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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. 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 for Physics. 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.
In some cases, where the Support Materials have been produced by an active teacher, the centre logo can be seen in the top right hand corner

Each Scheme of Work and set of sample Lesson Plans 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 and sample Lesson plans provide 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 



	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	2 hours
	Topic
	Electric current

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

	2.1.1 Current and Charge
	Demonstration with simple circuit to discuss current and charge flow in a circuit. Recap use of ammeter to measure current. Discuss flow of free/delocalised negative electrons for a metal, each with charge of magnitude e

Relate current to charge flow passing a point per second, use of (Q = I (t

Discuss units and define the coulomb

Measure current and calculate charge flow in different times with different currents

Show or do a practical with electrolysis

Emphasise that current can be due to both positively and negatively charged particles

Distinguish between conventional current and electron flow in circuits. Discuss historical reasons for the convention (developed before the discovery of the electron) 
	Simple circuit with resistor or bulb and (demonstration) ammeter

Discussion of analogies with traffic or water flow

Practice calculation questions. Include “how many electrons when…” and “If x electrons…”

Circuit with copper electrodes and salt solution in a beaker, or see website for colourful electrolysis experiment

	Many virtual lab type resources or on-line simulations are available. Some examples from “Absorb Physics for A level” have been included in this SOW

Many useful experiments exist online as well as in standard textbooks. A good starting point is practicalphysics.org 

Colourful electrolysis experiment at http://www.practicalchemistry.org/experiments/colourful-electrolysis,54,EX.html
Extra historical detail could be introduced (HSW)

Absorb Physics for A level 

Basic Electricty – Current and Voltage


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	2 hours
	Topic
	Electric current

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

	Charge and Current
	Class experiment – Students measure currents in different branching circuits. Use this activity to discuss Kirchhoff’s first class
Notes and sample calculations on Kirchhoff’s first law. Relate to conservation of charge

Relate current to microscopic charge flow and show derivation (optional) of I = nAve

Discuss meaning of v and the difference between drift velocity and instantaneous velocity of charge carriers

Explain categorisation of conductors, semiconductors and insulators in terms of number density n

	Demonstration/practical to investigate current at different points of a series/parallel circuit

Question sheet with practice questions on Kirchhoff’s 1st  law and I = nAve

End of topic test
	Analogy with speed of individual bees and speed of the swarm for drift velocity
After a calculation showing that v is of the order of mm per second. Discuss how a light bulb comes on virtually immediately despite this slow drift velocity of electrons and the distance between the switch and the bulb
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	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	10 hours
	Topic
	Resistance

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note
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2.2.1 Circuit Symbols
	Introductory task: Students have to draw symbols for components met at GCSE on a whiteboard/paper

Either introduce circuit symbols as each component is introduced in context, or start with symbols to be learnt

Exercise to draw a circuit when it is described in words or card games


	Photocopy symbols/words onto card, cut up and students play matching pairs games

· “Bingo” type game when students write randomly 6 of the words down then mark off the ones they have when symbols are shown

End of topic test


	Several useful sites with circuit symbols, e.g. http://www.kpsec.freeuk.com/symbol.htm
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2.2.2 E.m.f. and p.d.
	Discuss energy transfer in a simple circuit. Highlight difference in energy transfer in source and components and/or discuss in terms of work done on or by the charge. From discussion of energy transferred for a given amount of charge, give definitions of p.d., e.m.f. and the volt. Show and discuss use of a voltmeter

Questions to practice use of definitions and relationships including W = VQ
	Cell, voltmeter and lamp/other components in a circuit to demonstrate and serve as a focus for discussion

Practice questions for consolidation/ End of topic test
	Extend discussion of p.d. as “difference in potential” between points in a circuit and relate this to connecting voltmeter across components

Emphasise that a voltmeter is a ‘joules per coulomb’ device

Absorb Physics for A level 

Basic Electricty  – Current and Voltage
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2.2.3 Resistance
	Practical activity to record I-V data for components such as resistor, (silicon) diode, LED and filament bulbs. (An extension exercise can easily be ‘investigating the threshold p.d. for different ‘coloured’ LEDs’)
	Circuits with cells or power supplies, ammeter, voltmeter, LED, resistor, bulbs

Use water-bath for resistor at constant temperature

Show a range of LED applications from torches and domestic lighting to traffic lights
	Common misconception: emphasise that R has nothing to do with the gradient (or even the reciprocal) of a characteristic curve

Absorb Physics for A level 

Basic Electricty  – Current and Voltage
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	Plot characteristic curves and discuss the differences –  leading to use of the term resistance

Introduce and define resistance. Define the ohm

Define Ohm’s law and discuss which components are ohmic and which are non-ohmic. Discuss benefits and limitations of LEDs compared to filament lamps 


	End of topic test
	

	2.3.4 Resistivity
	Practical investigation of factors affecting resistance but see “points to note”

Emphasise factor of cross-sectional area rather than thickness or diameter

From R ( L/A define resistivity and show the units are (m

As R varies with temperature from investigation, state that resistivity varies with temperature and discuss how for metals and semiconductors

Questions on resistivity and resistance

Estimate thickness of a pencil line using resistivity of graphite


	Wires of different lengths/diameter/materials and water-baths at different temperatures in circuits with cells or power supplies, ammeter, voltmeter

