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	Students should learn:
That a moment is the turning effect of a force about a pivot.

That the size of a moment is measured in newton metres (N m).

How to calculate the moment using the correct equation.


	The students will have studied levers and moments during Key Stage 3, but here they will be looking at more advanced situations; in particular the idea that the force and perpendicular distance are important. Refer to electronic resource P3 1.1 ‘Balancing moments’ on the GCSE Physics CD ROM.

You should demonstrate the turning effect of a force in a variety of ways, including the use of tools, opening doors, etc.

When discussing different tools, it helps a lot to show them in action. At each stage describe where the forces are acting and where the pivot is.

One simple demonstration of the increased moment when the distance is increased is to hold out a retort stand by the pole at arms’ length, this becomes more difficult the further away the stand is held.

You could also show pictures or a video of a strongman competition, where the contestants hold things like car batteries at arms’ length and discuss why this is so difficult.

The students need to use the correct terms for load, effort and pivot, so get them to draw or label a few diagrams. Check that they are getting the directions of the forces and moment correct.

Watch out for a few students confused about clockwise and anticlockwise and try to convince the students that talking about rotation to the right/left or up/down is not a good description.

The investigation is straightforward, and all of the students should reach a sensible conclusion easily.

Consider the accuracy of the measurements made and the reliability of the data collected (this relates to: ‘How Science Works’).

It is important to stress at this point that it is the perpendicular distance that is important. In most situations the students come across, the force will be at right angles to the lever so this will be easy, but you might like to stretch the higher-attaining students with some tilted seesaws.

The calculations are not too difficult at this stage but you will have some students giving the unit as newtons per metre instead of newton metres.

Ideally avoid calculations involving centimetres; get the students to convert all distances to metres and they will have an easier time.

Investigating the turning effect of a force
The turning effect can be measured through a range of methods but this one avoids the need for a pivot that the ruler will slide off.


	Most students should be able to:
Calculate the moment of a force including use of correct units.

Draw a diagram showing the moment of a force.

Describe the turning effect of a force on a force diagram.

Some students should also be able to:
Perform calculations including rearrangement of the moment equation.

Explain simple observations about the turning effect of a force.

Key points

The students should be able to calculate the moment of a force using the perpendicular distance to the pivot.

	
	
	The students can label the load, effort and pivot for a range of diagrams and calculate the turning moment for a range of situations.


	Equipment and materials required
For each group: Retort stand with two clamp arms, 50 or 30 cm ruler with hole drilled towards one end, newtonmeter (10 W), 10 g mass holder with 4 ( 10 g masses, some cotton.

Details
The newtonmeter should be attached halfway along the ruler and the arm of the clamp should fit through the hole in the ruler. The weights are then suspended near the end of the ruler and can be slid back and forth.

The students will need to be reminded to measure the distances from the pivot, not from the end of the ruler.
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	Students should learn:
That the centre of mass of a body is the point at which the mass may be considered to be concentrated.

That the centre of mass of a sheet of material can be found by a simple suspension experiment.


	Most of the students are actually familiar with the idea of a centre of mass. They have been drawing force arrows that act through the centre of objects for some time.

They will not be aware that they have been assuming that the mass seems to be concentrated at this point, however, so discuss this idea. Let them imagine drawing force arrows for every atom in a boat, and realise its easier to find the ‘average’ position where the weight acts.

Rulers and other uniform objects will balance easily and the students will understand that the centre of mass is in the middle. The students should also realise that the centre of mass of a non-uniform object will be closer to the ‘big end’.

With higher-attaining students, you may wish to discuss the concept of equilibrium more fully. They should be made aware that two conditions must be met: the moments must be balanced and so must the horizontal and vertical forces.

There can be some situations where the centre of mass is actually outside the physical body of an object. Students can find this quite strange, because a force cannot be applied at this point to suspend the object. Point out that this point will always be directly below a suspension point when the object hangs freely. Show the students, or allow them to find, the position of the centre of mass of symmetrical objects by drawing the lines of symmetry and lifting the object at this point.

The centre of mass experiment is quite simple and the students should have a go at it. They should start with simple geometric shapes to confirm that the centre of mass is where they expect and then move on to irregular shapes. An accurate technique should involve three suspensions and three lines crossing at the same point. Ask: ‘What do you do if they don’t? How might that happen?’ (This relates to: ‘How Science Works’: reliability)

Suspended equilibrium
This demonstration should show the students that the objects will come to rest with their centre of mass directly below the point of suspension.

A centre of mass test
This is a good practical that is accessible to all of the students.

	Most students should be able to:
Find the centre of mass of a sheet of uniform thickness using a suspension experiment.

Find the centre of mass of a symmetrical object.

Some students should also be able to:
Explain why a freely-suspended object comes to rest with its centre of mass directly below the point of suspension.

Key points

Can the students write a sequence of steps to find the centre of mass of a piece of card (uniform lamina)?
ICT link-up.  Refer to PhotoPLUS P3 1.2

‘Centre of mass’ on the GCSE Physics CD ROM. You could use a simulation package that shows how forces affect objects when the line of the force acts through the centre of mass and when it doesn’t. This could involve collisions where the impact is offline causing the objects to rotate. (See www.fable.co.uk)


	
	
	
	Equipment and materials required
Retort stands, bosses and clamps, string and pendulum bobs (plumb lines), corks, long pins, card and scissors.

Details
The students should cut out a range of shapes from the cards: rectangles, triangles and irregular. The cork is held in the clamp so that the pins can be pushed through the card into it. Wrap the plumb line around the pin and push it through a point near the edge of the card into the cork.

The shape should hang freely. Now the students should gently press the line against the card (squeezing from both sides) and mark a point near the bottom of the shape. They then remove the card and draw a line from the mark to the pinhole. Repeat this process twice more; the centre of mass should be where all three lines cross. The students may find some shapes where the centre of mass is actually outside the shape, e.g. a circle with the central region cut out.
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	Students should learn:
That the moments acting on an object that is not turning (or is not undergoing angular acceleration) are balanced. [HT only]

How to apply the principle of moments in calculations. [HT only]


	Having a large seesaw would be particularly useful during this topic. The larger the seesaw the easier it tends to be to balance.

The terms ‘pivot’ and ‘fulcrum’ are generally interchangeable so the students can use either, although ‘pivot’ is favoured in exam questions.

Take the initial explanation of the balanced seesaw slowly so that the students get the idea that it is possible to balance large masses with smaller ones. If you have a good- sized seesaw then show what is going on using it.

The principle of moments is very important and the students should be able to state it clearly for any questions.

You may be able to find a grocer’s balance or a newton balance to demonstrate how the principle of moments can be used to find the weight of objects.

The first practical should be quite short. Encourage the students to take great care to get the best results. Keep the equipment out and use it again for the second practical.

Consider aspects of taking measurements from ‘How Science Works’ in both practicals.

The calculation should be reasonably straightforward. Give the students plenty of practice at calculating missing values in equilibrium situations; they will need to be able to find these. Check for clear layout again and that the students are still using the correct units.

The second practical is very similar to the first and again the students will need to take several measurements to get a reasonable result.
The summary questions should allow the student to show their skills with the calculations.

Measuring an unknown weight
This can be a quick demonstration or a challenge for the groups to be as accurate as possible.

Measuring the weight of a beam
This experiment works best with large beams but make sure that they are uniform.


	Most students should be able to:
 State the principle of moments. [HT only]

Calculate the moment of a force. [HT only]

Calculate the forces or distances involved in a problem concerning an object in equilibrium pivoted at its centre of mass. [HT only]

Some students should also be able to:
Calculate the forces or distances involved in a problem concerning a pivoted object in equilibrium. [HT only]

Key points

The students should be able to state the equilibrium conditions for moments. Present it on a seesaw for visual impact.
ICT link-up.  If the students are having difficulty balancing the rulers, it may be best to use a simulation of the experiment. This will give exact results and allows the students to look into situations where there are several forces causing turning effects at once, but it doesn’t have the tactile feel of the real equipment. See Animation P3 1.3 ‘Seesaw moments’.


	
	
	There is plenty of scope for the students to analyse more equilibrium and non-equilibrium questions concerning moments.


	Equipment and materials required
For each group: beam, pivot (wooden triangular block), ruler, known mass (100 g) and unknown mass. A suitable top-pan balance should be available.

Details
The students set up the apparatus as shown in Figure 2 in the students’ book. They must attempt to balance the masses and measure the distances so that they can find the unknown mass. The greatest problem will be getting a stable balance with the ruler, so the students will have to take great care and get as close as possible. To get a more precise reading, the students should repeat the measurements at least three times using different distances and find the mean value. At the end of the experiment, the students can use the top-pan balance to check their results
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	Students should learn:
That the stability of an object depends on a range of factors but principally on:

–  the relationship between the centre of mass of the object. [HT only]

–  the line of action of the weight of the object. [HT only]

–  the shape of the base of the object. [HT only]


	You can start this topic with the introductory practical. Try the brick resting on different sides. The practical can be extended in several ways. See ‘Practical support’.

You should be able to find a range of objects to test around the laboratory: retort stands, conical flasks, lamps, etc.

For the objects you can use the suspension technique from lesson 1.2 to find the location of the centre of mass and then talk about whether it is high or low on the object.

Take each of the example situations in turn. If you have models you can use these on an adjustable ramp to show when they topple. You can also discuss how realistic the models are.

Test the bus by finding its topple angle before and after adding Plasticine to the top deck, to simulate the weight of passengers. In reality very few buses will travel on roads that are so severely tilted, but what about strong gusts of wind?

