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1.1


	Distance-time graphs
Most students should be able to:

· State that the slope of a distance-time graph represents the speed

· Use the speed equation to calculate the average speed of an object

Some students should also be able to:

· Rearrange and use their speed equation

· Compare the speed of an object using the slope of a distance-time graph

 
	some students have difficulty understanding what you mean by the terms ‘object’ or ‘body’ and you will have to exemplify these ideas by talking about cars, trains or runners
students can also have difficulty with the whole idea of a ‘time axis’. You might like to show time as moving on by revealing the graph form left to right, and discussing what is happening to the distance the object has moved over each second.

There are quite a few that fail to understand that the flat (horizontal) portions of the graph show that the object is stationary. Emphasise that the distance isn’t changing, even though time is; ‘the object hasn’t got any further away during this second so it must be still’

You should use additional simple graphs to discuss the motion of several objects until you are sure that the students can identify when the objects are moving fastest.


	Researching into speed records
Observing and presenting speed data

Interpreting data from graphs
	
	
	Questions (a) – (d) pages 184-185
Summary questions 1-2
	Practical – see technician guide
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1.2


	Velocity and acceleration
Most students should be able to:

· Explain the difference between the velocity of an object and the speed

· Calculate the acceleration of an object using the acceleration equation

Some students should also be able to:

· Rearrange and use the acceleration equation


	Talking about fairground rides or roundabout help to get across the idea that you can be moving at a constant speed but be feeling a force. You can link this experience into the idea that unbalanced forces cause acceleration.
Some students will not see the difference between speed and velocity clearly and a few examples are needed. These can include simply walking around the room and describing your velocity.

You might like to discuss a collision between two objects travelling at 30 and 31 km/h. If they collide while travelling in opposite directions the impact will be devastating, because the relative velocity is 61 km/h. If they collide when they are travelling in the same direction only a ‘nudge’ will be felt, because their relative velocity is only 1 km/h. Clearly the direction is very important.

Velocity-time graphs look similar enough to distance-time graphs to cause a great deal of confusion for students. Because they have just learned the ‘flat’ region on a distance-time graph shows that the object is stationary, they will probably feel that this is true for the velocity-time graph too. Time should be taken to explain that the object is moving at a steady velocity.


	Observing and presenting graphical data

	
	
	Questions (a ) – (b) pages 186-187
Summary questions 1-2
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1.3


	More about velocity-time graphs
Most students should be able to:
· Explain how data-logging equipment can be used to measure the velocity of an object

· Describe the acceleration of an object from a velocity-time graph

Some students should also be able to:

· Use velocity-time graphs to compare accelerations

· Use velocity-time graphs to compare distance travelled
	Demonstrate the results produced for test A in the student book.
Time should be taken to ensure the students understand what the gradients of the different graphs mean. They should be encouraged to break the graph down and just look at one section at a time, in order to explain what is happening between these sections

There should be no difficulty explaining that braking will reduce the velocity of a car, but you might like to ask what braking would look like on the graph if the car was in reverse.

You could show what would happen if the deceleration took longer, by superimposing the new gradient over the old one and showing that the area is greater.


	Obtaining precise results
Interpreting graphical information


	
	
	Questions (a) –(c) pages 188-189
Summary questions 1-2
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1.4


	Using graphs
Most higher tier students should be able to:

· Calculate the slope of a distance-time graph and relate this to the speed of an object

· Calculate the slope of a velocity-time graph and hence the acceleration

· Find the area under a velocity-time graph for constant velocity and use this to calculate the distance travelled by an object

· Find the area under a velocity-time graph for constant acceleration and use this to calculate the distance travelled by an object


	This topic is for higher attaining students only.
Some students will prefer the term ‘gradient’ to ‘slope’. As gradient is the more correct term, it should be encouraged, but if the students are used to slope, then don’t confuse them with two terms
With a bit of practice, they should have no difficulty determining slopes.

Get the students to describe what is happening to the speed of a range of different objects. You might like to show graphs, followed by video clips, of objects doing what was shown in the graphs e.g. cars accelerating from 0-60mph or balls bouncing (use google)

When you move onto velocity-time graphs, emphasise that these show something different. 
	Viewing and obtaining information from graphs
	
	
	Questions (a) – (b) pages 190-191
Summary questions 1-2
	
	

	5
1.5


	Transport issues
This spread can be used to revisit the following aspects covered in this chapter:

Students should use their skills, knowledge and understanding  of ‘How science works’:

· To construct distance-time graphs for a body moving in a straight line when the body is stationary or moving with a constant speed

· To construct velocity-time graphs for a body moving with a constant velocity or constant acceleration


	The big fuel protest – this debate is a good opportunity to develop the students’ skills but they will need to find, or be provided with, evidence for their arguments
Epic journeys – Columbus’s journey took 34 days and so his velocity was around 6.7km/h. The Apollo 11 crew travelled at an average speed of nearly 4000km/h.
Speed cameras – a collection of letters for and against the issuing of cameras can make an effective display, along with photographs and maps of local camera installations

Congestion charges – have been shown to reduce the number of cars entering an area and have also raised quite a lot of money. Is it fair to charge people for using roads?


	Research

	
	
	Activities (a) –(c) pages 192-193

Questions 1-2
	
	Discussing how price of fuel, congestion charges and speed cameras affect motorists socially and economically
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	Summary questions
Exam style questions

How science works questions


	
	
	
	
	Pages 194-195
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2.1


	Forces between objects
Most students should be able to:

· State that forces occur in equal and opposite pairs

· Describe how frictional forces act between objects

Some students should also be able to:

· Describe examples of equal and opposite forces acting between two objects interact


	Some of the material here checks the students’ understanding of basic forces, they need to be encouraged to draw clear diagrams of the forces acting on objects
It will help if the students have a clear understanding of what a one Newton force feels like, so pass around a 100g mass so they get a feel for it.