Measuring R against ( for a thermistor can be investigated using thermistor, water-bath and circuit as above
Practice questions for consolidation
Pencil, paper, ruler, 2 jockeys, cell (or variable d.c. power supply), voltmeter and ammeter. Investigation of different pencil hardness is possible
End of topic test
	Students frequently seem to have carried out this investigation at GCSE and readily know the factors already; however mathematical terms like ‘directly proportional’ and ‘inversely proportional’ can be re-examined. Fewer have varied temperature

Applications of superconductors is a stimulating area for further study
Good resource, including current highest claimed Tc, at http://www.superconductors.org/index.htm


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	10 hours
	Topic
	Resistance

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

	2.2.5. Power
	Recap definitions of power and the watt (from 1.3.3)

Develop concept of electrical power from         W = VQ to P = IV and I2R and V2 / R
Use a domestic electrical bill to illustrate the alternative unit for energy – the kilowatt-hour

Define the kilowatt-hour as a unit of energy.

Calculations of transfer of electrical energy in joules from W = IVt and in kWh from P (kW) x t (hours)

Practice is necessary to ensure familiarity with units. Include cost of energy from cost per kWh
	Practical/demo of a joulemeter is useful. E.g. with a bulb and a 12V supply. Challenge students to predict energy use when 2 bulbs are used in series or in parallel to lead on to next section

Practice questions for consolidation

End of topic test
	Emphasis of kW h as a unit of energy seems necessary for many students

Utility bills for current costs

	Summary of 2.1 and 2.2 Current and resistance
	Recap of work so far

Students summarise key equations and concepts on cards. A definitive version is made into a poster for the laboratory

Assignment or test
	Assignment or test from old OCR spec A module 2 (2822) papers 

Strategy – students to mark each other’s work

Can also give a ‘pretend’ question done by a candidate and the students mark it. Salient points are discussed using OCR marking schemes
	 


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	10 hours
	Topic
	DC circuits

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

	2.3.1 Series and Parallel Circuits – Kirchhoff’s second law
	Demonstrate and recap Kirchhoff’s first law from 2.1.1 and re-state behaviour of current in series and parallel circuits

Use a simple series circuit to demonstrate link between e.m.f. and p.ds in a circuit loop

Discuss how energy per unit charge can be considered for charges going around loops of series and parallel circuits, leading to understanding of Kirchhoff’s second law as a consequence of conservation of energy

Illustrate Kirchhoff’s second law with several examples including series with more than one e.m.f. (e.g. battery re-charger) and parallel with cells in different loops. Emphasise importance of setting a ‘direction’ for a loop and current flows and convention of + or – IR
Link Kirchhoff’s laws with V = IR to show p.d. divides in the same ratio as resistance for series and current divided in inverse ratio as resistance for parallel
	Students can discuss analogies with water or traffic flow. Extend analogy of water flow with pressure being analogous to voltage

Teacher lead explanation

Practice questions for consolidation

Scope for significant differentiation in complexity of circuits students try to solve


	“Golden rules” of current same in series and divides in parallel may be useful to state

“Golden rules” of p.d. divides in series and same in parallel

Careful exposition and considerable practice required



	[image: image11.wmf]Series and Parallel Circuits – Resistors in series and parallel
	Investigate empirically and/or derive theoretically (from Kirchhoff’s laws) equations for two or more 
resistors in series or
in parallel

 
	Range of resistors, cell or power supply, ammeter and voltmeter (or use ohmmeter function of a multimeter)
	Absorb Physics for A -Level 

Basic Electricty  – Series and Parallel Resistors

	Series and Parallel Circuits – Internal resistance
	Introductory demonstration/class experiment of decreasing terminal p.d. as current drawn increases. Students in pairs to try to come up with an explanation

Explanation in terms of internal resistance as a property of all e.m.f. sources. Discuss the equivalence of terminal p.d. and p.d. across external components

Apply Kirchoff’s second law to give

      e.m.f. = I(R+r) = V + Ir

Practical to investigate how V varies with I
Analysis of results via V-I graph in comparison with y = mx + c to find r from the (negative) gradient and e.m.f. from the y intercept
	Power supply (or batteries), voltmeter and rheostat

Opportunity to do Excel graph of terminal p.d. against current to find the gradient

End of topic test
	Absorb Physics for A level 

Voltage, EMF and Internal Resistance – EMF and internal resistance
“Cheating” and adding a few ohms resistance in series with the cell gives clearer results

	2.3.2 Practical circuits
	Introduce a simple potential divider circuit

Students’ investigate how Vout varies with different fixed resistors and then a variable resistor instead of one of them

Theoretically derive the potential divider equation and check it worked for circuits investigated practically

Explain a rotary potentiometer and give applications such as volume control

Introduce students to LDRs and show their response to light intensity. Compare to thermistors and explain in terms of energy given to allow charge carriers to become delocalised

Students to work in small groups to devise circuits to respond appropriately to changes in temperature and light intensity

Concluding discussion to cover advantages of using data-loggers to monitor 
physical changes


	Batteries or power supply, resistors and voltmeter

Groups of 4 to propose how to solve a problem in a real-life setting– one pair how to switch on heating when it is cold and open ventilation when it is hot. Other pair how to switch on lights when it is dark and extend shades when it is cold. Pairs then divide and swap, with each student in the new pair to explain their original pair’s solution to the other

End of topic test
	Absorb Physics for A level 

Voltage, EMF and Internal Resistance – Voltage Dividers

	Summary of 2.3 Practical Circuits
	Recap of work so far

Assignment or test
	Assignment or test from old OCR spec A module 2 (2822) papers 
	 


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	18 hours
	Topic
	Waves

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

	2.4.1 Wave Motion
	Students are given five minutes to write the similarities and differences between sound waves and light. This can be used to assess prior knowledge of the class

Introduction to types of waves e.g.: using a slinky spring to show transverse, longitudinal, progressive and standing waves. Illustrate how a progressive wave transfers energy

Define displacement, amplitude, wavelength, period and phase difference, frequency and speed

Derive v = f(. 

