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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 Scheme of Work and sample Lesson Plans (incorporated within the Scheme of Work) for Physics B. 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

 SHAPE  \* MERGEFORMAT 
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	Topic
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Teaching time: 5 hours

15.1 An Electromagnetic World 
Learning outcomes:
· Be able to draw diagrams of flux for a transformer.
· Be able to describe and explain the action of a transformer.

· Use terms such as B-field, magnetic flux, flux-linkage and induced emf.

· Recognise interlocking loops of current and flux in any electromagnetic [image: image15.jpg]


machine. 
· Use the equation 
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· Use the equation 
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 to calculate the size and direction of the induced emf.
	· Start this section by introducing a variety of electromagnetic machines to the students. The more hands-on, the better. Then get them to try to intuitively understand flux patterns, generated by current-turns, so that they see the electrical circuits hand-in-hand with the magnetic circuits.
· Display Material 10O – “Electric circuits and magnetic flux”.
· Display Material 40O – “Measuring and envisaging flux”.
· Display Material 50O -  “Flow in electric and magnetic circuits”.
· Display Material 60O – “Picturing and drawing fluxes”.
· Display Material 70S – “A catalogue of flux pattern.
· The forces brought about within machines can be understood in terms of flux lines trying to become as short and straight as possible.
· Display Material 30O – “Flux and Forces” 
· From the general overview that students have now had, it is time to move onto electromagnetic induction in general and the transformer in particular.
· Display Material 80O – “Faraday’s law of induction”.
· Display Material 90O – “Measuring changes of flux”.
· Display Material 100O – “Changing fluxes induce an emf”.
· Display Material 110O – “How a transformer works”.
· Display Material 130O – “Flux and flux density”.
· Display Material 140O – Flux from current turns”.
· Display Material 120P – “Electric and magnetic circuits”.

	· Start students thinking about the ideas they are going to meet by using the activities below as a circus:
· Activity 10E – “Commercial Machines”

· Activity 20E – “Introducing eddy currents” 
· Activity 30E – “Faraday’s law”

· Activity 40E – “Magnetic field shapes seen as flux patterns”
· Question 30S – “Drawing magnetic circuits”

· Question 40S – “Sketching flux patterns”
· There are many activities students can undertake to help them make sense of electromagnetic induction and apply it to the action of transformers. A selection of those below should be chosen depending upon the level of the class.
· Activity 60E – “Factors affecting magnetic flux in a coil”

· Activity 70E – “Investigation electromagnetic induction”

· Activity 80E – “Constant rates of change”

· Activity 100E – “Model Transformers”

· Activity 110P – Building up a transformer” 

· Activity 130D – “Demountable transformer”

· Activity 90S – “Building up a model of electromagnetic induction” 
· Activity 120S – “Modelling transformers” 
· Questions that are useful for consolidating the ideas of this section (although using all of them might be overkill!):

· Question 60S – “Changes in flux linkage”
· Question 80S – “Rates of Change”

· Question 100S – “Transformers”

· Question 120S – “Eddy current and Lenz’s law”

· Question 50S – “ Magnet down a tube”

· Question 70S – “Electromagnetism”

· Question 90S – “Bugging” 
· Question 110S – “The circuit breaker”

· Question 130X – “Explaining with induction”
	· The length of time spent and the depth into which the physics is delved at this point will depend upon the level of the students. You may want to revise some GCSE ideas using the questions 10W and 20W. 

· Students should understand that electromagnetic machines perform a variety of functions (transformer, generator, motor) and that they have electrical and magnetic circuits which are inseparably intertwined. Students should be able to sketch the electric and magnetic circuits for the machines they see.
· Students should also be able to understand forces arising due to the repulsion and attraction of poles and due to the force on a current in a field (F = ILB to be studied later), but in actual fact these are also examples of where flux lines try to shorten and align. 
· Students should see that a transformer has two electric circuits linked by a magnetic circuit. For the magnetic circuit, the current turns in the primary electric circuit generate flux, the amount of which produced depends upon the permeance of the magnetic circuit. A direct comparison with the more familiar electrical analogue where a voltage produces current, the amount of which depends upon conductance, is very helpful to students.
· Just as with conductance, permeance increases with a scaling up of size – “bigger is better”, a point well made by Display Material 120P.
· Further discussion, if time and ability allow, could be centred on the readings 10T, 20T and 30T.
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Teaching time: 4 hours

15.2 Generators and Motors 
Learning outcomes:

· Be able to discuss the action of an a.c. generator (alternator).
· Understand that the change of flux linked is produced by the relative motion of the electric and magnetic fields.

· Be able to draw graphs of variations of currents, flux and induced emf.

· Be able to describe the action of an induction motor.

· Know that a three-phase system is used for large scale power generation and distribution.
	· The change in flux produced in a generator by a changing primary current could be instead produced by relative motion between field and conductor.
· Display Material 150O – “Transformer into generator”.
· Display Material 160O – “Large high power generator”.
· Display Material 170O –“Three-phase generator”.
· Students can now move onto the induction motor. To start with they have to see how the rotating field is produced.

· Display Material 190O – “Alternating fields can make rotating fields”.
· Display Material 200O – “A rotating field motor”.
· Display Material 210O – “The squirrel cage motor”.
· Display Material 180S – “Large electromagnetic machines”.
	· Activity 150P – “Ways of changing flux-linkage”

· Activity 160P – “Moving a conductor in a magnetic field”
· Activity 190E – Exploring real dynamos and generators” 
· Activity 180S – “Changing flux-linkage” 
· Activity 210S – “Building up an alternator” 

· Question 140X – “A bicycle speedometer”

· Question 150S – “Flux or flux-linkage?”

