 2 hours to secure ELC learning and extend to GCSE foundation tier level,
if appropriate for your learner. Recap and securing lessons could be taught directly after the first lesson on a particular topic or could be taught at
a later point in the academic calendar (spiral).

Notes: Content in square brackets is only covered in ‘Exemplar re-cap topic differentiated teaching activities - Securing GCSE’.
Occasionally GCSE Specification points are not fully covered. The parts not covered by the materials are indicated by […].  


	
P1 Forces, movement and energy


	
P1a Stopping distances (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.13 Be able to use: 
the stopping distance of a vehicle = the thinking distance + the braking distance

1A.1 Recall that the stopping distance of a vehicle is changed by:
a the mass of the vehicle
b the speed of the vehicle
c the driver’s reaction time
d the condition of the vehicle’s brakes and tyres
e the state of the road
1A.15 Recall that a driver’s reaction time is increased when using drugs (medicines and alcohol) or when 	being distracted

GCSE Combined Science
P2.28 Recall that the stopping distance of 	a vehicle is made up of the sum of the thinking distance and the 	braking distance

P2.29 Explain that the stopping distance of 	a vehicle is affected by a range of factors including:
a the mass of the vehicle
b the speed of the vehicle
c the driver's reaction time
d the state of the vehicle's brakes
e the state of the road
f the amount of friction between the tyre and the road surface 

P2.30 Describe the factors affecting a driver’s reaction time including drugs and distractions

	Starter
Show images of various situations on the road that can be used to initiate discussion about speed and stopping distances etc. The ALDS presentation P1a Stopping distances contains images of various situations on the road that can be used to initiate the discussion. Elicit the idea that vehicles cannot stop instantly but that it takes time for the driver to react to a car in front stopping or a person running into the road, and then it takes more time for the brakes to bring the car to a stop. All this time the car is still moving forwards.

Exploring
Worksheet P1a.1 provides a card sort activity. The cards show different changes that can be made to a car, driver or road, and students are asked to sort them into things that affect the braking distance and ones that affect the thinking distance. Check that students understand the terms increase and decrease.

Explaining
Have a distance of 23 metres marked out in a corridor or on the playground, divided up into the 9 m thinking distance and 14 m braking distance. Elicit the idea that cars travelling at 30 mph in towns should have this much clear space in front of them. Ask them to suggest why there is often a 20 mph speed limit outside schools, and mark out the thinking and braking distances at that speed (both 6 m).

	Starter
Find an image from the internet of cars on a busy motorway in wet conditions. Ask students to work in pairs for a couple of minutes to think of factors that will affect the stopping distances of the cars 

Securing ELC 
Worksheet P1a.5 provides two drawings of cars for students to complete to show a car with the shortest possible stopping distance, and one with a much longer stopping distance. Students can be asked to add explanatory labels.

Securing GCSE Support
Students make a poster summarising what they know of stopping distances. For example, they could find an image of a car and add labels explaining why the brakes must be in good working order, the types of road surface that give the shortest stopping distances, etc. Ask them to link their ideas to driving at 'a safe distance' and how this depends all the factors they have learnt about.
Securing GCSE
Worksheet P1a.7 provides instructions for students to work in pairs to test their reaction times. Have a circuit as below set up ready for each group to use. The circuit should have the switches, bulb, battery and digital counter all in series.








	
P1 Forces, movement and energy


	P1b Balanced and unbalanced forces (4 hours)

	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.9 Recall that (unbalanced) forces cause a change of:
a position
b speed
c shape

1A.10 Recall that the forces acting on an object are balanced or zero:
a when the object is not moving
b when the object moves at constant speed
1A.15 Recall that forces cause objects to speed up or slow down

GCSE Combined Science
P2.14 Recall Newton’s first law and use it in the following situations:
a where the resultant force on a body is zero i.e. the body is moving at a constant velocity or is at rest
b where the resultant force is not zero i.e. the speed and/or direction of the body change(s)

	Starter
Show an image of cyclists moving on a level road (similar to photo A in the Student Book) and ask students to identify the forces on it. This can be done by making a large, laminated poster of the photograph and having cardboard arrows of different sizes that students can place on the poster.

Exploring
Set up a circus of activities that demonstrate balanced and unbalanced forces: paper clip and magnet, helium balloon, ramp with a block on it but not steep enough for the block to slide, students pulling on a string.

Explaining
Set up a glider on an air track with elastic bands at both ends. Show students the apparatus without the air on and ask them to predict what will happen if you push a glider. Elicit the idea that the glider stops because of friction between the glider and the track, and that a force equal in size to the friction force would be needed to keep the glider moving at a constant speed.
Then explain that air is blown out of the holes in the track and ask them to predict the motion of the glider with the air on. Demonstrate what happens and get students to explain it in terms of reduced friction. Leave the air track running until the glider comes to a stop. Ask students what would be needed to make the glider keep moving, and get them to work out that the force needed here would be much smaller than in the first example, because the force of friction is much smaller so only a smaller force is needed to balance it.
	Starter
Have a glass trough of water ready, and a model boat (anything that will float and remain stable while masses are added to it). Float the boat on the water and ask students to identify the forces involve – elicit the idea that the force of gravity on the boat (its weight) is being balanced by an upwards force that we call upthrust.
Add a mass to the boat and ask students to observe what happens, then to suggest how its weight has changed. Elicit the idea that as the boat has not continued to move downwards, then there must also be more upthrust to balance the greater weight.
Continue adding masses until the boat sinks.

Securing ELC 
Worksheet P1b.5 provides a cut and stick exercise to help students to summarise the contents of this topic.

Securing GCSE Support
Worksheet P1b.6 provides some images of a diver using a small motor and propeller, with force arrows indicating the relative sizes of the forces. Students are asked to explain whether the forces in the vertical and horizontal directions are balanced or unbalanced, and to describe what will happen to the diver. Pairs of students could be given one image each to describe, and could then swap answers with another pair for comment.

Securing GCSE
Worksheet P1b.7 provides a reminder of how to calculate the resultant of forces along a line, and some questions for students to practice this. It will be helpful if students have seen the ALDS presentation CP2a Calculating resultant forces.





	
P1 Forces, movement and energy


	
P1c Measuring quantities (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.1 Recall that all forces have size and direction, including friction which acts in the opposite direction to a moving object.

GCSE Combined Science
P1.1 Recall and use the SI unit for physical quantities, as listed in Appendix 5 of the Edexcel GCSE
P1.2 Recall and use multiples and submultiples of units, including […] [mega] kilo (k), centi (c), milli (m), [micro] […].
P2.1 Explain that a scalar quantity has magnitude (size) but no specific direction.
P2.2 Explain that a vector quantity has both magnitude (size) and a specific direction.
P2.3 Explain the difference between vector and scalar quantities.
P2.4 Recall vector and scalar quantities including:
a […]
b […]
c […]
d force
e weight/mass
f […]
g energy
[P2.5 Recall that velocity is speed in a stated direction.]
	Starter
Have some measuring instruments available (see the Equipment section for suggestions). Show each one to students and ask them what kind of thing it is used to measure, eliciting length, mass, and so on. Then ask what the units are for each type of measurement.

Exploring
Worksheet P1c.1 provides instructions for a circus of activities giving students practice in using different measuring instruments.

Explaining
Provide some food labels or wrappers that give the volume of a liquid in pints as well as litres. Show these to students and also point out that the energy information is given in kcal as well as in kJ. You could also show images of a car speedometer with scales in mph and km/h, and a road sign with the distance given in miles. Explain that the older units (pints, miles, miles per hour) used to be standard in the UK, but that we have switched to litres for selling liquids and kilograms for mass to match the units used in other countries. Ask students to suggest what the benefits of this might be. Emphasise that standard units are even more important for scientists and engineers, which is why we use the SI system of units in science. 
	Starter
Set up a spring hanging from a clamp and stand, and have some stacking masses available. Talk to students about how they would measure the length of the spring and talk about the conversion between centimetres and metres. Extend this to talk about mass (and the conversion between grams and kilograms) as well as the units for force. 

Securing ELC 
Worksheet P1c.5 includes a card-sort activity with the names of units and their symbols. Students work in pairs to sort the cards, following the instructions on the sheet.

Securing GCSE Support
Worksheet P1c.6 provides practice in working with the prefixes for units introduced in the Student Book (kilo-, centi- and milli-).
Securing GCSE
Worksheet P1c.7 provides information and questions on the difference between velocity and speed, and between displacement and distance.








	
P1 Forces, movement and energy


	
P1d Journeys (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.3 Be able to relate speed to the steepness of the gradient on a distance/time graph. 
1A.6 Be able to relate acceleration to the steepness of the gradient on a speed/time graph. 
1A.7 Be able to relate the distance travelled to the area under a speed/time graph. 
1A.8 Understand relative speeds for everyday contexts such as walking, running, cycling, for a car, for a train, for an airplane and the speed of sound.

GCSE Combined Science
P2.7 Analyse distance/time graphs [including determination of speed from the gradient.] 
P2.10 Analyse velocity/time graphs to: 
a compare acceleration from gradients qualitatively. 
b [calculate the acceleration from the gradient (for uniform acceleration only] 
c [determine the distance travelled using the area between the graph line and the time axis (for uniform acceleration only]. 
P2.12 Recall some typical speeds encountered in everyday experience for […] sound, and for walking, running, cycling and other transportation systems.

	Starter
Show students a video clip from the Internet of a supersonic car, e.g. ThrustSSC or Bloodhound SSC (aiming for 1000 mph). Ask students to suggest how fast the speed of sound is (typically 330 m/s )and how this compares to the speeds of cars on the roads. Also ask them to suggest comparisons between walking pace and normal cycling speed, between the speed of a car on the motorway and the speed of a train, or other similar comparisons.

Exploring
Carry out a practical in which students to note the time it takes to cover a fixed distance on the playground when walking, jogging or running. They should then use this information to construct a simple distance/time graph, and relate the gradient of the line to the speed qualitatively.

Explaining
Use a datalogger connected to a distance sensor to build up a distance/time graph in real time on a screen. This can be done by moving a piece of card away from the datalogger at different speeds. Start by moving the card away slowly, and then speed up the movement, showing that the gradient of the line increases when the speed of movement increases. Follow this up by sketching a distance/time graph on the board with sections of line at different gradients, and challenging volunteers to move the card in front of the sensor to build up a similar graph. 

	Starter
On the board, sketch two distance/time graphs, one with a horizontal line and one with the line sloping upwards. Label the axes of each and ask the class what these show (staying still, moving at a steady speed). Now change the label on the vertical axis to read ‘Speed’. Ask what the horizontal line now shows. Elicit that this means moving at a steady speed. Ask a volunteer to model this motion. Ask what the sloping line now shows. Elicit that this shows a steadily increasing velocity – acceleration.

Securing ELC 
Worksheet P1d.5 provides two sketch graphs and labels for students to stick on them.