The idea of equal and opposite forces needs to be reinforced with plenty of examples. Show a range of objects in equilibrium such as a boat, see saw, car rolling and identify the pairs of forces on diagrams.

The car stuck in mud situation is one where the forces do not appear to be equal and opposite. The force in the rope is clear but this is not the only force at work.

You can demonstrate equal and opposite forces using skates or by dragging objects along the floor with a string with newtonmeters at each end.


	Skating to measure forces involved
Observing the action of forces on people

Making deductions about forces operating


	
	
	Questions (a) – (c) pages 196-197
Summary questions -1-2
	Roller skates or skateboard
	Importance of friction
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2.2


	Resultant force
Most students should be able to:

· Find the resultant force acting on an object when there are two forces acting in the same direction or in opposite directions

· Describe how the resultant force will affect the movement of the object

· Describe examples where an object acted on by two forces is at rest or in uniform motion

Some students should be able to:

· Describe examples where the motion of an object acted on by two forces along the same line is changed y the action of the forces


	The calculation of resultant force is generally easy when limited to one direction. The students must take care about the directions of the forces as some can get confused and simply add all of the numbers together.
An aeroplane cruising is a good example of balanced forces. The students can draw a diagram and discuss the sensations they feel when they are in a plane like this. Because the forces are balanced, the students should feel no acceleration. If they close their eyes they would not be able to tell they were moving at all.

Be careful that the students do not think that the force applied to the pedal is the actual braking force applied to the wheels. If this were the case, then a car would take a lot longer to stop.


	Observing the movement of objects with an without resultant forces acting on them
Explaining the actions of forces on objects
	
	
	Questions (a) – (d) pages 198-199
Summary questions 1-2
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2.3


	Force and acceleration
Most students should be able to:
· Calculate the force required to produce a given acceleration of an object of known mass

· State that objects of larger mass require greater forces to cause large acceleration

· Determine the direction of the acceleration on an object

Some students should also be able to:

· Rearrange and use the equation: force = mass x acceleration


	A DVD showing a snooker match is a very useful resource. You can use it to discuss what is happening to the balls during impact and their movement across the green baize. Remind students that there are frictional forces at work.
Pause the play ad discuss the forces at work at each stage. With a data projector you can eve draw force arrows over the action on your whiteboard. Show clips where the balls are moving in opposite directions and hit each other causing them to recoil. This can be used to illustrate forces in the opposite direction to motion, causing objects to decelerate or even accelerate in the other direction.
Watch out for students thinking that a moving object will always be moving in the direction of the resultant force. They need to understand that the object could be moving in the opposite direction, but slowing down.


	Recording experimental data
Explaining the cause of friction


	
	
	Questions (a) – (b) pages 200-201
Summary questions 1-2
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2.4


	On the road
Most students should be able to:

· Use a chart to find the stopping distance, the braking distance and the thinking distance at a given speed

· List and describe the factors that  affect the sopping distance of a vehicle

· Explain which are the most important factors for cars moving at a range f speeds

Some students should also be able to:

· Differentiate between factors that affect the thinking distance, braking distance or both distances


	Video clips of vehicles braking and skidding make this topic more visually stimulating.
You could ask the students to evaluate the data used to produce the stopping distance chart. It is based on alert driver, driving a medium-sized car, but it does not take into account the improved braking systems of modern cars and the increase in the size (mass) of the average car. This can lead to s discussion of whether large cars are safer or more dangerous to passengers and pedestrians.

The students should understand the factors affecting overall stopping distance, but they need to be clear which affects the thinking distance and which affects the braking distance.

The braking distance really depends on the kinetic energy of the car and the frictional force between the car and the road.

Note that the speed of the car affects thinking and braking distance so it is the most important factor overall.


	Measuring reaction time
Reviewing and evaluating results


	
	
	Questions (a) – (c) pages 202-203
Summary questions 1-2
	Stopwatches

	Know how to use the highway code
Discussing effect of alcohol/drugs on concentration of drivers
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2.5
	Falling objects

Most students should be able to:

· Explain the difference between mass and weight

· Calculate the weight of an object of a given mass

· Describe the forces acting on an object falling through a fluid like air or water, and how these forces affect the acceleration of the object.

· Describe how the velocity of an object released from rest in a fluid changes as t falls

· Explain why an object reaches terminal velocity and describe some of the factors that determine this velocity.

Some students should also be able to:

· Explain the motion of an object released from rest falling through a fluid including how the acceleration decreases and becomes zero at terminal velocity.
	Video clips of falling objects are ideal for this topic, in particular clips of parachutists

Weight and mass are commonly confused. Let the students handle a 1kg mass and emphasise that the 1kg is the material in the block and this will not change just because you take it to the Moon.
Weigh the mass and explain that the weight is the force that is puling it towards the centre of the Earth. If there were less gravity then this force would be less.

It is very common for students to believe that when the parachute is opened the sky diver ‘shoots upwards’. This is an illusion caused by the fact that the cameraman has not opened their parachute ad so continues to fall while the skydiver that has opened his parachute slows rapidly. You can compare this to two cars driving side by side when one suddenly brakes.

When discussing terminal velocity, point out that this depends on the shape, or aerodynamics of the object falling. A skydiver can adjust his shape and change shapes. Also point out that with the parachute open, there is still a terminal velocity but this is much less than the one without the parachute opened.
	Performing parachute experiments
Obtaining accurate measurements

Explaining the cause of friction


	
	
	Questions (a) – (b) pages 204-205
Summary questions 1-2
	Equipment for parachutes
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2.6
	Speed limits
This spread can be used to revisit the following statements covered in this chapter:

· The factors that affect the stopping distance of a vehicle

Candidates should  be able, when provided with additional information:

· To draw and interpret velocity-time graphs for bodies that reach terminal velocity, including a consideration of the forces acting on the body.


	Speed kills! – you could record this 30-second slot on tape or video. 
Sign tests – you could also use a slideshow of the symbols drivers are supposed to be able to recognise ad see how many of them the students can identify. An automatic slideshow of 20 or so can be set up with a timing sequence so that each sign is only on screen for a second.