Discuss:


reflection (echo/mirror)


refraction (show for light, possibly 
illustrate seismic waves and knowledge 
of interior of earth)


diffraction (waves through harbour 
entrance, sound through a doorway etc)
	Slinky spring

Show/get students to use data to find frequency of sound waves on C.R.O. (they will need to know f = 1/T)
Use two microphones to find phase difference between two points hence wavelength and speed

Possible class experiment: Diffraction of laser light at a hole or looking at a bright source of light through narrow slits


	Phase difference may make more sense defined in the context of interference later
Absorb Physics for A level 

Basic Properties of Waves – Properties of waves; Wave speed, frequency and wavelength
Emphasise that the wave equation can be applied to all types of wave

Absorb Physics for A level 

Waves and Optices – Reflection; Diffraction; Refraction

	2.4.2. Electromagnetic Waves
	Students to come up with parts of EM spectrum and put them in order or wavelength using prior knowledge or research. Give typical wavelengths, which must be learnt for examination

Discuss similarities (same speed, c, travel in vacuum, transverse oscillations of EM field, can be reflected, refracted, diffracted and polarised) and differences (f, (, energies, sources and uses)

Student pairs could each research a different part of the spectrum and report back to the group, esp. on uses.

Highlight the dangers of parts of the spectrum inc UV-A, -B and -C and
 use of sunscreen


	Quiz/test to check prior knowledge

End of topic test
	Clarify ranges of parts of the spectrum with some being fixed (eg visible spectrum) and some being artitrary (eg division between micro and radio waves)

Discuss overlap of Gamma and X rays

Historical discussion of discovery of parts of the EM spectrum provides many interesting lessons in HSW

Good area for further reading, for instance see Multiple Exposures, Chronicles of the Radiation Age by Catherine Caufield

Absorb Physics for A level 

Basic Properties of Waves – The electromagnetic spectrum
Division of UV into A/B/C not on old OCR Specification A

	Polarisation
	Illustrate polarisation of visible light using Polaroid filters. Students investigate that reflected rays are (partially) polarised. Discuss use of filters e.g. fishing, photography

Demonstrate polarisation of microwaves

Discuss if longitudinal waves can be polarised

Illustrate light passing through filters at different angles. State Malus’ law for transmitted intensity


	Polarising filters and a trip to local pond/river to see polarisation of reflected light. Also observe light from laptops and stressed material (crossed filters needed)

Microwave transmitter and receiver with metal grill. As a Stretch and Challenge task some students can investigate how the transmitted power (as recorded by the receiver) depends on the angle. This will be useful when discussing Malus’s law 

Show re-emergence of light when a polarising filter is placed at 450 between cross filters. See if students can explain in terms of vector components being allowed through

End of topic test


	Investigation of degree of polarisation and the Brester angle provide areas for further study

Malus’ law was not on old OCR specification A

Malus’s law can be investgated using a calibrated light-meter to measure the transmitted lght intensity from a Polaroid

	2.4.3 Interference
	Demonstrate combination of transverse waves using a slinky. Discuss the difference between how waves and objects ‘interact’. Introduction including principle of superposition and graphical methods

Show interference of microwaves and directly relate fringe spacing to path difference using given wavelength. Relate path difference to phase difference. Explain high and low intensity signal from receiver as constructive and destructive interference

Demonstrate interference using two coherent loudspeakers. Students to move around a room and hear high and low intensity sound from a pair of speakers

Show two-slit interference with laser beam. Try with a non-coherent source and discuss

Seek explanation in terms of anything other than waves and superposition – explain how this experiment was key evidence for wave nature of light


	Microwave transmitter and receiver, metal sheets to form double slits

Signal generator with amplifier and pair of loudspeakers

Laser, double slits and screen in darkened lab
Students could take opposing sides and debate classic particle theory (Newton) against wave theory (Young.) Discuss how influence of Newton in Britain hampered wave model here but how the idea developed quickly in France. Lots of illustrations of HSW

Laser, multiple slits, diffraction grating and screen in semi-darkened laboratory

Practice questions for consolidation/ End of topic test
	Recap phase difference if introduced earlier or define it in this section

Absorb Physics for A level 

Waves and Optices – Interference

Note the fringe spacing, slit separation and distance from slits for later
Note safety considerations with laser

Aim to convey to students the mystery of light from each slit arriving at a point in the screen but cancelling out to give darkness!

