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Introduction

Background

A new structure of assessment for A Level has been introduced, for first teaching from September 2008. Some of the changes include:

· The introduction of stretch and challenge (including the new A* grade at A2) – to ensure that every young person has the opportunity to reach their full potential

· The reduction or removal of coursework components for many qualifications – to lessen the volume of marking for teachers

· A reduction in the number of units for many qualifications – to lessen the amount of assessment for learners

· Amendments to the content of specifications – to ensure that content is up-to-date and relevant.

OCR has produced an overview document, which summarises the changes to Physics B. This can be found at www.ocr.org.uk, along with the new specification.

In order to help you plan effectively for the implementation of the new specification we have produced this Support Material booklet. This booklet is tied to the Physics B specification and contains a Scheme of Work with incorporated lesson plans. Although this booklet differs in appearance to that provided for other subjects, the overall content is the same. These Support Materials are designed for guidance only and play a secondary role to the Specification.  
Our Ethos

All our Support Materials were produced ‘by teachers for teachers’ in order to capture real life current teaching practices and they are based around OCR’s revised specifications. The aim is for the support materials to inspire teachers and facilitate different ideas and teaching practices.
Each Scheme of Work is provided in:

· PDF format – for immediate use
· Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work provides examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.
A Guided Tour through the Scheme of Work
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	GCE Physics B: H159. G492 Understanding Processes

	SUGGESTED TEACHING TIME
	14 HOURS
	TOPIC
	WAVE BEHAVIOUR

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Teaching time: 4 hours

6.1 Beautiful Colours, Wonderful Sounds 
This section introduces a wide range of effects resulting from wave superposition. These include: constructive and destructive interference with different types of wave and the use of interference patterns to measure and calculate wavelength. Standing waves are investigated in detail.

Learning outcomes

· When waves superpose their oscillations add.

· Waves can arrive at a point along different paths and can have a phase difference when they meet.

· Phase differences can be measured as angles, using rotating 'clock arrows' (phasors).

· Thin film interference patterns and standing waves can be produced by the superposition of waves.

· Two waves of the same frequency combine by adding their amplitudes if in phase; by subtracting their amplitudes if in antiphase.

· Coherence is necessary for a stable interference pattern.

· Waves on strings or in pipes can form standing waves; this explains how the notes produced consist of a fundamental frequency mixed with harmonics.
	· Revision of concepts and terminology. 

· Use a circus of wave demonstrations to remind students of essential terminology and properties of waves including: wavelength, frequency, velocity, amplitude, phase, longitudinal, transverse.

· Remind them of the distinction between mechanical and electromagnetic waves and make sure they are familiar with the main divisions of the EM spectrum.

· Derive v = f( and set practice questions involving the wave equation.
	· A good simulation package will help to reinforce the introductory ideas. 

· E.g. Focus on Waves (Focus Educational Software 2000) – transverse and longitudinal waves simulation. There are also useful simulations of electromagnetic and sound waves.

Demonstrations
· Slinky to demonstrate longitudinal and transverse waves/amplitude, wavelength, speed and frequency.
· Ripple tanks to show reflection, refraction and diffraction effects.

· Slinky again to show phase inversion on reflection from a fixed end..


	· Students will have a diverse and in some cases fragmented memory of wave theory from GCSE so start by reviewing ideas and terminology from GCSE and revisiting the wave equation. 

· Good simulations (e.g. The Focus software) will help students to visualise the ideas.



	Learning outcomes
· Waves can arrive at a point along different paths and can have a phase difference when they meet.

· Phase differences can be measured as angles, using rotating 'clock arrows' (phasors).

· 5
Two waves of the same frequency combine by adding their amplitudes if in phase; by subtracting their amplitudes if in antiphase.
	Setting the scene.
· Activity 20 P can be used to introduce the idea of phase and to show how a phase difference depends on a path difference. It is also useful to reinforce the idea that sound can be detected and displayed using an oscilloscope. The distance that the second microphone must be moved to create a phase change of 360 degrees can be used to measure the wavelength of the sound and (using a frequency measured from the oscilloscope) to calculate the speed of sound.


	· Activity 20P Presentation: ‘Path Difference and Phase Difference’ 

· Display material 2O: OHT Phase and angle.

· Display material 4O: OHT Oscillations in phase.

· Display material 6O: OHT Oscillations in antiphase.
· Display material 8O: OHT Oscillations with a 90 degree phase difference. 
	· Phase is a difficult concept for students to grasp. Phase difference is easier and since this is central to superposition phenomena it is worth emphasising phase difference as shown on the dual beam oscilloscope screen.

	
	· These three demonstrations can be used to challenge students to explain the effects. 10D will require some hard thinking about the phase of waves emitted from the front and back of the loudspeaker when the cone moves forwards. One of the important ideas is that superposition can result in ‘more meaning less’.
	· Activity 10D Demonstration: ‘Loudspeaker and Baffle’

· Activity 30E: Hearing superposition

· Activity 40E: Beats: Mixing waves in time.

· AS Student Text p129-134 gives good examples of superposition effects.
	· All three demonstrations involve sound so they are best carried out sequentially, perhaps walking the group from one demonstration to the next.

	Learning outcomes

· Thin film interference patterns and standing waves can be produced by the superposition of waves.

· 6
Coherence is necessary for a stable interference pattern.
	Superposition in a variety of waves.
· The aim here is for students to see superposition effects in a variety of types of wave, and to use observations to calculate the wavelength. 
	· Construct a practical ‘circus’ from a selection of these activities:

· Activity 50P Presentation 'Slinky demonstration'

· Activity 60P Presentation 'Superposition of microwaves'

· Activity 70P Presentation 'Partial reflection of microwaves'

· Activity 80P Presentation 'Superposition of 1 GHz radio waves'

· Activity 90E Experiment 'Interference patterns in a ripple tank'

· Display Material 9O OHT 'Colours of thin films'

· Question 30S Short Answer 'Lloyd's mirror for microwaves'

· Question 40S Short Answer 'Superposition of sound waves'

· Question 50S Short Answer 'Interference of sound waves'
	· You will need to select from the activities and questions provided, and to decide the time to be spent on them, in the light of how much students have done before. Each student should have used superposition effects to measure the wavelength of at least one source, and have seen superposition in more than one kind of wave.

	Learning outcomes
· Waves on strings or in pipes can form standing waves; this explains how the notes produced consist of a fundamental frequency mixed with harmonics.
	Standing waves.
· Students should see standing wave effects and discuss how standing waves are formed. The initial demonstrations can be used to show how a standing wave arises as a result of superposition and to identify and define nodes and antinodes. The fact that adjacent nodes (or antinodes) are separated by half a wavelength will be crucial for the wavelength measurements that follow. 

Quality of Measurement.
· Each student should try to measure a wavelength using one or more of the activities listed.  (See chapter 10 for further guidance on how to approach activities involving measurement). The aim is to do this as well as possible and to know how well it has been done.


	Activities
· The first two are very simple ways to introduce the idea of a standing wave:

· Activity 50P Presentation 'Slinky demonstration'

· Activity 100E Experiment 'Standing waves on a rubber cord'

· The following activities extend standing waves to other kinds of wave. Students should see at least one example of standing electromagnetic waves.

· Activity 110P Presentation 'Standing waves in sound'

· Activity 130P Presentation 'Standing waves with microwaves'

· Activity 140P Presentation 'A stationary 1 GHz wave pattern'

· Focus on waves software: sound

· Multimedia Sound CDROM.

· Display Material

· Display Material 12O OHT 'Coherence'

· Display Material 14O OHT 'Standing waves'

· Display Material 16O OHT 'Standing waves on a guitar'

· Display Material 18O
OHT 'Standing waves in pipes'

Questions
· Question 90S
Short Answer 'Standing waves on a string'

· Question 100S
Short Answer 'Standing waves in pipes'
	· There is a good opportunity here to use musical instruments, such as the recorder, flute and clarinet. They differ both in the shape of the bore (cylindrical or conical) and in whether the blown end is effectively open (flute) or closed (clarinet). 