Safer roads – there are a large range of drugs tests that are available but these take some time to produce results so are unsuitable for on the spot fines. Testing for alertness could be possible, you could link back to the reaction time tests earlier in the chapter. Many drugs suggest that you do not operate heavy machinery including cars) while using them, including some stronger cough mixtures. It is certainly possible to design a cat that would not allow the same driver to drive it for more than a few hours without a break. Ask the students if they think that this is a good idea.


	Watching video reports
Debating the effectiveness of road safety measures
	
	
	Questions 1-2 an activities pages 206-207
	Discuss reasons behind speed limits and how accidents caused by speeding affect people.
Know the highway code
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	summary questions
exam style questions

how science works questions


	
	
	
	
	Pages 208-209
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3.1
	Energy and work
Most students should be able to:

· State that the ‘work done’ is the amount of energy transferred

· Calculate the work done when a force moves an object through a distance

Some students should also be able to:

· Perform calculations including the rearrangement of the work done equation


	The term ‘work done’ has a very particular meaning in physics and the students will have to accept that it does not mean the same as its everyday usage.
Two main types of work can be doe: work done against a force and work done heating. The examples when people are holding up a heavy object but are doing no mechanical work, should be discussed in terms of energy being transferred to heat by the muscles.

The calculation is relatively straightforward, but check that the students are confident with it and that they remember to use the correct units.
They might like to think about ways in which the energy wasted as heat could be measured using their understanding of how the body removes excess heat energy. They should eventually reach, or be lead to, the conclusion that the experiment would have to be carried out in an enclosed room where all the energy radiated away or carried by evaporated sweat could be accounted for.

Students could be reminded of the importance of maintaining the correct body temperature and of the ways the body manages this, even when larger amounts of hea are being produced by the muscles.

The heating effect due to friction should be demonstrated in some way, even if it is simple hand rubbing. You may be able to find footage of Formula One cars braking, where the brake disks literally glow red hot.

This can lead to  discussion about how frictional forces can be reduced, and how thermal energy can be removed.


	Carrying out practical tasks
Displaying and presenting the results of the activity

Discussing the effect of friction on movement


	
	
	Questions (a) – (b) pages 210-211
Summary questions 1-2
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3.2
	Kinetic energy
Most students should be able to:
· Explain how the kinetic energy of an object depends on the speed and mass of the object

· Describe situations where elastic potential is stored

Some students should also be able to:

· Perform calculations using the kinetic energy equation including those that involve rearrangement of the equation


	The students should remember that moving objects have energy and his is called ‘kinetic energy’.
The ‘investigating kinetic energy’ practical task works well.

There are a few sources of errors in the results and this would be a good opportunity to look into the nature of taking measurements and how repeating readings can improve the quality of the data

Clearly many students will not come up with the relationship themselves, although most will see the relationship is not a simple linear one. It is more important to show that the data fits a pattern that we already know.

The kinetic energy equation is the most difficult one that the higher attaining students need to rearrange, and you should lead them through this carefully.

The elastic potential ideas are a bit simpler, but the students will need to be able to give a reasonable definition like the one in their textbook.

It is important that the students realise that it is not only elastic bands that are elastic. Show them some springs and sponge, or even a football, and explain how energy is stored in these when they are distorted

	Making detailed observations of moving objects
Reporting and discussing results of experiments


	
	
	Questions (a) – (b) pages 212-213
Summary questions 1-2
	Light gates ad equipment for experiments
	Discuss why speeding has an effect in car accidents
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3.3
	Momentum
Most students should be able to:

· Calculate the momentum of an object of known mass and velocity

· State that momentum is conserved in any collision provided no external forces act on the colliding bodies

Some students should also be able to:

· Apply and rearrange the appropriate equations to two bodies that collide in a straight line


	It is best to begin with a discussion about trying to stop something moving or start something off. Trains are a good example of something with a large mass that can travel quickly. The students will know how long it takes a train to get up to speed and how long it takes to stop even in an emergency.
The demonstration will take a little time to explain, but should give good results. Any discrepancies should be accounted for using the idea that external forces (frictional) have changed the momentum.
Conservation of momentum is a fundamental concept in Physics, just as important as conservation of energy.

You could talk about the famous jumping ‘everybody in China jumping at the same time’ idea. It is a scientific myth that this would cause an earthquake or even change the orbit of the Earth. This would actually have no real effect on the Earth at all

The shunting affect can be demonstrated by a Newton’s Cradle. This can be improvised from a set of ping-pong balls on wire.

The calculation is a multi-stage one and these often confuse students. Make sure they have plenty of practice calculating the momentum of objects before they try to work out velocities after collisions.


	Observing collisions between objects
Listening to the concept of momentum

Discussing and evaluating the collision demonstrations
	
	
	Questions (a) – (b) pages 214-215
Summary questions 1-2
	Light gates and equipment for experiments carried out
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3.4
	More on collisions and explosions
Students should be able to:

· State that the total momentum before and after an explosion is the same, provided no external forces act

· Describe how the launching of a bullet causes recoil

Some students should also be able to:

· Explain that momentum is conserved in all interactions that do not include external forces

· Apply the conservation of momentum to perform calculations where an explosion occurs causing two objects to recoil from each other


	Students may only think of explosions as chemical explosions instead of simple spring ones. Talk about an explosion being caused when some kind of stored energy (chemical or elastic) is suddenly transferred into kinetic.
The explosion experiment usually works well, but you might want to repeat it a couple of times and analyse the mean results. 

Show the students some footage of crash test dummies (use google)

A good way of showing the recoil effect of firing a shell from a gun is to show  field gun in operation. These are really quite  large and are knocked backwards significantly. 

The calculation can be very difficult for many students so lead them through it carefully.

You can discuss the energy transfers involved with the damping spring and perhaps link this to the suspension on cars.