Animation online at

http://galileoandeinstein.physics.virginia.edu/

more_stuff/flashlets/youngexpt4.htm

Students could be shown derivation of two-slit and diffraction grating formulae

	
	Relate intensity of light on the screen to amplitude of wave from principle of superposition (I ( A2)

Use equation ( = ax/D to calculate wavelength of visible light from fringe separation

Relate equation back to results from microwave experiment to check wavelength

Show interference pattern for laser light as number of slits increases leading to pattern for diffraction grating, showing advantage of multiple slits

Use equation n( = d sin ( with diffraction grating and get students to calculate number of slits per mm

Problem-solving practice with path difference, phase difference, superposition, 2-slit equation and diffraction grating formula questions


	
	


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	18 hours
	Topic
	Waves

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

	2.4.4 Stationary Waves
	Demonstration with waves on a string or rubber cord. Show fundamental and series of harmonics at increasing frequency with decreasing wavelengths. Use frequency and ( to measure speed of wave in string/cord

Define and identify notes and antinodes

Discuss the differences and similarities between progressive and stationary waves

Demonstrate with microwaves reflected off metal sheet

Students to audibly detect nodes. Measure separation to calculate ( using node separation = (/2
Practical to measure speed of sound in air from resonance length for sound in air columns of different lengths


	String or cord, vibrator and signal generator, possibly with stroboscope

Microwave transmitter, detector probe connected to amplifier and speaker, metal sheet

Signal generator, loudspeaker, plastic tube, gas jar or other water container

End of topic test
	Care with stroboscopes regarding epilepsy

Could also demonstrate Kuntz tube

Absorb Physics for A level 

Waves and Optices – Standing waves

Lower tube into water to get different lengths of air columns. Requirement in specification to account for end correction not in old OCR A specification

	Summary of 2.4 Waves
	Recap of work so far

Assignment or  test


	Assignment or test from old OCR spec A module 3 (2823) papers


	 


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	10 hours
	Topic
	Quantum physics

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

	2.5.1 Energy of a photon
	Show how a GM tube clicks when detecting ‘gamma waves’ from a radioactive source. Discuss the implication of the ‘clicks’

Discuss historical ideas of light at a wave not sufficient for all phenomena. Light then to be seen as stream of particles or quanta of energy. Define a photon and give formula E = hf. Relate with c = fλ to give E = hc/λ
Use eV = hc/λ for different LEDs to estimate Planck’s constant from gradient of V-1/λ graph
Extend idea of W = eV to other charged particles and hence eV = ½ mv2 

Define the electronvolt (eV) as a useful unit of energy on an atomic scale
	Possibly show 12V bulb at different temperatures from variable supply, quickly showing red/orange/yellow/white hot and drawing spectra to illustrate black body radiation

Different ‘coloured’ LEDs of given wavelength with variable supply and voltmeter. Measure minimum p.d. to just give illumination

Use LHC at CERN as an example of measuring energy in eV and use energy to calculate speed (non-relativistic) of protons
	Discuss meaning of word quantum in this context. Historical ideas could include discussion of black body radiation and cover areas of HSW
Recap W = VQ from definition of p.d. in previous section


	2.5.2 The photoelectric effect
	Show the photoelectric effect and discuss how classical physics could not explain the phenomenon

Demonstrate the photoelectric effect with negatively charged zinc plate on an electroscope, illuminated with visible then UV light and discuss the failures of classical physics

Describe key results of varying intensity and frequency or incident light
	Electroscope, cleaned zinc plate, positively charged rod to charge zinc plate negatively and normal lamp and UV lamp

Students could work in groups to discuss explanations in terms of different models

Discuss the nature of scientific models

Photocell such as light sensor on digital camera for illustration

Practice questions for consolidation

End of topic test
	Historical point of Einstein’s achievments in 1905 could be described
Useful website “discussion” at http://www.colorado.edu/physics/2000/
 quantumzone/photoelectric.html

Absorb Physics for A level 

Quantum Physics  – Photoelectric effect

The term ‘work function’ is used in the new specification  without the ‘energy’ bit at the end



	
	Challenge students to explain first in terms of waves and then in terms of the photon model

Define the terms work function and threshold frequency. Explain effect in terms of one-to-one energy exchange from a photon to an electron. From conservation of energy explain Einstein’s photoelectric equation. hf = ( + KEmax 

Discuss increasing intensity of light in terms of numbers of photons and hence effect on photoelectric current and varying frequency in terms of energy of photoelectrons

Problem-solving practice using photon energy equations and photoelectric effect concepts, including energies given in terms of eV
	
	This is one of the few Nobel prize winning equations that student will have come across and hopefully understood


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	10 hours
	Topic
	Quantum physics

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

	2.5.3 Wave-particle duality
	Discuss how wave and particle models of light are both required in different contexts. Discuss how de Broglie posed the question of whether particles like electrons could also behave like waves

Demonstrate electron diffraction in cathode ray tube. Illustrate features of demonstration including thin graphite layer


	Diffraction tube, E.H.T. supply, darkened lab

Laser and small holes or slits, darkened lab 

Calculate speed required for a person to have wavelength similar to a door. Calculate time taken to travel 1 mm at this speed and compare to, say, age of universe
	Websites: 

http://www.upscale.utoronto.ca/PVB/Harrison/

DoubleSlit/Flash/Histogram.html and

http://www.upscale.utoronto.ca/PVB/Harrison/

DoubleSlit/Flash/DoubleSlit.html

     make good illustrations of point

	
	View narrow-slit or small hole interference of light and/or see images of X-ray diffraction and compare to electron diffraction patterns