· Much can be made of the CD 'Multimedia Sound', if you have a copy or the Focus on Waves package can be used to investigate the creation of harmonics by adding waves which are multiples of a fundamental frequency.



	Teaching time: 3 hours

6.2 What is light? 

This section provides an interesting science story based on attempts to answer several questions – how was the speed of light measured? What was the implication of a finite speed? What theoretical models can explain the behaviour of light? Huygens principle is emphasised because it relies on superposition effects and allows light to ‘explore all routes’ – an obvious precursor to the treatment on quantum phenomena in topic 7.

Learning outcomes

· The finite speed of light could be detected in delays in the regular motion of moons round Jupiter.

· During the eighteenth century, a moving particle model of light was widely held, and its supporters claimed the authority of Newton.

· Huygens' wavelet idea explains wave propagation as the superposition of wavelets from every point on a wavefront, so creating a new wavefront.

· Huygens' wavelets explain reflection and refraction of light, again using superposition of wavelets.

· Wave theories of light such as Huygens' had the problem of trying to describe the 'ether', in which the waves were supposed to propagate.
	· The Advancing Physics AS student's book sketches a story of the development of ideas about light: an important and interesting example of theory change in physics. There are many excellent and accessible books to support it. In class it will be best to move lightly over this ground, taking opportunities for discussion and debate. 

Quality of Measurement.
· Students need to meet the problem of measuring the speed of light, and appreciate the challenge it presented and its importance in the history of the subject.
	Resources
· Activity 20E Presentation 'Measuring the speed of light'

Display Materials
· Display Material 40S Computer screen 'Overlapping ripples'

· Display Material 50S Computer screen 'Ripple tank images'

Further Resources

Reading
· Reading 30T Text to Read 'Historical attempts to measure the speed of light'

Questions
· Question 110S Short Answer 'Measuring of the speed of light'

· This question relates to information in the previous reading.

Display Materials

· Display Material 19O OHT 'An estimate of the speed of light'

· Display Material 20O OHT 'Huygens' candle' 

· Display Material 30O OHT 'Huygens' project'

· Advanced Physics, Adams and Allday (OUP 2000) p260-261 covers early measurements of the speed of light.


	· Little of the detailed content will be examined at AS but the ideas of measurement and modelling are central to the course. It is possible to treat this topic in great depth or to move through it quickly. There are plenty of opportunities to let students research topics and present them back to the class, but avoid the temptation to dwell on this for more than the suggested 4 hours. With an able group this would be a good place to discuss the idea of the constancy of the speed of light and its central role in special relativity.

	
	Optional extension: 
Paths taking equal times.
· The above will be enough for many students. But it will help with the link to chapter 7 on quantum behaviour to look at what Huygens' principle implies for mirrors and lenses. You might include just the first activities with a parabolic mirror, or with a faster class go on to others.

· A good start is the parabolic mirror. Show one if it is available, perhaps operating in the infrared. Many students may be familiar with the large parabolic 'whispering mirrors', common in interactive science centres. The need for the waves from all portions of the mirror to be in step at the 'focus' links to the precise shape of the mirror, explored in these activities. The second of these activities leads to the required shape for the mirror, concentrating on equalising the trip times for the differing paths so that the waves from all paths are in step.
· A lens also focuses light by making the trip times of all paths to the image take the same time. But a lens does it by making the shorter (more direct) paths take longer, by putting more glass in the way along those paths. The curved lens shape ensures that all paths are equal in time. Again, alternatives using marked string or a computer model are provided.


	Activities
· Activity 170P Presentation 'A focusing mirror with string'

· Activity 180S Software Based 'Designing parabolic mirrors'

Files 
· File 30L Launchable File 'A tool for designing parabolic mirrors'

· Question 250S Short Answer 'Specifications for a lens'

· Activity 190D Demonstration 'String model of a lens'

· Activity 200S Software Based 'Trip times for a lens'

· File 50L Launchable  File 'Lens design'

· Question 120X Explanation-Exposition 'Checking out a mirror'


	· This extension material can be used as a lead in to the work on quantum theory in chapter 7. The ideas are powerful and exciting but with a weaker group it might be wise to omit this work.

	Teaching time: 4 hours

6.3 Wave behaviour understood in detail 

Young's two-slit experiment demonstrates the wave-like properties of light. Doing this experiment carefully is the central practical work for this section and relates to the thread of work on ‘Quality of Measurement’ (see the chapter with that title). We want students to understand that simple apparatus used with intelligence and care can produce worthwhile measurements. Work on the grating follows on from the special case of two slits. 

Students should be able to calculate angles and wavelengths for a grating using n ( = d sin ( with confidence but also understand what is going on beneath the formula – that light going along many paths is superposing. 
	Thin Films.
· Students set up a soap film interference pattern. The darkness at the top of the film can be explained using phase change on reflection. The film is observed in white light showing its similarities to similar patterns observed outside the laboratory. When illuminated in monochromatic light the bright and dark bands of the interference pattern become obvious.
	Activities
· Activity 210E Experiment 'Interference patterns in a soap film'

· Activity 220E Experiment 'Diffraction by a slit'

Questions
· Question 140X Explanation-Exposition 'Colours of thin films'


	· Optional starting point: thin films and narrow slits.
· If you did not take it up in section 6.1, you will probably find it helpful and motivating to begin with letting students see the beautiful colours of thin films, in which light goes by two paths taking different times so that a phase difference is created.



	Learning outcomes

· How a pair of slits can be used to produce interference.

· How if the fringe spacing is x, the wavelength can be found from ( = x (d / L) where d is the slit spacing and L the distance from slits to screen.

· How a grating can produce a sharp spectrum, with lines of wavelength ( at angles ( given by n ( = d sin (. the grating spacing being d. 
	Double slits.
· There are two very different things to achieve here:

· Impressing students with the fundamental importance of observing fringes, as evidence of the wave nature of light.
· Showing students that the difficult measurement of wavelength can be done reasonably well, if care is taken.
· It may be that the first is best achieved with a laser demonstration, and the second with simple apparatus.

Quality of Measurement.
· It is easy enough to measure the distance to the screen but students often introduce large uncertainties by their measurements of slit separation and fringe separation. The latter can be reduced by working in a dark laboratory and taking the average separation of a large number of visible fringes. The former can be reduced by placing the double slit in the slide holder of a projector and measuring the magnified slit separation from the image projected on a distant screen. The magnification can be found by comparing the image size of the slide with its actual size. Students should be able to measure the wavelength to an accuracy of about 10%.
Diffraction gratings.
· We now consider Fraunhofer's idea of the transmission grating, leading to the use of the grating as a measuring tool. The relationship n ( = d sin ( is derived and used in a measurement of wavelength.


	Activities
· Activity 230E
Experiment 'Measuring wavelength with Young's slits'

· Display Material

· 55O OHT 'Two-slit interference'

· You need to select two or three from the following questions. The first is intended as support for weaker students.

Questions
· Question 130X Explanation-Exposition 'Calculating wavelength in two-slit interference'

· Question 150S Short Answer 'Questions on the two-slit experiment'

· Question 160S Short Answer 'Using two-slit interference to measure exhaust velocity'

· Question 170S Short Answer 'Explaining two-slit interference' 

· Question 180S Short Answer 'Two-source interference: Some calculations'

· Question 190S Short Answer 'Superposition of radio waves'
Activities
· Activity 240E
Experiment 'Measuring the wavelength of laser light'

· Questions

· Question 200S Short Answer 'Grating calculations'

· Question 210S Short Answer 'Using diffraction gratings'

· Display Material

· Display Material 65O
OHT 'A transmission grating'
Further Resources
· Activity 250H Home experiment 'Using a CD as a reflection grating'

· Four linked activities illustrating problems of quality of measurement:

· Activity 250E Experiment ‘Measuring the wavelength of light better and better 1’ 

· Activity 251E Experiment ‘Measuring the wavelength of light better and better 2’ 

· Activity 252E Experiment ‘Measuring the wavelength of light better and better 3’ 

· Activity 253E Experiment ‘Measuring the wavelength of light better and better 4’ 

· Display Material

· Display Material 60S Computer screen 'Diffraction and interference for pleasure'

· Reading 

· Reading 50T Text to Read 'Radio waves: Fading and interference'
	· Thomas Young's classic experiment should be given sufficient laboratory time for the students to work with care and make meaningful measurements of wavelengths of filtered light. The geometrical argument for the approximation (/ x  = d / L is given in the Advancing Physics AS student's book, section 6.3. Note that this argument uses d sin ( for the path difference, as for a grating, and avoids use of the approximation tan ( = sin (  for small angles. The aim is to keep the argument as simple as possible. There is more about this in the Further Teaching Notes.