 
	Recording results from experiments
Discussing and evaluating the suitability of crash test dummies to model collisions


	
	
	Questions (a) –(b) pages 216-217
Summary questions 1-2
	See technicians guide
	Discuss how momentum is used to improve safety in car accidents using crash test dummies
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3.5
	Changing momentum
Most students should be able to:

· State that a resultant force will change the momentum of an object

· Explain that the longer the force is applied for, and the larger it is, the greater the change in momentum

Some students should also be able to:

· Calculate the change in momentum of an object from the resultant force and the time it acts

· Perform calculations involving the rearrangement of the equation:

Force = change of momentum/time taken


	Changing momentum and calculating the forces involved is quite a tricky concept, and some students will struggle with the mathematics.
A good starting point is to show a video clip of crash testing; there are a few available. You should emphasise the large amount of energy that is transferred during the collision and ask the students where they think this is transferred to.

The ‘investigating impacts’ practical clearly shows that the forces involved in an impact are reduced by using a material that distorts. These plastic materials absorb some of the energy of the impact. You might like to show what happens if a spring is used instead.

The calculations will take a bit of explaining and the students will most likely need to go through the ideas a couple of times. Use plenty of examples.

Impact times tend to be very short, so you may like to start with longer lasting collisions before moving on to the bullet example.


	Observing different types of impact
Solving problems
	
	
	Questions (a) –(c) page 218-219
Summary questions 1-2
	See technicians guide
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3.6
	Forces for safety
This spread helps students to apply the principles covered in this chapter:

· When a body speeds up or slows down, its kinetic energy increases or decreases. The forces that cause the change in seed do so be transferring energy to, or from, the body

· The faster a body is moving the ore kinetic energy it has It also has momentum. When working out what happens to bodies as a result of explosions or collisions, it is more useful to think in terms of momentum than in terms of energy


	‘clunk click’ – there is always a campaign for road safety and you should be able to find information from rospa. With a search for ‘public information film’ or ‘road safety film’, you should be able to find a wide range of films from the 190s and later, that include road safety measures including some really dated ones.
Analysing a road crash – this is an interesting problem. The students might like to look at the assumptions made about the crash. They could look at impact analysis like this in more detail.

Air bags – they are quite a cunning device and have to be a very rapid in operation to inflate the bag, but allow it to start to deflate before your head hits it too hard.

The students might like to consider why you should not mount a child safety seat in a front seat that has an airbag fitted. You should be able to find video clips demonstrating how air bags work.


	Designing safety campaigns
Visualising collisions
	
	
	Questions 1-2
Pages 220-221

Activities (a) –(c)
	
	Discussing safety needs/requirements in cars and how this can affect costs
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	Summary questions
Exam style questions

How science works questions


	
	
	
	
	Pages 222-223
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4.1
	Electrical charges
Most students should be able to:

· Describe the process of electrical charging by friction in terms of transfer of electrons

· State the directions of the forces between charged objects

Some students should also be able to:

· Work out the type of charge on a charged object from the force on it due to another charged object.


	Start by demonstrating the balloon sticking effect; it should be fairly easy to get the balloon to stick to a wall or to your own body.
You may also be able to et two charged balloons to repel each other.

You can discuss the static build up on TV screen by talking about the amount of dust that builds up on it.

The students should be familiar with the structure of the atom by now and you should be able to get through this part quickly.

Emphasis needs to be placed on the idea that it is only the electrons that are free to move. When electrons leave an object it becomes positively charged and when they enter a neutral object it becomes negatively charged.

Some students struggle with the idea that adding electrons makes something negative. They need to grasp that the electron has a negative charge and so if you have more electrons you have more negative charge.

At the end, the students should be able to tell you the simple attraction/repulsion rules.


	Charging up objects in practical activities
Explaining how objects are becoming charged
	
	
	Questions (a) – (c) pages 224-225
Summary questions 1-2
	See technicians guide
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4.2
	Charge on the move
Most students should be able to:

· Describe the flow of charge in a metal in terms of electron movement

· Describe how an insulated conductor becomes charged by direct contact with a charged body

· Explain why metals become discharged when they are connected to the earth.

Some students should also be able to:

· Explain why an earthed metal object cannot be charged

· Explain loss of charge from a conductor due to a sharp point on the conductor

· Explain why sparks are produced between an isolated body and an earthed conductor


	Start by demonstrating a basic torch and discussing with the students:
· What energy transfers are taking place

· Where the energy is coming from, and

· Where it ends up

This leads onto discussion about what is carrying the energy around the circuit and why we cannot see the electrons doing this

Using the gold leaf electroscopes you can demonstrate that charge will escape to Earth unless the conductor is insulated.

It should be relatively easy to find images of lightning strikes – these are always impressive. Explain that the charged clouds are becoming discharged because of the flow of charge from one place to another. A large flow of charge produces a large electric current, so large that the air glows white hot.

There is some fairly famous footage showing that cars actually do protect you from lightning strikes. It is worth trying to find a copy of this to show the students as it makes a good end point for discussion. The metal frame of the car conducts the current around the occupants and leaves them unharmed.
	Using an electroscope
Observing the behaviour of charged objects

Making deductions about the flow of electrons
	
	
	Questions (a) –(c) pages 226-227
Summary questions 1-2
	See technicians guide
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4.3
	Uses and dangers of static electricity
Most students should be able to:

· Describe the role that static electricity plays in paint spraying, smoke precipitation and the photocopier

· Explain how sparks are caused by the build up of static electricity and why this is dangerous

· Describe precautions taken to prevent static electricity and to ensure it is discharged safely

Some students should also be able to:

· Explain safety measures to reduce or remove hazards due to static electricity


	Tiny pieces of paper sticking to a charged rd can be used to give the idea of paint droplets being drawn to a charged surface.
You can show the deflection of a stream of water from a tap by a charged polythene rod to show how charge can be used to direct flow.

Emphasise that the drum of a laserjet printer contains a material that is not conductive when it is left in the dark, but it is conductive when light is shone onto it. This is what allows the image to be formed. The students may be familiar with the ozone smell from these printers. This is caused by the charge ionising oxygen molecules and forming ozone molecules.