Additional situations you can look at include racing cars. These have very low centres of mass, but if they are moving quickly the large forces involved can flip them over dramatically.

Show some videos of sumo wrestling and ask the students why it is so difficult to throw each other over. Search for ‘sumo’ at www.video.google.com. Investigating the factors that affect stability offers good opportunities to cover the skills and concepts involved in designing fair tests (this relates to: ‘How Science Works’).
Tilting and toppling tests
This can be a simple experiment or a more advanced investigation; see the extension below.

The tipping point – extension
This is a more detailed version of the basic brick experiment. It requires adjustable ramps that can be raised and the angle measured; these can be improvised if necessary. You can use this technique to find the tipping point of other objects mentioned in the text, such as

model buses, pins or high chairs. Use Plasticine to simulate adding passengers to the top or bottom decks.
	Most students should be able to:
Describe how the shape of an object affects the stability of the object. [HT only] Interpret and draw diagrams showing the stability of objects. [HT only]

Some students should also be able to:
Explain design features that make objects more stable. [HT only]
Key points

Can the students give an explanation of why one object is more difficult to knock over than another? They should use diagrams to explain their ideas.

ICT link-up.  Use Animation P3 1.4 ‘Stability’ from GCSE Physics CD ROM.


	
	
	The students could improve the design of a range of household objects to improve their stability
	Equipment and materials required
Standard building brick, protractor, bench protector (e.g. carpet).

Details
Allow the students to tilt the brick when it is resting on various sides, they can use the protractor to measure the tipping angle. They should find that the angle is greatest when the centre of mass is lowest on the brick.

Equipment and materials required
For each group: adjustable ramp, protractor, rectangular block.

Details
The students should find the angle that the block tips by raising the ramps’ angle until the block tips over. This should be when the centre of mass lies just beyond the base of the block. The students may be able to check this if their geometry is up to it. Repeating the experiment with the block lying on different sides should give the same result for the position

of the centre of mass. If you find that the blocks start to slide down the ramp you might have to cover it with a rubber mat or similar.
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	Students should learn:
That an accelerating object can be undergoing a change in direction without the speed of the object changing

That a centripetal force is a force acting towards the centre of a circle, i.e. perpendicular to the direction of motion of the object.


	If possible start with some video clips to illustrate circular motion. There are lots of potential things to show, including fairground rides, planetary motion and sports. This will show the importance of this type of motion. 
In the testing circular motion activity, ensure that the students realise that the object flies off in a tangent when it is released. It can be hard for them to see this, but you can demonstrate what happens yourself, or use slow motion video clips.

Show some footage from a hammer throwing competition. If this can be shown in slow motion, point out the release of the hammer and the direction it travels when released.

You will need to remind the students that unbalanced forces cause acceleration and that acceleration can mean a change in the direction of an object without a change in speed.

Make sure that you convince the students that it is an inward (centripetal) force that causes circular motion; this can be surprisingly difficult.

Try to explain what would happen if there was a resultant outward force acting on the object.

The factors that affect the force required are reasonably obvious, but can be quite difficult to demonstrate, apart from the effect of mass.

If the students spin the objects around faster, they may be able to feel that they are providing a larger inward force. Again watching the behaviour of a hammer thrower will show that it takes a great deal of effort to keep the hammer moving in a circle when it is moving quickly.

The lasso activity (see ‘Practical support’) is great fun, and with a bit of practice you can show off your skills.

Lasso – extension
This experiment is a great way of showing that an object flies off at a tangent when the centripetal force is removed. It is best carried out outdoors but works inside too.


	Students should be able to:
State that the force required for an object to move in a circle is a centripetal force.

Draw a diagram showing the force necessary to make an object undergo circular motion.

Most students should be able to:
Draw a diagram showing the force necessary to make an object undergo circular motion.

Some students should also be able to:
Identify the forces that provide the centripetal force on an object in a given situation.

Key points

The students should be able to draw diagrams showing the direction of the force on objects travelling in a circle and explain what affects the magnitude of them.

ICT link-up.  Refer to PhotoPLUS P3 1.5 ‘Circular motion’ and Animation P3 1.7 ‘Planet and Satellite Orbits’ on the GCSE Physics CD ROM. A computer simulation package will allow a more precise investigation of the factors that affect the forces involved in circular motion. This will allow the students to find qualitative results when the speed, radius and masses are varied in turn (this relates to: ‘How Science Works’: designing fair tests). (See www.fable.co.uk)


	
	
	The students could find as many items that use ‘centrifugal’ forces as possible and explain why they are scientifically incorrect.


	Testing circular motion
the students can experience the circular moment for themselves. They will feel a force in the string pulling outwards and this is where the notion of ‘centrifugal force’ comes from Equipment and materials required
String, bungs with a hole through.

Details
Safety: This is a simple demonstration, but be careful that the bungs don’t hit anybody!

You may prefer to do this as a demonstration with some classes; otherwise. Point out that the force on the bung is inwards and it is this force that makes the bung travel in a circle. If you add more bungs, there should be a greater force required to keep them moving in a circle.
Equipment and materials required
Lasso, thin rope will do, model steer (this can be anything really).

 Details Show the students how to lasso a steer; the technique involves releasing the rope when it is to your side; not in front of you. With a bit of practice it gets quite easy to throw the rope in the right direction, but not to actually hit the target. Allow the students to have a go, making sure that they understand that the rope will move in a tangent to the circle when it is released.
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	Students should learn:
That gravity is an attractive force that acts between all objects with mass.

The size of gravitational attraction depends on the masses of the objects and the distance between them
	Newton’s realisation was that gravitational forces are the cause of our weight and the cause of the orbits of the planets. He did have to go through a lot of data and ideas produced by earlier scientists, such as Johannes Kepler, leading to his famous quote

‘If I have seen further, it is by standing on the shoulders of giants.’

The students should be able to come up with the idea that larger objects will produce a larger gravitational attraction.
 It is more difficult to understand that the attraction diminishes with distance, but discussing that the force from distant objects, like the Sun, acting on the students is very small should help.

Make sure that the students understand that the attraction diminishes by a factor of four when the separation doubles. Check that they know how strong the attraction would be if the separation was four times as great.

As before, the students may be used to the phrase ‘strength of gravity’ as opposed to ‘gravitational field strength’. This isn’t that important as long as they can recognise the phrase in questions.

You could discuss the surface gravitational field strength of various planets. This is not always as obvious as the students might think, because of the effect of the distance from the centre of mass of the planet. Jupiter has a mass of 317 times that of Earth’s, but its surface gravitational field strength is only 2.3 times that of Earth due to its large radius.

The calculations are simple, but let some students have a go at rearranging the equation.

As a final point, you might like to explain to the students that gravitational fields do not stop; they just become weaker and weaker the further away that you are from the object. We are being pulled by every star in the galaxy, but this pull is so small compared to the pull of the Earth that we do not notice it.

Exploring gravity – The students could investigate the relationships between gravitational attraction, the masses and the separation of objects, in more depth, using a spreadsheet. Set up a spreadsheet that calculates the magnitude of gravitational attraction using the masses and separation of objects. The students can then alter these values and see how the size of the attraction changes. You may wish to get the students to plot graphs of how the force changes with distance for a range of masses, so that they can appreciate the shape. To simplify the numbers involved, you might not want to use the true value for the universal gravitation constant G. Instead use a value of 1 for this, and explain to the students that you have simplified the equation.

	Students should be able to:
State the factors that affect the size of gravitational attraction between two objects.

Describe how the weight of an object differs on the Earth and on the Moon.

Some students should also be able to:
Explain why the weight of an object depends on its location whereas its mass does not.

Explain observations comparing the movement of objects on the Moon or other planets and on Earth.
Key points

The students should be able to describe how factors affect the gravitational forces between two objects. This could be shown as a cartoon strip.
ICT link-up.  Refer to Animation P3 1.6 ‘Gravity’. Students could design a spreadsheet to calculate gravitational field strengths from data provided. (See the exploring gravity activity in ‘Activity and extension ideas’.)


	
	
	Practise calculations involving gravitational field strengths
	Details Some students are worried about their weight, and so you should not push them into weighing themselves. You may like to discuss the relationship between older systems of measurement such as pounds and ounces, and why many scales are marked in kilograms when they should be showing newtons.
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	Students should learn:
That gravitational forces cause planets to orbit the Sun and moons to orbit planets.

About the relationship between the time taken for a planet to orbit the Sun and the distance the planet is from the Sun.

	Start the topic with some form of quick recap about the planets and their orbits.

The students should have no difficulty remembering that the orbits are ellipses, but show them the shapes all the same.

If at all possible, use a simulator to show the motion of the planets around the Sun. This is really the only way to show that the planets are moving faster the closer they are to the Sun.

You may have an orrery. These don’t impress the students much, but they do get the ideas across.

The simplification that a smaller object orbits a larger one is fine for most students. Some may ask about what happens to similarly sized objects. See ‘Activity and extension ideas’ for points to discuss.

Take some time reminding the students that objects move in circles when the force is directed toward the centre and link this to the diagrams of planetary motion.

You could discuss the planets speeding up and slowing down and so moving in ellipses if the students are curious.
 The AU is an interesting unit merely used for convenience. It makes the distances easier to understand and you can illustrate this by showing the distances in metres. One AU is 149 598 000 000 m; tricky to plot on a graph.

A graph of the orbital period against the radius of orbit could show a clear relationship, so it is best to get the students to plot this or even investigate the relationship in a spreadsheet. (This relates to: ‘How Science Works’: relationships

between variables.)