· You may want to take the idea of careful measurement of wavelength a step further. This is provided for by the sequence of four linked activities ‘Measuring the wavelength of light better and better’.



	Teaching time: 2 hours

6.4 Looking forward: using phasors to analyse superposition 

Phasors are used to represent the wave disturbance at a point in space. Superposition effects can be calculated by adding the phasors of each wave. In this topic effects such as interference from two slitrs and diffraction by a narrow slit receive an elegant and powerful analysis using the phasor model.

Learning outcomes

· How waves passing through an aperture of width d spread out, typically over an angle ( given by (= d sin (
· That these and other wave effects can be analysed in a simple way by using the phasor picture. Phasor arrows have length equal to the wave amplitude, and rotate at the wave frequency.

· How wave superposition is represented by adding phasor arrows tip to tail
	Introducing phasors
· A first group of activities reintroduce the phasor idea, using computer models and more concrete models using string. The models deliberately take a step backwards in students' likely understanding, helping to revise ideas about sinusoidal waves. Each model is constructed in such a way that all three representations, the algebraic, the phasor and the graphical, can be related visually to one another.

· Depending on the computer facilities available, a combination of demonstration with projected screen images and individual work by students with computers is likely to work best. The listing of models (and associated files) looks long, but each requires only a short time to do.
Summing phasors
· The next sequence of activities adds pairs of phasors, and uses this to account for Young's slits. 

· To complete the story we suggest you also allow students to see how diffraction at a single slit can be accounted for. 

· The phenomenon of beats is a useful application of phasors to look at first (perhaps revisiting experiment 30E). Use it to connect the theory to observable phenomena, but don't spend too much time on it.


	Activities
· Activity 260S Software Based 'Introducing phasors'

· Activity 270S Software Based 'Amplitude and frequency of oscillations with phasors'

· Activity 280S Software Based 'Two phasors at once' 

· Activity 300S Software based 'Phasors across space' 

· Activity 290E Experiment 'Visualising phasors: Coloured threads'

Files
· File 70L Launchable File 'Introducing a phasor' 

· File 80L Launchable File 'Amplitude, frequency and phasors'

· File 90L Launchable File 'Phasors varying with time'

· File 100L
Launchable File 'Do like me – later!'

Questions
· Question 220S
Short Answer 'Phasors to oscillations'

· Question 230S
Short Answer 'Wave to phasor'

· Question 240S
Short Answer 'Linear and angular speed'

Activities
· Activity 340S Software Based 'Summing two phasors over time'

· Activity 310S Software Based 'Beats: Seen and heard'

· Activity 30E Experiment 'Hearing superposition'

· Activity 320S Software based 'Young's slits by phasors'

· Activity 330S Software based 'Phasors to account for two slits'
· File 110L Launchable File 'Summing two phasors over time 1'

· File 120L Launchable File 'Summing two phasors over time 2'

· File 130L Launchable File 'Summing two phasors over time 3'

· File 140L Launchable File 'Models of Young's slits'

· File 150L Launchable File 'Phasors for two slits'

· Activity 350S
Software Based 'Diffraction by phasors'

· File 60L Launchable File 'Model of diffraction'
	· You may have introduced the phasor as a rotating arrow, whose projection describes an oscillating waveform, in section 6.1. If not, this needs to be done now, emphasising how they are added tip to tail. 

· A number of computer models are provided to help, in particular by having the phasors visibly rotating. 

· Then it is worth repeating the Young's slit explanation with two phasors, if only briefly. The case of single-slit diffraction is valuable because it shows the phasor representation producing something which is much harder to get in other ways.

· A sequence of models which build up from the two-slit case through multiple slits to the diffraction grating, is an optional extension for better students.
· The simulations are helpful but not essential – all the important ideas can be illustrated adequately using a whiteboard.


	GCE Physics B: H159. G492 Understanding Processes

	Suggested teaching time
	10 hours
	Topic
	Quantum behaviour

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Teaching time: 4 hours

7.1 Quantum behaviour 

This section has two distinct aims:

(a) To go beyond the wave theory of light and show that a complete description of the interaction of light and matter must involve quantisation. 

(b) To explain superposition effects using a ‘try all paths’ model for photon behaviour in which phasors from each path add to give a resultant phasor at the detector. 

Learning outcomes

· That photons deliver energy in lumps E = hf , arriving at random.
	Photon energies.
· Use 20D to demonstrate the lumpiness of arrival of gamma ray photons.

· Use 10E to show that photon energy depends on frequency.

Quality of measurement.
· 10E can be taken further and used (i) to show that E is proportional to f and (ii) to measure the Planck constant. This is a good opportunity to consider uncertainties in measurement and to ask ‘how can our measurements be improved?’

· The display material 20S and file 10L can be used to discuss the idea that photons arrive at random but may have different probabilities of arrival in different places (e.g. when an image or interference pattern is formed).

· The key ideas are:

· You cannot tell when or where a photon will arrive, but you can measure the mean rate of arrival, and so the probability per unit of time.

· You can calculate how much energy a photon will deliver, from its frequency.

· When photons have small energies, and there are many of them, the rate of arrival of energy appears to be continuous.

· Some teachers will wish to go into more detail about the photoelectric Effect but beware the difficulties of ‘stopping potential’ and ‘work function’. For those who choose to go further the OHT 230O is useful as it summarises three pieces of evidence for the quantisation of light – LEDs, the Photoelectric effect and line spectra from atoms.


	Activities
· Activity 10E Experiment 'Relating energy to frequency'

· Activity 20D Demonstration 'Listening to photons arriving'

· Display Material 20S Computer Screen 'Images with increasing exposure'

· File 10L Launchable file 'A model for the random arrival of photons'

· Question 20E
Estimate 'Photons streaming from a lamp'


	· There are two very clear ideas here. The first is that the wave theory developed in chapter 6 cannot be a complete description of the behaviour of light because it cannot explain the ‘lumpiness’ involved in the absorption or emission of radiation (as seen in the photoelectric effect). The second idea is that a discrete photon model can still explain superposition effects (e.g. in two source interference experiments) as long as the photons ‘explore all paths’. 

· Beware: to understand what is going on in the LED experiment students need to have a good grasp of the meaning of potential difference and its relation to energy. They need to identify eV as the energy transfer when a charge e moves through a p.d. V. 

	Learning outcomes:

· That quantum behaviour combines phasors from all possible paths.

· That the probability of an event is obtained from the square of the resultant phasor amplitude.

· That quantum behaviour is unique; neither wave nor particle behaviour.
	· Photon superposition: the two-slit experiment revisited.
· In the wave theory, phasors add to give a resultant amplitude, whose square is proportional to the intensity – the rate of arrival of energy. But in quantum physics, only the probability of arrival of photons can be calculated. Since the probability is proportional to the mean rate of arrival, it must be proportional to the square of the resultant phasor. 

· The use of a trundle wheel marked with a rotating arrow can reinforce the idea of paths contributing phasors but also introduces a conceptual error because the phasors associated with each photon do not actually rotate along the path explored by the photon. Different trip times result in different phase angles because the photons that arrive at the detector by different paths left the emitter at different times. This is a subtle point and one for the teacher rather than the student in most cases.

	· Demonstration: Laser, double slits and screen. 

· Use this to remind students of the double slit experiment and to open discussions about the breakdown of the wave and particle models – waves can’t explain how the light energy arrives and how the pattern builds up but particles can’t explain constructive and destructive interference effects.

