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Introduction

OCR involves teachers in the development of new support materials to capture current teaching practices tailored to our new specifications. These support materials are designed to inspire teachers and facilitate different ideas and teaching practices.  Each Scheme of Work and set of sample Lesson Plans is provided in 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.  References to the content statements for each lesson are given in the ‘Points to note’ column.

Sample Scheme of Work

GCSE Gateway Science Physics B J265

Module P5: Space For Reflection

Topic: P5a Satellites, gravity and circular motion

Suggested Teaching Time: 2 Hours

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

	Motion of satellites.
	Show some pictures of objects that can be linked to satellites and ask pupils to discuss these and find a common thread.

Discuss the definition of satellite and the distinction between natural and artificial satellites.

Demonstrate, qualitatively, the relationship between the centripetal force, radius and orbital period using a bung on a string. see http://tap.iop.org/mechanics/circular/225/file_46493.pdf for some details

Demonstrate relationship between minimum orbital period, and radius of orbit using a turntable with small objects on it. As the rpm increases the centripetal force required will increase. Once this exceeds the friction between the turn table and the object, the object will begin to slip. 

As an alternative class practical to the demonstration described above,  use variable voltage power source to turn a motor with a cardboard turntable attached.  Pupils can investigate the relationship between the radius and minimum orbital period.

Discuss the results of the demonstrations and/or practicals and explain the need for a centripetal force to make objects follow circular paths and how this varies with radius of orbit.
	Pictures such as a GPS handset, weather forecasts, satellite dish, the Moon etc. include International Space Station to link with spec

Variable voltage power supply, 12v – electric motors, Card & blutac, Small masses.

Bung on string, glass tube or plastic tube, masses.

Turntable and small masses


	Links with P3b Changing speed and P3c Forces and motion.  

The string, attached to a rubber bung, passes through a glass or plastic rod so that it can rotate freely.  The applied centripetal force can be varied by changing the number of masses hung from the other end of the string that emerges from the tube. The surface of the end of the tube should be smooth.

Care must be taken when carrying out this demonstration because if the string breaks the bung’s trajectory cannot be predicted. The wearing of safety spectacles is recommended.




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

	
	Relate these ideas to the orbital periods of planets around the Sun.  Explain the gravitation attraction provides the centripetal forces and with higher tier pupils discuss the inverse square law. Orbits of comets are needed for higher tier pupils.

Show an animation, possibly http://galileo.phys.virginia.edu/classes/109n/more_stuff/applets/newt/newtmtn.html or otherwise discuss Newton’s thought experiment about a cannon ball shot from a mountain.  As a plenary ask pupils to explain what is happening.
	http://galileo.phys.virginia.edu/classes/109n/more_stuff/applets/newt/newtmtn.html
	

	Uses of satellites.
	As a starter activity show a tablet computer / mobile phone app that identifies the position of various satellites such as the ISS or Hubble or as an alternative show pupils pictures of some satellites e.g. Hubble, ISS; spy satellites, weather satellites, communication satellites and see if they can identify them and suggest possible uses.

Recap the previous lesson and remind pupils that the speed and period of a satellite depends upon the radius of its orbit.  Introduce the concept of a geosynchronous orbit.  Ask pupils to describe how a closer orbit would differ from a geosynchronous orbit.

Pupils can research uses of artificial satellites.  They should be directed to giving a description of geosynchronous and low polar orbits and then explain how the characteristics of the orbit make it suitable for various uses.  Pupils could produce a power point presentation or a display poster.

As a plenary set pupils the scenario that a sudden solar storm destroys all satellites in orbit.  Ask them to suggest differences that this event would make to their lives. 
	Tablet computer / smart phone with requisite app. 

Pictures of satellites

Access to internet for research

Access to selection of books for research

Display poster material


	These apps are readily available for smart phones and are relatively cheap.  They will often indicate that a satellite seems to be into the Earth.  This can help pupils visualise the 3D nature of satellite motion around the Earth. However school rules may restrict this activity

Satellite uses researched should include communications, weather forecasting, military uses, GPS, Earth imaging and space research.