Give de Broglie equation 
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 to calculate wavelength of wave associated with electron. Use eV = ½ mv2 to give speed of electron in cathode ray and calculate wavelength. Compare to atomic spacing and discuss gap requirement for diffraction. Give further examples of wavelengths of particles from sub-atomic to every-day

Discuss why duality and quantum phenomena only apparent on very small scale

Summarise wave-particle duality with “travel as a wave, interact as particles”
	Explain double-slit results with wave and particle model, illustrate difficulty of understanding elements of quantum mechanics and try to give “Copenhagen interpretation” with waves of probability

End of topic test
	


	GCE Physics A: H158. G482 Electrons, Waves and Photons

	Suggested teaching time
	10 hours
	Topic
	Quantum physics

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

	2.5.4 Energy levels in atoms
	Class experiment: Observe line spectra from gas discharge tubes with diffraction gratings, hand-held optical spectrometers or spectrometer. 

Discuss implications of fixed specific colours for each element – relate colour to energy of photons and then consider how they could be produced

Relate energy levels to specific energies and jumps between levels to photon energy, hence hf = E1 – E2 
Discuss emission spectra and absorption spectra. Illustrate with stellar spectra and test identification with spectra from different stars
	Gas discharge tubes e.g. hydrogen, sodium, mercury. Spectrometer or several hand held spectrometers

Students to take role of electrons, standing at different positions in lab with distance in one direction to represent energy. They have to decide how they can behave to give line spectra

This can be extended to providing energy in one direction and producing absorption spectra

End of topic test
	Ideally hand held spectrometers for immediacy (caution: do not look directly at sun)
Absorb Physics for A level 

Quantum Physics  – Emission spectra
There is much scope for chemistry students to relate this topic to their course with electron orbitals, the periodic table and flame test identification of elements

The story of Helium being discovered in the Sun before on Earth is relevant and an interesting part of HSW

	Summary of 2.5 Quantum Physics
	Recap of work so far

Assignment or test 

Module 1 mock exam


	Assignment or test from old OCR spec A  module 2 (2822) papers

Specimen paper for mock exam


	 


Sample GCE Lesson Plan: H158 Physics A
G482: Electrons, Waves and Photons 

Interference of waves

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to understand and apply the principle of superposition.

	Objective 2
	Students should be able to understand the terms interference (both constructive and destructive), coherence, path difference and phase difference.

	Objective 3
	Students should be able to describe and understand experiments which demonstrate two-source interference using sound, light and microwaves.

	Objective 4
	Students should be able to describe interference in terms of path and phase difference.


Recap of previous experience and prior knowledge

Students will have studied simple wave motion and electromagnetic spectrum earlier in this module. This is the introductory lesson for the topics of interference and stationary waves and illustrates interference in a variety of wave types. The next lesson will develop the formulae for double slits and the diffraction grating.

Content

	Time
	Content

	10 minutes
	Students to answer brief questions to recap some key previous ideas about waves. It is important for students to appreciate that displacement can either be positive or negative

Teacher to discuss waves in the sea and why large waves are sometimes produced
Show demonstration in a water tank, video of waves or animation

(Example: http://www.kettering.edu/~drussell/Demos/superposition/superposition.html)

Demonstrate and discuss ‘cancellation’ and explicitly relate to addition of positive and negative displacements
Demonstrate ‘beats’ with two similar frequency tuning forks or using two loudspeakers driven separately by signal generators with almost matching output frequencies and relate it as the same principle as the water waves Discuss how interference may be observed with all types of waves

	5 minutes
	Teacher to state the principle of superposition
Teacher to show an example where a graphical method is used to find the superposition of two waves. The focus must be on destructive interference, destructive interference and superposition of complex waves (as shown by the previous demonstration on beats)

	10 minutes
	Students to complete a sheet with several graphs, each with two different waves, where they draw the resultant wave

	5 minutes
	Students to swap sheets with neighbour and check answers with a prepared answer sheet shown on digital projector or OHP

Teacher to illustrate the link between phase difference and the type of interference observed
Teacher to define phase difference. (The familiar sine and cosine graphs can be used to illustrate a phase difference of 900)

	5 minutes
	Teacher to demonstrate interference of microwaves passing through two gaps in aluminium plates. (It is important to remind students that the microwaves are diffracted at each slit)

Students to correctly explain high and low intensity fringes/signals in terms of phase difference. Explore the link between path difference and phase difference. That is: 

path difference = n( leads to a phase difference of 00 and constructive interference 

path difference = (n + ½)( leads to a path difference of 1800 and destructive interference
Discuss the factors that may affect the ‘fringe separation’

	5 minutes
	Students to move around a room and hear high and low intensity sound from a pair of loudspeakers
In pairs, one student to explain to the other how loud regions are created in terms of phase and path difference, then the other student to explain the quiet regions
Discuss lack of ‘total’ cancellation due to attenuation of amplitude and reflection from walls etc

	10 minutes
	Teacher to demonstrate two-slit interference with a laser beam in darkened laboratory. Note: safety considerations with laser (risk assessment required)

Emphasise the need for coherent sources (the ‘slits’) to observe a stable interference pattern of dark and bright fringes. Discuss why two street lamps, or two ceiling lights, do not produce an interference pattern
Discuss the interference pattern in terms of wavelength, separation between slits.  Also explore the pattern in terms of path difference and phase difference 

Interference patterns can be further explored using the applet: 

http://galileoandeinstein.physics.virginia.edu/more_stuff/flashlets/youngexpt4.htm

	Time
	Content

	5 minutes
	Teacher to explain how this experiment was key evidence for the wave nature of light. 