· There are plenty of simulations available on the AS CDROM. These can be used as demonstrations or as individual student activities combined with class discussion. There is not time to use all of them so choose a set that emphaise:

· The idea of exploring all paths

· The addition of phasors at the detector.

· Phasors in phase at maxima.

· Phasors in antiphase at minima.

· Probability proportional to the square of the resultant phasor length.

Activities
· Activity 70S Software Based 'A photon explores two holes'

· File 70L Launchable file ‘A photon explores two holes’

· Question 10S
Short Answer ‘Rotations for exploring paths’

· Question 30S
Short Answer 'Path lengths and arrow rotations' 
	· In chapter 6 students learnt to explain interference patterns using a wave model and combining phasors to represent the phase of the superposed waves. In this section the phasors are retained but now they are used to represent the contribution of each path to the final effect at screen or detector. Discussion of the double slit experiment from a wave or particle point of view will convince students that neither model gives a complete explanation of both the pattern and the way in which it builds up.

· Crucial simplifications.
· The story we have told is in crucial respects over-simplified. For that reason, we provide a reading, especially for teachers and for more critical students, which goes more deeply into the ‘many paths’ story about photon interference.

· The software simulation illustrates the ideas of exploring all paths very well.
Readings
· Reading 10W Well Actually/But Also ‘Interference of photons: the ‘many paths story’.

· This reading is also provided in the Further Teaching Notes, with the mathematics more fully explained. We urge teachers to take a careful look at it.



	Teaching time: 4 hours

7.2 Many paths at work 
 Learning outcomes
· That photons will seem to go along special paths if near those paths the phasor arrows 'line up', whilst elsewhere they 'curl up'.

· That phasor arrows for photons line up for paths near the path which takes the least time.

· That these principles account for reflection, refraction, straight line propagation, help in the design of curved mirrors and lenses, and account for diffraction from a slit.

· That gratings get certain definite paths to have phasors which 'line up' by removing paths which when added in make the phasors 'curl up'.
	Here is a possible teaching sequence:
· The case of reflection at a plane mirror, including the least time principle.

· Rectilinear propagation.

· The reflection grating, showing that the photons do in fact try all paths.

· Engineering a curved mirror, putting the least time principle to work.

Light goes in straight lines.
· The fact that light seems to take the straight line (also the quickest) path between two points is so 'obvious' that it doesn't seem to need explaining. But we will! The argument is just as before: paths near to the straight line have phasors that line up; more crooked paths have phasors which combine to curl up. The sum of arrows from the nearly straight paths is an excellent approximation to the sum from all paths.

Mirror into grating.
· So far, phasors for paths near the ends of the mirror have curled up, having little or no net effect. But if phasors curl up, they point first one way and then the other. What about tricking them by cutting away slices of the mirror where they all point one way, leaving only the slices where they all point the other way? The mirror becomes a sheet of fine stripes of reflecting material, with gaps between – a grating! The idea only works for a given direction of travel of light from the grating, for a given frequency of photons. But it shows that the photons do indeed go everywhere; that the paths which seem not to count can be made to count after all.

Engineering a parabolic mirror

· You may (in chapter 6) have explored the idea that a curved mirror works by bending the mirror so that all paths to a focus take the same time. If the light falling on the mirror is a parallel beam from a distant source like a star, the required shape is parabolic. If you did not take this idea up then, it can be brought in now. 

· From the quantum point of view, the trick is simply to shorten some photon paths so that they all take the same time, and their phasors all line up. 
	Reflection at a Plane Mirror
Activities
· Activity 80E Experiment 'Calculating for a mirror on the bench'

· Activity 110S Software Based 'A few mirror paths'

· Question

· Question 40S Short Answer 'Three paths on a mirror'

· Display Materials

· Display Material 90O OHT 'Mirror: Contributions from different paths'

· Display Material 100O OHT 'Calculated trip times for a mirror'

· File 50I Image 'Paths for a mirror'

· File 60I Iimage  'A hexagonal grid'
Rectilinear Propagation

Activities
· Activity 120S Software Based 'Many photons make a beam'

· File 110L Launchable File 'A restricted number of paths for propagation'

Constructing a Diffraction Grating
Activities
· Activity 140Ssoft ware Based 'Checking the ends of the mirror'

· File 120L
Launchable File 'The ends count'

Questions

· Question 60X Explanation-Exposition 'Spacing a grating'

· Question 70X Explanation-Exposition 'CD: Mirror and grating?'

Engineering a parabolic Mirror

· Activity 170S
Software Based 'Engineering a focusing mirror'

· File 130L Launchable file 'Shaping a mirror'

· Display Material 150O OHT 'How to engineer a focusing mirror'

· Question 90C Comprehension 'Mirrors for precision engineering'
	· Activity 80E needs careful prior planning and a clear briefing to students. It could be carried out as a large-scale demonstration or you could go straight to the software exercise in 110S 

· The work on mirrors and gratings is sufficient to get across the many-paths idea and to show how it can be used to calculate results. However, this principle is very widely applicable and there is plenty of additional material in the Teachers’ Guide, which applies the principle to refraction, lenses and single slit diffraction. One way to use these resources would be to conclude this section by giving a lecture/demonstration lesson covering each in turn.
· Richard Feynman’s book ‘QED’ (Princeton UP 1985) provides inspirational further reading for able students or for the teacher.

	Teaching time: 2 hours

7.3 Electrons do it too 

Learning outcomes
· That electrons also show quantum behaviour.

· How to calculate the rate of rotation of the phasor for free electrons f = Ekinetic/h.

· How to show that electrons produce superposition effects when passed through a grating.

· How the quantum nature of electrons becomes less evident as their kinetic energy grows.
In this section we aim to show that electrons, as an example of material particles, share fundamental aspects of quantum behaviour with photons.


	·  The crucial new thing to cover is the existence of electron diffraction, as evidence that these particles also show superposition phenomena characteristic of quantum behaviour. It is not necessary to go into the Bragg equation for diffraction from layers of atoms: students should just see qualitatively that the diffraction rings do change in the expected sense when the energy of the electrons is varied by changing the accelerating potential difference. 

· The rate of rotation of the electron phasor depends on its energy. If the potential energy is zero, the frequency is f = Ekinetic/h.
· Because students will inevitably see the de Broglie relation ( = h/mv in any of their reading, it is mentioned here too. 

Quantum versus classical
· This work can be extended by considering the transition from quantum to classical behaviour.
· Large objects, at everyday scales, do not usually seem to exhibit quantum behaviour. An explanation can begin from the increase of the rate of phasor rotation with kinetic energy. The faster the phasors rotate, the more turns they make in a given path. The more turns they make, the less the path has to change to swing round the phasor arrow at its end. The higher the kinetic energy of the object, the smaller is the range of indirect paths that contribute almost all the final total amplitude. Very energetic electrons go in very well defined paths. Large lumps of matter do too. The software activity shows how the transition arises. The questions provided extend the argument. 


	 Quantum behaviour of electrons
· This first activity links the quantum behaviour of photons to that of electrons which interact with the regular layers of atoms in graphite.

Activities
· Activity 240D
Demonstration 'Superposing electrons'

· Activity 300S
Software related ‘Electrons interfering one by one’

Questions
· Question 150S Short Answer 'Arrows for electrons'

· Question 160S Short Answer 'Electrons through gratings'

Quantum versus classical
· Activity 250S Software Based 'Exploring paths with changing kinetic energy'

· Display Material

· Display Material 210O
OHT 'Quantum and classical'

Files
· File 180L
Launchable File 'Changing kinetic energy'

· File 200L
Launchable File ‘Single electron interference’
Questions
· Question 170S Short Answer 'More kinetic energy: More classical' 
	· The approach to quantum phenomena has been to emphasise the many-paths method and in this section this is applied to the behaviour of electrons, being used to explain how they diffract. The de Broglie equation however, is often interpreted as linking wave and particle properties and the teacher will need to decide how to play this – there is a risk (if it is seen as that) of introducing arguments based on ‘wave-particle duality’ (a description that has been avoided in this course but which students who go further will certainly encounter elsewhere). The line to take is that neither the wave model nor the particle model provides a complete description of phenomena but both are useful in certain situations. Photons and electrons are similar in that they both exhibit genuinely ‘quantum behaviour’ which can be explained using the ‘explore all paths’ approach without identifying them as either waves or particles. This is subtle and should not be laboured and it is important to let the students realise that the interpretation of quantum theory continues to excite heated arguments among physicists after a century of discussion and reflection. 