Securing GCSE Support
Worksheet P1d.6 provides a set of statements for students to sort into those applicable to distance/time graphs, speed/time graphs or both. Students can then be asked to explain one of the statements, and to interpret and draw journey graphs.

Securing GCSE
Worksheet P1d.7 allows students to practice calculating a gradient. It also provides some questions for students to practise using the gradients of distance/time and speed/time graphs to work out the speed/acceleration. Some students may also be capable of working out distance travelled by calculating the area under the graph. 





	
P1 Forces, movement and energy


	
P1e Calculating speed and acceleration (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
(initial teaching)
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.2 Be able to use: average speed = distance/time. 

1A.4 Recall that large acceleration means large speed changes or small times or both. 

1A.5 Be able to use: acceleration = change in speed/time taken.
 

GCSE Combined Science
P2.6 Recall and use the equations: 

 a (average) speed (metre per second, m/s) = distance (metre, m) / time (s) 

 b [distance travelled (metre ,m) = average speed (metre per second, m/s) x time (s)] 

P2.8 Recall and use the equation: acceleration (metre per second squared, m/s2) = change in velocity (metre per second, m/s) / time taken (second, s); a = (v - u) / t 

P2.11 Describe a range of laboratory methods for determining the speeds of objects, such as the use of light gates. 
P2.13 Recall that the acceleration, g, in free fall is 10 m/s2 and be able to estimate the magnitudes of everyday accelerations.

	Starter
Show students a video clip of a race (do an Internet search for ‘Sprint’ and the distance, e.g. ‘100 m’, ‘200 m’). Ask if students think the speed is the same all the way through the race. Show them the race again and ask them to point out the parts that are showing changes in speed. Remind students that a change in speed is an acceleration. Explain that at the end of the race, where the athletes slow down, they are also accelerating but in a negative manner, and that we call this a deceleration.

Exploring
Students use stop clocks and measuring tapes to investigate their walking and running speeds, and then find their average speed when walking and running. If any students come to school on bicycles, they could also volunteer to have their cycling speed measured. Students may need help with calculating speeds. 

Explaining
Take students through the use of the equations step by step. Practice substitution and calculation using the two equations introduced in this topic. Students working for the ELC qualification do not need to recall the equations. Students working for at GCSE level need to recall, use and rearrange the equations. Practice with this is given in Securing 3. 

Demonstrate the difference between instantaneous speed and average speed, but also how light gates can be used to measure speed and acceleration using a ramp and dynamics trolley, and datalogger.

For detail on how to carry out this practical see P1e lesson plan.
	Starter
Show a clip from the Internet of an athletics race, and elicit the idea that the winner is the athlete who covers the course in the shortest time. Ask what they need to know to work out the average speed of the athlete during the race, and the equation they need to do this. 
Then find a clip of a drag race, in which the cars accelerate for most of the length of the track. Ask students to describe the cars’ motion, using the words ‘acceleration’ and ‘change in speed’, bringing out the idea that the greatest acceleration is from the greatest change in speed in the shortest time. Again, ask students what they would need to know to work out the acceleration of the car.

Securing ELC 
Worksheet P1e.6 provides questions to help students to revise the content of this topic.

Securing GCSE Support
Worksheet P1e.7 provides practice with calculations, including some involving unit changes and some examples of negative acceleration.

Securing GCSE
Show students how to rearrange the two equations introduced in this topic, and provide some practice with this. Worksheet P1e.8 provides further practice of substitution, calculation and simple rearrangement

The ALDS presentation P1e Calculating speed and acceleration takes students through the use of the equations step by step, and the final five screens include examples of rearranging equations.





	
P1 Forces, movement and energy


	
P1f Mass, weight and acceleration (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.11	Recall that forces cause objects to speed up or slow down.
1A.12	Be able to use: weight of an object in newton (N) = its mass in kilogram (kg)  10

GCSE Combined Science
P2.15	Recall and use Newton’s second law as: force (newton, N) = mass (kilogram, kg)  acceleration (metre per second squared, m/s2), F = m  a.
P2.16	Define weight, recall and use the equation: weight (newton, N) = mass (kilogram, kg)  gravitational field strength (newton per kilogram, N/kg), W = m  g.
P2.17	Describe how weight is measured.
[P2.18 	Describe the relationship between the weight of a body and the gravitational field strength.]
[P2.19 Core Practical: Investigate the relationship between force, mass and acceleration by varying the masses added to trolleys.]
	Starter
Ask students to think of different ways they could change their weight. Possible examples include: going to the toilet, eating or drinking, going into space, going to the Moon, going up a high mountain. Challenge students to divide these into two groups (i.e. those that change their mass and those that change the force of gravity acting on them), and hence elicit ideas about the factors that affect their weight.

Exploring
Provide students with a selection of objects with their masses marked on them. Ask students to weigh the objects and draw a scatter diagram of weight against mass. Students should then draw a line of best fit. Discuss with students the kind of correlation shown by the graph, at a level suitable for individual students. Instructions are provided on Worksheet P1f.1. 

Explaining
Use an air track, light gates and a datalogger to show the equation for acceleration in action. This demonstration can also be used to revisit work on calculating speed and acceleration from topic P1e Calculating speed and acceleration.
For full instructions please see the TTPP for P1f.
	Starter
Start by showing students various balls such as a football, tennis ball, snooker ball, golf ball or medicine ball. Ask them which balls have the greatest mass, and how the weight of a ball and its mass are linked. Explain that a ‘standard teacher kick’ is approximately the same force, then kick the different balls along the floor. The aim is to give a sense of how fast the balls are moving away (rather than actually measuring the acceleration). Use the term acceleration when comparing the results. 

Securing ELC 
Worksheet P1f.6 provides card-sort exercises to reinforce the content of this topic, and also topic P1e Calculating speed and acceleration covering the equation used to calculate acceleration from a change in speed.

Securing GCSE Support
Students carry out a practical to investigate the relationship between force, mass and acceleration. This is part of the core practical requirement of the specification. See Worksheet P1f.7 for a full method for this practical.
Securing GCSE
Worksheet P1f.8 shows students how to change the subject of the two equations introduced in this topic, and provides some practice with this. The sheet also introduces the idea that gravitational field strength is different on different bodies in the Solar System. Check that students understand how to use the equation triangles on the sheet.
The second part, questions 3–5, of Worksheet P1f.2 provides further practice in substitution, calculation and simple rearrangement.





	
P1 Forces, movement and energy


	
P1g Energy transfers (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.16	Be able to use:
a	simple Sankey diagrams
b	energy transfer diagrams.
1A.17	Recall that energy cannot be created or destroyed.
1A.18	Understand that energy can be transferred from one form to another, including:
a	when a vehicle slows down
b	when water is heated by an electric kettle
c	when a moving object hits another object.
GCSE Combined Science
P3.3 	Draw and interpret diagrams to represent energy transfers.
P3.4 	Explain what is meant by conservation of energy.
P3.5 	Analyse the changes involved in the way energy is stored when a system changes, including:
a	an object projected upwards or up a slope
b	a moving object hitting an obstacle
c	an object being accelerated by a constant force
d	a vehicle slowing down
e	bringing water to boil in an electric kettle.
[P3.6 	Explain that where there are energy transfers in a closed system there is no net change to the total energy in that system.]

	Starter
Find images of a fairground on the Internet, or other images that show a variety of different energy stores and transfers. Ask students to work in pairs to identify energy stores and energy transfers. Give them a few minutes to do this, and then ask each group in turn to suggest a store or transfer.

Exploring
Students work in pairs or small groups, depending on the availability of equipment, to undertake a series of brief practical investigations to observe a series of energy transfers from one store to another. Worksheet P1g.1 provides a way to record observations. 

Explaining
Show students two or three of the following demonstrations: a pendulum, a bouncing ball and drilling holes in wood using hand drill and an electric drill. In all cases, elicit ideas about the energy stores and transfers involved, particularly the final energy stores.
	Starter
Hold a short brainstorming session to help students to recall the different ways in which energy can be stored and transferred, and ask for examples. Write a list of the energy stores and transfers on the board. The next part of the starter is a story which includes lots of examples of energy transfers and stores. Students are asked to spot what the energy transfers and stores are. 

Securing ELC 
Worksheet P1g.5 provides a picture in which students identify different ways that energy is being stored and transferred. The second part of the sheet provides cards that students can cut out to make energy transfer diagrams for a bonfire, light bulb and battery-powered radio. 

Securing GCSE Support
Worksheet P1g.6 provides questions asking students to identify energy stores and transfers in different situations.

Securing GCSE
Worksheet P1g.7 provides questions helping students to interpret and draw Sankey diagrams. The ALDS presentation P1g Sankey diagrams demonstrates how to draw Sankey diagrams and could be shown to students before they tackle the worksheet. It is also worth discussing the nature of a system at this point, perhaps by comparing a physics system to something like an ecosystem that students should have looked at in KS3.





	
P1 Forces, movement and energy


	
P1h Wasted energy (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.19	Understand that energy can be wasted or lost to the surroundings when an object:
a	gets hot
b	has a resistance force acting on it.
1A.20	Recall that energy lost to the surroundings is not useful energy.
1A.21	Understand that every time energy is transferred, some energy is always lost to the surroundings.
1A.22	Describe how to reduce unwanted energy transfers, including using lubrication or thermal insulation.
1A.23	Be able to use: efficiency = (useful energy output / total energy input)  100

GCSE Combined Science
P3.7 	Explain that mechanical processes become wasteful when they cause a rise in temperature so dissipating energy in heating the surroundings.
P3.8 	Explain, using examples, how in all system changes energy is dissipated so that it is stored in less useful ways.
P3.9 	Explain ways of reducing unwanted energy transfer including through lubrication, thermal insulation.
P3.11 	Recall and use the equation: 
	efficiency = (useful energy transferred by the device) / (total energy supplied to the device).

	Starter
Provide five examples of appliances, with descriptions and values for energy input and useful energy output. Ask students to suggest what happens to the rest of the energy. 

Exploring
Worksheet P1h.1 provides instructions for students to work out the efficiency of an electric kettle. This is a very straightforward practical in which the time taken to boil a kettle is measured. Simple calculations then follow in order to measure the efficiency of the kettle in boiling the water.

Explaining
Worksheet P1h.2 provides questions to give students practice at substitution and calculation using the efficiency equation. It is assumed that all students using this part of the worksheet will use the equation in the form given in the Entry Level Certificate (ELC) specification, producing an efficiency as a percentage. 
The second part of the worksheet includes questions that involve rearranging the equation and is for use in the Securing 3 activity in the Recap lesson. 
	Starter
Draw two Sankey diagrams on the board for similar appliances with the same energy inputs but different proportions of useful and wasted energies output. Ask students to describe what the two diagrams show, elicit ideas about the differences between the energies transferred by the two objects, and discuss what could be used as the measure of energy wasted. Elicit the idea that comparing the amount of useful (or wasted energy, at this point in the lesson) to the total energy transferred to the appliance is a more useful measure than just looking at the amount of wasted energy. 