Discussion of asteroids can make an interesting conclusion to the lesson. Talk about the asteroid belt, but many students will be much more interested in stray asteroids.

Advanced orbits – Two objects that are gravitationally linked orbit the centre of mass of them both. This is a point between the centres of the two objects. For the Earth–Sun system, the Sun is so much larger than the Earth that the point is close to the centre of the Sun, and the Sun doesn’t seem to be performing much of an orbit. The students could look at the complexities of this motion through simulations. Free software is available online; try a search for ‘gravity simulation’ and you should find a few good simulations.

Spot the planet – Show the students two photographs of the same part of the night sky with a planet in it, taken a few days apart. They should be able to see that the planet has moved with respect to the background of stars. The same can be done for an asteroid; use the web site from ‘Did You Know’? to find suitable

images.

	Most students should be able to:
State that an object must move at a particular speed in order to stay in a circular orbit at a fixed distance.

Describe the relationships between the distance from the Sun and a planet’s speed and orbital period.

Some students should also be able to:
 Explain and use the relationships between the distance from the Sun and a planet’s speed and orbital period.

Key points

Can the students interpret a graph of the relationship between the orbital period of the planet and the distance from the Sun? They could state the relationship on a diagram between the Sun and one of the planets.
	
	
	The students should explore the orbits of comets comparing them to the orbits of the planets. They should discuss the size of the force acting on the comet and the speed.
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	Students should learn:
The period of an orbit is the time taken for a satellite to complete one orbit of the Earth.

That a geostationary satellite has a period of 24 hours and is placed above the Equator so that it stays in the same position in the sky.

	Use a lot of images of satellites to illustrate this lesson, if you have a GPS receiver then use it to introduce the lesson.

The explanation of launching the satellite mountain should be linked with the real way of launching satellites; the rocket.

You can give the impression of the movement of geostationary satellites using a globe. Stick a model satellite on a stick and attach it above the Equator so that it revolves with the globe.

To show that it appears in the same position in the sky, use another stick to show the angle from your home town to the satellite; this stays constant.

In reality the geostationary satellite would be six times the radius of the Earth distant. This can be illustrated with a really long stick or just discussed.

Another important type of orbit to point out is the polar orbit. This has a short orbital period and the satellite passes over the poles. Many satellites are placed in these orbits, including weather and spy satellites.

There are many other possible orbits, but the lower limit is about 120 km up otherwise the atmosphere would slow the satellite down. The important point is that the lower the orbit the faster the satellite has to travel to stay in that orbit.

The students should be able to come up with a range of uses of the satellites on their own.

The students should be given the opportunity to look at some images taken by satellites. There are plenty of weather and land survey images available. (See ‘ ICT link-up’ for some details.)

ICT link-up.  One impressive satellite resource is ‘Google Maps’. The web page is www.maps.google.com, and it allows you to view road maps and overlay satellite imagery. The resolution is quite impressive for some areas, but less so for others. From the page you should be able to find famous places, such as the Pentagon and Buckingham Palace. There may even be images of your locality or even your school. These images are used in the Google Earth software which makes navigation easier. See Animation P3 1.7 ‘Orbits’ on the GCSE Physics CD ROM.


	
	
	
	The students could produce a fact sheet about a particular satellite using information they find from books and the Internet.
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	Roller coaster rides – There are a couple of roller coaster simulators available. These would be very impressive to use when discussing the rides. You might like to show the students a real risk assessment form that has to be filled in when arranging a school visit. Make sure that the students are assessing the needs of a wide range of people, e.g. is the ride suitable for pregnant people, people with various medical conditions or disabilities?

Artificial limbs – There are still countries that manufacture and use land mines, including some of the major nations.

They call them ‘area denial munitions’ instead of land mines, because it sounds friendlier. The agreement that many countries signed up to is called the ‘Ottawa Treaty’; the students can look this up to find out which counties have ratified the treaty.

Satellite tracking The signal from a hand-held transmitter would be much weaker than the signal from a satellite, so it would be more difficult to detect. The students may be familiar with spy and monitoring satellites from television and you could start with a discussion about the limitations of the systems. Ask: ‘Can the satellites really detect people inside houses using infra-red?’ A tracking satellite system for cars would have to track over 30 million cars. There could be more than 20 million of these moving at once during rush hour. The satellite would obviously generate data that could be used to track the activities of individuals. Do the students want the government to be able to find out where they are at all times?

A lucky miss – The likelihood of being killed by falling space junk is currently very small. Somewhere between two and four hundred pieces fall to the ground every year, but there are no records of anybody being killed by one. The biggest problem with space junk is that it can collide with other satellites. The total number of obsolete man-made objects in orbit is approximately 13 000 and this grows every year. Even a tiny particle moving at 10 000 km/h can damage an orbiting satellite or even kill an astronaut. A 0.2 mm fleck of white paint once put a crater in the space shuttle’s front window during a collision. Anything larger than 1 mm would have punched a hole through the glass. Find the ‘Centre for orbital and re-entry debris studies’ for more details.

 Extension or homework
A dog’s life – The initial soviet satellite programme was designed to test a range of equipment to prepare for a manned flight. During the programme, the Soviets decided to launch various animals into orbit on craft that were not designed to return. The first of these was Laika, a dog launched inside Sputnik 2. The students could write an article commemorating these animals or prepare for a debate about the use of animals in scientific research.

Great milestones in space exploration
– The students could develop a timeline of the major developments in space exploration from the development of the ballistic rocket in WWII through to the planned completion of the international space station. This could easily fill a whole wall, if different groups work on different aspects of the project.


	ICT link-up
Much of the information about space exploration can be found on the Internet, especially images. (See www.nasa.gov)
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	Students should learn:
The angle of incidence is the angle between the normal and the incident ray of light, while the angle of reflection is the angle between the reflected ray and the normal.

That the angle of incidence and the angle of reflection are equal for plane mirrors.

	This topic should be fairly familiar with the students at first, but they will not really have looked into different shaped mirrors or real and virtual images. See P3 2.1 ‘Reflection’ on the GCSE Physics CD ROM.

The students need to be aware of the difference between diffuse reflection, where no image is formed and normal reflection. The difference is obvious when showing them a mirror and a sheet of paper.

When discussing the position of the image in the mirror, use the image distance activity in ‘Activity and extension ideas’.

Some students will have trouble remembering the difference between convex and concave mirrors. The concave mirror has ‘caved in’wards.

The normal is a very important part of ray diagrams and the students must be drawing it on all such diagrams. All angles are measured from the normal, so make sure that the students are not measuring them from the surface of the mirror to the incident or reflected ray.

Many students remember the law of reflection, but the experiment allows them to become familiar with the equipment that they may not have used for several years. Check that they are forming and directing the rays correctly and that they are drawing a normal to aim the rays at.

Discuss the accuracy of measurements and errors involved in the experiment (this relates to: ‘How Science Works’).

One minor point that crops up with drawing mirrors is that the hatching should be drawn on the back of the mirror. The students should also know that, for normal plane glass mirrors, the reflective surface is on the back surface and rays should be drawn to this.

Getting across the ideas of real and virtual images can be tricky; a real image is formed when the light rays really pass a point but a virtual image is formed when the light rays seem to have come from a point; they never actually met at the point.
 If you have time available, the construction of periscopes is good for some groups, a bit easy for higher-attaining students though, as it will probably have been done in Key Stage 3. You can check the understanding of the laws of reflection by asking the students to draw a diagram of how a periscope works.

Investigating the reflection of light
The students may have carried out similar experiments during Key Stage 3, but it is worthwhile to get them used to the equipment again. The experiment is best carried out in a darkened lab, but full blackout is not required.

Image distance – A quick way to show that the image lies the same distance behind the mirror as the object is in front of it, is to place a 30 cm ruler pointing out from just beneath your nose. Place the plane mirror at the 30 cm point and look at your reflection. You can clearly see that the mirror is 30 cm away and that your reflected image appears 30 cm further away than that.


	Most students should be able to:
Draw a diagram showing reflection by a plane mirror which shows the angle of incidence, reflection and the normal.

Explain that the image in a mirror is virtual; it cannot be projected.

Some students should also be able to:
Draw a diagram to show the formation of the image of a point object in a plane mirror.
Key points

The students should draw and label a diagram showing reflection by a plane mirror and use the Law of Reflection to mark the angles.


	
	
	
	Equipment and materials required
Power supply, ray box, single slit, ray box stops, plane mirror, ruler, protractor and a sheet of A3 paper.

Details
The students set up the ray box so that it produces a single ray. The mirror is fixed to the back of the paper using a holder or Blu-Tack, so that the ray can be reflected by it. Then the students shine rays at the centre of the mirror from a range of angles and measure the angles of incidence and reflection. This is best done by marking the path of each ray at two points with a cross and then joining these with a ruler. The lines should be drawn to the back of the mirror where reflection takes place. You might find that the experiment works best if the mirror is tilted downwards very slightly
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	Students should learn:
That a concave mirror can produce a magnified or diminished image, which is always virtual but may be inverted or erect.

That a convex mirror produces a virtual image that is diminished.

	Let the students handle some concave mirrors so that they can appreciate the initial points from the textbook. Use this time to check that they understand that the images can be real or virtual.

With some students you will want to use the term ‘inverted’ for an upside down image and possibly ‘erect’ for an image the right way up.

The diagram of the image formation is very important. The students need to be able to understand the ray path and the idea of a focal point. Get them to draw a couple of diagrams for themselves, showing the important construction rays.