· Teachers may find the following readings helpful and could direct able students toward them:

· Reading 20W
Well Actually/But Also ‘Interference of electrons: the ‘many paths story’. This reading is provided also in the Further Teaching Notes, with the mathematics more fully explained. We urge teachers to take a careful look at it.

· You may also like to look at the following reading, which ties some loose ends together. Reading 30W Well Actually?But also ‘The principle of least action’.
· Simulations can be used to illustrate and reinforce the ideas.
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	TOPIC OUTLINE
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8.1 Journeys 

Learning outcomes
· That speed is distance over time; v = s / t;

· That speed can be calculated from the gradient of a distance-time graph;

· The meanings of average and instantaneous speeds and how these are calculated from distance-time graphs;

· The meaning of the area under a speed-time graph, and how to estimate it.


	·  Section 8.1 of the Advancing Physics AS student's book is a useful introduction to this section. Simple GCSE ideas should be revised. Students should be able to calculate speed from distance and time data and to be able to rearrange the equation v = s / t. They should also be able to draw and interpret distance-time graphs and to calculate the gradients of both chords and tangents and understand the significance of these calculations, paying due regard to the units. Speed-time graphs are introduced in the text and additional work on speed-time graphs can be found in the activities. 

· [image: image3.png]It is instructive to get students to draw both distance-time and speed-time graphs for the same motion (e.g. a 100 m sprinter or a bouncing ball) and to present their graphs to the class. This will reveal many common errors and misunderstandings and can be used to introduce the idea of displacement and velocity that feature in the next section. 
	· NB You will need to purchase Cambridge Multimedia Motion and Longman's Insight 2 (Sensing) if you wish to use the activities based on them.
Distance-time graphs
· Choose one or two of these distance-time activities, depending on available equipment and software:

Activities
· Activity 10E Experiment 'Measuring speed with a light gate'

· Activity 30E Experiment 'Motion graphs using an ultrasonic motion sensor' 

· Activity 20S Software Based 'Exploring distance-time graphs' (requires Insight software)

· Activity 40S Software Based 'Investigating motion graphs with the Multimedia Motion CD-ROM' (requires Multimedia Motion CD-ROM)
· ‘Multimedia Motion’ may not be available in a version compatible with Windows Vista.

· Speed-time graphs
· Choose one or two of the following speed-time graph activities, depending on available equipment and software

· Activity 60E Experiment 'Using a video camera to make speed-time graphs'

· Activity 70S Software Based 'Exploring speed-time graphs' (requires Insight software)

· Activity 80S Software Based 'Travel graphs with Modellus'

· Activity 90S Software Based 'Calculating speeds and distances from graphs'

Questions
· Question 10E Estimates ‘Making estimates about motion’

· Question 20S Short Answer 'Distance, time, speed calculations' 

Reading
· Advancing Physics AS Book p177-181 (this is worth reading in conjunction with the activities above and also provides useful practice questions on p181
	·  Able students will move through the theory in this section (and the rest of this chapter) very quickly. Many will have covered similar ideas at GCSE. However, the practical methods used to capture and analyse motion and the use of software packages to process captured video or to simulate dynamical situations will be new to many and these techniques are worth spending some time on. Students who find mathematics challenging will appreciate plenty of practice at rearranging the speed/distance/time equation and a careful discussion of how to calculate gradients and areas from graphs. The meanings of average and instantaneous speed should be distinguished.

· There are plenty of opportunities to use the software based activities provided (as well as those linked to Cambridge Multimedia Motion 2) and this may well help to contrast the approach to mechanics at A-level with that taken at GCSE, especially if the students work on the activities themselves and report back.

	Teaching time: 3 hours

8.2 Maps and vectors 
Learning outcomes

· That vectors have magnitude and direction;

· That vectors are added by placing them tip to tail and drawing a resultant vector;

· That vectors can be resolved into components along different directions;

· How to use Pythagoras' theorem to find the magnitude of a resultant vector when two vectors at right angles are added;

· How to use Pythagoras' theorem to calculate the magnitude of a vector from its components in two directions at right angles;
	· Displacements provide a model for the behaviour of all types of vectors. Activity 110E can be enhanced by using a sighting telescope to measure angles. This will lead to better agreement between measured and calculated distances.

A useful teaching order would be:
· Distinguish scalars from vectors – e.g. discuss the difference between distance and displacement for a 400m race (one lap of a circuit) and then extend this discussion to the average speed and velocity of the runner.

· Use the large-scale activity 110E to show how displacement vectors add and to draw ‘tip-to-tail’ scale drawings.

· Use the software activity 140S to show how a vector can be resolved into components along perpendicular axes and how Pythagoras’s theorem can be used to find the resultant vector from perpendicular components.


	· NB You will need to purchase Cambridge Multimedia Motion and Longman's Insight 2 (Sensing) if you wish to use the activities based on them.
Activities

Vector addition
· Activity 110E
Experiment 'Displacement and vector addition'

· Activity 120S
Software Based 'Tip to tail addition of vectors'

Resolving vectors
· Activity 140S
Software Based 'Understanding vector components'

Changing co-ordinate system
· Activity 160E
Experiment 'Vector components and coordinate systems'


	· Some students will feel comfortable to go directly to a trigonometric approach. Others will need to get a feel for vector addition using scale models. Both approaches are fine.

· A large number of software based activities are provided on the CDROM. These can be used for demonstrations or if sufficient computing facilities are available they can be spread around the laboratory as a ‘circus’.

	how to use trigonometry to resolve a vector into components at right angles.
	· Some students will find the use of trigonometric functions (sine/cosine) abstract compared to the visual/drawing approach and will need to be reminded of the original definitions of sine and cosine based on opposite/adjacent and hypotenuse in a right angled triangle.

· Activity 160E shows how vector components depend on the orientation of the co-ordinate system but the vector magnitude is independent of it. With a bright group this could be used to introduce the idea of invariance under rotation and linked to the idea of invariant quantities in special relativity (where a moving reference frame is equivalent to a rotation in 4D spacetime!)


	Questions
· Question 60S Short Answer ‘Adding vectors’

· Question 30X Explanation-Exposition 'Constructing a map of France'

· Question 60D Data Handling 'East Side story'

· Display Material 20O OHT 'A Map of France'

· Display Material 50O OHT ‘Components of a vector by projection

· Display Material 50O OHT 

· ‘Components of a vector from angles

· Activity 130S Software Based 'Vector addition using the 'tip to tail' rule'

· Activity 150E Experiment 'Using video to estimate components of velocity'

· Activity 170S Software Based 'Rotating coordinate systems'

· Question 40D Data Handling 'Earthquakes in the USA'

· Question 50S Short Answer 'The caretaker's phone' 

· Reading 50T Text to Read 'Adding Vectors'

· This reading summarises what students need to know about vector addition. 
· Files

· These are provided to support the computer based activities above.

· File 60L Launchable File 'Tip to tail vector model'

· File 70L Launchable File 'Tip to tail addition'

· File 80L Launchable File 'Vector components'

· File 90L Launchable File 'Coordinate systems and components'

Reading
· Advancing Physics AS Book p182-187 (this is worth reading in conjunction with the activities above and also provides useful practice questions on p187
	

	Teaching time: 2 hours

8.3 Velocity 
 In this final section, students develop their ideas about vectors beyond the simple idea of displacement to the more abstract idea of velocity. The rules of vector addition are used to combine velocities and components of velocity are introduced.
Learning outcomes:
· That velocity is a vector;

· That velocity = displacement / time; v = s / t;

· About average and instantaneous velocity;

· That velocities can be resolved into components along different directions;

· That distance travelled is the area under a speed-time graph.