· Question 170S – “Graphs of changing flux and emf” 
· Question 180S – “Alternating current generators”

· Activity 200E – “A three-phase generator”
· Activity 220D – “Jumping ring”

· Activity 230S – “Making flux rotate” 

· Activity 240D – “Shaded pole induction motor” 

· Activity 250D – “Model three-phase induction motor”

· Activity 260D – “Building up an induction motor”

· Question 200X – “The induction motor”
· Question 220X – “A variable-speed linkage”


	· This course likes to make the natural progression from transformers to generators (which is the opposite way round to many more traditional courses). The rationale is that transformers provide a natural context in which the link between electric and magnetic parts of a machine can be seen, and help with the development of scientific terminology: flux, flux-linkage, induced emf, rates of change, permeance etc. 

· Once students have understood the induction of emf due to changes in flux-linkage in a secondary coil, it should be easy for them to see how changing the field by relative motion should cause the same effect. Display material 150O is very useful in this regard.
· Adding more coils into the a.c. generator allows for the possibility of multi-phase power generation; students should know that power is generated and distributed on a three-phase system, but an in-depth understanding is not required.
· Students can think of the forces that give rise to rotation in the induction motor as due to Lenz’s law (trying to stop the relative motion of field and rotor) or the straightening of field lines (as the rotor itself is magnetised by eddy currents within it with the poles lagging 90 degrees behind their opposites on the stator – see Teachers’ Guide for more info).

	Teaching time: 5 hours

15.3 A Question of Power 
Learning outcomes:

· To relate the force on a current-carrying conductor to the shape of the magnetic field around it.

· To relate changes of flux linked to the rate of cutting flux.

· To calculate the force on a current-carrying conductor using F = ILB.

· To describe the action of a d.c. motor, including the ‘back emf’ induced in the motor. 
	· Students should first investigate the force on a current-carrying wire in a magnetic field.

· Display Material 230O – “How a current-carrying wire moves in a magnetic field”

· Display Material 250O – “Flux cutting and flux changing”.
· Display Material 260O – “Force on a current-carrying conductor”.
· Students can now try to understand the different demands of motors in various uses – for high power (e.g. train locomotives) or precision (e.g. DVD drives).

· Display Material 270O – “Motors and generators”.

	· Activity 270E – “A simple motor” 
· Activity 290E – “Forces on currents”

· Activity 300E – “Forces on a current-carrying wire”
· Question 230S – “Sketching flux patterns, predicting forces”

· Question 240S – “Forces and currents”

· Question 250S – “Thinking about the design of the d.c. motor”

· Question 260S – “Emf in an airliner”
· Activity 320P – “Torque from a motor”

· Activity 310P – “The effect of loading a generator”

· Activity 330P – “Using an electric drill” 

· Activity 340E – “Motors that make our world go round”

· Computer Screen – “A catalogue of motors”

· Question 270C – “The Birmingham Maglev”

· Question 280X – “ICT driven by precision motors”


	· In this final section, the more familiar motor (from GCSE) will be investigated further, working on the basis that the forces providing the turning effect come about from F=ILB, and the catapult field idea (remember lines of flux trying to straighten). Motors and generators are naturally seen as two sides of the same coin; indeed, as discussed in the Teachers’ Guide this has to be the case to conserve energy.
· Students should understand that as a motor turns, it also acts as a generator – a ‘back emf’ is induced. In a freely spinning ideal motor, the back emf balances the input p.d. so that very little current (and therefore power) is used. If we need the motor to do work, and therefore require a torque from it, the motor must slow down to reduce the back emf so that a bigger current can flow.
· There are several Readings that can be discussed at the end of this chapter, from applications of the ideas in real life to discussing how technology has affected our lives. The final reading (140T – “Relativity drives trains”) gives a completely different perspective on why electromagnetism is so fundamental.
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	Teaching time: 5 hours

16.1 Accelerating towards the ultimate speed

This section introduces the uniform electric field. An excellent way to do so is by comparison with the uniform gravitational field near the surface of the Earth (met in Ch 9 and 11). This was, students can try to grasp the ideas of field lines, potentials, potential gradients and forces. Discuss the application of these ideas in the context of particle accelerators. This will lead naturally to the “ultimate speed”.

Teaching time: 2 hours
16.1.1 The Uniform Electric Field 
Learning outcomes:

· The electric field can be represented by field lines and equipotential surfaces

· E=F/q

· Electric potential, V = electrical potential energy/q

· Energy transfer to/from charge when it moves through a p.d. is W=qV
· 
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	· Briefly revise the uniform gravitational field near the surface of the earth (Ch 9) so that they are familiar again with ideas of field lines, potentials and potential differences. (They should be familiar with, or reminded of, the fact that field lines cross equipotential surfaces at right-angles)

· Now make explicit the link between the uniform gravitational field and a uniform electric field (between two parallel plates). This will include helping students to visualise the electric field via the display materials and activities.

· Finally define the field strength, E=F/q (analogously to that in gravity) and combining that with the definition (Ch 2) of V = W/Q, we get an expression for field strength which lends plausibility to equality of field strength and potential gradient: 
· 
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 (minus sign for direction)

· This is a hugely important result to be used later.

· Question 10W – “The uniform electric field”

· Question 20M – “The uniform electric field and its effect on charges”

· Activity 20D – Using a foil strip to look at uniform electric fields”
· Semolina Field lines (see www.tap.iop.org, episode 406-1).
· Activity 60E – “Measuring potentials in a uniform field using conducting paper”
· Activity 70S – “Relating field and potential”.