Try demonstration with a non-coherent source such as a bright torch and discuss.

Show diagram of how Thomas Young produced a coherent source with a single slit and a single bright source of light.


Consolidation

	Time
	Content

	5 minutes
	Teacher to ask students to recap key ideas from the lesson, including superposition, phase and path difference, coherence, constructive and destructive interference and the two-slit experiment as key evidence for the wave nature of light

	After lesson
	Students could research in preparation to take opposing sides and debate classic particle theory (Newton) against wave theory (Young.)

Students can consolidate ideas with further study e.g. from Absorb Physics for A level Waves and Optics – Interference
The next lesson will develop ideas from this lesson with use of relevant formulae for double slits and the diffraction grating


Sample GCE Lesson Plan: H158 Physics A

G482: Electrons, Waves and Photons 

de Broglie waves

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to describe electron diffraction as evidence for the wave nature of particles

	Objective 2
	Students should be able to appreciate that the atoms and the spacing between atoms will diffract electrons travelling through polycrystalline graphite

	Objective 3
	Students should be able to understand and apply the de Broglie equation ( = h/mv

	Objective 4
	Students should be able to explain that the diffraction of electrons by matter can be used to determine the arrangement of atoms and the size of nuclei


Recap of previous experience and prior knowledge

Students will have studied the energy of a photon and the photoelectric effect. This section extends quantum ideas to particles with the de Broglie wavelength. It can be extended to try to give an explanation of the wave-particle duality.

Content

	Time
	Content

	5 minutes
	Teacher to do quick demonstration of two-slit interference with laser light and the photoelectric effect using a charged zinc plate and gold-leaf electroscope
Discuss the model used to successfully describe each experiment – ‘waves’ for the interference pattern and ‘particles – the photons’ for the photoelectric effect. Highlight the two models used for each seem incompatible but both required in different contexts

	10 minutes
	Story so far … electromagnetic waves can either be ‘waves’ or ‘particles’. Teacher to pose question of whether particles such as electrons and protons (and perhaps even large objects like cars and people) could also show wave-like properties 

Demonstrate electron diffraction in cathode ray tube in darkened laboratory.


	Time
	Content

	
	At the same time, show the diffraction rings produced by a laser beam passed through a small circular aperture. Compare and contrast these two experiments.

Show how the pattern changes with accelerating voltage.

Students to draw labelled diagram of apparatus and rings.

	5 minutes
	Discuss how diffraction of X-rays or electrons can be used to probe the structure of matter. Image of diffraction pattern for DNA is a good example. Try the website: www.learner.org/channel/courses/essential/physicalsci/session5/closer1.html
In the interests of gender balance it is worth giving credit to Rosalind Franklin for this, rather than Crick and Watson, e.g. further information at 

www2.slac.stanford.edu/tip/2005/apr1/franklin.htm

Teacher to mention the electron microscope as using electrons with smaller wavelengths to “see” detail on a smaller scale but being similar to optical microscopes

	10 minutes
	Teacher to give the de Broglie equation:
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. (Note Broglie rhymes with Troy.)

Students to write down de Broglie equation and define the terms. Stress that h is the same constant met before for the energy of a photon -E = hf
Teacher to do some sample calculations of typical wavelengths for electrons in space 

With the teacher’s help, students to use eV = ½ mv2 to find the speed of electrons in the electron diffraction experiment and calculate wavelength. Discuss why the wavelength of the electrons has to be similar to the spacing between atomic planes
Students to say what would happen to ’the radius of the diffraction rings’ when the voltage is changed 

Teacher to explain how greater voltage/faster electrons with short enough wavelengths can scatter off nuclei revealing information about them

	15 minutes
	Teacher to set further questions of wavelengths of sub-atomic particles, including speed required for electron scattering for nuclei.

Students to do calculations
For an example of whether this applies to every-day objects, or why we have no conception of this duality on the human scale, set calculation of speed required for a teacher to have wavelength similar to a door. Calculate time taken to travel 1 mm at this speed and compare to, say, age of universe
Discuss why wave-particle duality and quantum phenomena are only apparent on very small scale

	10 minutes
	(Note - this section is optional and not in the specification, but if the teacher is confident to attempt to give an interpretation of quantum mechanics, then experience shows that it gives an otherwise confusing lesson some coherence. Alternatively or additionally discuss the nature of models in physics and conclude that two different models are needed to understand aspects of light)


	Time
	Content

	
	Teacher to explain double-slit results with wave model (easy) and particle model (impossible to comprehend with common sense.)

Give reassurance of Richard Feynman’s words “I think I can safely say that no one understands quantum mechanics” to illustrate the difficulty of understanding elements of quantum mechanics and try to give “Copenhagen interpretation” with waves of probability
Websites: www.upscale.utoronto.ca/PVB/Harrison/DoubleSlit/Flash/Histogram.html and www.upscale.utoronto.ca/PVB/Harrison/DoubleSlit/Flash/DoubleSlit.html
make good illustrations of the points needed.
Summarise the wave-particle duality as: “Waves and particles travel as a waves, Electromagnetic waves and particles interact as ‘particles’.”