Securing ELC 
Worksheet P1h.6 provides a card-sort activity. There are five groups of four cards: each group of four has one picture card and three others that refer to it. Students order the cards in five rows. Students then use the pictorial and diagrammatic information to explain which device is most efficient, orally or in writing.

Securing GCSE Support
Worksheet P1h.7 provides instructions for students to test the effectiveness of different types of insulation. The sheet gives instructions for recording the temperature of three beakers of water simultaneously (one control and two with insulation). 
Securing GCSE
Worksheet P1h.8 explains how efficiency can be calculated as a decimal number (as in the GCSE specification) as well as a percentage (ELC specification), and shows students how to change the subject of the equation. 





	
P1 Forces, movement and energy


	
P1i Energy resources(4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.24	Describe the main energy sources that we can use on Earth including:
a	fossil fuels
b	nuclear fuel
c	bio-fuel
d	wind
e	hydro-electric
f	the tides
g	the Sun.
1A.25	Classify sources of energy as either renewable or non-renewable.

GCSE Combined Science
P3.13 	Describe the main energy sources available for use on Earth (including fossil fuels, nuclear fuel, bio-fuel, wind, hydro-electricity, the tides and the Sun), and compare the ways in which both renewable and non-renewable sources are used.

	Starter
Use a model steam engine to help students revise ideas about energy stores and transfers, and to demonstrate one way in which the energy stored in a fuel is transferred to motion. If the model steam engine can be connected to a dynamo and light bulb, it can also be used as a model for a power station. 
If a model steam engine is not available, there are animations available on the Internet showing how steam engines and power stations work (search for ‘power station animation’). These animations can also be used to help revise energy stores and transfers.

Exploring
Worksheet P1i.1 provides instructions for students to build a model steam-driven turbine to illustrate part of the process that happens in a fossil fuel or nuclear power station (or in a solar power station, where the solar energy is used to heat water to produce steam). 

Explaining
The ALDS presentation P1i Energy resources provides a series of images with questions, allowing discussion of the different energy resources presented in this topic. 

	Starter
Play a class game of hangman on the board, using the name of each resource in turn. The winner for each word can be asked to nominate a classmate to describe the resource and one to state whether it is renewable or non-renewable. 

Securing ELC 
Worksheet P1i.5 provides cards with information about the different energy resources studied in this topic. The instructions ask students to match the word cards to make phrases describing the different resources. Students then use all the cards on the sheet to make posters.

Securing GCSE Support
Worksheet P1i.6 provides instructions for students to investigate solar cells and the link between output voltage and the distance from the light source. 

Securing GCSE
Worksheet P1i.7 provides information about bio-fuels and their uses, and comprehension questions. Students are not expected to recall all the details on the worksheet, but should understand why bio-fuels are renewable fuels and fossil fuels are not. 





	
P1 Forces, movement and energy


	
P1j Using energy resources (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1A.24	Describe the main energy sources that we can use on Earth including:
a	fossil fuels
b	nuclear fuel
c	bio-fuel
d	wind
e	hydro-electric
f	the tides
g	the Sun.
1A.26	Explain why both renewable and non-renewable sources are used.

GCSE Combined Science
P3.13 	Describe the main energy sources available for use on Earth (including fossil fuels, nuclear fuel, bio-fuel, wind, hydro-electricity, the tides and the Sun), and compare the ways in which both renewable and non-renewable sources are used.
P3.14	Explain patterns and trends in the use of energy resources.

	Starter
Write some words and phrases on the board that are answers to questions about energy resources. Ask students to work in pairs to suggest what the questions are. Give them a few minutes to think about this, then ask for volunteers to suggest questions.

Exploring
Worksheet P1j.1 provides four different scenarios and asks students to choose a suitable renewable energy resource for each one. Students make posters by sticking each scenario at the top of an A4 sheet then explaining the resources they have chosen. 

Explaining
Work thought the Student Book page, answering the questions up to the checkpoint. 

	Starter
The ALDS presentation P1j Using energy resources provides sketch graphs showing the energy output of different renewable resources during one day, with questions aimed at helping students to revise their knowledge.
Alternatively, draw graphs on the board. The graphs should represent the output of different renewable resources on a day with a sunny, calm morning and a cloudy and windy afternoon and evening. The renewables are solar, tidal, wind and hydro-electricity. 
Write the names of the four resources on the board and describe the weather to students, before asking them to work in pairs to decide which graph represents each resource.

Securing ELC 
Worksheet P1j.5 provides a card-sort activity. Students cut out the cards and allocate the descriptions to each of the energy resources discussed. They then sort the cards for each resource into advantages and disadvantages.

Securing GCSE Support
Worksheet P1j.6 provides a graph showing how energy resources used for generating electricity in the UK have changed since 1950, with questions to help students interpret the graph.
Securing GCSE
Worksheet P1j.7 looks at a specific example of changing energy resources, by providing some information about a hypothetical electric car, together with comprehension questions.





	
P2 Waves and radiation


	
P2a Describing waves (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.1	Recall that waves transfer energy and information.
1B.2	Describe a wave using the terms:
a	frequency
b	wavelength
c	amplitude
d	wave speed.

GCSE Combined Science
P4.1	Recall that waves transfer energy and information without transferring matter.
P4.2	Describe evidence that with water and sound waves it is the wave and not the water or air itself that travels.
P4.3	Define and use the terms frequency and wavelength as applied to waves.
P4.4	Use the terms amplitude [period] and wave velocity as applied to waves.
P4.5	Describe the difference between longitudinal and transverse waves by referring to sound, [electromagnetic, seismic] and water waves.

	Starter
Draw several transverse waves of varying amplitudes and wavelengths on the board. Ask students to describe how the waves are different and whether any can remember the formal words used to describe these differences (amplitude, wavelength) or any other words connected with waves. 

Exploring
Demonstrate different types of wave using a flexible spring toy. Worksheet P2a.1 provides questions and space for students to record their observations. For full instructions please see P2a TTPP. 

Explaining
The ALDS presentation P2a Describing waves shows drawings of waves with questions aimed at helping students to revise the key vocabulary and facts introduced in this topic.

	Starter
Use a flexible toy spring to demonstrate longitudinal and transverse waves. Ask students to describe the differences between the two types of wave, and also ask them to describe what is moving and how it is moving. Follow by demonstrating waves with different amplitudes and wavelengths, and ask students to recall the words used to describe waves.

Securing ELC 
Worksheet P2a.5 provides a card-sort activity with key vocabulary for the topic and diagrams for students to make into a poster. 

Securing GCSE Support
Students use buzzers or lamps to send Morse code. Worksheet P2a.6 provides instructions followed by questions that help students to revise the content of this topic. 

Securing GCSE
Worksheet P2a.7 provides information introducing students to seismic waves and the idea of the period of a wave. Questions test their understanding of period and reinforce knowledge of the differences between longitudinal and transverse waves.





	
P2 Waves and radiation


	
P2b Wave speeds (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.3	Be able to use: wave speed = frequency × wavelength.

GCSE Combined Science
P4.6	Recall and use both the equations below for all waves: 
wave speed (metre/second, m/s) = frequency (hertz, Hz) × wavelength (metre, m), v = f × λ
wave speed (metre/second, m/s) = distance (metre, m)  time (second, s), v = x /t
P4.7	Describe how to measure the velocity of sound in air and ripples on water surfaces.
P4.17	Core Practical: Investigate the suitability of equipment to measure the speed, frequency and wavelength of a wave in a solid [and a fluid].

	Starter
Show a clip of thunder and lightning from the Internet or ask students to describe a thunderstorm, eliciting the fact that you hear thunder some seconds after you see the lightning. Ask students to recall how fast light travels compared with sound, and ask them to suggest how they can use a stop clock to estimate how far away the lightning was. 

Exploring
The practical on worksheet P2b.1 looks at measuring the speed of sound in a solid. This practical forms part of the core practical requirement of the GCSE specification. It is supported by the information on P2b Core practical – Investigating waves in the Student Book. 

Explaining
Worksheet P2b.2 provides questions to give students practice at substitution and calculation using the two equations introduced in this topic. The second page of the sheet includes questions that involve rearranging the equations, and is for use in the Securing GCSE activity in the recap lesson. Set up two microphones a measured distance apart and connected to a datalogger. Make a sharp sound (such as a clap, or banging two pieces of wood together) beyond one microphone, so that the sound travels to one microphone and then the other. Help students to use the distance and time to calculate the speed of the sound wave.

	Starter
Entry Level Certificate (ELC) students only need to be able to use the equation relating wave speed to frequency and wavelength. For these students, an activity to revise again the key words used to describe waves would be more suitable. For other students use the model of a train to discuss wavelength and frequency. Details of this model are given in the TTPP for 2Pb. 

Securing ELC 
Worksheet P2b.6 provides further calculation practice for the equation linking wave speed, frequency and wavelength.

Securing GCSE Support
Worksheet P2b.7 provides instructions for measuring the speed of waves on water. Each group of students needs a ripple tank. Students are asked to estimate the speed of a wave by measuring how far it travels in a certain time, and also to calculate the speed from measurements of frequency and wavelength. This practical forms the second part of the Core Practical.
 
Securing GCSE
Worksheet P2b.8 shows students how to rearrange the two equations introduced in this topic, and provides some practice with this. 







	
P2 Waves and radiation


	
P2c Electromagnetic waves (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.4	Recall that waves change direction and speed at a boundary (refraction).
1B.5	Recall that electromagnetic waves travel at the same speed in a vacuum.
1B.6	Recall the order of electromagnetic spectrum: radio waves, microwaves, infrared, visible, ultraviolet, x-rays and gamma rays.
1B.7	Describe the pattern in the frequency, wavelength and energy of waves in electromagnetic spectrum: radio waves (long wavelength, low frequency, low energy) to gamma rays (very short wavelength, very high frequency, very high energy).
1B.8	Recall that electromagnetic waves travel more slowly in some materials than in others.
GCSE Combined Science
P4.10	Explain how waves will be refracted at a boundary in terms of the change of direction and speed.
P5.7	Recall that all electromagnetic waves are transverse, that they travel at the same speed in a vacuum.
P5.8	Explain, with examples, that all electromagnetic waves transfer energy from source to observer.
P5.9	Core Practical: Investigate refraction in rectangular glass blocks in terms of the interaction of electromagnetic waves with matter.
P5.10	Recall the main groupings of the continuous electromagnetic spectrum including (in order) radio waves, microwaves, infrared, visible (including the colours of the visible spectrum), ultraviolet, 
X-rays and gamma rays.
P5.11	Describe the electromagnetic spectrum as continuous from radio waves to gamma rays and that the radiations within it can be grouped in order of decreasing wavelength and increasing frequency.
P5.12	Recall that our eyes can only detect a limited range of frequencies of electromagnetic radiation.