	· Display material – gravitational field lines and equipotentials near the surface of the earth, from www.tap.iop.org, episode 404.
· Display Material 20O – “Acceleration: gravitational and electrical”
· Display Material 10O – “The electric field between parallel plates”
· Display Material 50O – “Field Lines and Equipotential Surfaces”
· Display Material 60O – “Field strength and potential gradient”
· Activity 30D – “Exploring potential differences in a uniform field”
· Question 40C – “Thunder clouds and lightning conductors” 


	· The natural tendency of an object that is free to move in the gravitational field is to move from where it has high potential energy to where it has low potential energy, or in terms of the field from an area of high potential to low potential – down the potential gradient.
· Similarly in an electric field, the motion of free charges is governed by the potential gradient. However, because there is negative and positive charge, we need to define that positive charge runs downhill, whereas negative charge runs uphill. This is in fact what they have already witnessed in Ch 2 where a potential gradient (pd) led to a movement of free charge (current).



	Teaching time: 2 hours

16.1.2 Using Uniform Electric Fields 

Learning outcomes:

· 
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 for non-relativistic velocities (v<<c)

· Evidence for the discreteness of the charge on the electron
	· The uses of the uniform electric field can now be dealt with. We can use them for deflection of charged objects that are not moving parallel to the field lines.

· Activity 100D – “Deflection of Water drops by an electric field”.
· The Millikan experiment in which the charge on the electron was determined is an excellent context too and should be taught as evidence for the discreteness of electric charge.

· Question 60S – “Two uses for uniform electric fields”.
· Question 70D – “Millikan’s oil drop experiment”.
· The main context for this chapter is particle accelerators. Students are now in a position to understand how the uniform field between electrodes can accelerate charges. 
	· Question 60S – “Two uses for uniform electric fields” (second half)

· Display material 70O – “Millikan’s experiment”

· Activity 80E – “The Millikan experiment in the school laboratory” 

· Activity 90S – “Using electric fields to measure electric charge” 

· Display material 40O – “The linear accelerator”

· Question 30X – “Using uniform electric fields”

· Reading 20T – “Atmospheric electricity”


	· This is how inkjet printers work, and how minerals may be separated (see question 60S).
· The force produced by the field (F=Eq) accelerates the charges. In order to calculate the speed that they gain, it is necessary to consider the conversion of electrical energy to kinetic energy as they fall through a pd. This leads to 

· 
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. Note that this uses the non-relativistic expression for KE (mv2/2). This will lead to incorrect predictions of speeds faster than c. This is a natural way to lead onto the next section…

· Note that accelerators are not just limited to the huge atom-smashing machines they may have heard of, but are present in CRTs, X-ray machines and the preparation of medical radioisotopes.

	Teaching time: 1.5 hours

16.1.3 The Ultimate Speed 

Learning outcomes:

· Erest=mc2
· =Etotal/Erest
	· Students will now re-acquaint themselves with some relativistic ideas (extending the time-dilation they met in Ch 12), the most important of which is that there is an ultimate speed c.

· A good start to why we might empirically believe in this speed limit is a discussion of Bertozzi’s demonstration.

· Reading 30T – “The Ultimate Speed”.
· Reading 35T – “Why we believe in Erest=mc2.” 
· Now students can appreciate that Newtonian dynamics is not applicable at high energies.

· Question 10S – “Speed and energy of particles – Newtonian calculation”

· Question 20S – “Speed and energy of particles – Relativistic calculation”

· Question 30S – “Comparing Relativistic and Newtonian kinetic energy”

· Question 40S – “Particles at extremely high energies”
	· Display Material 80O – “The ultimate speed – Bertozzi’s demonstration”

· Reading 40T – “Proving that at low speeds relativistic kinetic energy 
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	· Note that the ultimate speed c does NOT place a limit on energy or momentum, otherwise particle accelerators would serve very little purpose!

· By the end of this sub-section, students will realise that in most accelerator calculations, relativistic considerations will come into play. They should be happy with the fact that energy and momentum can increase without limit even if speed does not. In reading 30T they are introduced to the two relationships Erest=mc2 and =Etotal/Erest, which are fundamental to this area. Instead of thinking about “mass increase”, they are encouraged to think of mass as an invariant (equivalent to the energy of a body when it is at rest relative to the observer), and to modify the Newtonian definitions of momentum and total energy to mv and mc2 respectively.

	16.2 Deflecting Charge Beams

This section looks at deflection of charge in uniform electric and magnetic fields and links this to synchrotron design. It then moves on to radial electric fields in the context of particle detection and interaction. The work on magnetic fields builds on that done in Ch 15 and may therefore need longer if that has not already been covered.
	
	
	

	Teaching time: 1 hours

16.2.1 Deflection by uniform electric fields 

Learning outcomes:
· Charges follow a parabolic path in a uniform electric field
	· This has already been partially covered in section 16.1.2. The most important part to note is that the deflection in a uniform electric field gives a characteristic parabolic path. This should be explicitly compared to the path of a projectile close to the surface of the earth (Ch 11), once again exploiting the analogy between uniform electric and gravitational fields.

· Activity 110D – “Deflecting electron beams in an electric field”.
· Activity 130S – “Charged particles between plates”.
	· Display material 100O – “How an electric field deflects an electron beam”

· Display material 110O – “Deflection plates in an oscilloscope”

· Activity 100D – “Deflection of water drops by an electric field” (note that this may have been shown in section 16.1.2)
	· The parabolic path is the result of constant velocity (or no force) in one direction and a constant acceleration (or constant force) in the perpendicular direction. For able enough students, this could be proved as a general result.



	Teaching time: 2.5 hours
16.2.2 Deflection in uniform magnetic fields and the synchrotron accelerator 
Learning outcomes:

· Force on a moving charge in a uniform magnetic field, F=qvB

· Moving charges follow a circular trajectory in a uniform magnetic field, with radius r =p/qB
	· Give a quick recap of magnetic fields – field lines point in direction that a free north pole would move, and when a current flows in a magnetic field (non-parallel to the field lines) there is a force produced that is perpendicular to both the current and the field lines. Students do not need to be able to predict the direction beyond this (although more able ones may wish to).