Demonstrating the dangers of sparks near flammable liquids is worthwhile.


	Observing experiments
Discussing and evaluating anti-static measures

Considering the uses of static electricity


	
	
	Questions (a) – (e) pages 228-229
Summary questions 1-2
	See technicians guide
	Discuss dangers of explosions occurring due to static electricity. Show awareness of where these dangers can be present
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4.4
	Static issues
Students should use their skills, knowledge and understanding of ‘How science works’

· To explain why static electricity is dangerous in some situations and how precautions can be taken to ensure that the electrostatic charge is discharged safely

· To explain how some electricity can be useful


	An electric discovery – the first writings on electrical charge are thought to be those of Thales of Miletus. – history – research

A chip problem – the vast majority of microprocessors use CMOS technology, as it needs less power to operate and so produces less heat. This means that computer systems are very vulnerable to static electricity until they are earthed in a circuit board. Can the students design an experiment to see how effective an anti-static strap would be.


	Researching into history of electricity
Explaining how static electricity can damage computers
	
	
	Questions 1-3 pages 230-231
	
	Discuss development of technology that uses static electricity and is advantages and disadvantages
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	summary questions
exam style questions

how science works questions


	
	
	
	
	Pages 232-233
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5.1
	Electric circuits
Most students should be able to:

· Recognise and draw the circuit symbols for a cell, a battery, a switch, a lamp, a resistor, a variable resistor, a diode, a fuse, a voltmeter, an ammeter, a thermistor and an LDR

· Describe the function of each of the above components

Some students should also be able to

· Draw circuit diagrams using the above symbols


	Much of this topic will be revision. The students should be familiar with the basic ideas of circuits and circuit symbols.

Most students cope well with the basic symbols for lamps, switches and batteries. You will probably find that they struggle more with the various resistors.

Point out the difference between a cell and a battery. Many students still do not understand that a battery is a series of cells.

The best way to describe resistors is by discussing what is added to the basic resistor symbol:

· The variable resistor has an arrow through it showing that you can adjust it

· The LDR has arrows going towards it representing light

· The fuse has a thin line representing the thin wire that rubs inside it


	Doing circuit building activities
Recognising symbols
	
	
	Questions (a) – (c) pages 234-235
Summary questions 1-2
	Circuit boards and various items for making circuits
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5.2
	Resistance
Most students should be able to:

· Measure the resistance of a resistor using an ammeter and voltmeter

· Calculate the resistance of a device from the current through it and the potential difference across it

· State Ohm’s law for a metal wire

Some students should also be able to:

· Perform calculations that involve rearrangement of the resistance equation


	It is very important that the students understand how to use an ammeter and voltmeter.
Currents through components are often less than one ampere, so the students will have to get used to using milliamperes in a lot of their work.

A simple analogy explaining resistance is a student moving along a packed corridor with his eyes closed. Other students in the corridor will get in the way, resisting his progress. If all the students are moving about a lot, the resistance will be higher – a bit like the wire heating up.

During the movement, the electrons will lose energy as they collide with the ions in the metal. Link this idea to earlier energy transformation work. Its always important to check that the students do not think that electrons are used up as they move. They just lose (transfer) energy.

	Building a range of circuits
Obtaining and presenting resistance information

Discussing and evaluating results


	
	
	Questions (a) – (b) pages 236-237
Summary 1-2
	See technicians guide
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5.3
	More current-potential difference graphs
Most students should be able to:

· Draw current-p.d. graphs for a resistor, a filament lamp and a diode

· Describe how the resistance of a filament lamp changes depending on the current through it

· Describe how the resistance of a diode depends on which way round it is connected in a circuit

· Describe how the resistance of a thermistor and light dependent resistor depend on the temperature and light level respectively
Some students should also be able to:

· Explain the changes that take place in a series circuit including a thermistor or a LDR when the temperature or the light level changes


	Start this topic with a reminder of the practical work from last lesson.
The initial practical activities can take up a lot of time if the students wish to take plenty of measurements. You may like to let some of the girls do one experiment and some do the other and share their results.

The results should show that the filament lamp does not have a straight le on its current-potential difference graph. This is because it is heating up and the resistance is increasing, the greater the current in the wire.

A diode is a more complex device. It behaves in a non-ohmic way. 
Some students will have heard of light emitting diodes and think that all diodes give out light. You could demonstrate one of these in a circuit, showing that it only lights up if it is placed in the circuit the right way. The arrow on the symbol shows the direction of the current.
	Presenting data graphically
Discussing patterns in results

Reporting on behaviour of components


	
	
	Questions (a) – (d) pages 238-239
Summary questions 1-2
	See technicians guide
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5.4
	Series circuits

Most students should be able to:

· State that the current through components in series is the same

· Find the total potential difference across several components in series, given the potential difference across each component

· Find the total potential difference of a group of cells connected in series

· Calculate the total resistance in a series circuit

Some students should also be able to:

· Analyse a simple series circuit to find the current and p.d across components


	When discussing series and parallel circuits, many teachers use the analogy of a central heating system with the water representing the electrons, a pump representing the battery etc.

The students need to be reminded that the current is a flow of electrons. The larger the current, the more electrons are passing a point each second. The electrons cannot be destroyed and they do not escape from the circuit. 

Try to move the students from using ‘voltage’ to ‘potential difference’ as reflected in the specification. 

Simulation software can be used to show the measurement of the p.d. across many lamps connected in series. It is also easy to add more cells to show that the total p.d. drop across the components always matches the p.d. of the battery.

Many students will simply accept that the total resistance of a set of components in series is just the same as the individual resistances without the need for calculations. 

Test their understanding by showing them a set of resistors in series, and asking them the total resistance, Students should have no problems with this.