Consolidation

	Time
	Content

	5 minutes
	Teacher to recap duality for light with wave model and photon model. Recap duality for matter with traditional idea of particles as well as the de Broglie wavelength. Ask for evidence and uses of the wave nature of electrons
Or

Students to write down three things learnt in the lesson. They put their main ideas on Post-Its. These are collated and will be used to sort out any misconceptions in the next lesson


Sample GCE Lesson Plan: H158 Physics A

G482: Electrons, Waves and Photons

Circuits and Kirchhoff’s laws

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to state Kirchhoff’s second law and appreciate it as a consequence of conservation of energy

	Objective 2
	Students should be able to apply Kirchhoff’s laws to a range of circuits

	Objective 3
	Students should be able to solve circuit problems involving series and parallel circuits with one or more source of e.m.f.


Recap of previous experience and prior knowledge

From Unit 1 students will have appreciated the principle of conservation of energy. Students will have already and met key electrical concepts from Module 1 and 2 in this Unit. This will have involved several practical activities. Students should also have explored Kirchhoff’s first law. This lesson should build upon this and, through the study of Kirchhoff’s second law in series and parallel circuits, should bring together ideas of current and voltage and a broader understanding of circuits.

Content

	Time
	Content

	5 minutes
	Teacher to ask if anyone can recall Kirchhoff’s first law (from section 2.1.1) and what it is based upon 

Quick verbal question on what happens to current in a series circuit. This can be supported by a practical with a series circuit with multiple components and several ammeters. Do a question on the board to deduce an unknown current at a junction or a point for a parallel circuit
Teacher to emphasise the behaviour of current in series and parallel circuits

Teacher to ask for definition of e.m.f. and p.d
Make sure that students understand that e.m.f. is to do with electrons gaining energy from a source of e.m.f. and p.d. is to do with charges losing energy in external components (usually as heat)

	10 minutes
	Teacher to get students in small groups to discuss analogies of Kirchhoff’s first law with traffic flow (vehicles analogous to electrons or quantities of charge) and then to water

	5 minutes
	Teacher to lead discussion on how energy per unit charge can be considered for charges going around the loop of a series circuit. This can be “performed” by going around the class as a unit of charge, gaining electrical energy at the front from an e.m.f. source and transferring it to other forms as you go past points in the lab. Individual students can hold cards with the names of different components to be visited around the loop. Ask what energy transfers would occur for each of the different components

This should lead to a general understanding that the e.m.f. of a source must equal the p.d.s. Students must appreciate that this stems from the principle of conservation of energy

	5 minutes
	Teacher to extend above activity to parallel circuits. Re-arrange students with cards for different components into two loops for a parallel circuit. Teacher to go around one loop and a volunteer student to go around the other loop, each as a unit of charge, again gaining electrical energy at the front from an e.m.f. source and transferring it to other forms at the ‘components’ 

Lead further discussion on how energy per unit charge can be considered for charges going around each loop of a parallel circuit
This should lead to a further understanding of Kirchhoff’s second law

	5 minutes
	Teacher to state Kirchhoff’s second law and reinforce idea of a loop.

Express the law as:  (e.m.f. = (p.d. and (e.m.f. = (IR.

Students to take notes

	5 minutes
	Teacher to show a circuit diagram with a resistor in series with two other resistors in parallel, with p.ds of  V1, V2 and V3 respectively.. Ask the class to predict what can be concluded about V2 and V3. Show, as expected from Kirchhoff’s second law, that e.m.f. = V1 + V2 and e.m.f. = V1 + V3 for any values of the resistors.  Hence reinforce idea that V2 always equals V3​ for any parallel components
State p.d. ‘divides’ in series and p.d. same in parallel

	5/10 minutes
	Teacher to illustrate Kirchhoff’s second law with several examples including series with more than one e.m.f. (e.g. battery re-charger) and parallel with cells in different loops. Emphasise importance of setting a direction for a loop and conventional current direction and convention of + or – IR

	10/15 minutes
	Use an exam question on Kirchhoff’s laws and go through it step-by-step inviting comments from the students at each stage

Show the class the approved marking scheme

Students to attempt practice questions for consolidation

Scope for significant differentiation in complexity of the circuits that students try to solve

For Stretch and Challenge, some students can apply Kirchhoff’s second law to a complex multi-branch circuit and solve simultaneous equations to determine unknown quantities

Teacher to circulate around the class offering help with this more challenging problem-solving activity


Consolidation

	Time
	Content

	5 minutes
	Teacher to go through an example that has been giving difficulty and use it to restate and illustrate the use of Kirchhoff’s second law.

	After lesson
	Students to complete practice questions. Teacher to provide individual feedback by marking questions and explaining general points of difficulty.


Sample GCE Lesson Plan: H158 Physics A
G482: Electrons, Waves and Photons 

Energy Levels in Atoms

OCR recognises that the teaching of this qualification will vary greatly from school to school and from teacher to teacher. With that in mind, this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour. 

Learning objectives for the lesson

	Objective 1
	Students should be able to explain how spectral lines are evidence for energy levels in atoms

	Objective 2
	Students should be able to describe the origin of emission and absorption line spectra

	Objective 3
	Students should be able to apply 
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 to understand line spectra. 


Recap of previous experience and prior knowledge

Students will have studied the energy of a photon, the photoelectric effect and wave-particle duality. In the section on waves students will have studied the electromagnetic spectrum. This lesson ties in ideas of the frequencies of light with the energy of photons and how this reveals information about energy levels in atoms through line spectra.