The students should be able to see the image for a distant object by looking into the mirror and seeing distant objects behind them. By adjusting the mirror’s position, they should be able to see a clearly focussed image of something out of the window.

The idea of magnification is fairly simple and a few practice calculations should give the students the idea. You might like to ask the students why magnification is important and what types of devices magnify images.

Try a calculation for a diminished image just to make sure that the students understand that the magnification can be less than The investigation is quite a hard one and will take some time for the students to get right. The main difficulty is getting an image without blocking the light from the object and the students will have to adjust the apparatus until they can do this.

This presents a good opportunity to cover many investigative aspects of ‘How Science Works’, e.g. relationships between variables.

Finally let the students look into a convex mirror. They might be familiar with these from security mirrors in shops.


	Most students should be able to:
Draw diagrams showing the positions of images by concave and convex mirrors.

Describe the properties of images formed by concave and convex mirrors.

Some students should also be able to:
Draw diagrams showing the formation and nature of the image of an object at different distances from a concave mirror.

Calculate the magnification produced by a convex or concave mirror.

Key points
The students should complete some ray diagrams finding the position of the image produced by concave and convex mirrors.
ICT link-up.  Use Simulation P3 2.2 ‘Concave mirrors’ from the GCSE Physics CD ROM.


	
	
	The students can find out how many different objects have mirrors and whether these are concave or convex
	Equipment and materials required
For each group: concave mirror (focal length ~20 cm), 2 ( metre ruler, illuminated object, and graph paper to act as a screen.

Details
The students need to measure the size of the object at the start of the experiment. A simple object could be a piece of card with a 1 cm square hole cut into it. To check that it is in focus, stick a thin wire across it diagonally.

Position the mirror at the end of the metre ruler tilted so that the image will be to the side of the mirror. This will allow the screen to be moved without getting in the way of the rays from the object. Shine a bright light through the object and move the screen until the image is clear. It should be simple to use the graph paper to measure the image size. The object can be moved through a range of distances and so the relationship between focal length, distance and magnification can be explored.
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	Students should learn:
That refraction is the changing of direction of a wave at an interface between different materials.

That refraction occurs because light changes speed when it moves from one medium to another.

That a prism disperses white light into a spectrum because each frequency is refracted by a different amount.


	Make sure that when the students are using the term ‘bending’ when talking about refraction, they are not thinking that the light is ‘following a curved path’. Most of the refraction here is a clear and sudden change of direction.

During the initial investigation, watch out for the students marking out and then drawing the rays correctly. They should notice that the ray leaves the block in the same direction as it entered.

The students may also notice some total internal reflection and you might like to remind them of the uses of this phenomenon.
 If possible, demonstrate the changing of wave speed with a ripple tank or use a simulation. You can’t beat seeing the waves speeding up and slowing down.

The reason for the change in speed is difficult to explain, but most students just accept it.

There are several analogies about why the change in speed causes a change in direction; a column of soldiers marching from a road into mud, a four-wheel drive vehicle doing the same. Use whichever one the students are comfortable with.

• Refraction from a prism can be shown as a demonstration, or you might like the class to have a go. You can get an excellent spectrum using your data projector as a white light source.

Getting a good recombination of a spectrum into white light is difficult, but it is worth trying so that you can tell the story of Newton.

NB. Did you know that Newton is credited with inventing the cat-flap – developed to stop the cat interrupting his optics experiments!

Investigating refraction
The students may have performed a similar experiment during Key Stage 3, but here the emphasis should be placed on taking measurements from the normal.

Investigating refraction by a prism
This can be run as a simple demonstration or you can let the students have a quick go.


	Most students should be able to:
Draw diagrams showing how light is refracted when entering and leaving a transparent substance.

Describe how the speed of light changes when light passes into or out of a transparent substance.

Some students should also be able to:
Draw a range of diagrams showing how light is refracted when entering and leaving a lass block or prism.

Draw a diagram showing the dispersion of light by a prism and explain the process that causes this effect.
Key points

The students should be able to describe the process of refraction and the speed changes that take place. They could express the key points in a short poem or rap
ICT link-up.  Use P3 2.3 ‘Refraction’ from the GCSE Physics CD ROM.

	
	
	
	Ask: ‘What was Newton’s work on light? How did he explain what light was and how it behaved?’
	Equipment and materials required
For each group: Power supply, ray box, single slit, ray box stops, rectangular glass block, ruler, protractor and a sheet of A3 paper.

Details
The glass block should be placed in the centre of the A3 sheet of paper. It’s a good idea to draw around it in case it gets knocked. The students can shine rays into the block from a range of angles aiming for a fixed point on the front surface. They should draw small crosses to mark the path and then measure the angles of incidence and refraction. The angles must be measured from the normal.

Gifted students may want to know the actual relationship, which is Snell’s law that states that the sine of the angle of incidence divided by the sine of the angle of refraction is a constant for a particular material. Some students could look at Perspex blocks.

Equipment and materials required
For each group: Power supply, ray box, single slit, ray box stops, prism.

Details
Simply shine the ray through the prism and rotate the prism until a spectrum is produced. Newton was able to recombine the dispersed rays back into a ray of white light with a second prism, but this takes a great deal of skill.

Equipment and materials required
Ripple tank with wave generator, thin glass block.

Details
Set up the ripple tank with enough water in it to cover the glass block.

It should be strongly illuminated from below so that the shadow of waves can be seen on the ceiling (or the board if you have a mirror). Show the students the behaviour of simple waves and then place the glass block in to show that wave speed changes above the block. Rotating the block will show that the wave direction is different when the block is at an angle. This show the waves are being refracted.
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	Students should learn:
That a converging lens is a lens that refracts parallel light rays together so that they are brought together at a focal point.

That a converging lens can be used in a magnifying glass.

That a diverging lens refracts parallel light rays apart so that they seem to have come from a focal point.

That diverging lenses can be used in spectacles to correct short-sightedness.

	It is best to avoid the terms ‘concave’ and ‘convex’ when describing lenses. These can be misleading when there are two refracting surfaces to a lens. The terms ‘converging’ and ‘diverging’ are more appropriate to describe the overall function of the lens.

It is not always necessary to draw the shapes of the lenses on diagrams. A simple vertical line marked converging or diverging is perfectly suitable and much easier to draw.
Even though the refraction takes place at the front and back surface of a lens, only one refraction should be drawn, i.e. the overall refraction at the centre of the lens.

Using the experiment, the students should be able to find out about the two situations described in the textbook. They may also find out about what happens when the object is placed at the focal length of the lens.

Make sure that the students are becoming comfortable with drawing ray diagrams and are able to use them to find the position and properties of the image. They will have more practice of this during the next topic.

With a higher attaining group, you should consider the expanded version of the converging lens experiment; it can require a great deal of skill.

Let the students use a real magnifying glass to check its properties. They should also see the physical differences between a powerful and weak converging lens.

Investigating the converging lens
This experiment works best with an optical bench of some kind but a ruler can be used if necessary.

Magnification of a converging lens – extension
By expanding the converging lens experiment, the students can find the relationship between the image distance, magnification and focal length of the lens in detail. This is a challenging experiment, but one that yields excellent results
	Most students should be able to:
Draw a diagram showing the ray paths for converging and diverging lenses.

Describe the images formed by converging and diverging lenses.

Some students should also be able to:
Calculate the magnification of the image formed by a lens
Key points

The students need to be able to explain the difference between a real and virtual image. They could mix the words up in each definition they come up with, and swap with their partner to sort out the correct definitions from the jumbled words.

	
	
	
	Equipment and materials required
For each group: a 10 cm converging lens, metre ruler, illuminated object, screen.

Details
As before, use an object of measured size such as a hole in a card with wires to help focusing. A screen of card with graph paper can be used to focus the image on and measure its dimensions. The object is placed at one end of the ruler and is lit from behind. The lens is placed at a measured distance from the object and then the screen is moved until the image is in focus. The procedure is repeated by moving either the lens or object to change the distance between them. In this way, the students can see the effect of the object distance and the focal length of the lens on the magnification.

Equipment and materials required
For each group: a 10 cm converging lens, metre rule, illuminated object, screen.

Details
The students will have to find the magnification of the image for a range of image distances for a particular lens. This relationship should be given by m = (v/f)–1, where m is the magnification, f the focal length of the lens and v the image distance. Plotting a graph of magnification (y-axis) against image distance (x-axis) should produce a straight line with 1/f as the gradient.
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	Students should learn:
That a converging lens is used in a magnifying glass and camera.

That a camera forms a real, inverted and diminished image focussed on the film.

That a magnifying glass forms a virtual, erect and magnified image
	During this topic the students will really need to master their ray diagrams to understand how the images are formed.

Drawing these ray diagrams for lenses takes time to get right. The students will need to draw a few diagrams before they get the hang of it. They should remember and use the ideas from the previous lesson.

Go through the stages of drawing a scale ray diagram step by step. You might want to give the students an ordered checklist like the one ‘Activity and extension ideas’.

You will find some students drawing diagrams to an inappropriate scale and finding that their image is off the page; they will get better with practice.
 In reality drawing any two of the three rays will show the position of the image, but drawing the third is always a good check to see if the other two are right.

If you have an old SLR camera you can take it apart to show how it operates. In particular, you should show how the lens is moved further away from the film to bring the image into focus on it.

You can demonstrate the focusing effect of a camera using an optical bench and a screen as film (see ‘Practical support’). You can also use this to show that a virtual image is formed when the object is too close to the lens.