· Students can now be introduced to the force on a moving charge. If they have already covered Ch 15, they can proceed from F=IlB.
· Question 40W – “Getting F=qvB”

· Activity 120D – “Deflecting electron beams in a magnetic field”

· The next step is for students to realise that if a charged particle enters a uniform magnetic field at right angles to the field, then the force on the charge will remain perpendicular to the direction of motion for as long as the charge is in the field. This force then provides a centripetal force and the charge will move in a circle. (May require brief revision of circular motion concepts met in Ch 11). Expressing this mathematically leads to r=p/Bq.

· Question 150S – “Charged particles moving in magnetic fields”.
· Question 100S – “The cyclotron”.
· Activity 140S – “Circular motion in a magnetic field”.
· Question 120X – “Deflecting charged particles in a magnetic field”.
· Finally the use of magnetic fields to deflect particles (without changing their speed) and electric fields to accelerate particles (without deflecting them) can be combined by looking at the synchrotron accelerator.

· Question 130D – “The proton synchrotron”.
· As synoptic consolidation of the ideas in this subsection, the following questions can be used.

· Question 90S – Deflection with electric and magnetic fields”.
· Question 110M – “Charged particles in electric and magnetic fields”.
· Question 160S – “Fields in nature and in particle accelerators”.
	· Display material 120O – “How a magnetic field deflects an electron beam”

· Display material 130O – “Force on a current: force on moving charge”

· Display material 140O – “Measuring the momentum of charged particles”

· Display material 150O – “The principle of the synchrotron accelerator”
	· Free north magnetic poles do not exist!

· It is easy, particular for weaker students, to become muddled between electric and magnetic field concepts. Keep a look out for this, and be very careful to not mix terms and ideas when explaining them yourself.

· The added difficulty with magnetic fields is that the force produced is out of the plane containing the charge motion and field line. This can be seen as a property that marks them out from E- and g-fields which is why we do not proceed by analogy, and why we will not talk of potentials.

· For more able students, note that the force is only given by F=qvB if v is perpendicular to B. If it is not, the value of v used in the equation should be the component of velocity perpendicular to B. 
· When the particle enters at right angles to the uniform field, the force on it remains perpendicular to its velocity. Thus the magnetic field can do no work on the particle, and so its speed does not change (constant KE). This, combined with the fact that therefore the force remains constant and perpendicular to the motion, is what causes the circular motion.
· If the particle does not enter the field region at right angles, then the component of velocity parallel to the field lines feels no force, whereas the perpendicular causes circular motion. The particle thus moves in a helix around the field lines.

· The synchrotron is the first stage in the acceleration of particles (eg protons) before injection into the main ring at CERN. With the LHC experiment just beginning at the time of writing, this could be a good focus for discussion of the wider aspects of high energy physics – international collaboration, the massive financial investment required and the value of fundamental discoveries.

· The emission of electromagnetic waves limits how much energy can be given to the particles in an accelerator (see Display material 160– “Electromagnetic waves generated by accelerating charges). For a given speed, the larger the radius of the ring, the lower the acceleration (a=v2/r) and the lower the rate of emission.

	Teaching time: 2.5 hours
16.2.3 Deflection by crossed  electric and magnetic fields (optional)  
Learning outcomes:

This section is optional and as such has no specific learning outcomes. It is a great way to consolidate ideas with more able students.
	· Measuring the specific charge (charge to mass ratio) on the electron is an important step in establishing its mass (as Millikan’s experiment yields a value for its charge). This can be done relatively easily in the lab.

· Activity 160D – “Measuring the charge to mass ratio for an electron”.
· Velocity filters (in, for example, mass  spectrometers) are another application of crossed fields.

· Activity 150S – “Velocity filters on a spreadsheet”.
· Activity 170S – “Making a velocity filter”.
· Finally, the Hall Effect can be studied.

· Question 140S – “The Hall effect”.

	
	

	Teaching time: 3 hours
16.2.4 Non-uniform electric fields 

Learning outcomes:

· E= q/4r2 and V=q/4r in a central field: use of analogy and symmetry arguments

· Coulomb’s law, F=Q1Q2/4r2
	· The radial dependence of cylindrical and spherical fields can be obtained by simple geometrical arguments based on the diminishing density of field lines with distance. In this was the natural equivalence of “field strength” and “flux density” can also be seen.

· OHTs 170O, 180O, 190O are a good stating point. For a spherical field, students now see that E= q/4r2. From there, it is a very short step (using the definition of field strength) to F=Q1Q2/4r2.

· Question 210D – “Testing Coulomb’s law”.
· Proceeding by analogy with the gravitational field physics used in Ch 11, we can now deduce that the potential at a point in the electric field is given by V=q/4r. It should also be re-stressed that the relationship between field strength and potential gradient is given by 
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, and that therefore potential differences can be obtained from areas of graphs of force vs. distance.

· Question 180S – “Non-uniform electric fields”

· Question 190S – “Charged spheres: Force and potential”

· Question 200S – “Using the 1/r2 and 1/r laws for point charges”

· Question 170D – “The electric dipole” 

· Activity 220E – Plotting potentials in non-uniform fields”

· Activity 200D – “Exploring potential differences around a charged sphere”

· Finally, if not used already, the following should be a summary of the similarities between electric and gravitational fields, and of all the relevant equations recently learnt.