Fundamental Scientific Processes (FSP) – pupils should be encouraged to consider the effect of increased satellite USE ON personal freedoms

This lesson gives a good opportunity to develop the research skills that pupils will need for the Controlled Assessments part of the qualification.




Topic: P5b Vectors and equations of motion

Suggested Teaching Time: 3 Hours

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

	Scalar and vector.
	Give pupils a list of different quantities and ask them to sort into 2 groups.  One where direction is important and one where it is not.  Use this to develop the idea of vector and scalar quantities.  Identify velocity, acceleration and force as important vector quantities and speed, mass and time as important scalar quantities.

Demonstrate how 3 force meters can be used to find the resultant force.  For higher tier pupils this can include forces at right angles to each other.

Calculate vector sums for forces and velocities.  All pupils should consider parallel and anti-parallel  examples. Higher tier pupils will need to consider forces or velocities at right-angles.
	Force meters
	Links with P3a Speed and P3b Changing speed.

The scale diagram method of combining vectors should be tackled before the more difficult mathematical method is covered



	Equations of motion 1.
	Remind pupils of the work carried out in the P3 module.  Give pupils an opportunity to use the basic equations to calculate speed.

Remind pupils of the difference between instantaneous and average speed by reviewing distance time-graphs.

Demonstrate a trolley rolling down the ramp.  Give pupils the length of the ramp and ask pupils to time the trolley and use the information to work out the average speed.  Have a light gate and suitable timer, data logger or PC set up to measure the final speed. Discuss the differences between their calculated average speed and the final speed.  
	Trolley, runway, means of elevating the runway, Stop watches, Light gate and data logger
	This section of work is likely to need 2 lessons for pupils studying the higher tier as changing the subject of the equations of motion will take some practice before pupils are confident.

If a light gate and data logger is not available the final speed could be found using a ticker-timer.


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

	Equations of motion 2. 
	Find the acceleration due to gravity using a magnet dropped from rest down a card tube. Two coils around the tube are connected to an oscilloscope allowing the time for the magnet to fall between the two coils to be measured. Higher tier pupils can then rearrange the equation s=ut+½at2 to calculate the acceleration.

Measure acceleration due to gravity by dropping an object from rest through two light gates.  Have the data logger give the elapsed time. Higher tier pupils can then rearrange the equation s=ut+½at2 to calculate the acceleration.

Demonstrate use of a direct timing method for an object falling, from rest, through a fixed distance.  Pupils can calculate the final velocity by rearranging the equation s=(u+v)/2xt.  They can then rearrange the equation v=u+at to find the acceleration due to gravity.

Give higher tier pupils the opportunity to practice using the equations of motion. Including changes of subject for higher tier pupils.
	Oscilloscope, tube, varnished copper wire for coils, magnet.

Data logger, light gates, objects to drop.
	If it is available a PC oscilloscope will make the demonstration much more accessible to pupils as it can be projected up on a screen. A detailed description of the experiment can be found at www.picotech.com/experiments/gravity_acceleration/
For higher tier pupils the next section of the specification on projectile motion needs then to calculate the time a falling object takes to reach the ground.  The examples used should give extensive practice of this type of problem.


Topic: P5c Projectile motion

Suggested Teaching Time: 3 Hours

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

	Examples of projectile motion.
	Ask a volunteer to throw a ball into a bin.  Discuss the factors that need considering as an introduction to projectile motion.

Demonstrate a toy projectile launcher and establish that the maximum range comes at an elevation of 45 degrees (care needed as this is only true if there is no air resistance.) If suitable equipment is available this could be carried out as a quick class investigation.

Discuss the path and define the terms ‘projectile motion’ and ‘trajectory’ and ‘parabola’.

Ensure that pupils recognise a range of projectile motion.  This could be done by showing a series of videos and discussing these.

If available pupils could be shown a model trebuchet.

As a plenary ask pupils to sketch two possible paths (one with a high angle of elevation and one with a low angle of elevation) of a projectile to a target and try to explain the difference in 40 words.
	Toy projectile launcher.