If you have a digital camera with auto focus, you should be able to show the lens movement by pointing it at a distant object and then a very close one. Hopefully the lens will move in and out with a reassuring ‘shzzzzzt’.

• You can show a diverging lens, but the students will not be able to form a real image with it. The students could come up with a modified checklist for drawing the ray diagram themselves.

Operation of a camera
Use the same equipment as the last lesson to show how the lens has to be moved in a camera to get a focussed image.

Drawing converging lens ray
diagrams
This is the best order to draw the diagrams:

Use a pencil and ruler. No pens.

Draw the optical axis, a horizontal line across the page. 

Draw the lens as a big vertical line, not a lens shape.

Draw on the object as a vertical arrow.

Draw the first construction ray from the top of the object to the lens parallel to the optical axis. At the lens it refracts through to the focal point and keeps going.

Draw the second construction ray from the top of the object straight through the centre of the lens. It does not refract and it keeps on going, even after it meets the first ray.

Draw the third ray from the top of the object through the nearest focal point and up to the lens. The ray refracts so that it is parallel to the optical axis.

The image is formed between the point where the three lines cross and the optical axis, so draw it on.


	Most students should be able to:
Draw a ray diagram showing the operation of a camera.

Describe the image formed when a convex lens is used as a camera or as a magnifying glass.

Some students should also be able to:
Draw a ray diagram to show how a convex lens is used as a magnifying glass.
Key points

The students need to be able to draw ray diagrams for a camera and magnifying glass. They could draw these on either side of a revision card.

ICT link-up.  You can use software to quickly assemble combinations of lenses. This is a good way to demonstrate the effects to the whole class using a projector.

See www.crocodileclips.com.


	
	
	
	Equipment and materials required
For each group: a converging lens (~10 cm), metre ruler, illuminated object, screen.

Details
Set the screen in a fixed position at the end of the ruler or optical bench. Position the lens 10 cm in front of it, then place an illuminated object somewhere along the bench. By moving the lens the image can be brought into focus on the screen. If the object is at a different position, then you will have to move the lens to bring it into focus again. If the object is placed within the focal length of the lens, then you should not be able to get a real image.
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	Students should learn:
That the human ear can detect a range of frequencies from 20 Hz to 20 000 Hz.

That sound is a mechanical wave that requires a medium to travel through and so cannot pass through empty space.

About the difference between a sound wave and a light wave.

	During this topic the students will really need to master their ray diagrams to understand how the images are formed.

Drawing these ray diagrams for lenses takes time to get right. The students will need to draw a few diagrams before they get the hang of it. They should remember and use the ideas from the previous lesson.

Go through the stages of drawing a scale ray diagram step by step. You might want to give the students an ordered checklist like the one ‘Activity and extension ideas’.

You will find some students drawing diagrams to an inappropriate scale and finding that their image is off the page; they will get better with practice.

In reality drawing any two of the three rays will show the position of the image, but drawing the third is always a good check to see if the other two are right.

If you have an old SLR camera you can take it apart to show how it operates. In particular, you should show how the lens is moved further away from the film to bring the image into focus on it.

You can demonstrate the focusing effect of a camera using an optical bench and a screen as film (see ‘Practical support’). You can also use this to show that a virtual image is formed when the object is too close to the lens.
 If you have a digital camera with auto focus, you should be able to show the lens movement by pointing it at a distant object and then a very close one. Hopefully the lens will move in and out with a reassuring ‘shzzzzzt’.

You can show a diverging lens, but the students will not be able to form a real image with it. The students could come up with a modified checklist for drawing the ray diagram themselves.

Investigating sound waves
This makes a better demonstration than a student practical, but if you have lots of equipment it can be useful to get the students used to it for the next topic.

Drawing converging lens ray diagrams
This is the best order to draw the diagrams:

Use a pencil and ruler. No pens.

Draw the optical axis, a horizontal line across the page.

Draw the lens as a big vertical line, not a lens shape.

Draw on the object as a vertical arrow.

Draw the first construction ray from the top of the object to the lens parallel to the optical axis. At the lens it refracts through to the focal point and keeps going.

Draw the second construction ray from the top of the object straight through the centre of the lens. It does not refract and it keeps on going, even after it meets the first ray.

Draw the third ray from the top of the object through the nearest focal point and up to the lens. The ray refracts so that it is parallel to the optical axis.

The image is formed between the point where the three lines cross and the optical axis, so draw it on.


	Most students should be able to:
State the range of hearing for a typical human.

Describe the properties of a sound wave, including its longitudinal nature.

Describe the behaviour of a sound wave, including reflection and refraction.

Some students should also be able to:
Explain why mechanical vibrations produce sound waves.

Key points

The students should be able to list the properties of sound waves, perhaps emerging from a radio
ICT link-up.  Yet again, there are some fine simulations of the behaviour of sound waves showing particle behaviour. These are very handy when discussing what is happening to these invisible particles. See www.sunflowerlearning.com
	
	
	The students could look into how the ear operates and why the range of frequencies we hear is limited
	Equipment and materials required
Signal generator and loudspeaker.

Details
At the start of the investigation, you will need to show the students how to operate the signal generator and how it should be connected to the loudspeaker. Some generators have several outputs, so make sure that the students are using the right one if they are having a go. To see the vibrations of the loudspeaker clearly, they can drop some discs from a hole punch onto it – these will bounce around. To test the hearing limits of the students, it is better to get them to raise their hands at the start and put them down when they can no longer hear the noise. Some students can still hear the high frequency sounds when you secretly turn the power off, truly amazing!

waves Equipment and materials required A slinky and some sticky tape.

Details
To demonstrate longitudinal waves, stretch the spring out slightly and then move one end of the slinky in and out while keeping the other end still. The emphasis should be on the vibrations of the particles without them actually progressing. Sticking a bit of paper on a point on the spring can show this more effectively.
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	Students should learn:
That the pitch of a sound increases as the frequency increases.

That the loudness of the sound increases as the amplitude increases.

That the quality of a sound depends on the instrument that produces it.

	The investigation is quite extensive and it may be difficult for all of the students to have a go. At the end of it make sure that the students have all reached the correct conclusions.

If you want the students to sketch out some of the waveforms, then give them some squared paper to help them out.

Make sure that the students are using the key words (amplitude, loudness, frequency, pitch and period) correctly when describing the waves.

You will need to make sure that the students can relate period and frequency correctly.

After consolidating the students’ findings, show some additional musical instruments to show how complex waveforms can quickly become.

Voice recognition systems are improving all of the time, but you may want to show the limitations of the current technology. The operating system of your computer, or some of your applications, will probably have voice recognition built in so give it a try and see how it does. Try to confuse it with sentences like: ‘Which witches wear our weather predicting watches?’

Resonance is an important phenomena; showing the structure of instruments will show how they are designed to resonate at certain key frequencies.

You should be able to use a signal generator and loudspeaker to make an acoustic guitar resonate. Play about with the frequency until the guitar starts humming.
Investigating different sounds
You may well not have enough equipment to let the students carry this out as a full class practical, but it is worth considering letting them use it in small groups one at a time so that they can appreciate the techniques involved.

Analysing sounds with computers – The students could look into the waveforms involved in speech using standard computer systems. There is specialist software for speech analysis available, but you will probably find that the software that comes with the operating system is good enough to show basic patterns. The software can also be used to manipulate the voice: speeding it up and slowing it down and manipulating the pitch.

Resonance – If you have a resonance box with strings mounted on to it, you can show the effect of changing the tension in the string or changing its length. If not, then one of your guitar-owning students can help out.

Scientific instruments – Why not make some pan pipes with  test tubes? Just fill a set up with differing amounts of water and give them a play.

	Most students should be able to:
Describe the properties of a sound wave in terms of frequency and amplitude.

Describe the differences between a pure note and one produced by a musical instrument.

Some students should also be able to:
Explain how sound is produced by different types of musical instruments and compare the sound they produce.
Key points

The students need to be able to give definitions of the key words and to be able to describe a trace on an oscilloscope. Definitions could be presented on a wavy line.
ICT link-up.  If you haven’t a range of instruments to show, then you could use a synthesiser or software like

GarageBand (for Macintosh) to produce the sounds, or ask the music or ICT department if they can supply some synthesiser software. Use Animation P3 2.7 ‘Musical sounds’ from the GCSE Physics CD ROM.

	
	
	
	Equipment and materials required
For each group: signal generator, loudspeaker, microphone, oscilloscope, and some musical instruments.

Details
The main problems you may have are the background noise in the classroom and lack of experience with the oscilloscope. A teaching assistant or helpful technician may help with the latter, but the background noise will always distort the waveforms from instruments in a class practical; you may want to show what the waves should look like with a demonstration at the end of the practical. Most signal generators have two outputs, so you can connect one to the loudspeaker and one to the CRO. This removes the background noise completely. Make sure that you mark the cm/s dial so that the students know which one to adjust. They should not need to alter any other settings to display the wave. Musically inclined students should be able to use a range of instruments and compare the waveform with the pure wave of the tuning forks.
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	Students should learn:
That ultrasound is sound with a frequency above 20 000 Hz and cannot be heard by humans.

That ultrasonic waves can be used to clean materials and to detect flaws in their construction.
 That ultrasonic waves are reflected by the different layers of tissue and fluid in a body and so can be used to make measurements or produce images of internal organs
	The lesson can start with a recap of the limits of human hearing to get the students reacquainted with the apparatus.

Apparatus limitations will decide if you can carry out the ultrasound experiments as a class practical or as a set of demonstrations. It is very worthwhile to let the students do it themselves, if you can organise them into groups that can get on with it while others look into the uses of ultrasound. The uses are fairly straightforward, and the students should easily manage to go through them.