· Display material 200O – “Radial fields in gravity and electricity”

· Display material 210O – “Force, field, energy and potential”
	· Display material 170O – “Shapes of electrical fields”

· Display material 180O – “Electrical fields with cylindrical symmetry”

· Display material 190O – “Inverse square law and flux”

· Activity 240S – “Mapping inverse square vector fields”

· Activity 250S – “Summing vector fields”

· Activity 240S – “Radial force, field and potential

· Activity 230E – “Measuring potential differences between concentric conductors”

· Activity 210P – “The 1/r hill: slope and force”

· Activity 270S – “Radial force, field and potential”

· The following questions an be used for revision:

· Question 220M – “Relationships for force and field, potential and potential energy”

· Question 240M – “Fields and charged particles”

· Question 250S – “Controlling charged particles”

· Question 260E – “Estimating with fields”
	· Geometrical arguments and symmetry form the backbone of this section. These are used to explain in a visual way the mathematical form of the equations for field strength. (The cylindrical field is used for illustrative purposes only and is not explicitly on the specification).
·  is the “permittivity of free space”. It can be seen simply as a constant of proportionality in the geometrical argument for the form of E. No further knowledge of this is required.

· F=Q1Q2/4r2 is Coulomb’s law. The formal similarity of this and Newton’s law of gravitation should be exploited. In fact, everything that now follows about the non-uniform electric field of a point charge is exactly analogous to the non-uniform gravitational field of a point mass, except for the fact the electric fields can cause repulsions as well as attractions.
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	Teaching time: 4 hours
17.1 Creation and Annihilation 

Learning Outcomes:

· Particles can be created and annihilated in particle-antiparticle pairs

· Electrons and positrons have opposite charge and lepton number

· Electromagnetic interactions arise from the exchange of photons

· Electrons are fermions which obey the Pauli Exclusion Principle

· Leptons are particles like the electron, neutrino and their antiparticles

· Total momentum, energy and charge are conserved in interactions
	· Introduce the idea of antiparticles, beginning with the positron (anti-electron). Antiparticles have, most crucially, opposite charge to their matter counterparts. This would have to be the case for conservation of charge in creation/annihilation events. 

· Show some such events.

· Display material 10S – “Annihilation and pair-production: bubble chamber pictures”.
· Move onto the fact that the annihilation of particles is used in practice in PET scanning, which is a non-invasive medical imaging technique.

· Display Material 20O – “Making PET scans”.
· Learning how it is that PET scanners can locate the position of an annihilation event also brings students naturally on to the ideas that conservation laws (familiar and new) apply in these events.

· Display Material 30O – “Conserved quantities in electron-positron annihilation”.
· Display Material 40O – “Pair creation and annihilation”.
· The neutrino had to be postulated in beta decay in order to conserve momentum, energy and lepton number.

· Display Material 100O – “Beta-decay of strontium-90”.
· Students can now be introduced to the modern view of a quantum field – that of bosons (“force carriers”) being exchanged by fermions (“matter particles”), and how we can keep count of the possible ways of interaction using Feynman diagrams.  

· Display Material 50O – “Quantum fields create and destroy particles”.
· Display Material 70O – “Feynman diagrams show possibilities to be combined”.
· Display Material 80O – “Ways for an electron to scatter a photon”.
· Finally, the distinction between bosons and fermions (in terms of identical particle exchange) can be made.

· Display Material 90O – “Identical Particles – boson and fermions”.
	· Activity 10S – “Bubble Chamber Photographs” 

· Activity 50S – “Identifying particles using Lancaster particles physics software” 
· Question 10S – “Things that don’t change”

· Question 30S – “Creation and Annihilation” (requires the ideas of E=mc2) 

· Question 60M – “Keeping momentum and energy unchanged”

· Question 20S – “Beta-decay and conservation” 

· Reading 10T – “The discovery of beta-decay”
	· Get students to realise that antiparticles are just a form of matter which we happen to see very little of. There is nothing “magical” about it – physics applies to them just as it does to their matter counterparts. They are predicted by combining relativity with quantum physics, and they were detected soon after prediction. Why we do not see many antiparticles around now is a subject of ongoing research in particle physics and cosmology.

· PET is a great way for students to see the applications of what is often thought of as pure research without many real-world applications. 

· It is worth spending time with able pupils trying to show how conservation of momentum leads to two photons being given off in annihilation.
· Pupils will naturally be curious about “virtual particles” and how the conservation laws they have just learnt about seem to be temporarily broken. It is worth reading the Further Teaching Notes to understand how one might respond to some searching questions!

· It should be stressed that these Feynman diagrams are not a pictorial representation of what is happening in space, but a handy way to keep track of all the possible ways a process might occur. Each of these ways leads to a phasor arrow, and the sum of these phasor arrows leads to an overall probability amplitude. Thus the “try all paths” of Chapter 7 becomes generalised to “try all ways”. No single diagram should by itself be used to try to understand an interaction – the interaction is the sum of all of the possible ways.
· The fact that fermions obey the Pauli Exclusion Principle is responsible for the building up of the periodic table, and the fact that bosons do not, and like to be in the same quantum state, accounts for superconductivity, superfluidity and laser action.

	Teaching time: 6 hours
17.2 Scattering and Scale 
Leaning outcomes:

· Scattering experiments reveal the structures of atoms, nuclei and nucleons; the smaller the scale the greater the energy needed

· Atoms have tiny positively charged nuclei, made of protons and neutrons packed together at high density

· Quarks with fractional electric charges combine in threes to form neutrons, protons and other particles

· The strong ‘colour’ force between quarks is carried by gluons, which like photons are bosons

· At high energies, scattering experiments create a large number of new kinds of particle
	· Introduce the idea of trying to “see” the invisible. When light will not do, we need to “throw things in” and see what happens – this is the basic idea of scattering experiments. Start by looking at Rutherford Scattering.