	Velocity vectors.
· Begin by reinforcing the distinction between vectors and scalars. A good example for discussion is the motion of the Moon – its speed is almost constant but its velocity is continuously changing. (This might also prompt the ideas that will lead to centripetal acceleration and force later). Attach arrows to the Moon’s motion to represent the velocity at different points in the orbit.
· The three software exercises, which can be done (preferably by the students) in a single session, lead naturally into the questions and can be reinforced by the questions on p92 of the AS Advancing Physics Book.

· More advanced students could be set the task of creating a Modellus model for some form of accelerated motion (e.g. a falling body) showing a graph of velocity against time and attaching animated vectors to an animation of the moving body.
Velocity-time graphs.
· The work on velocity-time graphs can be illustrated by getting graphs of motion from one of the clips on the Multimedia Motion CDROM – e.g. the falling chimney. Make sure that students distinguish clearly between velocity-time and displacement-time graphs for the same motion. Asking students to sketch velocity and displacement versus time graphs for a bouncing ball (up the top of the first bounce) or a water rocket moving vertically up and down will prove surprisingly challenging (and instructive)! It will also reinforce the importance of deciding which direction is positive.
	Velocity vectors
· Activity 180S Software Based 'Getting a feel for velocity vectors' 

· Activity 190S Software Based 'Vector addition in one dimension'

· Activity 200S Software Based 'A boat crossing a river' 

Files

· Activity 100L Launchable File 'Velocity vectors'

· File 110LLaunchable File 'Vector addition in one dimension'

· File 120L Launchable File 'Vector addition in two dimensions'

Questions

· Question 70S Short Answer 'Flying in a side wind'

· Question 90S Short Answer ‘Relative velocity’

· Question 80S Short Answer 'Using the components of a vector'

Reading

· Advancing Physics AS Book p188-192 (this is worth reading in conjunction with the activities above and also provides useful practice questions on p192


	· NB You will need to purchase Cambridge Multimedia Motion and Longman's Insight 2 (Sensing) if you wish to use the activities based on them.

· The former may not be available in Windows Vista.
· This section is quite short and some teachers will have included much of the material in previous sections. However, some students find this material hard, particularly ideas about relative velocity, so it cannot be rushed.
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	Suggested resources
	Points to note

	Teaching time: 2 hours

9.1 What’s the next move?


Learning objectives:
· That two objects are on a collision course when their relative velocity points along the line joining them.

· How to find the relative velocity of two objects, by subtracting the velocity of one of them from both.

· That displacements and velocities add as vectors, tip to tail.
	Relative velocity.
· You could begin by discussing how to calculate relative velocities (perhaps in order to calculate impact velocities for objects on a collision course). 

· This is best done by starting with velocities along a line (e.g. cars on a straight road) and getting students to realise that you simply subtract the velocity vector of the observer from both moving objects in order to get the relative velocity. E.g. get two students to walk in the same direction (either toward or away from one another) and ask them about the relative velocity of their partner. Once this general idea is established 2D examples can be discussed and analysed using the same rule. 

· Activity 30S is useful as a demonstration – showing how the relative velocity of a one plane appears when viewed from the reference frame of another plane.

· The ideas can be reinforced by a careful class discussion of the OHT display 20 O. It is worth emphasising that subtracting a vector is equivalent to adding the negative vector (i.e. reverse it and add).
	Activities
· Activity 10S Software Based 'Reconstructing a flight'

· Activity 30S Software Based 'Will the aircraft collide?'

· Activity 50E Experiment 'Tracking aircraft paths by drawing'

Files
· File 10L Launchable File 'Models of reconstructed flight paths'

· File 30L Launchable File 'Relative motion 1'

Questions
· Question 10M Multiple choice 'Displacement-time graph'

· Question 20S Short Answer 'Calculated steps'
· Display Material 20O OHT 'Relative velocity'
	· Here the scene is set for what is to come: the need to predict motion ahead of time, looking at a 'what if' calculation about preventing aircraft collisions, to see what happens if a velocity continues uniformly. The work also revises ideas from chapter 8 about combining vectors, through the case of relative velocity.

· The choice of mid-air collisions as an example has the advantage of naturally suggesting changes in point of view (frame of reference). 

	Teaching time: 5 hours

9.2 Speeding up and slowing down

Learning outcomes
· How to construct paths of accelerated bodies step by step.

· How to use the kinematic equations to predict displacements and velocities for uniform acceleration.

· That the area under a speed-time graph can give the distance travelled.

· That the slope of a speed-time graph can give the acceleration.

· That a projectile in free fall follows a parabolic path.
· That the slope of a distance-time graph can give the speed.
· That vertical and horizontal components of velocity of a projectile are independent.


	Acceleration.
· A number of elementary activities are introduced that give students time to think about acceleration, expressed in a number of ways. In addition to the software activities mentioned here you will naturally want to measure some interesting accelerations in the laboratory, and perhaps in the wider world, depending on the facilities available. You might use videotaped evidence, light gates, ultrasonic sensors on dynamics trolleys, bicycles, cars or trains. Both constant and non-constant accelerations should be included.

· If you have access to a class set of light gates then a good experiment is to measure the acceleration on a runway as the angle of the runway is increased. If a graph of acceleration versus angle is plotted and extended to the angle 90 degrees this gives an estimate for g.

· The prepared sequences on the recommended Multimedia Motion CD-ROM should not be ignored. 

· A step-by-step (iterative) approach.
· The display materials are helpful in explaining the logic of an iteration. However, there is no substitute for a student actually trying to construct such a model form him/herself. This could be done using Modellus or, if the student is more confident with it, with Excel.


	Acceleration
Activities
· Activity 80S Software Based 'Constant acceleration with graphs'

· Activity 90S Software Based 'Investigating acceleration with velocity-time graphs'

· Activity 100S Software Based 'Acceleration from graphs'

Files
· File 50L Launchable File 'Graphs for an accelerating object'

· File 60L Launchable File 'Velocity-time graph data'

· File 90L Launchable File 'Tool for accelerations from graphs'

A step-by-step (iterative) approach
· Display Material 30O
OHT 'Stepping through uniform acceleration'

· Display Material 40O OHT ‘Computing rules for uniform acceleration’

Questions
· Question 30S
Short Answer 'Coping with graphs'

· Question 40M
Multiple Choice 'Acceleration-time graphs'

· Question 50S
Short Answer 'Calculating accelerated steps'

· Question 50D
Data Handling ‘Analysing motion sensor data’
· Question 100E Estimate 'Slowing down a bicycle'

Reading
· Advancing Physics AS Book p200-202 summarises ideas about iteration and acceleration.
	· NB You will need to purchase Cambridge Multimedia Motion and Longman's Insight 2 (Sensing) if you wish to use the activities based on them.

· ‘Multimedia Motion’ may not be available in a version compatible with Windows Vista.

· If possible students should use data logging equipment to capture and analyse motion.

· There is a good deal to cover here:

· Meaning of acceleration 

· Step-by-step representation of accelerated motion

· The kinematic equations and calculations using them 

· Slopes and areas under graphs for accelerated motion (extending chapter 8)

· Parabolic form of motion under free fall in two dimensions.  

· The complementarity of local and global effects is a theme that runs through the teaching of this section – a ball’s trajectory can be constructed from incremental changes in short time intervals but its final displacement and velocity can be predicted using kinematic equations.

	Learning outcomes

· How to use the kinematic equations to predict displacements and velocities for uniform acceleration. That the area under a speed-time graph can give the distance travelled.

· That the slope of a speed-time graph can give the acceleration.

· That the slope of a distance-time graph can give the speed.
	· The kinematic equations.
· The ‘suvat’ equations are shown to follow from the definition of acceleration and average speed. Try to emphasise the neatness and elegance of the logic, getting so much out of seemingly so little, using the visual displays provided (also in the Advancing Physics AS student's book).