If you would like to liven up the lesson, look at ultrasonic cleaning; try to find some images from the ultrasonic cleaning of teeth (search for ‘ultrasonic cleaning teeth’). The pictures you find will impress and disgust the students more than those for cleaning jewellery.

You probably won’t be able to generate ultrasonic reflection from cracks, but the students need to know how to interpret the traces from this technique. In particular they need to see that each boundary will cause a reflection and that the distance the sound wave has travelled is twice the distance to the crack.

Given speed of sound in the material, the students will have to calculate the distance to the reflecting surface.

When discussing ultrasonic scanners, the students need to know that certain tissues reflect different amounts of the signal and this is how they can be told apart. The bone reflects best and this shows up as white on the diagrams.

There are plenty of images, including animated ones, available for this discussion but try to find some images other than the traditional baby scans, e.g. kidney and heart scans, to show that that there is more than one use for the technique.

The students may have to be reminded what ionisation is and why it is harmful.

Testing ultrasound
This experiment shows the properties of ultrasound well, and can be carried out as a demonstration or a full class practical if equipment is available.


	Most students should be able to:
Compare ultrasound to audible sound waves.

Describe a range of uses of ultrasound, including cleaning and detecting cracks.

Some students should also be able to:
Explain how ultrasound can be used for medical scanning and the advantages of ultrasound over X-ray techniques.
Work out the distance between interfaces from diagrams of oscilloscope traces.

Key points

Can the students state the properties of ultrasound and the advantages its use has over X-rays in some situations. This could be presented as a series of bullet points on a revision card
ICT link-up.  The students can use the Internet to find out about the frequency ranges that different species can detect. They could also look into how the species can generate such high frequency noises. Use Animation P3 2.8 ‘Ultrasonic scanner’ from the GCSE Physics CD ROM.


	
	
	Ask: ‘What is sound with a frequency lower than 10 Hz called? Can any animals hear it and does it have any uses?’


	Equipment and materials required
For each group: oscilloscope, signal generator, two microphones, loudspeaker and a range of thin materials such as an aluminium plate, plywood, rubber sheets etc.

Details
The first part of the experiment is simply a matter of using the scales on the oscilloscope well. Some may be confused due to the high frequency. To carry out the absorption tests, the students simply put the different materials over the microphone making sure that there aren’t any obvious gaps. Reflection can be tested by arranging a material at 45° between the loudspeaker and microphone; there should be a clear reflection from solid surfaces. Partial reflection and partial transmission can be shown by placing a microphone behind the 45° reflector, to measure transmitted amplitude and another in front of it to measure the reflected amplitude.
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	Noisy machines – Most of the British law concerning nuisance noise in an area is actually in the form of local bylaws. The students should visit the local council’s web site to see what their policies are and what can be done about disturbances. There is also the Noise Act of 1996. This is a bit technical, but the general ideas are clearly presented and it can be used to introduce the students to the complexities of legislation.

Sound absorbers – Getting the sound just right in concert halls has always been a major problem. The students can look into some of the most recent constructions to see how this has been accomplished. The University of Salford’s acoustic department’s web site has a lot of information about this topic, including details of physics and computer models. Search their web site at www.acoustics.salford.ac.uk to find out about these. One of the most highly regarded hall recently constructed is the Walt Disney Concert Hall in Los Angeles, about which you can find information from www.musiccentre.org.

Lasers – Many students will think of lasers as high-energy cutting beams that are incredibly dangerous. If you have a low powered laser then it is worth showing, so that the students realise that most laser beams are only harmful to the eyes. You can link the ideas discussed here back to the topic of analogue and digital communication from the earlier units. The students might like to find out about the history of optical data storage looking at CD, laserdisc, DVD, HD-DVD and blue-ray DVD.

Optoelectronics – The right to privacy is a difficult issue even in schools. Many of the students will have phone cameras that they use every day without thinking of the privacy of the other students in the school. The students can discuss this along with the celebrity debate. If the students are going to look at the factors that would influence them to buy a phone, have a few of the free brochures from the various phone companies that the students can choose from. You could also get the students to work out the cost of buying or renting and using the phone for a full year.

Digital radio – When discussing the pricing difference, have a catalogue of products available. The price difference is actually rapidly decreasing, and within a decade it is likely that the analogue systems will be much more expensive than the digital versions.

Compare a cassette tape player with a CD player, and the future becomes obvious. Computers, on the other hand, will always cost more for more powerful versions and the digital divide may still put poorer people at a disadvantage in education and leisure.


	
	
	
	Big telescopes – Astronomical telescopes have to have very large mirrors or lenses. The students can find out some of the details of the largest telescopes and how they work.

Good absorbers – A simple experiment into the quality of sound absorbers can be carried out using a sound sensor and some insulating materials. Place the sensor inside a tube that is lagged with the various materials, and position a sound source of fixed volume at a fixed distance from the tube. Compare the reading on the sound sensor for each of the materials.
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	Students should learn:
That the force on a current carrying conductor in a magnetic field can be increased by increasing the current or magnetic field strength.

The direction of the force can be reversed by reversing the current.

How this force can be used to make objects move.

	Before the first experiment, make sure that the students are aware of what magnetic field lines are and where they would be in the arrangement you are going to use. The experiment itself yields obvious results.

When discussing the size of the force, most students intuitively realise that if you make the current ‘stronger’ or the magnet ‘stronger’ then the effect will be ‘stronger’ too.

You can use diagrams to explain what is meant by perpendicular or parallel to the magnetic field lines.

The trickiest part of the motor to explain is the action of the split-ring commutator, but the students should get a better grasp of this when they construct their own motors. If they don’t get them right, the coil will just oscillate in place.

Show the students a carbon brush to show how they work. If you have an old one, you can show how the brushes wear out.Construction of electrical motors from kits can take up a great deal of time in the lesson. If you want to complete the task more quickly, then give the students pre- wound cores for their motors.

A real motor, as used in a drill, will have several separate coils. Using their understanding of the motor effect, the students should be able to explain why this is necessary.

Use a very large loudspeaker to show its action. If you can, strip away all of the paper including the central part to expose the magnet and the coil.

You may be able to use a direct current to levitate the magnet, showing the students that there is no vibration and hence no sound.

Investigating the motor effect
The motor effect is easy to demonstrate or to let the students find out about.

Make and test an electric motor
The success of making these motors depends on the exact kits you have and the patience of the students.

Fleming’s left-hand rule
This isn’t necessary for the specification, but can help solidify some students’ understanding of the motor effect. To find the direction of the force acting on a current carrying wire the students can use Fleming’s left-hand rule. They hold out their left hand with the thumb and first two fingers perpendicular to each other. Point the first finger in the direction of the magnetic field (from north to south), point the second finger in the direction of the current. The thumb will point in the direction of the movement
	Most students should be able to:
Describe the effect of increasing the current or magnetic field strength on a current carrying wire.

Describe how an electric motor and loudspeaker work

Some students should also be able to:
Describe and explain the effect of making changes to the design or operation of an electric motor.

Key points

The students should be able to draw a diagram showing the effect of a magnetic field on a current carrying wire including the direction of the force.
ICT link-up.  Use Simulation P3 3.1 ‘Electric Motor’ from the GCSE Physics CD ROM.


	
	
	The students should find out about the first electric motor as developed by Michael Faraday; can they find a diagram and explain how it works?

A simpler homework would be to find as many devices that use an electric motor as possible.


	Equipment and materials required
Battery, length of wire (stiff wire works best), variable resistor, leads, two magnets mounted on U frame (or a U-shaped magnet).

Details
The students place the wire between the two magnets and pass a small current through it. The variable resistor allows them to control the current to see if increasing it has the expected effect. Make sure that the students see the effect of reversing the current and changing the angle between the magnets and the wire. It can be hard to get the wire to run in the same direction as the field lines, but a piece of stiff wire can be bent into shape.

Equipment and materials required
Motor building kits, low voltage power supply or battery packs.

Details
To get a decent effect, the students should wrap the coil wire about ten times around the spool. It is important to get the length of the wire right; they should wrap it then take it off again before cutting it to the correct length and stripping the ends. The wire is then held in place with a small rubber hoop. It is worth checking that the students haven’t wrapped so

much wire that the spool won’t turn. The brushes are the hardest bit to get right; the students will need detailed worksheets for this. If they don’t work first time, then take them off and pull the wire completely straight again; this is much easier than trying to fiddle with them when they are mounted.
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	Students should learn:
That moving a wire through a magnetic field so that it cuts magnetic field lines will induce a p.d. along the length of the wire.

That moving the wire faster or increasing the field strength will increase the p.d.

About the function of the slip rings and brushes in an a.c. generator.


	From the first practical, the students should come to the conclusion that it is a wire moving in a magnetic field that causes the current to be induced. They should also reach the conclusion that the current is larger when the wire is moved more quickly.

If possible the students should be talking about the dynamo effect inducing a potential difference and this causes a current if a circuit exists.
A simple hand dynamo can be used to light up a bulb. If this is spun faster then the bulb should shine brighter but the bulb goes out when it stops, showing one of the problems with bicycle dynamos.

Connecting the hand dynamo up to an oscilloscope will allow you to show that the peak voltage increases when the dynamo is spun faster as well as the frequency.

Show an animation of a coil rotating to explain the waveform produced by a dynamo. (See ‘ICT link-up’).