· Display Material 110O – “Alpha particle scattering experiment”.
· Display Material 120O – “Rutherford’s picture of alpha particle scattering”.
· Activity 210P of Chapter 16 can be used to demonstrate alpha-particle paths too.

· Using field ideas from Chapter 16, the distance of closest approach can now be calculated.

· Display Material 130O – “Distance of closest approach”.
· The size of atomic nuclei can nowadays be measured more directly from elastic scattering of electrons. This is essentially the same as Rutherford Scattering, only the high momentum of the electrons means that they have a short quantum wavelength (see Chapter 7) so wave diffraction effects also play a part.

· This also confirms the huge density of nuclear matter.

· Display Material 140O – “Density of Nuclear Matter”.
· At even higher electron energies, inelastic scattering takes place. These experiments give evidence for the substructure of nucleons.

· Display Material 150O – “Deep inelastic scattering”.
· The substructure of nucleons (and some other particles) can now be explored in terms of quarks with fractional charge. (Only up and down quarks need be mentioned). What holds them together is the exchange of gluons. If quarks are pulled apart, more quarks are formed. This is why if the energy is high enough, jets of new particles are created from the kinetic energy of the electrons. 

· Display Material 160O – “Quarks and Gluons”.
· Finally the link between scattering and scale should now be explicitly stated. 
	· Activity 70E – “Probing Arrangements” 

· Activity 80S – “Probes scattered by a target”
· Activity 90S – “Many probes scattered by a target” 

· Activity 100S – “Where scattered probes go” 
· Question 80S – “Rutherford scattering: directions of forces”

· Reading 70T – “Towards a nuclear atom”

· Question 70S – “Rutherford scattering: energy and closest approach”

· Question 90S – “Electrons measure the size of nuclei” 

· Activity 130S – “The density of nuclear matter” 

· Activity 60P – “Quark Models” 
· Question 110S – “Putting quarks together”

· Question 100S – “Scattering and Scale”

· Activity 110S – “The Livingston curve” 

· Activity 120P – “The funding of particle physics”
	· With able or interested students, it is worth spending time on what the expected results were of the Rutherford Scattering, due to the “plum-pudding” model.

· For very able students, a derivation of scattering angle as given in the Further Teaching Notes may be appropriate.
· The distance of closest approach was the first indication of the maximum size of the nucleus.
· Thus Rutherford discovered the nuclear model of the atom. However, it was still in many ways incomplete – it needed no neutrons and had no electron energy levels for instance. However it was important in establishing that most of the atom was empty space, and that therefore nuclear density must be incredibly high.

· The diffraction ideas used here are originally from Chapter 6.

· Nuclear matter has a density of around 1017 kg m-3. This means that a teaspoon of it would have a mass of around one hundred million tonnes! The fact that ordinary densities are so much lower is testament to atoms being mainly empty space. 

· Neutron stars are basically balls (of neutrons) of this density a few km across. Able students might like to estimate the diameter of a neutron star of the same mass as the Sun (2.0 × 1030 kg).
· At the sorts of energy required for deep inelastic scattering, the energy of the electrons is thousands of times higher than its rest energy (i.e. the relativistic gamma factor is in the thousands). 

· To the electrons, the nucleons seem “flattened” in the direction of motion.

· The quarks have a property called “colour” which causes them to act on each other in much the same way as “charge” makes electrons act on each other. Gluons mediate the force between coloured particles in the same way that photons mediate the electric force between charged particles. However, colour comes in 3 varieties as opposed to charge which comes in one (+ and – being opposite sides of the same coin). However, gluons are themselves coloured which means that they can act on each other. This turns out to be why more particles are produced when one tries to separate quarks.
· Although not explicitly in the specification, students may have heard of the other quarks, and indeed the generations of quark, as well as many other “fundamental particles”. For those that are interested, the A2 textbook contains more information as do many elementary books for the layman.

· Rutherford’s experiment just under 100 years ago with energies of a few MeV fitted on a desk-top. Today, the LHC at CERN, with energies in the TeV range requires a 27 km long tunnel and detectors the size of hotels. They also cost billions of pounds to build and operate and require huge multi-national collaborations. For more info, go to www.cern.ch. 

	Teaching time: 4 hours
17.3 The Music of the Atoms 

Learning outcomes:

· Electrons confined in a region of space can be modelled as standing waves, with wavelengths determined by the size and shape of the confining region

· The de Broglie wavelength is given by =h/p
· Discrete atomic energy levels correspond to discrete electron standing waves in an atom
· Electrons can make quantum jumps between allowed energy levels, emitting or absorbing a photon whose energy is given by E=hf = Einitial – Efinal
· The energy levels in the hydrogen atom are given by En= -13.6 eV / n2, where n is the principal quantum number.
	· Remember from Chapter 7 that electron could behave like waves, with =h/p. Recall also that when waves are confined to a region, standing waves are formed (Chapter 6). These ideas together will help them build up a picture of energy levels in atoms.

· Display Material 170O – “Standing waves in boxes”.

· Display Material 180O – “Colours from electron guitar strings”.
· Display Material 190O – “Energy levels”.
· Display Material 200O – “Standing Waves in Atoms”.
· Now that students appreciate the concept of energy levels and where they come from, they can meet the formula for the energy levels in the hydrogen atom,  En= -13.6 eV / n2.  From this they can move onto energy-level transitions (already covered a little in question 170S) and therefore atomic spectra.

· Finally for this section, students should grasp that the standing wave idea helps us to estimate the minimum size that a hydrogen atom could have.

· Display Material 210O – “Size of the hydrogen atom”.

	· Question 170S – “Carrots and guitar strings

· Question 80S – “Spectra and energy levels”

· Question 180S – “The hydrogen spectrum”

· Question 160S – “How small could a hydrogen atom be?”