	Starter
Point a remote control unit at a mobile phone camera or other digital camera, and show students that the camera is ‘seeing’ something emitted from the controller. Ask students to suggest why the camera can see a flashing light, but they cannot – elicit the idea that there are forms of light that we cannot see.
Elicit ideas for other ways in which information is transmitted in ways that we cannot see. (Radio waves are the most obvious example, but some students may know that mobile phones use microwaves.)
Follow this up by reminding students that waves also transfer energy, and ask for examples of this. 
Exploring
Students carry out a practical to measure refraction in glass blocks. Worksheet P2c.1 contains a full method. 
This practical forms part of the core practical requirement of the GCSE specification. Although Entry Level Certificate (ELC) students are only expected to recall that refraction happens, this is still a useful hands-on activity for them.
Explaining
Use the Student’s Book to reinforce the material for this topic.  
	Starter
Set up a ray box and prism to project a spectrum onto a screen. Use this as a basis for class questioning, such as asking students what is different about the different colours they can see (different wavelengths/frequencies), and why we cannot normally see these colours in white light. 

Securing ELC 
Worksheet P2c.5 provides a card-sort activity for students to produce a poster summarising the groups in the electromagnetic spectrum, and the trends in energy, wavelength and frequency. 

Securing GCSE Support
Worksheet P2c.6 provides a set of cards. The white cards provide prompts for answering some questions on the worksheet. Students can then use all the cards as prompts to help them make a summary of their learning. This activity is aimed at revising all the work done in this unit so far.

Securing GCSE
Worksheet P2c.7 provides a brief introduction to the way light changes direction when it enters and leaves glass. This is followed by questions asking students to complete rays of light.








	
P2 Waves and radiation


	
P2d Using the long wavelengths (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.10	Describe some uses of electromagnetic radiation:
a	radio waves – broadcasting, communications and satellite transmissions
b	microwaves – cooking, communications and satellite transmissions
c	infrared – cooking, thermal imaging and television remote controls
d	visible light – vision, photography and illumination […].

GCSE Combined Science
P5.22	Describe some uses of electromagnetic radiation: 
a	radio waves: including broadcasting, communications and satellite transmissions
b	microwaves: including cooking, communications and satellite transmissions
c	infrared: including cooking, thermal imaging, short range communications, optical fibres, television remote controls and security systems
d	visible light: including vision, photography and illumination […].

	Starter
Demonstrate to students that infrared radiation can be reflected and focused in a similar way to light. Use a concave mirror to reflect the infrared radiation from a radiant heater, and allow students to feel that the energy is focused. You can also use a magnifying glass to refract the radiation and scorch a piece of paper.

Exploring
In pairs or small groups, depending on the availability of equipment, students undertake a series of brief practical investigations to familiarise themselves with parts of the electromagnetic spectrum not visible to the naked eye. Instructions are provided on Worksheet P2d.1. Students do each investigation for 3–5 minutes before moving to the next. 

Explaining
The ALDS presentation P2d Using the long wavelengths provides images of devices that use different parts of the electromagnetic spectrum covered in this topic, with questions. It can be used for revision, or as part of the Starter activity in the recap lesson.
	Starter
Show students a microwaved food item and one cooked in a conventional oven (e.g. cake or baked potato). Ask them which kind of radiation was used to cook each one, if necessary telling them that conventional ovens make things go brown. Then elicit uses of other parts of the electromagnetic spectrum covered in this topic, showing some other items for prompts if necessary.

Securing ELC 
Worksheet P2d.5 provides a cloze exercise to help students to revise the uses of different parts of the electromagnetic spectrum covered in this topic. 

Securing GCSE Support
Worksheet P2d.6 provides a text-marking exercise for students to identify different uses of the parts of the electromagnetic spectrum covered in this topic.
 
Securing GCSE
Worksheet P2d.7 provides practice in exam technique, in the context of the material in this lesson. 
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P2 Waves and radiation


	
P2e Using the short wavelengths (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.10	Describe some uses of electromagnetic radiation: 
e	[…] ultraviolet – security marking (detecting forged bank notes), fluorescent lamps and disinfecting water
f	x-rays – observing the internal structure of objects, airport security scanners and medical x-rays
g	gamma rays – sterilising food and medical equipment, and the detection of cancer and its treatment.

GCSE Combined Science
P5.22	Describe some uses of electromagnetic radiation: 
e	[…] ultraviolet: including security marking, fluorescent lamps, detecting forged bank notes and disinfecting water
f	x-rays: including observing the internal structure of objects, airport security scanners and medical x-rays
g	gamma rays: including sterilising food and medical equipment, and the detection of cancer and its treatment.

	Starter
Hold up a £20 note and ask what is special about it that makes it hard to copy. Ask how you can check whether it is genuine. Write students’ ideas on the board. The Bank of England website has a couple of videos about checking for forgeries, including the use of markings visible under an ultraviolet lamp. You could also demonstrate with an ultraviolet lamp.

Exploring
In pairs or small groups, depending on the availability of equipment, students undertake a couple of brief practical investigations to familiarise themselves with parts of the electromagnetic spectrum not visible to the naked eye and then watch a demonstration. Instructions for the two activities and questions to accompany the demonstration are provided on Worksheet P2e.1. 

Explaining
Use the Student Book to reinforce the material in this topic. The ALDS presentation 2Pe Using the short wavelengths also covers this topic. 

	Starter
Find some interesting X-ray images on the Internet (such as some that show swallowed items of various kinds). Ask students to explain what the images are showing, and elicit ideas about how the image shows the inside of a body and which part of the electromagnetic spectrum is used. With GCSE students you could also ask them to suggest why some areas show up as paler than others, and so on. Explain that the black areas on the image show where X-rays have reached the film/detector, and ask what this shows about the way different materials in the image absorb or transmit X-rays.

Securing ELC 
Worksheet P2e.5 provides a card-sort activity with the names of units and their symbols.

Securing GCSE Support
Worksheet P2e.6 provides a text-marking exercise for students to identify different uses of the parts of the electromagnetic spectrum covered in this topic. 

Securing GCSE
Worksheet P2e.7 provides a completed crossword grid and asks students to write their own clues. The words cover uses of electromagnetic radiation from this topic and the previous one. 





	
P2 Waves and radiation


	
P2f Dangers of electromagnetic radiation (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.9	Describe the harmful effects on people of excessive exposure to electromagnetic radiation, including:
a	microwaves – internal heating of body cells
b	infrared – skin burns
c	ultraviolet – damage to surface cells and eyes, leading to skin cancer and eye conditions
d	x-rays and gamma rays – mutation or damage to cells in the body.

GCSE Combined Science
P5.20	Recall that the potential danger associated with an electromagnetic wave increases with increasing frequency.
P5.21	Describe the harmful effects on people of excessive exposure to electromagnetic radiation, including:
a	microwaves: internal heating of body cells
b	infrared: skin burns
c	ultraviolet: damage to surface cells and eyes, leading to skin cancer and eye conditions 
d	x-rays and gamma rays: mutation or damage to cells in the body.
[P5.24	Recall that changes in atoms and nuclei can:
a	generate radiations over a wide frequency range
b	be caused by absorption of a range of radiations.]

	Starter
Ask students to list any dangers they know for different parts of the electromagnetic spectrum. It may be useful to start with listing the seven parts of the electromagnetic spectrum (individually or on the board). Use these as a starting point for a class discussion of the dangers.

Exploring
Ask students to consider the potential risks of using mobile phones. 
Start the exercise by showing a video of mobile phones supposedly being used to make corn pop. These videos are fakes. Ask students to suggest why such a video might have been faked. 
Students then carry out some research in mixed ability groups to find out what hazards the use of mobile phones could pose, and how dangerous mobile phones really are.

Explaining
The ALDS interactive P2f Dangers of electromagnetic radiation is an interactive sorting exercise. The activity gives students different examples of harm which can be caused by electromagnetic radiation. Students are asked to link each example to the correct type of electromagnetic radiation.

	Starter
Play a class game of hangman, using phrases that describe the harm that electromagnetic radiation can cause, such as skin cancer, heat cells, burn skin, damage DNA. Once the phrase has been guessed, challenge students to say which part of the electromagnetic spectrum causes that harm. 

Securing ELC 
Worksheet P2f.4 provides a card-sort activity for students to match the dangers with the waves causing them. 

Securing GCSE Support
Worksheet P2f.5 provides questions on the dangers of parts of the electromagnetic spectrum, in the context of X-ray machines once used for fitting shoes. Students do not need to recall the details of these machines, but they may have to answer questions based on novel contexts in an exam.

Securing GCSE
Worksheet P2f.6 provides information and comprehension questions to cover GCSE statement P5.24 about radiation and changes in atoms and nuclei. 






	
P2 Waves and radiation


	
P2g Inside atoms (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.11	Describe the structure of an atom as:
a	a positively charged nucleus made up of protons and neutrons
b	negatively charged electrons surrounding the nucleus
c	most of the mass in the nucleus.
1B.12	Understand that atoms of each element have the same number of protons in their nuclei.
1B.13	Recall that each element has a different number of protons in the nuclei of its atoms and that this is called the atomic number.
1B.14	Recall that atoms of the same element, with different numbers of neutrons, are called isotopes.
1B.15	Recall that the total number of protons and neutrons in an atom is called the atomic mass.
1B.16	Recall that:
a	protons have a mass of 1 and a charge of +1
b	neutrons have a mass of 1 and no charge
c	electrons have a charge of –1.
1B.17	Recall that in an atom the number of protons equals the number of electrons and so the atom has no overall charge (is neutral).
GCSE Combined Science
P6.1	Describe an atom as a positively charged nucleus […] surrounded by negatively charged electrons, with the nuclear radius much smaller than that of the atom and with almost all of the mass in the nucleus.
P6.2	Recall the typical size (order of magnitude) of atoms and small molecules.

P6.3	Describe the structure of nuclei of isotopes using the terms atomic (proton) number and mass (nucleon) number [and using symbols in the format ].
P6.4	Recall that the nucleus of each element has a characteristic positive charge, but that isotopes of an element differ in mass by having different numbers of neutrons.
P6.5	Recall the relative masses and relative electric charges of protons, neutrons, electrons […].
P6.6	Recall that in an atom the number of protons equals the number of electrons and is therefore neutral.
	Starter
Show students 1 g of small sulfur crystals or powdered sulfur on a watch glass, and 1 g of water, then show them molecular models of sulfur (S8 cyclic molecules) and water. Ask students how the two models relate to the substances, and elicit what the balls represent. Use the models to help check that students understand the difference between an atom and a molecule, and between an element and a compound.