Demonstrate moving a magnet into and out of a coil to show the effect. If you have two coils, one with more turns than the other, you should also show that the current depends on the number of turns.

You can find large diagrams and animations of very large power station generators to give the students a better impression of their structure.

Investigating a simple generator
This practical works best with a really strong magnet and a spot galvanometer. Make sure that the magnet doesn’t get too close to the galvanometer otherwise the coil can be damaged.


	Most students should be able to:
Describe how a current can be induced in a moving wire and how to increase the size of the p.d. driving the current.

Some students should also be able to:
Describe and explain how the p.d. from a generator or dynamo changes if the rate of cutting of the magnetic field lines increases.

Explain how an a.c. generator produces alternating current including the function of the slip rings and brushes. [HT only]
Key points

The students should be able to give a complete description of how a current is produced in a generator. They could present this as a sequencing question for fellow students to answer
ICT link-up.  A search for ‘generator animation’ on the Internet will yield a free animation showing the rotation of a coil cutting a magnetic field and inducing a potential. Use Simulation P3 3.2 ‘Electromagnetic Induction’ from the GCSE Physics CD ROM.
	
	
	The students should explain how kinetic energy is used in a variety of ways to turn a generator. They should describe a variety of turbines.
	Equipment and materials required
Strong U-shaped magnet, stiff wire, leads, sensitive ammeter or galvanometer.

Details
The students simply move the wire up and down through the magnet, cutting the magnetic field lines. The ammeter should register a small current in one direction when the wire is moving down and a small current in the opposite direction when it is moving up. The size of the current should increase if the wire is moved more quickly. Make sure that the students see that there is no current when the wire is not moving even when it is within the magnetic field
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	Students should learn:
That transformers require alternating current because they rely on changing magnetic fields.

That the core of a transformer is a laminated iron block.

	The students will have come across transformers in an earlier unit, but in this topic they need to get a real understanding of the electromagnetic effects that make the device work.

The first part of the lesson is purely revision. The students should remember that transformers are used to change voltages for a.c. and that the National Grid uses step-up and step-down transformers. Can the students remember the reasons that

these transformers are needed?

Take time to go through the operation of the transformer step by step. Perhaps the students could draw a flow chart of the operation. Use Animation P3 3.3 ‘Transformers’ from the GCSE Physics CD ROM.

When they are making their transformers, check that they understand the operation correctly. They should be able to describe what each of the coils is doing and the changes in the magnetic fields.

By connecting a dual trace oscilloscope to the input and output coils of a transformer, you can show the relationship between the waveforms clearly.

Understanding that changing fields are needed will let the students explain why direct current cannot be transformed in this way.

Show the students a range of real transformers, if possible, to show that some coils can have thousands of turns on them.

You could also discuss the physical limitation on making coils. The more turns the larger the coils have to be. This can be reduced by making thinner wires, but then the current may become too high for them to cope with. Insulation also becomes a problem and more electrical insulation prevents thermal energy escaping and so the coils can overheat.

With the higher-attaining students, you may wish to describe the formation of eddy currents in solid metal blocks. It is these that reduce the efficiency of the device by heating the metal. Laminating the core reduces these currents
Make a model transformer
A transformer is relatively simple to build given enough wire. Make sure that the students cannot produce voltages higher than about 5 V though.


	Most students should be able to:
Describe, in detail, the operation of a transformer in terms of changing magnetic fields.

Describe the basic structure of a transformer.

Some students should also
be able to:
Explain the features of a transformer that make it more efficient.

Key points

Can the students give a complete description of the way the transformer is working? They could present this as an annotated diagram or flow chart.

	
	
	
	Equipment and materials required
Transformer core (laminated if possible), insulated wire, low-voltage a.c. power supply, 1.5 V torch lamp, 1.5 V cell and a.c. ammeter (optional).

Details

If possible use a power supply that can be locked at 1 V, so that the students cannot produce high output voltages with the transformer. The students should wrap about 10 loops of wire for the input coil and a maximum of about 15 for the output coil. This will produce a step-up transformer, but only up to the required 1.5 V for the bulb.

You can also use this opportunity to test if different materials could be used as a transformer core, if you do not want to set the task as a plenary. Use an ammeter to measure the size of the induced current for different materials. (This relates to: ‘How Science Works’: fair testing.)
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	Students should learn:
That a step-up transformer increases the potential difference while a step-down transformer decreases it.

How to calculate the change inpotential difference produced by a transformer. [HT only]

That the National Grid uses transformers to save electrical energy.


	This topic again partly revises previous material, but many students struggle with the transformer equation and it is worth going through this again in depth.

The students will need plenty of practice with the transformer equation, particularly with the rearrangement of it. This is one of the situations where the students will find using the symbols easier than writing out the full equation.

The transformer efficiency material is new. Somebody might point out that no device

is 100% efficient, but just explain that you are using this number to make the calculations easier and everybody will be happy.

The students should understand that if the device is 100% efficient, then the power output is the same as the power input; but remind them of this anyway.

You will also have to remind the students of the relationship: power    current potential difference from earlier electrical work.

By discussing the relationship P = IV, the students should understand that to provide a higher power you could increase the current or potential difference. This then leads on to the problem with a larger current: excessive heating and energy loss.

The final calculations are difficult for many, because they involve several stages. Separating out these stages clearly will help.

Investigating transformer efficiency
The students can verify if the transformer is efficient by measuring the power in and out of a transformer arrangement.


	Use the transformer equation to explain how the turns ratio determines its use as a step-up or step-down transformer.

Explain why it is more efficient to transfer electrical energy at high voltages.

Some students should also be able to:
Use and rearrange the transformer equation. [HT only]
Key points

The students must be able to use the transformer equation to answer a range of questions. Working in pairs, they should write a question for their partner plus a model answer they can use to mark it. Then they try each other’s question
ICT link-up.  Use Animation P3 3.4 and also PhotoPLUS P3 3.5 ‘Moe power’ from the GCSE Physics CD ROM.

	
	
	The students should perform additional calculations using the transformer equation to makes sure that they thoroughly understand it.


	Equipment and materials required
For each group; transformer (this could be made by the students as in the last topic), two a.c. ammeters, two a.c. voltmeters, low-voltage a.c. power supply, 3 V lamp.

Details and fix
Set p.d. and fix the power supply so that it will produce a p.d. that will give a suitable output p.d. from the transformer to light the lamp. Arrange the transformer so that an ammeter and voltmeter measure the input current and input p.d. and the second ammeter and voltmeter to measure the output characteristics. The students can then measure the input power using P = IV and also the output power. From this they can calculate the efficiency.

 To extend the investigation, the students can find out if the efficiency is increased by increasing the number of turns on each coil (while maintaining the same ratio), or if a laminated iron core really has an effect.
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	A revolutionary discovery – There is a lot to learn about Faraday’s work and the students can look into this. They could also look at the ‘Royal Institution Christmas Lectures’ leading to an important discussion about the public’s perception of science. How do the students view the study of science now as they are nearing the end of the course? Do they think that they are informed enough to make sensible decisions during their lives?

Alternating or direct current? – For this activity, you might like to provide some data on the cost per unit of a variety of energy resources so that the students can make a fair comparison. The students can find this data for themselves, but they should be aware that different web sites quote different values. For more depth, the students could look into the profits of the electricity generation companies and the

National Grid Company. Ask: ‘Should this money be going to funding new research into alternative energy?’ Using the information gathered, the students could make a presentation and come to a conclusion about who should pay for what.

Superconducting motors – The main difficulty with superconducting materials is that they only operate at very low temperatures, most at only tens of degrees kelvin. Scientists are constantly trying to increase this operating temperature by developing new compounds. The most important landmark achieved is a superconductor that will operate at 97 K (   176°C). This is above the temperate of liquid nitrogen, which is a much cheaper coolant than previously required. This breakthrough, in 1987, led to the development of many devices that rely on very strong magnetic fields, including MRI machines.

• You might be able to find a video clip of a magnet hovering above a superconducting fluid; the Meissner effect.

PUPS! – Some real organisations that the students may want to find out about are: revolt (www.revolt.co.uk), a UK based web site; Power Line Health Facts (www.powerlinefacts.com) a US based organisation; the National Grid (www.nationalgrid.com/uk), the UK’s electrical distribution system, and their web site that counters some claims (www.emf.info). The students can use the information available from these web sites to create a range of posters, booklets or presentations.

Use PhotoPLUS P3 3.5 ‘More power’ from the GCSE Physics CD ROM.

	
	
	
	Any of the research based activities can be set as a homework task, in particular the PUPS task can produce a lot of information which the students will have to evaluate and this can take some time.

National Grid Game – Using a National Grid map (one is available via the web site www.nationalgrid.com/uk/faqs/index) the students could design an electricity-based quiz, where the player has to move from one power station to another by answering questions. Each player could start at a random location and have to make their own way, one connection at a time, back to the point closest to their home town. Keep any games designed to use as a starter or plenary in future years.


	
	

	24
	Students should learn:
That a galaxy is a collection of millions or billions of stars bound together by gravitational attraction.

That stars are formed by the action of gravitational forces of gas clouds.

	This is a bit of a ‘story’ topic where you have to convey a sense of wonder at the scale of the Universe and its age.

Computer animations of the interaction of galaxies will be very helpful with this topic, so try to find a few.

Hopefully the students will remember the lesson on the Big Bang. Get them to give their own descriptions of this, mentioning the creation of space, matter, energy and time.

They should also know that the Universe expanded rapidly and is still expanding, so discuss the evidence we have for this: background radiation and red shift.