	Carrying out practical activities with series circuits
Obtaining data from meter readings

Evaluating results, including the accuracy of measuring instruments


	
	
	Questions (a) – (d) pages 240-241
Summary questions 1-2
	See technicians guide
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5.5
	Parallel circuits
Most students should be able to:

· Recognise components in parallel with each other

· Calculate the current in a branch of a parallel circuit, given the total current and the current in the other branches

· Identify, for resistors of known resistance in parallel, which resistor has the most current passing through it and which has the least.

Some students should also be able to:

· Analyse simple parallel circuits to find the current through branches and the p.d. across components.


	The initial investigation is straight forward and the students should be able to find the rule easily. A discussion of errors involved in the ammeter readings helps to get across concepts involving single measurements from ‘How Science Works’

The bypass idea helps some students realise that because there are more paths for the current a larger current can flow.

The second simple circuit should confirm that the p.d. is the same across both of the resistors. If the resistors are the same size then the currents should also be the same through each branch

The circuit analysis will show if the students have got a firm grip of the equations. You may have to lead them through the analysis one step at a time. Try a couple more circuits if time permits.
	Carrying out practical tests involving parallel circuits
Explaining the observations

Making deductions about current and p.d in circuits
	
	
	Questions (a) – (b) pages 242-243
Summary questions 1-2
	See technicians guide
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5.6
	Circuits in control
This spread can be used to revisit:

Students should use their skills, knowledge and understanding of ‘How Science Works’:

· To apply the principles of basic electrical circuits to practical situations


	The development of microelectronics – the computing power available on a microchip has followed a pattern first described by Gordon E Moore(founder of Intel) in 1965. He suggested that the available computing power on a microchip would double every year. This hasn’t quite happened; it seems to have doubled every two years from 1965 to the current day. A high power computer has close to one billion transistors on it, though according to Moore’s theory this information will be out of date by the time you read it!

Connecting ‘control chips’ to human brains is the topic of many stories. Imagine being able to instantly remember anything or reach out to a billion people at once and ask them a question. 

No more school – do students with computers learn more just because they are wealthier? 

Robots in charge! – most students will automatically think of humanoid robots – show them pictures of large robots that are not humanoid.- mention the three laws of robotics and discuss.
	Researching into the development of  microelectronics
Imagining future technology
	
	
	Questions 1-2 pages 244-245
Activities


	Discuss effect on social interactions due to development of microelectronics and technology.
Research Isaac Asimov
	

	32
	summary questions
exam style questions

how science works questions


	
	
	
	
	Pages 246-247
	
	

	33
6.1
	Alternating current
Most students should be able to:

· Distinguish between alternating and direct current

· State the frequency of UK mains electricity

· Describe how the potential of the live wires varies each cycle

· State that the potential of the neutral wire is approximately zero

· Use oscilloscope traces to compare direct and alternating potential differences


	Many of the students will have been wondering what the other two outputs on a power supply are for. Show them that a bulb will light up from a d.c. source and also from the a.c. source.
The d.c. outputs are colour coded for positive and negative, but the a.c ones aren’t: ask the students why they think this is.

In a d.c. circuit the electrons eventually make it around the complete circuit. In an a.c. circuit they just oscillate back and forth a few centimetres. Describe this to the students pointing out that the electrons are still transferring energy.

Make sure that the students know that mains is 230V a.c. at 50Hz. This is frequently asked for in examination papers. Don’t use these high voltages in demonstrations.

Higher-tier students need to be aware that the neutral wore oscillates slightly around the Earth potential.

Some students may know that fluorescent lamps in some buildings flicker or buzz. Let them hear a 50Hz signal using a signal generator and loudspeaker, and they will probably recognise the noise.
The oscilloscope is a complex device, but the students only need to know about the time base and the Y-gain.

Higher-tier students will need to be able to take measurements from CRO traces. Make sure that they are only using the controls that they need. 


	Observing a.c wave traces
Listening to description of mains electricity

Interpreting the information from a CRO trace
	
	
	Questions (a) – (b) pages 248-249
Summary questions 1-2
	See technicians guide
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6.2
	Cables and plugs
Most students should be able to:
· Describe the design and function of a three-pin mains-plug, including the choice of materials and the colours of the wires

· Recognise errors in the wiring of a three-pin plug

· Explain why it is necessary to connect some devices to the earth via the earth wire

· Explain, in terms of safety, why the fuse in the plug of an appliance and the switch of an appliance are on the live side of the appliance

Some students should also be able to:

· Explain the choice of materials used for the mains parts of three-pin main plug.


	Discuss the materials used in a plug and cable by actually showing them. The students need to be able to explain why each material has been chosen.
The colour coding is usually well understood, but some students will know that black and red wires are used in mains circuits in houses – this can lead to some confusion.

If you choose to let the students wire plugs, then make sure that there is no chance of the plugs being plugged in. 

If possible show the students some badly wired plugs. This works best if the plugs are real, but use diagrams if necessary. Some of the faults should be hard to spot. One commonly missed mistake is the cable grip gripping the wires instead of the larger cable.


	Wiring or handling mains plugs
Making observations about faults

Explaining the dangers of faulty wiring

Discussing and evaluating the materials used in plugs and cables

	
	
	Questions (a) – (c) pages 250-251
Summary questions 1-2
	Mains plugs
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6.3
	Fuses
Most students should be able to:

· Explain how and why a fuse cuts off an electrical circuit

· Explain why the fuse in the plug of an appliance protects the appliance

· List the advantages of a circuit breaker over a fuse

· Explain why it is important that devices are earthed or double insulated

Some students should also be able to:

· Explain why earthing the metal case of an appliance protects the user


	Fuses are dull without demonstrations, so try to fit in a few of the ones in the activity box
You can show the students the differences between fuses, by showing them the fuse wire that is found in them. Connect up some 1A, 3A and 5A fuse wire together in a series with an ammeter and variable resistor, and pass an increasing current through it to show that the 1A fuse wire melts first. 

Many students will think that the fuse is a device that protects the user of a device. It is important to point out that the fuse really prevents the device from catching fire through overheating. Emphasise that it only takes a small current to kill and a 3.5A device with a 5A fuse in it can provide a current of 1.5A without troubling the fuse.