Exploring
Worksheet P2g.1 provides instructions for students to make models of atomic nuclei of isotopes from hydrogen to boron. 
Students then answer questions to reinforce their understanding of terms such as atomic number, atomic mass and isotopes. 

Explaining
GCSE statement P6.2 requires students to recall the sizes of atoms and small molecules. Use one or more of the following activities to teach this. 
Although Entry Level Certificate (ELC) students are not required to recall the sizes of atoms and molecules, they may benefit from the activities that demonstrate relative sizes.
Draw a circle on the board and tell students it represents an oxygen atom. Ask them to suggest the diameter. Write their guesses on the board to revisit at the end of the lesson. (The diameter is approximately 1.2 × 10–10 m – write this as 0.000 000 000 12 m, or 0.12 millionths of a millimetre.)
The video Powers of ten is available on the Internet. View the whole film or choose the sections that zoom in on smaller and smaller objects, to show how small atoms are compared with everyday objects.
Students draw a 1 mm diameter dot and guess how many oxygen atoms would line up across it (around 
8.3 million).

	Starter
Use a copy of the Word Sheet for this topic and number the keywords. Ask students to pick a number between 1 and 10. Give the initial letter of the associated word, and ask for suggestions for a keyword beginning with that letter.
Once a keyword or term has been identified and spelled correctly, students can be asked to provide a definition. The rest of the class can use thumbs up/thumbs down to show whether they think the definition is correct and/or to indicate their own confidence in the answer.

Securing ELC 
Worksheet P2g.5 provides a gap-fill exercise to help students summarise the key ideas in this topic. The missing words are supplied at the bottom of the worksheet. 

Securing GCSE Support
Worksheet P2g.6 asks students to write crossword clues for a set of answers provided. Two versions are provided, each with a blank grid, so individual students or groups can work on their clues, then test their puzzle on another student or group.
Securing GCSE
Worksheet P2g.7 shows students how to represent isotopes in symbol form (as required by GCSE statement P6.3) and provides questions.








	
P2 Waves and radiation


	
P2h Radioactive decay (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.18	Recall that when an unstable atom decays it emits an alpha particle, a beta particle or gamma rays and this is called radioactive decay.
1B.19	Recall that radioactive decay is random.
1B.20	Recall that when:
a	an alpha particle is emitted from a nucleus, the atom has become a different element
b	a beta particle is emitted from a nucleus, the atom has become a different element
c	a gamma ray is emitted from a nucleus, the atom stays the same element.

GCSE Combined Science
P6.10	Recall that alpha, β– (beta minus), [...] gamma rays and neutron radiation are emitted from unstable nuclei in a random process.
P6.12	Explain what is meant by background radiation.
P6.13	Describe the origins of background radiation from Earth and space.
P6.14	Describe methods for measuring and detecting radioactivity limited to photographic film and a Geiger–Müller tube.
P6.15	Recall that an alpha particle is equivalent to a helium nucleus, a beta particle is an electron emitted from the nucleus and a gamma ray is electromagnetic radiation.
P6.18	Describe the process of β– decay (a neutron becomes a proton plus an electron).
[P6.20	Explain the effects on the atomic (proton) number and mass (nucleon) number of radioactive decays (α, β, γ and neutron emission).
P6.21	Recall that nuclei that have undergone radioactive decay often undergo nuclear rearrangement with a loss of energy as gamma radiation.]
	Starter
Set up a Geiger–Müller (GM) tube and counter, and explain that it detects radiation coming from the inside of atoms. Let students hear the clicking/see the counter incrementing with no source nearby, then bring a source close to the counter and ask students to note how the clicking/counter movement change. Elicit the idea that something inside the source is producing a large effect on the GM tube and counter, but that there is some radiation around us even without the source.

Exploring
Students work in groups to measure the background count and to measure the radiation from various foodstuffs. Worksheet P2h.1 provides full details. Students following the Entry Level Certificate (ELC) course are not required to know about background radiation, but this practical gives them a chance to measure radiation and will help to reinforce the idea of the random nature of radioactive decay. These students should omit question 6 on the worksheet.

Explaining
Use small polystyrene balls to model protons and neutrons, adding a small blob of modelling clay to the balls used as neutrons. Assemble a collection of these into a nucleus, holding them together with glue or short lengths of cocktail sticks. Count the numbers of protons and neutrons in the model, and make a note of it.
Model beta radiation by removing a piece of modelling clay, and then count the protons and neutrons in the nucleus left behind. 
	Starter
Use polystyrene balls to represent atoms, protons and neutrons. A possible questioning sequence is:
Show a molecular model of a simple molecule such as water, ask what the individual spheres represent, (in this case an atom) then ask them to name the particles inside an atom.
Ask for the characteristics of the particles, in terms of mass and charge (revision from P2g).
Show a model representing a nucleus, with different coloured balls representing protons and neutrons. Ask students to work out the atomic and mass numbers by counting the different particles.
Show a model representing an alpha particle, and ask students to explain what the model depicts.

Securing ELC 
Worksheet P2h.5 provides a card-sort activity in the form of a jigsaw showing the three types of radiation, for students to assemble and label. 

Securing GCSE Support
Worksheet P2h.6 provides questions to consolidate students’ knowledge of background radiation. 
Securing GCSE
Worksheet P2h.7 explains the effect of particle emission on the atomic number and mass number of the nucleus, covering GCSE statements P6.20 and P6.21 (with the exception of β+ emission). The last three questions involve using the symbol notation for nuclei.




	
P2 Waves and radiation


	
P2i Half-life (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.21	Recall that the number of radioactive decays in a second is called the activity of a radioactive source.
1B.22	Describe how the activity of a radioactive source decreases with time.
1B.23	Describe how the activity of a radioactive source can be shown on a graph that never gets to zero.
1B.24	Understand that the half-life of a radioactive isotope is the time it takes for the activity to halve.

GCSE Combined Science
P6.23	Describe how the activity of a radioactive source decreases over a period of time.
P6.24	Recall that the unit of activity of a radioactive isotope is the Becquerel, Bq.
P6.25	Explain that the half-life of a radioactive isotope is the time taken for half the undecayed nuclei to decay or the activity of a source to decay by half.
[P6.26	Explain that it cannot be predicted when a particular nucleus will decay but half-life enables the activity of a very large number of nuclei to be predicted during the decay process.]

P6.27	Use the concept of half-life to carry out simple calculations on the decay of a radioactive isotope, including graphical representations.

	Starter
Ask students what happens to the number of players or teams in a knock-out competition such as Wimbledon or the FA Cup. Elicit that, in each round, half of the players/teams are knocked out. Sketch a graph showing the number of players/teams left in after each round, and elicit the idea that the fewer players/teams are left, the fewer can go through to the next round.
Revisit this idea at the end of the lesson if possible, to help students relate this model to the idea of radioactive half-lives. 

Exploring
Students model radioactive decay using small cubes. Instructions are given on Worksheet P2i.1. 
Questions on the worksheet ask students to work out how many rolls it takes to cut the number of cubes by half, and then half again. Help students to plot their graphs, and discuss the answers to the questions with them before they complete the sheet.
As well as evaluating the cubes as a model, this activity reinforces the idea that decay is random and half-life is a kind of statistical description (but valid for large numbers of atoms).
Explaining
The ALDS presentation P2i Half-life models the random decay of radioactive nuclei and builds up a graph. It also provides some worked examples of half-life calculations.
	Starter
Draw a simple set of axes on the board and ask what should be added to show the activity of a radioactive source, eliciting ideas such as the labels and units for the axes, the shape of the line on the graph etc. Ask students to describe how to draw other lines for sources with shorter and longer half-lives. 

Securing ELC 
Worksheet P2i.5 provides a card-sort activity to produce a summary poster. 

Securing GCSE Support
Worksheet P2i.6 provides practice in using half-lives in calculations. 

Securing GCSE
Worksheet P2i.7 provides information about radiocarbon dating and questions involving half-life calculations. Students do not need to recall the details of radiocarbon dating for their exam, but they could be asked to apply their knowledge to unfamiliar situations.





	
P2 Waves and radiation


	
P2j Dangers of radioactivity (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
1B.25	Recall that radioactive isotopes can cause cells in the body to:
a	be damaged
b	die
c	mutate.
1B.26	Describe methods to minimise the exposure to radioactive isotopes, including:
a	no direct contact
b	increased distance from source
c	reduced time of exposure.
1B.27	Recall that irradiation is when alpha, beta or gamma radiation passes through an object, and contamination is when an object becomes in contact with a radioactive source.

GCSE Combined Science
P6.11	Recall that alpha, β– (beta minus), [...] and gamma rays are ionising radiations.
[P6.16	Compare alpha, beta and gamma radiations in terms of their abilities to penetrate and ionise.]

P6.29	Describe the dangers of ionising radiation in terms of tissue damage and possible mutations and relate this to the precautions needed.
P6.31	Explain the precautions taken to ensure the safety of people exposed to radiation, including limiting the dose for patients and the risks to medical personnel.
P6.32	Describe the differences between contamination and irradiation effects […].
	Starter
Elicit students’ existing ideas about the dangers of radiation by showing some news stories from the Internet about nuclear power station accidents or protests, and ask why they think many people are against nuclear power.

Exploring
Worksheet P2j.1 provides drawings of bad and good practice in handling radioactive sources. The instructions on the sheet ask students to cut out the cards and sort them into a table showing unsafe and safe ways of doing something, and to match the pairs with a reason to make a summary table.

Explaining
The ALDS presentation P2j Dangers of radioactivity discusses the precautions necessary when handling and measuring radioactive material. For GCSE only students use a GM tube to demonstrate the how different materials block different types of radiation. Full instructions are given in the TTPP pages for 2Pj.  

	Starter
Explain to students that you are handling a dummy radioactive source and tell them what sort of ionising radiation it is producing. Deliberately mishandle it, breaking one or more of the safe handling rules. Ask students to spot how you did not handle the source safely and how you should have handled it. You need not use the equipment suggested, but gloves, tongs and so on can be placed on the bench nearby to act as hints. For students working at this level, it would be best to only break one rule at a time.

Securing ELC 
Worksheet P2j.5 provides words and text that students can use to construct safety posters for use in a school laboratory. Some of the cards are sentence halves to be matched. Students could be given only the sentence starters and asked to write their own endings. 

Securing GCSE Support
Worksheet P2j.6 provides a text-marking exercise and questions on the safe use of radioactive sources.

Securing GCSE
Worksheet P2j.7 provides information and questions on the penetrating and ionising abilities of the different types of radiation, and links these to the relative dangers of internal and external contamination by sources of different types.
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P3 Electricity and magnets


	
P3a Electrical circuits (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2A.1	Interpret diagrams that represent electric circuits, using symbols for:
a	cells (including batteries)
b	switches
c	voltmeters
d	ammeters 
[…]
g	lamps
[…].
2A.2 	Describe the differences between series and parallel circuits. 
2A.3 	Recall that:
a	voltmeters are used to measure voltage
b	voltmeters are always connected in parallel.
2A.4 	Recall that:
a	ammeters are used to measure current
b	ammeters are always connected in series.
2A.5	Be able to use: charge flowing in a circuit = current × time.