It can be hard to get across the sheer scale of the Universe, the number of stars in each galaxy and the number of galaxies. The words ‘billions of billions’ tend to wash over the students. Try to get across the sheer size as best you can.

The Dark Age of the Universe just means that no visible light was produced. Get the students to connect this with the lack of stars.

Make sure that the students understand the reasons why matter did not come together in large quantities before the formation of neutral atoms, i.e. repulsion by the protons.

The lumpiness of the Universe is a direct result of early fluctuations in the structure. You might want to show them the famous COBE picture of the early unevenness in the Universe. It was this tiny amount of variation that leads to the structures we see today.

At the end, it is important to remind the students of the processes that are releasing energy in the stars. They will cover this in a bit more depth in lesson 4.3

	Most students should be able to:
Describe the structure of a galaxy.

• Describe how the Universe changed after the Big Bang and how gravitational forces brought matter together to form structures like galaxies and stars.

Some students should also be able to:
Explain why stars stay in a galaxy and why there are vast spaces between galaxies.
Key points

Can the students describe the early stages of the Universe and how the changes in temperature/energy led to the formation of galaxies? They could present this as a sequencing exercise for another class to attempt.
ICT link-up.  Use the Internet to search for animations of galaxy formation and you should come up with some impressive computer generated imagery. You should also find with some free-to-use PowerPoint® presentations
	
	
	The students should find out about a galaxy other than our own. Ask: ‘What is its name, how big is it, how far way and where in the sky can it be found?’ A picture is compulsory.
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	Students should learn:
That the Sun is a typical small star and how it developed into its current ‘main sequence’ state.

That the Sun will continue to develop, passing through a red giant and white dwarf stage before reaching the end of its energy-producing life.

That bigger stars can explode in a supernova and produce exotic objects like neutron stars or black holes
	The constituents that form to make a star are mostly hydrogen gas.

During the collapse, the material heats up by frictional processes and begins to radiate infra-red radiation so astronomers are hoping to detect this to confirm the formation process. This is very difficult because the protostar would have a lot of gas and dust still surrounding it (a Bok Globule).

Stars are formed in groups as the different parts of the original nebula collapse. One of these is in the heart of the Orion Nebula; you could show pictures of stellar nurseries.

It is worth quickly going through the basic fusion process, if the students are unfamiliar with it at this point.

Use the term ‘equilibrium’ when describing the two processes involved in maintaining the star, so that the students link this ideas across all of the work on forces.

With students wishing to move on to further physics courses, you might want to talk about the main sequence here; see ‘Gifted and talented’.

The description of the change into a red giant should be accompanied by an animation. You should be able to find one showing the expansion of our Sun swallowing up Mercury and Venus.

The white dwarf phase produces an object of massive density. Beware: the students may still be thinking that the object is ‘gas’ so it is light.

You can do a comparison of the radii, surface temperatures and density of the Sun, a red giant and a white dwarf.

The last phase of the life cycle of stars interests the students, so make it dramatic. The students may have heard of it before, but show them some pictures of the objects.

The students should be left with the idea that the processes involved take millions of years and that our Sun has plenty of life left in it yet.

Stellar research
Give the students a stellar object each to research (or pair them up), to make a wall display about the life cycle of stars. They will need access to the Internet and various drawing tools.

The students should find examples and details about a range of objects associated with the life cycle of stars. Some suitable objects to find out about are: our Sun (sol), stellar nurseries, protostars, giant molecular clouds, neutron stars, black holes, pulsars, white dwarfs, brown dwarfs, red giants, blue giants and planetary nebulae.

Observing the birth of a star: the students could find out about the infra-red techniques used to ‘see’ the birth of stars through the dust clouds that surround them.

	Most students should be able to:
Describe the stages in the complete life cycle of a typical star such as the Sun.

Outline the stages that larger stars can go through in producing neutron stars and black holes.
Some students should also be able to:
Describe what a black hole is and what its main property is.

Key points

Get the students to draw a comic strip showing the complete life cycle of small and large stars.

ICT link-up.  Search the Internet for ‘life cycle of stars’ or ‘life cycle of stars video’. These are much better at showing the processes than diagrams, so try to use one.

	
	
	The students could write a story, or draw a comic strip, about an ageless observer that watches the life of our Solar System from beginning to end.
	
	

	26
	Students should learn:
That elements as heavy as iron are formed in nuclear fusion processes in stars. [HT only]

That heavier elements are formed in supernova explosions. [HT only]

That the material produced in stars can be spread out in explosions and can end up in new solar systems. [HT only]


	Start by again reminding the students about nuclear fusion processes, but expand on these ideas leading to the manufacture of heavier nuclei such as carbon.

Some of the students should remember that there is a limit to this process: iron nuclei. This is because it takes more energy to produce heavier nuclei than would be given out.

Ask the students where they think that the extra energy required comes from; they could come up with the idea that the supernova explosion provides it.

This can lead on to a discussion of the energy output from a supernova, which is something like 1046  joules. The power output of the Sun is 1028  watts, so it would take about 32 billion years to release this amount of energy. Hopefully this will give the students some impression of the scale of the explosion.

Some of the students may know that, in addition to the original quantity of lead when the Earth formed, some lead has been formed from the nuclear decay of heavier elements.

The last part of the spread picks up the idea of extra-terrestrial life. Some students will have strong opinions about this as they will have been exposed to a lot of ‘facts’ from various sources.

It is worth getting the latest details on the search for life on Mars to have a discussion with the students. (See ‘Activity and extension ideas.’)

In addition, you can discuss the techniques needed to spot planets in other solar systems. This is a rapidly developing field with none known until 1989. Detection of planets around the size of the Earth is the next big step in this project.

Mars
Mars is the most studied planet in the Solar System besides the Earth. It has huge mythological and scientific importance. If evidence of life can be found so close to us, it would mean that the likelihood of life outside the Solar System would be very high. The students can look in detail about the history of Mars and its exploration. Highlights include the ‘canals’ and volcanoes on Mars, the Viking and Pathfinder probes and the proposed manned exploration later in the twenty-first century. They can look into some of the less scientific ideas too, including the invasion from War of The Worlds and the many faces and pyramids that ‘prove’ that there is life.

Hidden message
To show how difficult it is to find a message in random background noise, try this task.

Details
Create a 12 by 12 table in a word processor and fill in the cells with the symbols ‘:’ and ‘X’ so that they create a shape; a smiley face works well. Get the word processor to convert the table into text and delete any line breaks, to end up with a long sequence of ‘:’s and ‘X’s. Without telling the students about the size of the grid, see if they can find out what the symbol is. A smaller starting grid will make this easier.


	Most students should be able to:
State that elements as heavy as iron are formed by nuclear fusion processes. [HT only]

Describe a supernova event and how such events can lead to the formation of new stars. [HT only]

Some students should also be able to:
Explain why the Earth contains elements heavier than iron as well as lighter elements. [HT only]

Key points

The students should be able to outline the manufacture of elements in stars and know that elements heavier than iron are only produced in supernovae explosions. They could present this as one in a set of revision cards made from the key points in this chapter.

ICT link-up.  Use an astronomy CD or Internet searches to help students find out about exploration of the Solar System and Mars, in particular. Search the Internet for ‘exploration solar system Mars’ and see www.nasa.com.

	
	
	The end of the world is inevitable; one day, in billions of years time, we will have to abandon the Earth and move on. The students could design a monument to be left behind on the dead planet, marking the birthplace of the Human Race.
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	Sail to the stars – The Voyager space probes each carry a golden record with messages and information about the Earth. The students could find out what the record contains and how it is that aliens are supposed to be able to decode it, as they won’t speak any Earthly language. To find more details search the Internet for ‘Voyager message’. Can the students design a more up-to-date alternative to this record and what music would they send? Using a PC, the students could actually burn a disc containing a message, some images and music.

Solar sails are still in their early experimental stage, but some test vehicles have been launched. The students can find out about the results of these experiments.

Space costs – The cost of the Apollo programme that led to the American landing on the Moon was $25 billion in 1968. Including all of the prior programmes to get this far, the total cost was about $100 billion; in today’s terms this would be approaching half a trillion dollars! The students should be able to find out the current costs associated with the International Space Station and the projected costs of the proposed future Mars mission. Ask: ‘How do these costs compare with the costs of other projects? Are they justified?’

Worm holes – Test the students’ understanding of the grandfather paradox. If they went back in time to a point before their grandfather had produced their father and killed him, what would happen? If an advanced civilisation did invent a time machine, how could they prevent this kind of problem happening? Perhaps the students should make a set of rules about what they could and could not do on a journey to the past.

The ‘big picture’ – There is clearly a lot to discuss and debate here. Much information about the ‘Intelligent Design’ theory is available online, but most scientists view the concept as a ‘pseudo-religious’ one that is not in any way testable and therefore not scientific. Ask: ‘What are the requirements of a scientific theory? What are the physical requirements for life to start spontaneously, and where and when do scientists think that these conditions were met on the Earth?’


	
	
	
	The songs of distant Earth – Let the students manufacture the disc described in the ‘Sail to the stars’ activity. If you have a digital video camera, you could let the students record a message each onto the disc. Make sure that they have different things to say, otherwise the aliens will quickly grow bored!

The hundred-light-year-diary – What if it were possible to send short messages to the past? If a worm hole has opened up that will allow the students to send one text message a day five years into the past; would they use it? If messages from their thirty- year-old ‘future selves’ started to appear giving them advice, would they follow that advice? See the short story: The Hundred- Light-Year-Diary, Greg Egan, for some consequences.
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