Earthing confuses some, but just point out that the basic idea is to give an easy path for the current to take if there is a fault. Usually if the device is earthed, then a large current would flow if the live wire touched the case and the fuse should melt and cut off the device. This is a common reason why a device keeps melting fuses and so, if the students see this happen, they should realise that the live wire is loose.
You can demonstrate the use of circuit breakers as outlined in the activity box. The students should realise the advantages fairly quickly. If you want to go into extra detail, then you could show a large model circuit breaker and refer back to the work on electromagnets from earlier in the course.


	Observing the melting of fuses and switching off of current by circuit breakers
Listening to explanations of how fuses work

Discussing the hazards of mains electricity

Appreciating the importance of earthing and fuses


	
	
	Questions (a) – (c) pages 252-253
Summary questions 1-2
	Fuses

	Know the hazards of mains electricity
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6.4
	Electrical power and potential difference
Most students should be able to:

· State that the power of a device is the amount of energy it transfers each second

· Calculate the power of an electrical device from the current and the potential difference

Some students should also be able to:

· Perform calculations involving the rearrangement of the electrical power equations

	Start with a brief recap about power, the students should remember how to calculate the power of a mechanical device
Point out that if energy is being transferred by a device, then some form of work must be being done so there is a power output. With electricity there is no force or distance moved, so there must be another way of finding the power output.

The next section involves a derivation of an equation; higher attaining groups should be fine with this, but lower ability students will probably struggle to grasp this section fully.

Take some time to go through what each of the phrases means and to come up with the full equation; some students will find this difficult. The definition of potential difference as ‘electrical energy per unit charge’ is one that many students will find particularly hard to understand

In the end, most students will happily accept that the power is the current times the potential difference even if they don’t thoroughly understand why. For most this is fine, but it may be worth persisting with those you want to move onto a higher level.

The calculations are not difficult but the students should have quite a bit of practice. Get them to work out the power of several devices before moving on to rearrangement.
Sometimes examiners ask the students to work out the power of a mains device without giving the voltage. They expect them to remember that mains is 230V so make sure they do.

Show the students real fuses to point out that they are all the same size, so it is easy to use the wrong one without thinking.

 
	Making observations about the energy-use of lamps
Explaining how energy is transferred in electrical circuits

Making deductions about the relationship between power current and potential difference


	
	
	Questions (a) – (c) pages 254-255
Summary questions 1-2
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6.5
	Electrical energy and charge
Most students should be able to:

· State that an electrical current is a flow of charge

· Calculate the charge transferred by a current in a specified time

· Calculate the energy transferred using the p.d. and the charge transferred

Some students should also be able to:

· Perform calculations involving rearrangement of the charge = current x time equation and the potential difference = energy transferred per unit charge equation


	This is another fairly mathematically intense topic with two important equations, keep the emphasis on the electrons carrying charge from place to place and so carrying energy. 
The first equation comes from the definition of current and charge. The size of the electric current is just how much charge passes each second.

It is probably best to avoid using the symbols for current and charge in equations, as these lead to more confusion.

The derivation of the energy-transferred equation will again be confusing for some. For these students just concentrate on the end equation.
Using the equation is again fairly straightforward – the most difficult part is remembering it.

Check that the students are using the correct units. With so many equations its easy for them to pick the wrong one. A reference wall display is very handy.

The last section deals with energy transfer. You should go through the description of the energy being provided to the electrons, then carried by them and transferred to the lamp and resistor, carefully. The students should be picturing electrons as energy carriers by now, and then thinking of a coulomb as the charge carried by a big bunch of electrons.


	Imagining the movement of electrons in a wire carrying charge and energy
Learning the detailed explanations of charge and energy


	
	
	Questions (a) – (b) pages 256-257
Summary questions 1-2
	
	

	38
6.6
	Safety matters
Students should use their skills, knowledge and understanding of ‘How science works’

· To recognise errors in the wiring of a three-pin plug

· To recognise dangerous practice in the use of mains electricity

	Spot the hazards – in addition to spotting the hazards in the stately manor, you can get the students to perform a safety check of the laboratory or any other classrooms they visit during the school day.
Cutting out the cowboys – it took a great deal of time for the government to come to the decision to regulate electrical work in the home in the same way as they regulated work on gas pipes. Do the students think that it is fair or unfair that they are not allowed to rewire their own house?


	Observing safety hazards

	
	
	Questions 1-2 pages 258-259
activities
	
	Careers discussion – electrician, electrical engineer
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	Summary questions
Exam style questions

How science works questions


	
	
	
	
	Pages 260-261
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7.1
	Nuclear reactions
Most students should be able to:

· State the relative charge and mass of the constituents of an atom

· State how many protons and neutrons are in a nucleus, given its mass number and its atomic number

· Describe the origins of background radiation

Some students should also be able to:

· Describe what happens to an isotope when it undergoes alpha or beta decay


	There is quite a lot of information in this topic and students are likely to become confused if they move too quickly through it. The main source of confusion is often with the large number of scientific terms
Start with a reminder of the structure of an atom, but do not dwell on it too long.

The terms ‘proton number’ and ‘atomic number’ are often interchanged

Watch out for students getting confused about finding the number of neutrons. Some think that there are always the same number of neutrons as protons

You may fins animations of nuclear decays helpful, as the students can see the alpha or beta particle leave the nucleus and how it is changed in the process.

Gamma ray emission is really just the dumping of excess energy by the nucleus after another form of decay leaves it with a bit too much energy. As there are no particles emitted there is no charge to the nucleus
The background radiation section is a basic recap of information the students should have studied before. It should be pointed out that almost all of our exposure is from natural sources.