GCSE Combined Science
P10.2 	Draw and use electric circuit diagrams representing them with the conventions of positive and negative terminals, and the symbols that represent cells, including batteries, switches, voltmeters, ammeters, […] lamps, motors, […].
P10.3 	Describe the differences between series and parallel circuits.
P10.4 	Recall that a voltmeter is connected in parallel with a component to measure the potential difference (voltage), in volt, across it.
P10.7 	Recall that an ammeter is connected in series with a component to measure the current, in amp, in the component.
P10.8 	Explain that an electric current is the rate of flow of charge and the current in metals is a flow of electrons.
P10.9 	Recall and use the equation: charge (coulomb, C) = current (ampere, A) × time (second, s), Q = I × t.
P10.10	Describe that when a closed circuit includes a source of potential difference there will be a current in the circuit.
[P10.11 Recall that current is conserved at a junction in a circuit.]
	Starter
Start by setting up a series circuit that does not work (e.g. open switch, missing lamp). Ask students to suggest why it does not work, eliciting the idea of the need for a complete loop for electricity to flow around, and how to fix it.
Follow up by setting up a series circuit with two lamps, and a parallel circuit with two lamps, and ask students to identify the differences. 

Exploring
Worksheet P3a.1 provides a set of circuit diagrams and asks students to assemble the circuits.

Explaining
Demonstrate how to build circuits represented in circuit diagrams. Draw or project a circuit diagram on the board, and start by asking students what components are shown and how many wires they need. If necessary, work around the circuit, counting each segment of line. Then wire up a circuit step by step, starting with the power supply or cell and working around it, component by component, eliciting students’ ideas about what to do next.
Start with a simple series circuit with a motor or buzzer, lamp and ammeter. Then ask students how and where to connect a voltmeter to measure the voltage across the motor, lamp and power supply. Draw the voltmeter positions on the circuit diagram before showing students how to connect up the real circuit.

	Starter
Show students a simple series circuit with cell, switch and lamps, and build up a circuit diagram for it on the board, eliciting ideas about what to draw next. Ask students to describe where an ammeter should be put into the circuit, add this to the diagram; then ask them how to amend the real circuit (or ask for a volunteer to do it). Do the same with a voltmeter.

Securing ELC 
Worksheet P3a.6 provides a card-sort exercise which asks students to match circuit symbols to component names.

Securing GCSE Support
Worksheet P3a.7 asks students to assemble parallel circuits, using circuit diagrams.

Securing GCSE
Worksheet P3a.8 provides instructions for students to investigate how current behaves in parallel circuits..
Follow the practical by explaining that we say that current is conserved at a junction in a circuit. If necessary, remind students what conservation means in this sense – they should recall conservation of energy from earlier work.







	
P3 Electricity and magnetism


	
P3b Resistance


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2A.1	Interpret diagrams that represent electric circuits, using symbols for:
[…]
e	resistors
f	variable resistors
[…].
2A.6	Recall that a variable resistor can change the current or voltage in a circuit.
2A.7	Be able to use: voltage = current  resistance.
2A.8	Recognise the voltage–current graphs for the following:
[…]
b	fixed resistors.

GCSE Combined Science
P10.2 	Draw and use electric circuit diagrams representing them with the conventions of positive and negative terminals, and the symbols that represent […], resistors, variable resistors, […].
P10.12	Explain how changing the resistance in a circuit changes the current and how this can be achieved using a variable resistor.
P10.13	Recall and use the equation: potential difference (volt, V) = current (ampere, A) × resistance 
(ohm, Ω), V = I × R. 
P10.14	Explain why, if two resistors are in series, the net resistance is increased, whereas with two in parallel the net resistance is decreased.
P10.16	Explain the design and construction of series circuits for testing and measuring.
[P10.15	Calculate the currents, potential differences and resistances in series circuits.
P10.16	Explain the design and construction of series circuits for testing and measuring.
10.17	Core Practical: Construct electrical circuits to:
a	[...]
b	test series and parallel circuits using resistors [...]]
P10.18	Explain how current varies with potential difference for the following devices and how this relates to resistance: 
[…]
c	fixed resistors.
	Starter
Use a circuit with a lamp and variable resistor to demonstrate the effect of changing resistance. Use a large coil rheostat as the variable resistor. Include an ammeter.

Exploring
Worksheet P3b.1 provides instructions to help students produce voltage–current graphs for fixed resistors. This activity covers part of the requirements for the core practical in GCSE specification statement P10.17.

Explaining
The ALDS presentation P3b Voltage, current and the resistance provides help with using the equation. Worksheet P3b.2 provides questions for students to practise using the equation.
	Starter
Give students a sheet of A4 paper and ask them to draw on the left-hand side all the circuit symbols they can remember and to add the names of the relevant components on the right-hand side.

Securing ELC 
Worksheet P3b.6 provides instructions for students to assemble a simple circuit with an ammeter, voltmeter and resistor, and to measure the current and voltage. Students should be provided with three resistors, of different resistances, labelled X, Y and Z. They are asked to work out the order of their resistances first by looking at the current through them at a fixed voltage, and then by calculating the resistance.

Securing GCSE Support
Worksheet P3b.7 provides instructions for students to investigate the effect on the overall resistance of a circuit of adding resistors in series and parallel. Students test a circuit with a single resistor, then test series and parallel circuits with two resistors. They are asked to predict the overall resistance of series and parallel circuits with three resistors and then to check their predictions. This investigation satisfies part of the core practical requirement in GCSE statement P10.17.
Securing GCSE
Worksheet P3b.8 provides help with solving the equation for current or resistance. 





	
P3 Electricity and magnetism


	
P3c More about resistance (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2A.1	Interpret diagrams that represent electric circuits, using symbols for:
[…]
h	LED.
2A.8	Recognise the voltage–current graphs for the following:
a	filament lamps
b	fixed resistors.
2A.9	Describe how the resistance changes in a filament lamp when the voltage increases.
2A.10	Recall that a wire (or resistor) gets hot when there is an electric current through it.
2A.11	Recall that when there is an electric current in a circuit, some electrical energy is transferred to the surroundings as thermal energy.
GCSE Combined Science
P10.2 	Draw and use electric circuit diagrams representing them with the conventions of positive and negative terminals, and the symbols that represent [...] diodes, thermistors, LDRs and LEDs.
[P10.17	Core Practical: Construct electrical circuits to:
	a	investigate the relationship between potential difference, current and resistance for a resistor and a filament lamp
	b	test series and parallel circuits using resistors and filament lamps.]
P10.18	Explain how current varies with potential difference for the following devices and how this relates to resistance:
	a	filament lamps
	b	diodes
	c	fixed resistors.
[P10.19	Describe how the resistance of a light-dependent resistor (LDR) varies with light intensity.] 
[P10.20	Describe how the resistance of a thermistor varies with change of temperature (negative temperature coefficient thermistors only). ]
P10.21	Explain how the design and use of circuits can be used to explore the variation of resistance in the following devices
	a	filament lamps
	b	diodes 
	[…].
P10.22	Recall that, when there is an electric current in a resistor, there is an energy transfer which heats the resistor.
P10.23	Explain that electrical energy is dissipated as thermal energy in the surroundings when an electrical current does work against electrical resistance.
P10.26	Describe the advantages and disadvantages of the heating effect of an electric current. 
P10.32	Describe how, in different domestic devices, energy is transferred from batteries and the a.c. mains to the energy of motors and heating devices.
	Starter
Show students a filament lamp; let them see the filament inside. Switch on using a low voltage, so the filament barely glows. Ask students why the filament is glowing, and elicit the idea that it is hot. Gradually increase the voltage and observe the change in colour of the filament as it gets hotter. Ask students what is happening to the energy transferred to the lamp by electricity, using questioning to elicit the idea that energy transferred away from the lamp by light is useful, energy transferred by heating is not, and that all the energy transferred to the lamp eventually ends up dissipating to the surroundings.

Exploring
Worksheet P3c.1 provides instructions for students so that they can obtain voltage–current graphs for a diode and a filament lamp. This activity covers part of the requirements for the core practical in GCSE specification statement P10.17.

Explaining
This is a good point at which to revise all the components and their symbols. You could use Skills Sheet SC1 to create a quiz by cutting up all the parts of the table and then asking students to match the correct component to its symbol and description. Note that the skills sheet contains information on light-emitting diodes (LEDs), which students will not have come across before.

	Starter
Set out the equipment listed below and ask students to explain how to use it to obtain a voltage–current graph for a resistor or filament lamp. Start by asking how to set up the circuit, and ask for a volunteer to draw a circuit diagram on the board as the circuit is assembled. 

Securing ELC 
Worksheet P3c.5 provides a card-sort activity summarising the content of the work in topics P3b Resistance and P3c More about resistance. Students are asked to pair the sentence halves and assemble them into summaries. 

Securing GCSE Support
Worksheet P3c.6 provides a text-marking activity and questions concentrating on the heating effect of current and the use of mains electricity or batteries.

Securing GCSE
Worksheet P3c.7 provides information about LDRs and thermistors, and comprehension questions. 







	
P3 Electricity and magnetism


	
P3d Electrical power (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2A.12	Be able to use: power = energy transferred/time taken.

2A.13	Be able to use: electrical power = current × voltage.

GCSE Combined Science
P10.27	Use the equation: energy transferred (joule, J) = current (ampere, A) × potential difference 
(volt, V) × time (second, s), E = I × V × t. 

P10.28	Describe power as the energy transferred per second and recall that it is measured in watt.

P10.29	Recall and use the equation: power (watt, W) = energy transferred (joule, J) / time taken (second, s), P = E/t.

P10.30	Explain how the power transfer in any circuit device is related to the potential difference across it and the current in it.

P10.31	Recall and use the equation:
	electrical power (watt, W) = current (ampere, A) × potential difference (volt, V), P = I × V [...].

	Starter
Demonstrate transfer of energy by passing a current through some wire wool. Put a piece of wire wool between two connecting wires ending in crocodile clips and suspend this over a heat-resistant mat, using clamps and stands. Use a circuit with a power supply to heat the wool. Include an ammeter and a voltmeter. Full details are given in the TTPP pages for P3d. 

Exploring
Students heat water and measure the temperature rise. Instructions are given on Worksheet P3d.1. This practical is best done after students have practised using the equations. As Entry Level Certificate (ELC) students are not required to use the equation linking energy with current, voltage and time, they could use a joulemeter and fill in the energy measured directly rather than calculating it. Modify the table for them by replacing the ‘current’ column with one for energy.