· Activity 150S – “Sizing up a hydrogen atom” 

· A synoptic ending to this section could include:

· Question 140C – “How Neils Bohr began quantum theory”

· Question 180D – “Products of the Big Bang”
	· Although students may well be familiar with the idea of energy levels in atoms, this will be the first time they try to understand why they exist.

· The key point for students to grasp is that whenever a wave is confined into a region, standing waves are formed. This fixes the allowed wavelengths, and therefore, for electron waves with =h/p, the allowed momenta and therefore the allowed energies. The confinement is provided by the potential well of the atom, although we simplify it here to a 1D rectangular box (a wave on a string).

· The energy level picture built up is crucial, although students should be made aware that the model is an over-simplification and that in reality, the 3D potential well of the atom is what confines the electrons, and this gives rise to an energy level picture with a different dependence on n. 

· For the most able students, building up the Bohr Model of the atom (by starting with whole numbers of electron wavelengths having to fit into a circular electron orbit – equivalent to quantising angular momentum) may be illuminating. A treatment such as that in Arthur Beiser’s “Concepts of Modern Physics” (McGraw-Hill) or alternatively, http://en.wikipedia.org/wiki/Bohr_model, is not beyond the brightest A-level students. 



	Teaching time: 1 hours
17.4 Known and Unknown 
Learning Outcomes:

· There are no learning outcomes for this section, but students should get a flavour of the current state of affairs in particle physics.
	· The amount of material covered here is to be determined completely by the interests of the teacher, the class and the time available. There is no new examinable material.


	· Display Material 220O – “What the world is made of”

· Reading 40T – “Quantum Theory in the twentieth century”

· Reading 50T – “Where did all the antimatter in the universe go?”
	· The basic aim would be to give an overview of the current state of particle physics (the “Standard Model”), and then touch on all of the questions that still require answers. A flavour of this can be found in the A2 book, or in the Teachers’ Guide.
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	Teaching time: 3 hours
18.1 Ionising Radiation put to use 
Learning outcomes:

· Ionising radiations have a wide range of uses in medicine, technology and everyday life.

· Ionising radiations mainly interact with matter by ionising atoms. Alpha radiation is strongly ionising; beta and gamma radiation less so.

· Alpha particles have a definite range in air. Beta particles have a variable range. Gamma radiation is attenuated exponentially in an absorbing material with
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· The unit of absorbed does is the gray, Gy, the energy in joule absorbed per kilogram of material. The unit of dose equivalent is the sievert, Sv, the absorbed dose in gray multiplied by numerical factors to allow for the different effects of different types of radiation and tissue.

· The concept of risk combines the probability of an event with the consequences of that event occurring: risk = probability x consequence.
	· A good place to start is a discussion of risk – what it means, how we might quantify it, what risks we face every day, what makes some risks seems acceptable and others less so.

· The “cameos” are a good way of stimulating thought in this area.

· The ideas brought out by discussion on risk can now be put into the context of perceived and real risks from radiation.

· Focus can now move onto the various uses of ionising radiation.  Experiments should be chosen according to students’ previous experience, and the questions can be used to bring home the uses of radiation.

· In learning about the various uses and effects of ionising radiation, students need to learn how and why radiation exposure is measured.

· Display Material 10O – “Absorbing radiations”

· Display Material 20O – “Doses”

· Display Material 30O – “Whole body dose equivalents”


	· Question 10D – “The cost of taking a chance” 

· Question 20X – “Telling people about risk”

· Question 40C – “Radon – healthy or harmful?”

· Question 50C – “How safe are X-rays?”

· Question 60C – “The mass X-ray programme”

· Question 70C – “Some of the dangers of flying to high”

· Reading 100T – “The radium girls”

· Activity 30E – “Radiation all around”

· Activity 50E – “Rays make ions”

· Activity 60E – “Ions produced by alpha particles”

· Activity 90E – “The range of beta particles in aluminium and lead”

· Activity 100E – “Absorption in biological materials” 

· Activity 110E – “Range of gamma radiation”

· Activity 130S – “Exploring radioactive decay” 

· Question 90C – “Industrial radiography”

· Question 100C – “The smoke detector”

· Question 130C – “Radiation 

· protection and dosimetry”

· Question 120S – “Summary questions for 18.1”


	· Don’t be worried about raising more questions than are answered here!

· Before embarking on these questions, you may need to decide on how much revision is needed on the basic nature of ionising radiations, which will last have been covered at GCSE level.
· Note that there are many more activities and questions in the “Further Resources” section of the Teachers’ Guide – it is very worthwhile looking at these, although using them all might be overkill!

	Teaching time: 5 hours
18.2 The Nuclear Valley 
Learning outcomes:

· Stable light isotopes tend to have equal numbers of protons and neutrons; more massive isotopes have a larger proportion of neutrons to offset the mutual electrical repulsion of the protons.

· The binding energy of a nucleus is the difference between the rest energy of the nucleus and the total rest energy of its individual nucleons. The rest energies are found from the masses using 
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· The binding energy per nucleon forms a valley with a minimum near iron.

· Alpha emission reduces proton and neutron numbers each by 2. Several chains of such decays are known.

· Electron () emission changes one neutron into a proton. Positron () emission changes a proton into a neutron.
· Radioactive decays take a nucleus to a state of lower energy. Gamma emission does so without change in numbers of protons and neutrons.
	· Students may need to be reminded about the constituents of the nucleus (from Chapter 17) and need then to learn the symbols for summarising the contents of a nuclide (atomic/proton number and mass/nucleon number). They can then be introduced to the 2D plot of neutron number versus proton number.
· Display Material 50O – “Stability: balanced numbers of neutrons and protons.
· Students can now see how different decay processes take different nuclides closer toward the line of stability.