· Experiment 110E is used to find a relationship between height of drop and final speed. This can then be used to predict the speed for any drop height. Able students should be prompted to find or test the theoretical relationship between v and h (v((h).

· This would be a good point to derive the equations of motion for constant acceleration. The display materials use the definitions of acceleration and average velocity as starting points for an algebraic derivation. An alternative is to work from velocity time graphs using the fact that acceleration is the gradient of the graph and displacement is the area under the graph.
· Quality of Measurement.

	The kinematic equations

· Activities

· Activity 110E Experiment 'Predicting motion of falling card'

· Alternative Approach

· The same procedure may be used with a digital stopclock or timer instead of the computer and interface. The data could be entered into a spreadsheet and manipulated to calculate speeds and plot graphs. The method described removes the hassle of entering much of the data.

Activities

· Activity 120E Experiment 'Measuring the acceleration of free fall'

· Activity 130E Experiment ‘Measuring g in lots of different ways’

Questions

· Question 100D
Data Handling ‘Uncertainties in measuring g’
Display materials
· Display Material 50O OHT 'Logic of motion 1'

· Display Material 60O OHT 'Logic of motion 2'
	· This section emphasises the nature power and beauty of mathematical models and acts as an introduction to the Creating Models topic at A2.

· The relationship between algebraic methods and graphical methods should be made clear. 

	
	· Experiment 120E has two functions. To calculate g from the equation s = ½ gt2 and as a challenge to measure the value of g as accurately as possible. This is a good opportunity to discuss uncertianies and to attempt to minimise them. 

· This can be extended by using the experiment 130E and following up with question 100D.
	· Display Material 70O
OHT 'Graphs for constant acceleration'

· Display Material 80O
OHT 'Graphs for realistic motion'
· Qustion 60S
Short Answer 'Uniform acceleration'

· Question 70S
Short Answer 'Braking distance and the Highway Code'

Reading
· Advancing Physics AS Book p202-205 links the algebraic derivation of the kinematic equations to a graphical treatment.
	

	Learning outcomes

· That a projectile in free fall follows a parabolic path.

· That vertical and horizontal components of velocity of a projectile are independent.
	Moving in two dimensions
· Here we make use of the study of kinematics to model the motion of a thrown object. The path can be considered in two ways:

· step by step seeing how the velocity changes magnitude and direction through a constant change at each interval, 

· as a global prediction calculated using the kinematic equations. 

· In all cases we simplify to constant horizontal velocity, and constant vertical acceleration. 

· The independence of horizontal and vertical motions should be demonstrated.

· Students should study falling objects using video clips and motion sensors, and make calculations of accelerations and velocities.


	Moving in two dimensions
· Choose one of the first two as an introduction:

· Activity 130D Demonstration 'A thrown ball follows a parabolic path'

· Activity 140E Experiment 'Rolling a marble on a parabola'

· Activity 150S Software Based 'Modelling parabolic motion'

· Activity 390S
Software Based 'What does a tennis ball know about parabolas' 

· Display Material 170O OHT 'A parabola from steps'
· File 100M Movie 'Marbles in dilute gravity do parabolas'

· File 110L Launchable File 'Models for parabolic motion'

Questions
· Question 80S Short Answer 'Throwing a ball'

· Question 90S Short Answer 'A slide'

· Question 110S Short Answer 'Accurate archery'
Possible extension work
· Activity 172E
Experiment 'Build and test a marble launcher'

· Activity 174E
Experiment 'Finding the range of projectiles'

· File 120L
Launchable File 'Exploring the range of a projectile'

· File 130L
Launchable File 'Missile and target collide' (‘Monkey and hunter’)

Reading
· Advancing Physics AS Book p206-208 covers the independence of horizontal and vertical components of velocity and projectile motion. The questions on p209 are good for practice.
	· Take care to pitch the mathematics at a level that allows the students to follow the logic of the derivations and also to ‘see’ how the motion relates to the equations. The iterative approach is very helpful here – showing how the vertical component of projectile motion undergoes ever increasing incremental displacements whilst the horizontal motion adds constant increments.

· The idea of ‘dilute gravity’ goes back to Gallileo and his work with objects on ramps.

· Emphasise the switch of perspective from a local view (iterative steps) to a global view (equations predicting the overall path and final velocities and displacements).

· Able mathematicians will be able to move very rapidly through this material whilst others will need to spend more time on it. In a mixed group some students could be given further investigative work on projectiles using the extension experiments and the related files.

	Teaching time: 3 hours

Force, mass and gravitation 
Learning outcomes
· That force, mass and acceleration are related by the relationship F = ma.

· That the gravitational force on an object is proportional to its mass.

· That different masses have the same acceleration g due to gravity.

· That the gravitational field g is the gravitational force per unit mass.

· That the gravitational field near the surface of the Earth is uniform.

This section should cover force, mass and acceleration and the relationship F = ma, using this relationship in a number of different situations to deepen understanding. 


	· The AS Advancing Physics book introduces resultant force and acceleration using the acceleration needed for a commercial airliner to reach take-off velocity.

· The effect of a resultant force can be linked to acceleration using one of the experiments 190E to 210E. The key ideas are that acceleration is directly proportional to resultant force (constant mass) and acceleration is inversely proportional to mass (constant force). These relationships can be established graphically from experimental results.

· The idea that resultant forces change velocities is central to all that follows and this change can include a change in direction (emphasising the vector nature of both force and velocity and preparing the way for A2 work on circular motion).

· It is important to state Newton’s 1st and 2nd Laws of motion and this could be an end point for this section. The first law is easy to state but much harder to fully grasp – many students will automatically add a forward force arrow to an object such as the Moon as it moves in its near circular orbit. Galileo’s idea (and Newton’s 1st law of motion) that movement itself needs no explanation is still hard for students to take on board and it will repay you to discuss many examples.

Quality of Measurement.
· There are many more experimental activities listed in the Teachers’ Guide for chapter 9.3 that can be used to extend this work – two are listed opposite – these focus on Quality of Measurement.

	Force and mass
· Choose one of the following, which differ mainly in the equipment used:

Activities
· Activity 190E Experiment 'Acceleration and resultant force using motion sensor'

· Activity 200E Experiment 'Acceleration and resultant force using a light gate'

· Activity 210E Experiment 'Just how are force and acceleration connected?'

· The next activity uses data about cars to practice using Newton's laws.

· Activity 230S Software Based 'Transport and Newton's laws'

· DisplayMaterial 90O OHT 'Identifying changes in velocity'

· File 160T
Spreadsheet data table 'Data on car performance'

Questions
· Question 120M Multiple choice 'Adding forces graphically'

· Question 130M Multiple choice 'A loading problem'

· Question 140M Multiple Choice 'Landing an aircraft'
· Question 150S Short Answer 'Lifting a car'

· Question 160S Short Answer 'Newton's second law'

· The next two activities focus on Quality of Measurement:

· Activity 375E Experiment ‘Modelling braking distance’

· Activity 380E Experiment ‘Motion of bubbles in a liquid’’
· The AS Advancing Physics book covers the relationship between force, mass and acceleration on p210-211.
	· The essential thing here is that students get familiar and fluent with the use of F = ma, with force as a vector, and with forces in a uniform gravitational field. Despite previous work at GCSE, the amount of discussion, practice and practical experience needed to do this can be quite large. For many students this will use up the time available.

· Others may need their interest kept alive. Challenges can be provided through problems and experiments on motion in resistive media, giving opportunities for experimental work and model-making or testing. Discussing air resistance and its effect on road transport is a possibility. Some students will be able to construct their own Modellus or other models, to predict or explain data collected. However, this work and problems such as terminal velocity are to be seen as optional extras. 

· There are also some interesting readings on the nature of mass and gravity to stimulate discussion. 

· There are plenty of opportunities to use computers for spreadsheet modelling of motion.

	Learning outcomes 

· That different masses have the same acceleration g due to gravity.

· That the gravitational field g is the gravitational force per unit mass.

· That the gravitational field near the surface of the Earth is uniform.
	Gravitational Field Strength.
· Establish that objects near the Earth’s surface have a uniform acceleration. This must be due to resultant force acting toward the centre of the Earth.  Newton identified this force as gravity.