	Modelling the changes during nuclear decay
Imagining the structure of an atom

Explaining how a nucleus changes during nuclear decay


	
	
	Questions (a) – (c) pages 262-263
Summary questions 1-2
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7.2
	The discovery of the nucleus
Most students should be able to:
· Describe the Rutherford scattering experiment and the evidence it produced

· Explain how this evidence leads to the nuclear model of the atom
· Describe the ‘plum pudding’ model and explain why this model proved to be inadequate

Some students should also be able to:

· Draw and explain the paths of alpha particles scattered by a nucleus


	This topic is all about a famous experiment and it should be built up as such. Through hard work and brilliant ideas, our idea of ‘what an atom is’ was developed
You might want to establish the context; electrons (cathode rays) had not long been discovered and Rutherford had discovered that one element could change into another when it emitted an ‘alpha particle’

It will be impossibly difficult for the students to imagine the size of an atom and then the relative size of the nucleus. You might like to point out that 99.99% of the chair they are sitting on is just an empty space, then again so is 99.99% of their bodies!
The problem with plum puddings is that nobody eats them any more, so many students don’t understand what you are on about. Try illustrating with a real plum (or spotted dick) pudding. They are cheap and you can always eat it afterwards.


	Modelling scattering experiment
Explaining how the conclusions match the evidence
	
	
	Questions (a) – (b) pages 264-265
Summary questions 1-2
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7.3
	Nuclear fission
Most students should be able to:

· List the isotopes used as fuel in nuclear fission reactors

· Describe what happens in a fission event

· Sketch a labelled diagram to show how a chain reaction may occur

Some students should also be able to:

· Explain how a chain reaction in a nuclear reactor can take place


	You can show an example of a chain reaction with dominoes. Set them so one knocks over two more, and these two knock over four etc. After only a few steps you could have hundreds and then thousands falling
In a nuclear chain reaction, the released neutrons are important

In a nuclear reactor core, it is important to keep the reaction critical. If it becomes ‘super critical’ the reactor will heat up but not like a nuclear explosion. More likely the reaction becomes ‘sub-critical’ and slows down.

Good moderators slow down the fast neutrons without absorbing them. If the moderator absorbs too many neutrons, then the chain reaction cannot continue. In some reactors, graphite is used instead of water.

The control rods have to be good at absorbing neutrons. When they are inserted the number of available neutrons is decreased, and the reaction becomes sub-critical, cooling the core down. Cadmium and boron are common materials for this job.
In an emergency the rods are dropped completely into the core, rapidly reducing the reaction to almost zero. The reactor still produces some heat through natural decay of the radioactive materials. This means that it still has to be cooled or it will meltdown.

The coolant may be water or some more exotic material such as liquid sodium. It has to be able to rapidly carry thermal energy from the core, but in doing this it becomes radioactive.

The core itself is very heavily shielded and only a few gamma rays can escape


	Drawing and labelling the components of the power station
Discussing the safety of fission

Discussing and evaluating the safety features of the power station
	
	
	Questions (a) – (b) pages 266-267
Summary questions
	
	Debate advantage and disadvantage of nuclear power station
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7.4
	Nuclear fusion
Most students should be able to:

· Describe the nuclear fusion process happening in the Sun

· Outline how experimental nuclear fusion reactors work on Earth

Some students should also be able to:

· Describe some of the problems associated with nuclear fusion reactors


	Students may confuse the words ‘fission’ and ‘fusion’ in general conversation, but should be able to remember the difference when writing answers
The reactions in the Sun are hugely powerful. 

The students might want to know what you mean by ‘the antimatter counterpart of the electron’. 

Show the animation ‘Nuclear fusion’ from the CDROM

The reactions also produce a lot of positrons and neutrinos

The main difficulty to overcome is the fact that the protons strongly repel each other. In the Sun, the gravitational forces are strong enough to keep the very high temperature protons close enough together so that they will collide and fuse. It is this process that is proving very difficult to replicate on Earth.

Some of the students will have heard the term ‘Plasma’ before and when you tell them it is at a temperature of several thousand degrees, they will assume it has a lot of thermal energy and will be very dangerous. The plasma is actually of very low density and hasn’t got that much thermal energy

There are possible hazards associated with a fusion reactor: free neutrons are produced and could be absorbed by the materials in the reactor. This would produce dangerous radioactive isotopes. However, there would be much less radiation released than in the nuclear fission reaction


	Following the sequence of a nuclear fusion diagram
Discussing advantages of fusion over fission


	
	
	Questions (a) – (b) pages 268-269
Summary questions 1-2
	
	Debate the possibility of fusion power
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7.5
	Nuclear energy issues
This spread can be used to revisit substantive content covered in this chapter:
· There are two fissionable substances in common use in nuclear reactors uranium-235 and plutonium-239

· Nuclear fusion is the joining of two atomic nuclei to form a larger one

· Nuclear fusion is the process by which energy is released in stars

Students should use their skills, knowledge and understanding of ‘How science works’:

· To sketch a labelled diagram to illustrate how a chain reaction may occur


	The Manhattan project – the use of nuclear bombs on Japan at the end of World War II is obviously a contentious matter. Issues to discuss include:
· The lack of warning or demonstration to Japan – the first bomb was dropped on Hiroshima without any form of warning

This was to prevent the remaining Japanese forces from trying to intercept the mission. After this bombing leaflets were dropped on Japanese cities to say that more bombs would come if there was no surrender.
Three days later the warning was fulfilled at Nagasaki.

The two nuclear weapons used in the bombings were of very different designs. On Hiroshima the ‘little boy’ uranium bomb was dropped, while three days later the ‘fat man’ plutonium bomb was dropped. Ask: ‘Was the second bomb dropped to test this different technology?’

Nuclear reprocessing – a hot problem – get the students to debate this.

The fast-breeder reactor – you could use this activity to discuss the fail-safe designs of nuclear reactors.


	Researching into the history of nuclear weapons
Discussing the use of nuclear weapons


	
	
	Activities pages 270-271
	
	Discuss implications of countries developing nuclear weapons
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	Pages 272-273
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	Examination style questions

	
	
	
	
	Pages 274-275
	
	