Content

	Time
	Content

	5 minutes
	Teacher to assess the prior knowledge of the students by asking ‘Write down two things that you know about light 

Show a 12 V lamp being turned up and ask about the energy of the photons as the light goes from red to white. Describe this white light as a continuous spectrum and introduce lesson as using information from spectra to find out information about what produces it

	10 minutes
	Students to observe emission line spectra from gas discharge tubes (e.g. hydrogen, sodium, mercury etc) with either hand held optical spectrometers or simply by using diffraction gratings placed in front of the eye. If available, optical spectrometers may be set up round the laboratory

Teacher to briefly describe how light is produced by the isolated gas atoms in the discharge tubes

Show clear images of spectra on digital projector or OHP

Teacher to make distinction of emission line spectra compared to continuous spectrum seen from the filament lamp

	10 minutes
	Teacher to pose question of what we can learn about the electrons within the gas atoms in the discharge tube from the unique set of colours for each type of heated gas (element)
Teams of students to take role of electrons, standing at ‘discrete’ positions in laboratory with distance in one direction to represent energy. Students have to decide what they have to do in order to emit ‘photons’. Teacher to show how the gap between the ‘energy levels’ governs the energy of the photon and hence the frequency of the light emitted.

How many ‘spectral lines’ can we see with 

· two ‘energy levels’?

· three ‘energy levels’ ? etc.

Groups to move on to next section when ready

	5 minutes
	After this give the energies of the lines in the spectrum of a particular gas atom to a group along with a calibration scale (e.g. 1 eV per metre) to see if they can arrange themselves to give the required spectra. After a few minutes give them a card with the electron transitions for the spectral lines on it for them to create and check

	10 minutes
	Teacher to elicit feedback from groups and ensure all have gained an understanding that atoms must have electrons in specific energy levels to produce emission line spectra. Clarify that excited electrons returning to lower energy levels must release energy and do so as an individual quantum of electromagnetic energy, i.e. a single photon
Recap energy of a photon as E = hf
Invite the class to suggest what quantity is conserved when an electron transition produces a photon
Relate energy levels to specific energies and jumps or transitions between energy levels to photon energy. That is: hf = E1 – E2 

(There is much scope for chemistry students to relate this idea to their course with electron orbitals, the periodic table and flame test identification of elements.)


	Time
	Content

	10 minutes
	Students to form back into same groups and extend previous activity by providing a continuous spectrum of energy in one direction and producing absorption line spectra. Teacher to circulate again to ensure students move to an appreciation that electrons can gain energy to move to higher energy level by absorbing a photon of the appropriate frequency, which is then released in a random direction which produces absorption spectrum

	5 minutes
	Teacher to lead class discuss to clarify how an absorption spectra is produced. Illustrate with images of stellar spectra and test identification of elements with spectra from different stars
Use Google to search for some colour emission and aborption spectra.
The story of helium being discovered in the Sun before on Earth is relevant and interesting


Consolidation

	Time
	Content

	5 minutes
	Students to complete a handout with a description of how emission and absorption line spectra are produced but with key words missing to be inserted. Students to swap work and check/correct their partners when correct words given.

	After lesson
	Students to complete assignment sheet with calculations involving c = fλ and hf = E1 – E2 in the context of line and absorption spectra.


Other forms of Support

In order to help you implement the new Physics 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 a free access to candidate information at you convenience. Sign up at https://interchange.ocr.org.uk
Published Resources

OCR offers centres a wealth of quality published support with a fantastic choice of ‘Official Publisher Partner’ and ‘Approved Publication’ resources, all endorsed by OCR for use with OCR specifications.

Publisher partners

OCR works in close collaboration with three Publisher Partners; Hodder, Heinemann and Oxford University Press (OUP) to ensure centres have access to:

· Better published support, available when you need it, tailored to OCR specifications 

· Quality resources produced in consultation with OCR subject teams, which are linked to OCR’s teacher support materials

· More resources for specifications with lower candidate entries

· Materials that are subject to a thorough quality assurance process to achieve endorsement

The publisher partnerships are non-exclusive with the GCE Sciences being the only exception.  Heinemann is the exclusive publisher partner for OCR GCE Sciences.
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Heinemann is producing the following resources for OCR GCE Chemistry for first teaching in September 2008 [publication – Spring 2008]:
Hutchings, R. & Hackett, R. AS Physics Student Book and Exam Café CD-ROM. (2008)     ISBN: 9780435691820

Bone, G. & Gregory, C. & Webb, D. & Styles, D. AS Physics Exam Café CD-ROM. (included with Student Book)

Bone, G. & Hackett, R. & Webb, D. AS Physics Teacher File and CD-ROM. (2008)                  ISBN: 9780435691851

Sang, D.  Revise AS Physics for OCR. (2008) ISBN: 9780435583729
Endorsement

OCR endorses a range of publisher materials to provide quality support for centres delivering its qualifications. You can be confident that materials branded with OCR’s “Official Publishing Partner” or “Approved publication” logos have undergone a thorough quality assurance process to achieve endorsement. All responsibility for the content of the publisher’s materials rests with the publisher.

These endorsements do not mean that the materials are the only suitable resources available or necessary to achieve an OCR qualification. Any resource lists which are produced by OCR shall include a range of appropriate texts.




































= 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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