· Identify the gravitational field as an array of arrows at each point in space representing the field strength and direction and distinguish between an approximately uniform field (near the earth’s surface) and the more extensive non-uniform field surrounding the Earth at much larger distances.

· Introduce the idea of measuring the strength of a gravitational field as the force exerted on a standard (1kg) mass and demonstrate this. Use this to introduce the idea of gravitational field strength as force per kg (N/kg). 

· Theory suggests that objects of different mass should fall at the same acceleration in the same gravitational field – show that they do and use the multimedia motion clip to show that this is also the case on the Moon.

· A good way to end this section is by discussing the trajectories of planets and comets. This is a good chance to emphasise the vector nature of forces and the fact that resultant forces change velocity in magnitude and/or direction. 
	Simple demonstrations can be used:
· Drop two objects of different mass and show that they reach the ground at (more or less) the same time.

· Ask how the Earth’s gravitational field strength can be measured and demonstrate this using a large Newton-meter to support a 1.0 kg mass.

· If you can find a copy of the old ‘Science Topics’ Freefall TV video (about 20 minutes) this will provide excellent material for further discussion.

· Demonstrate that a coin and feather fall with the same acceleration in a vacuum using along evacuated tube (but ensure there is no risk of injury if the tube implodes!)

· The multimedia motion CDROM has the famous clip of Apollo astronauts dropping a hammer and a feather on the Moon and can be used to estimate the value of the Moon’s surface gravity.

· The AS Advancing Physics book covers mass, weight and gravity on p212-213. The questions on p214 are useful for practice.


	· The difference between mass and weight needs clear explanation.

· Newton’s achievement in showing that the laws governing terrestrial mechanics are actually universal is well worth mentioning.

· Another common misapprehension is that the only force acting on a planet is the gravitational attraction from the Sun – students are surprised to realise that planets attract one another and affect the orbital paths of comets and asteroids. Newton himself tested his predictions by looking at the interaction of Saturn and Jupiter as they passed one another (causing one planet to speed up and the other one to slow down in its orbit).
· Multimedia Motion can be used to measure g from video clips on Earth and on the Moon.

	Teaching time: 3 hours
9.4 Transport engineering (3 hours)

Learning outcomes
· The kinetic energy of a mass m moving at velocity v is 
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· The increase in gravitational potential energy for a mass m lifted through a height h in a gravitational field g is mgh.

· Work done measures energy transferred, and is given by the net force acting multiplied by the component of the displacement in the direction of the force.

· In motion under gravity, with no other forces acting, changes in gravitational potential energy are matched by equal and opposite sign changes in kinetic energy.

· An object moving at constant velocity against resistive forces loses energy at the same rate as it gains energy from the source which drives it.

· Power expended = rate of doing work = force x velocity (in the direction of the force).


	· The AS Advancing Physics book sets this work in the context of transportation and machinery. Ideas of levers (force-multimpliers) are introduced (implicitly) to help explain the idea of conservation of energy through W = Fs (more F so less s). Expressions for KE and GPE are the derived from the equation for work done.

· You should emphasise that energy going to and from objects can result in changes in kinetic energy, that the change in energy in a system is equal to the difference between the energy coming in and going out, and that changes in energy can be calculated from force x displacement in the direction of the force. Expressions for kinetic energy and potential energy need to be developed, followed by the relationship between power, velocity and force. Students need to become fluent in the calculations. 

Conservation of energy
· Use activity 300P to suggest that, when frictional (dissipative) forces are kept to a minimum, energy is conserved. This could be done individually by students but is more powerful if used as a discussion item for the class. The idea that PE can be transferred to KE and vice versa is important and can be used to introduce the idea of GPE in the earth’s gravitational field. Other practical examples might be used alongside it.

· You could use only one of 320E and 330E or you could combine them into a single activity. They are designed to get students thinking about energy transfers in a practical context. The need to account for all the input energy is important. In some cases (320E) we are trying to minimise dissipated energy and in other cases (330E) we are trying to maximise it.

· Activity 340E applies the same ideas to stopping distances for a car and could be developed into a mini-investigation. Discussion of the relevant theory centres around variables in the equation Fs = 1/2/mv2 allowing a number of relationships to be tested on the assumption of a constant braking force.
Power
· The idea of power as the rate of transfer of energy (or rate of doing work) needs to be introduced at some point. The equation P = Fv is useful and can be derived from W = Fs by thinking about the energy change per second as the force times distance moved per second. This could be related to the rate of stopping of the ‘car’ in the braking distance experiment and the rate of heating of car discs in a real vehicle under braking.
	 Energy transfer and conservation
Activities

· Activity 310S Software Based 'Storing energy in springs'

· Activity 300P Presentation 'Free transport?'
· Activity 320E Experiments 'Good on the rebound'

· Activity 330E Experiments 'Poor on the rebound'

· Activity 340E Experiment 'Stripping away kinetic energy'

· Activity 360S Software Based 'Energy flows and motion'

· File 210L  Launchable File 'Energy flowing to and from a moving vehicle'

· Display Material 100O OHT 'Gravity and free fall'

· Display Material 110O OHT Kinetic and potential energy'

· Display Material 120O OHT ‘Calculating kinetic energy'

· Display Material 130O OHT 'Flow of energy to a train’

· Display Material 140O OHT 'Power, force, velocity'

Questions
· Question 240W Warm-up Exercise 'Along the flat and up the hill'

· Question 200E Estimate 'A bouncing ball'

· Question 210E Estimate 'Landing heavily'

· Question 220S Short Answer 'A skateboarder'

· The Advancing Physics AS book p215-221 provides some recent relevant examples of the applications of work energy and power to transport systems and the questions on p221 provide good practice at basic calculations.
	· The time required for this section will depend on the background of your students. Some (especially those who studied three separate sciences at GCSE) will have met all the key equations already. However, it is still worth showing how everything hangs together – few GCSE students understand the link between W = Fs and the equations for KE and GPE and many confuse power and energy. Some struggle with the equation for KE (especially if they need to use it to find a velocity – they will need plenty of practice questions. 

· If you use activity 310S you will need to decide whether or not to introduce the idea of energy stored on a stretched spring (1/2 kx2). 

	
	· A Team Measurement Task is provided, in the resources for this chapter, to prepare students finally for the Quality of Measurement Coursework Task. Refer to the chapter on Quality of Measurement for more information about how to approach ‘quality of measurement activities.
	· Quality of Measurement Coursework Task
· Activity 400E Experiment ‘Team Measurement Task


	


Other forms of Support

In order to help you implement the new Physics B specification effectively, OCR offers a comprehensive package of support. This includes:

OCR Training
Get Ready…introducing the new specifications
A series of FREE half-day training events are being run during Autumn 2007, to give you an overview of the new specifications.

Get Started…towards successful delivery of the new specifications

These full-day events will run from Spring 2008 and will look at the new specifications in more depth, with emphasis on first delivery.

Visit www.ocr.org.uk for more details.

Mill Wharf Training

Additional events are also available through our partner, Mill Wharf Training. It offers a range of courses on innovative teaching practice and whole-school issues - www.mill-wharf-training.co.uk. 

e-Communities
Over 70 e-Communities offer you a fast, dynamic communication channel to make contact with other subject specialists. Our online mailing list covers a wide range of subjects and enables you to share knowledge and views via email.

Visit https://community.ocr.org.uk, choose your community and join the discussion!

Interchange

OCR Interchange has been developed to help you to carry out day to day administration functions online, quickly and easily. The site allows you to register and enter candidates online. In addition, you can gain immediate and free access to candidate information at your convenience. Sign up at https://interchange.ocr.org.uk




































= ICT Opportunity 


This icon is used to illustrate when an activity could be taught using ICT facilities.





= Stretch & Challenge Activity 


This icon is added at the end of text when there is an explicit opportunity to offer


Stretch and Challenge.





= Innovative Teaching Idea


This icon is used to highlight exceptionally innovative ideas.
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