Explaining
Worksheet P3d.2 provides more practice using the equations. The first questions ask students to recall the two power formulae; check that students have these correct before they work on the remaining questions. ELC students are not expected to recall these formulae, so the formulae are provided at the bottom of the first page of the worksheet. This help section also includes reminders about unit conversions, and can be removed for students not needing this level of support. 
	Starter
Write a list of electrical appliances on the board and ask students to sort them into two groups of their own choosing. The list should comprise items designed for heating (such as kettles, cookers) and those where heat is wasted as a form of energy transfer (such as TVs, computers, motors). Encourage students to use the idea of heating to sort the appliances, and then ask which appliances transfer the most energy each second. If necessary, remind them that appliances designed to transfer energy as heat need a lot of energy.

Securing ELC 
Worksheet P3d.6 provides more practice in using the power equations introduced in this topic.

Securing GCSE Support
Worksheet P3d.7 provides further practice in using the power equations, in the context of fuses. Students are not expected to be able to recall the details of fuses.

Securing GCSE
Worksheet P3d.8 shows students two methods for rearranging the equations introduced in this topic, followed by questions. The questions on the second page of the equation practice sheet (Worksheet P3d.2) provide more practice.







	
P3 Electricity and magnetism


	
P3e Magnets and electromagnets
[bookmark: _GoBack]

	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2A.16	Recall that:
a	a magnet has a north pole at one end and a south pole at the other end
b	unlike poles of two magnets attract
c	like poles of two magnets repel (push away).
2A.17	Recall that there are only a few materials that are magnetic: iron, cobalt, nickel, and some  alloys (steel).
2A.18	Describe the shape and direction of the magnetic field around a bar magnet.
2A.19	Recall that a wire which carries a current has a magnetic field around it.
2A.20	Recall that the magnetic field is stronger nearer the wire and when the current is larger.

GCSE Combined Science
P12.1	Recall that unlike magnetic poles attract and like magnetic poles repel.
P12.2	Describe the uses of permanent and temporary magnetic materials including cobalt, steel, iron 
and nickel.
[P12.3	Explain the difference between permanent and induced magnets.]

P12.4	Describe the shape and direction of the magnetic field around bar magnets and for a uniform field, and relate the strength of the field to the concentration of lines.
P12.5	Describe the use of plotting compasses to show the shape and direction of the field of a magnet [and the Earth’s magnetic field].
[P12.6	Explain how the behaviour of a magnetic compass is related to evidence that the core of the Earth must be magnetic.]
P12.7	Describe how to show that a current can create a magnetic effect and relate the shape and direction of the magnetic field around a long straight conductor to the direction of the current.
P12.8	Recall that the strength of the field depends on the size of the current and the distance from the long straight conductor.
	Starter
Determine students’ existing knowledge about magnets by suspending a bar magnet in a paper stirrup from a clamp and stand. Show students another bar magnet and ask them to describe what will happen if the two magnets are held close to each other, eliciting the rule that like poles repel and unlike poles attract.
Then show that a magnet can pick up a string of paper clips (check and show students that they are not linked mechanically). Ask students why the paper clip next to the magnet can pick up another paper clip, and elicit the idea that the paper clips have become magnets themselves, but these are temporary magnets because the magnetism disappears when the bar magnet is removed.

Exploring
Worksheet P3e.1 helps students to use plotting compasses to find the shape of the magnetic field around a bar magnet. Demonstrate the method to students before they attempt their own plotting. Using a webcam plugged into a whiteboard will allow a group of students to see the procedure.


Explaining
Demonstrate the magnetic effect of current. You could start by demonstrating that the effect is not always apparent by aligning the wire in an east–west direction above the compass. When the current is switched on there will be no effect, as in this position the direction of the field around the wire is in the direction the compass needle is already pointing. (Check the direction of the current before demonstrating this to students.) Then show them what happens if the wire is aligned north–south above the compass.

	Starter
Set up an electromagnet in a clamp and stand, and have it holding up a small metal object. Ask students to observe what happens when you switch the power off, then ask them to work in pairs to write two or three sentences to explain what happened. You could put a list of key words on the board for them to include (e.g. electromagnet, temporary magnet, magnetic field).

Securing ELC 
Worksheet P3e.5 provides a set of sentence halves for students to match up. Each sentence starter has two ending cards – one correct, one not correct. Students working confidently at this level could be given only the sentence starter cards initially and asked to write their own endings. They could then use the ending cards to check their answers.

Securing GCSE Support
Worksheet P3e.6 provides instructions for a simple investigation into the effect of current on the strength of an electromagnet. Students should be able to predict that increasing the current will increase the strength, from what they have learned about the effect of current on the strength of the magnetic field around a straight wire. 

Securing GCSE
Worksheet P3e.7 provides information and comprehension questions to cover GCSE statements P12.3 and P12.6. Note that students working at this level may also benefit from the Securing GCSE activity above.






	
P3 Electricity and magnetism


	
P3f Electricity in the home (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2A.14	Recall that a current that changes direction continuously is called alternating current (a.c.).
2A.15	Recall that current that moves in only one direction is called direct current (d.c.) and this may come from a cell (battery).
2A.21	Recall that in the UK the mains electricity supply is a.c. and it has a frequency of 50 hertz and a voltage of 230 V.
2A.22	Describe the three wires in the mains wiring:
a	live
b	neutral
c	earth.
2A.23	Describe how:
a	the earth wire is connected to the outer metal case of an appliance
b	the earth wire prevents a user from getting a shock
c	a fuse or circuit breaker prevents the appliance from overheating if the current gets too high.
2A.24	Recall that a fuse and a switch are both placed in the live wire so that they can cut off the current.
2A.25	Recall that a transformer can change the size of an a.c. voltage.
2A.26	Describe how electrical energy is transferred from power stations to towns using the National Grid.
2A.27	Recall that using the National Grid helps to reduce the energy lost during transmission.

GCSE Combined Science
P10.33	Explain the difference between direct and alternating voltage.
P10.34	Describe direct current (d.c.) as movement of charge in one direction only and recall that cells and batteries supply direct current (d.c.).
P10.35	Describe that in alternating current (a.c.) the movement of charge changes direction.
P10.36	Recall that in the UK the domestic supply is a.c., at a frequency of 50 Hz and a voltage of about 230 V.
P10.38	Explain the function of an earth wire and of fuses or circuit breakers in ensuring safety.
P10.39	Explain why switches and fuses should be connected in the live wire of a domestic circuit
P13.8	Explain why, in the national grid, electrical energy is transferred at high voltages from power stations, and then transferred at lower voltages in each locality for domestic uses as it improves the efficiency by reducing heat loss in transmission lines.
[P13.9	Explain where and why step-up and step-down transformers are used in the transmission of electricity in the national grid.]
	Starter
Hold a short brainstorming session to elicit words connected with the transmission of electricity around the country (e.g. power station, pylon, cables, substation). Write the key words on the board. Ask students to suggest what these things are for. Either write their ideas on the board to revisit later or ask students to work in pairs or small groups to write a few sentences. 

Exploring
Worksheet P3f.1 provides instructions for students to compare the energy transferred by a bulb close to a power pack and one connected to the power pack by lengths of resistance wire. The set-up models transmission lines between a power station and a consumer (such as a home or factory). 

Explaining
Use a demountable transformer (or two C-cores with a clip and insulated wire) to demonstrate various features of transformers. Students are not required to recall details of the structure of transformers or how they work, but the demonstration will give them a general understanding of what transformers do. Full details of this demonstration are given on the TTPP pages for P3f. 
	Starter
Draw a power station on one side of the board, and a house on the other, then ask students to suggest what has to come between them to transmit electricity. Elicit transmission wires and transformers, and ask where to put them, what they do and how to label them. Once there is an agreed diagram on the board, students can compare it with diagram C on P3f Electricity in the home in the Student Book to see how much they have correctly recalled about the national grid.
Alternatively, show students an image of the inside of a correctly wired plug and ask them to name the parts and explain what they do. 

Securing ELC 
Worksheet P3f.5 provides diagrams with cut-out labels for students to make posters summarising the content of this topic. 

Securing GCSE Support
Worksheet P3f.6 provides a short piece of text and comprehension questions, aimed at consolidating students’ understanding of the material in this topic. Students should attempt to answer the questions without referring to their notes from the initial lesson or the Student Book, but can then use the Student Book to correct or improve their answers.

Securing GCSE
Worksheet P3f.7 provides information and questions to cover statement P13.9 in the GCSE specification and to expand on P10.38 (step-up/step-down transformers and fuses/earth wires, respectively).







	
P4 Energy and particles


	
P4a Work and power (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2B.1	Describe how energy can be transferred, including:
a	when forces do work
b	when electrical equipment is switched on
c	when an object is heated.

2B.2	Be able to use: work done = force × distance.

2B.3	Recall that when work is done there is always some energy transferred which is not useful.

2B.4	Recall that when a force does some work the object and therefore the surroundings become hotter, due to frictional forces.

2B.5	Be able to use: power = work done/time taken.

GCSE Combined Science
P8.4	Identify the different ways that the energy of a system can be changed 
a	through work done by forces
b	in electrical equipment
c	in heating.
P8.5	Describe how to measure the work done by a force and understand that energy transferred (joule, J) is equal to work done (joule, J).
P8.6	Recall and use the equation: 
work done (joule, J) = force (newton, N) × distance moved in the direction of the force (metre, m) E = F × d
P8.7	Describe and calculate the changes in energy involved when a system is changed by work done by forces.
P8.11	Explain that mechanical processes become wasteful when they cause a rise in temperature so dissipating energy in heating the surroundings.
P8.12	Define power as the rate at which energy is transferred and use examples to explain this definition.
P8.13	Recall and use the equation: power (watt, W) = work done (joule, J) ÷ time taken (second, s) P = E/t
P8.14	Recall that one watt is equal to one joule per second, J/s.
	Starter
Ask students to work in pairs or small groups to write down any equations or definitions they already know for forces, energy and power, including their units. Ask students to draw smiley faces next to the statements they think are definitely correct, and neutral faces next to the ones they are unsure about. 

Exploring
In this activity, students calculate their own work done and power in a simple timed lifting exercise. Instructions are provided on Worksheet P4a.1. The instructions ask students to lift the object and return it to the floor 20 times, to allow a reasonable length of time for timing. 

Explaining
This demonstration provides an opportunity for students to practise applying the equations to a real situation. 
Fasten a small electric motor to the edge of the bench so that its shaft sticks over the edge. Fasten string with hanging masses on the end to the shaft so that the string winds around the shaft when the motor runs. 
Show the motor lifting a mass, and ask students what they need to measure to calculate the work done by the motor, and then what else they need to measure to calculate the power of the motor. Elicit the idea that they need to know the weight of the hanging mass and the distance the mass is lifted to calculate the work done, and they need to time how long it takes to lift the mass.
	Starter
Ask students to work in pairs to write two sentences in which they use the word work, two sentences in which they use the word power, and a final sentence including both words. Review some of the sentences as a class and discuss the definitions of the words in the contexts used. Offer the scientific definition of each word, emphasising the idea that work done = energy transferred.