· Display Material 90O – Decay Processes”.
· Students will now see how we quantify “stability” in terms of binding energy. They have already come across 
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 in Ch 17. They now use it to calculate binding energy.

· Display Material 60P – “Finding binding energy”.
· The binding energy per nucleon curve should now be introduced. However, Advancing Physics does this in the form of a 3D plot that incorporates the neutron number versus proton number curve too. This is referred to as the “Nuclear Valley”.

· Display Material 100S – “Views of the nuclear landscape”.
· Display Material 70P – “The nuclear landscape”.
· Finally for this section, students can use the ideas learned while exploring the nuclear valley to see how radioactive decay series come about.

· Display Material 40O – “Four radioactive decay series”.
· Display Material 80O – “Two decay chains”.

	· Activity 140S – “Binding energy of nuclei”  

· Question 170D – “Binding energy and mass defect”

· Question 210S – “Change in energy: change in mass”

· Activity 150S – “Exploring the  nuclear valley”

· Question 140D – “Radioactive decay series”

· Question 210S – “Summary Questions for 18.2”
	· Students should appreciate the need for the neutrons to provide an attractive bonding force that overcomes the repulsive electric force between protons. This “strong” force (mentioned also in Ch 17) is very short range, acting practically only between nearest neighbours, as opposed to the electric force. This is why proportionally more neutrons are needed in heavy nuclei than light ones. It is also what puts a limit on the maximum proton number of naturally occurring isotopes. This helps us to understand the shape of the line of stability, and the fact that unstable nuclei “fringe” it. Reading 20T – “What holds nuclei together” offers more information. 
· More specifically, it is the binding energy per nucleon that is a quantifiable measure of stability (as evidently comparing the total binding energy of a heavy nucleus with that of a light one is not a fair comparison!)
· It is important to make clear to the students that what they are seeing is a 3-dimensional plot of the nuclear landscape. The horizontal axes are neutron and proton numbers (and therefore incorporate the line of stability plot already seen) and the vertical axis gives binding energy per nucleon. 

· Names such as “fusion hill”, the “Coulomb slope”, the “iron lake” and the “Pauli cliffs” are not examinable, but will help students visualise the plot in 3D, as well as giving useful ways of remembering important features of the landscape and why they exist.



	Teaching time: 3 hours 

18.3 Fission and Fusion 
Learning outcomes:

· Fission releases energy by a large nucleus such as U-235 breaking into two parts, each more tightly bound than the larger nucleus, by about 1 MeV per nucleon.

· A fission chain reaction can occur, in which neutrons from one fission event cause other nuclei to undergo fission.

· There is a critical mass for fissile material, at which the chain reaction becomes self-sustaining.

· Slow neutrons are captured and induce fission more efficiently than fast neutrons. Nuclear reactors use a moderator to slow the neutrons, and a coolant to carry away energy.

· In nuclear fusion, low mass nuclei fuse to form more massive nuclei which are more tightly bound, by several MeV per nucleon.

· Fusion of hydrogen to helium occurs in the sun. On Earth, fusion has been achieved but fusion as a source of power remains only a possibility.
	· Start by describing the process of fission for a U-235 atom.  Then go onto explaining how a chain reaction may be set up, but that there has to be a critical mass, beneath which too many neutrons escape from the uranium. 

· Display Material 110O – “Nuclear Fission”.
· Display Material 120O – “Chain reactions”.
· Next, explain that fission releases energy by movement of nuclei down the coulomb slope of the nuclear landscape, to the tune of about 1 MeV per nucleon. This large energy release is the basis of fission bombs and nuclear power.

· Display Material 130P – “A pressurised water reactor”.
· Finally for this section, go onto fusion. This is the release of energy as small nuclei fuse together to move down “fusion hill” in the nuclear landscape, releasing energy to the tune of several MeV per nucleon. Fusion is the power source of the sun (mainly hydrogen fusing to helium) and fusion bombs have been built and tested, but fusion power is still only a possibility.

· Display Material 140O – “Fusion”.

	· Question 240C – “Power in space”
· Activity 160S – “Nuclear fission and critical mass”

· Activity 40S – “Sources of radiation in the UK – some facts and figures”

· Question 270S – “Fission in a nuclear reactor – how the mass changes”

· Question 220C – “Life and death of a nuclear reactor”

· Question 230D – “The disappearing sun”

· Question 260S – “Fusion in a kettle?”

· Question 250S – “Fission and fusion – practice questions”
	· This fission is caused by the prompted absorption of a neutron – it is not spontaneous in the sense that the other radioactive decays are (alpha, beta, gamma).

· The critical mass is shape-dependent, but if a shape is not given, it usually refers to a spherical geometry.

· The use of fission in power generation and nuclear bombs offers a huge amount of opportunity for discussion, especially about the risks inherent with the use (and misuse) of nuclear energy. Fission reactors produce no greenhouse gases but they do produce radioactive waste. The pros and cons of nuclear power should be discussed, and again, students may be left with more questions than answers. 

· A fission bomb is an uncontrolled chain reaction – in a power station, we want a much more controlled release of energy. This requires the careful design and use of fuel rods, moderator, coolant and control rods. More detailed info is available on many websites, a great one of which is http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html
· For many years now, scientists have been confident that fusion is just a few decades away (to the point where it is becoming something of a standing joke in the wider physics community!). Fusion power requires raw materials which are very abundant and produces much less radioactive waste than fission. Controlled fission has been achieved in experimental systems, but for no more than a few seconds. The conditions required and the difficulties in obtaining and sustaining them still prove prohibitive. More information is again available at http://hyperphysics.phy-astr.gsu.edu/hbase/hframe.html and at http://www.jet.efda.org/pages/fusion-basics.html.




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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