Securing ELC 
Worksheet P4a.6 provides a card-sort activity helping students to summarise the energy transfer material covered in this topic.

Securing GCSE Support
Worksheet P4a.7 provides more practice with calculations, and also introduces the idea that the distance involved in the work equation must be the distance moved in the direction of the force.

Securing GCSE
Worksheet P4a.8 provides worked examples for rearranging the equations for work done and power, with questions. Further questions are provided in the last section of Worksheet P4a.2. The final eight screens of the ALDS presentation P4a Work and power can also be used to show further worked examples.






	
P4 Energy and particles


	
P4b Particles and density (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2B.7	Recall that matter exists in one of three states: solids, liquids or gases.

2B.8	Describe the structure of a solid:
a	particles are closely packed in a regular arrangement
b	particles vibrate about a fixed position.

2B.9	Describe the structure of a liquid:
a	particles are closely packed in a random arrangement
b	particles can move through the liquid
c	particles can move over each other.

2B.10	Describe the structure of a gas:
a	particles are far apart
b	particles move randomly in all directions.

2B.11	Be able to use: density = mass/volume.

2B.12	Recall that generally the density of a solid is greater than that of a liquid and the density of a liquid is greater than that of a gas.

GCSE Combined Science
P14.1	Use a simple kinetic theory model to explain the different states of matter (solids, liquids and gases) in terms of the movement and arrangement of particles.

P14.2	Recall and use the equation: 
density (kilogram per cubic metre, kg/m3) = mass (kilogram, kg) / volume (cubic metre, m3)  = m/V

P14.3 	Core Practical: Investigate the densities of solid and liquids.

P14.4	Explain the differences in density between the different states of matter in terms of the arrangements of the atoms or molecules.
	Starter
Show students a solid such as a block of metal, a beaker of water and an inflated balloon. Ask them to work in pairs or small groups to list as many properties of solids, liquids and gases as they can. Give them a few minutes to complete their tasks, then feed back and compile a class list on the board. Give students another couple of minutes to think about how the particle model explains the properties. Ask for volunteers to explain this, then ask for constructive feedback from the class.

Exploring
Worksheet P4b.1 provides instructions to help students measure the densities of solids and liquids. This practical forms part of the core practical requirement of the specification and is supported by P4b Core practical – Investigating densities in the Student Book. Entry Level Certificate (ELC) students are not required to complete the core practical activities, but this investigation gives them a chance to practise calculating densities in a real situation
Explaining
The ALDS presentation P4b Calculating density demonstrates how to use the equation and provides some worked examples. The last 12 slides show students how to solve for mass or volume, and are intended for use with GCSE students who will be undertaking the Securing GCSE activity in the recap lesson.
	Starter
Pour sand, sugar or salt from one beaker to another, and ask students to explain whether the substance is a solid or a liquid (because it can be poured and takes the shape of its container). If necessary, use questioning to elicit the response that it is a solid because the particles are solid, and it can flow because it is divided into small pieces.

Securing ELC 
Worksheet P4b.7 provides questions designed to consolidate students’ recall of particle arrangements and the properties of the three states of matter, and how the particle arrangements can explain the properties.

Securing GCSE Support
Worksheet P4a.7 provides more practice with calculations, and also introduces the idea that the distance involved in the work equation must be the distance moved in the direction of the force.

Securing GCSE
Worksheet P4b.8 shows students how to find mass or volume using the density equation, and provides some questions to practise. This can be followed with the final questions on Worksheet P4b.2.
Students working at this level will benefit from carrying out the Securing GCSE activity as well.






	
P4 Energy and particles


	
P4c Energy and changes of state (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2B.13	Recall that:
a	a solid melts to form a liquid, which boils to form a gas
b	a gas condenses to form a liquid, which freezes to form a solid.
2B.14	Recall that the changes of state are reversible and are physical, not chemical, changes.
2B.15	Recall that in order to change state, a material must be heated or cooled.
2B.16	Recall that if you give the same amount of thermal energy to the same mass of different materials, some will get hotter than others.
2B.17	Explain how a gas exerts a pressure on the sides of a container because the particles collide with the sides of a container.
2B.18	Describe how, when a gas is heated:
a	its particles move faster and hit the walls of the container more often
b	this increases the pressure of the gas.

GCSE Combined Science
P14.5	Describe that when substances melt, freeze, evaporate, boil, condense or sublimate mass is conserved and that these physical changes differ from some chemical changes because the material recovers its original properties if the change is reversed.
P14.6	Explain how heating a system will change the energy stored within the system and raise its temperature or produce changes of state.
P14.7	Define the terms specific heat capacity and specific latent heat [...].
P14.11	Core Practical: Investigate the properties of water by determining the specific heat capacity of water and obtaining a temperature–time graph for melting ice.
P14.12	Explain the pressure of a gas in terms of the motion of its particles.
P14.13	Explain the effect of changing the temperature of a gas on the velocity of its particles and hence on the pressure [produced by a fixed mass of gas at a constant volume] (qualitative only).
[P14.14	Describe the term absolute zero, –273 °C, in terms of the lack of movement of particles.
P14.15	Convert between the kelvin and Celsius scales.]
	Starter
Have a beaker of water set up on a tripod at the front of the class, being heated by a Bunsen burner. Challenge students to sketch a graph of temperature against time for the water, and ask them what the maximum temperature will be. Have a thermometer in the beaker so that any students who do not recall that the temperature stops rising at the boiling point can see this for themselves. 

Exploring
This practical forms part of the core practical requirement of the specification and is supported by P4c Core practical – Investigating water in the Student Book. See Worksheet P4c.1 for a full method for this practical. The other part of this core practical (the determination of specific heat capacity) is covered in the Securing GCSE Support activity in the recap lesson (Worksheet P4c.6).

Explaining
Demonstrate some changes of different types, and ask students to classify them as physical or chemical changes, giving their reasons. For physical changes, ask students to suggest how the change could be reversed.
Possible demonstrations include:
dissolving a salt – the demonstration will be more effective if a coloured salt is used
evaporating water
melting ice
lighting a wooden splint
cooking an item, such as poaching an egg in a beaker of boiling water.

	Starter
This demonstration shows the effect of heating on gas pressure. Try it out before the lesson to make sure the lid is not too tight.
Use a tin with a well-fitting push-in lid. Show students that there is only air inside the tin, then place the tin on a tripod with safety screens around it and the class sitting well back. Use a Bunsen burner to heat the tin until the lid flies off. A small amount of water inside the tin will produce steam and help to blow the lid off when heated.
Ask students to explain why the lid comes off when the air inside the tin is heated. Students could jot their ideas down and then revisit their notes at the end of the lesson to expand them into a short paragraph.

Securing ELC 
Worksheet P4c.5 provides instructions for students to carry out a simple investigation of the temperature rise in different metal blocks when they are supplied with the same amount of energy. 

Securing GCSE Support
This practical forms part of the core practical requirement of the specification and is supported by P4c Core practical – Investigating water in the Student Book. Worksheet P4c.6 gives a full method for this practical. The full method for the other part of this core practical (the construction of a temperature–time graph) can be found in the Exploring activity in the initial lesson, and on Worksheet P4c.1. The two practicals could be run together, if desired.

Securing GCSE
Worksheet P4c.7 provides information about absolute zero and the kelvin temperature scale, with comprehension questions.






	
P4 Energy and particles


	
P4d Stretching (4 hours)


	Linked with specification points
	Exemplar main topic teaching activities
	Exemplar re-cap topic differentiated teaching activities 

	Entry Level Certificate
2B.19	Recall that some materials stretch when a force is applied to them.

2B.20	Recall that the increase in length when a material stretches is called extension.

2B.21	Describe that springs return to their original length when they are stretched and released, and that this is called elastic stretching.

2B.22	Describe that plastic loops do not return to their original length when they are stretched and released, and this is called inelastic stretching.

GCSE Combined Science
P15.1	Explain, using springs and other elastic objects, that stretching, bending or compressing an object requires more than one force.

P15.2	Describe the difference between elastic and inelastic distortion.

P15.3	Recall and use the equation for linear elastic distortion including calculating the spring constant: 
force exerted on a spring (newton, N) = spring constant (newton per metre, N/m) × extension (metre, m)
F = k × x

[P15.4	Use the equation to calculate the work done in stretching a spring:
Energy transferred in stretching (joule, J) = 0.5 × spring constant (newton per metre, N/m) × (extension (metre, m))2
E = ½ × k × x2]

P15.5	Describe the difference between linear and non-linear relationships between force and extension.

[P15.6 	Core Practical: Investigate the extension and work done when applying forces to a spring.]
	Starter
Demonstrate elastic distortion using a range of balls (e.g. a super ball or power ball, a tennis ball, a golf ball and a squash ball) all dropped from 1 metre onto a hard surface. Challenge students to explain why the balls bounce, eliciting the idea that the shape of the ball distorts when the ball hits the floor, and the ball then bounces as it resumes its original shape. If possible, show students a video of balls bouncing (searching the Internet for ‘slow motion bouncing ball’ will produce several examples).
Then demonstrate inelastic distortion by dropping something inelastic such as sticky tack, and ask students to note what happens to it.
Introduce the terms elastic and inelastic to describe these behaviours, then stretch and release a rubber band and a loop made from a plastic bag (the latter pulled hard enough to produce inelastic distortion).

Exploring
Worksheet P4d.1 provides instructions for students to investigate the stretching of springs and plastic loops.

Explaining
Worksheet P4d.2 provides questions for students to practise using the equation. The questions below the line involve rearranging the equation and are intended for use with the Securing GCSE activity. The bottom of the sheet provides an equation triangle; this can be removed for GCSE students not needing this level of support.
	Starter
Suspend two springs with different spring constants but the same lengths from clamp stands. Ask students what will happen if some masses are hung on each spring. Then add the same mass to the bottom of each spring. Ask students to suggest why the springs are now different lengths, eliciting the terms extension and spring constant and checking they are being used correctly. Extend this by asking students to sketch the force-extension graphs for both springs. 

Securing ELC 
Worksheet P4d.6 provides a card-sort exercise helping students to revise the content of the whole unit. The TTPP pages for P4d contain suggestions for three different ways the worksheet can be used. 

Securing GCSE Support
This practical forms part of the core practical requirement of the GCSE specification and is supported by P4d Core practical – Investigating springs in the Student Book. Worksheet P4d.7 gives a full method for this practical. The core practical builds on the idea of work done, covered in P4a Work and power. It is a more qualitative version of the Exploring activity in the initial lesson. The equation for work done (energy transferred in stretching) is given.
Securing GCSE
Worksheet P4d.8 shows students how to use the equation linking force, the spring constant and extension to solve for extension. 
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