Videos of examples of projectile motion, such as javelins, shot put, golf balls in flight or trebuchet launches.

Model trebuchet 
	The game of throwing balls into bins could be extended if time allowed.  Obstacles near the bin could be moved to explore variations in the path chosen

Model trebuchets are available from science equipment suppliers and this could provide an opportunity for cross-curricular work with humanities.

If a model trebuchet is not available one could be designed and possibly constructed. This could provide an opportunity for cross-curricular work with D&T.


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

	Measuring projectile motion.
	Show a computer animation of projectile motion and ask pupils how they could carry out an experiment to show the path of a projectile. Discuss the idea that the horizontal and vertical position will need to be measured.

Carry out an experiment to measure the horizontal and vertical positions of a projectile at various positions on its path.  A suitable ramp will be needed, such as curtain rail attached to a wood support.  Pupils release a ball bearing down the ramp and off of the edge of a desk.  They have a metal bar clamped in a retort stand, which they move by trial and error so that the ball hits the bar.  They can then measure the vertical height and the horizontal distance of the bar from the edge of the desk.

Set up the ‘pearls in air’ demonstration to show parabolic motion. This is an experiment that uses a stroboscope to ‘freeze’ droplets of water released from a pressurised source at set time intervals. 

As a plenary compare the paths found with those displayed by the computer animation.
	Projector, Pc, suitable animation

Curtain track slope, metal bar clamped to retort stand. (specially designed projectile launching ramps are available)

Pearls in air demonstration
	One example of a Java applet on projectile motion can be found at http://galileo.phys.virginia.edu/classes/109n/more_stuff/applets/projectilemotion/jarapplet.html
The pearls in air demonstration or the practical are two different approaches to finding the shape of the projectile path.

Details of how to set up the ‘pearls in air’ experiment can be found at www.practicalphysics.org/go/experiment_417.htmlojectile
If using a stroboscopic light in the ‘pearls of light demo’ avoid frequencies of 8hz as this can trigger photo epilepsy.


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

	Calculating projectile motion.
	Project a java app or similar showing projectile motion.   Allow pupils to use computer simulations of projectile motion.  This will give them a ‘feel’ of the parabolic path of a projectile.  

Carry out the Monkey and Hunter demonstration to show the independence of vertical and horizontal motion.  Alternatively show a video of the experiment if apparatus not available.

Discuss the forces acting on the projectile and relate these to the acceleration caused.  Show how the vertical and horizontal motion can be analysed separately.

For higher tier pupils discuss the equations of motion and show how these can be used to analyse projectile motion.  Explaining that these assume there is a uniform gravitational field and negligible air resistance.

Summarise and assess pupil knowledge on the topic with a quick quiz or similar activity. 


	Projector, Pc, suitable animation

Calculators

Monkey & Hunter demo needs projectile launcher and a connected electromagnet release for a ball (the monkey)

Monkey & hunter videos can be found at www.nationalstemcentre.org.uk/elibrary/resource/2084/monkey-and-hunter

	One example of a Java applet on projectile motion can be found at http://galileo.phys.virginia.edu/classes/109n/more_stuff/applets/projectilemotion/jarapplet.html  .  This applet shows that with air resistance switched on that 45 degrees is not the optimum value for range.

One example of a Java applet on projectile motion can be found at www.walter-fendt.de/ph14e/projectile.htm
Pupils studying the higher tier will need time to practice applying the equations of motion (section 5b) to projectile motion.  Pupils studying the foundation tier could utilise this time to make more extensive use of computer simulations.

FSP – using abstract complex models




Topic: P5d Action and reaction

Suggested Teaching Time: 2 Hours

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

	Conservation of momentum.
	Discuss the forces acting on a stationary object and ask pupils why it does not fall through the floor.  Establish that an upward reaction force equal in magnitude to the weight must act. 

Show video clips of people stepping off boats and falling into water.  Use this to introduce the idea of action and reaction.  Back this up by showing video clips of racing car crashes amplifying that as the car exerts a force on the crash barriers, the crash barriers exert a force on the car.

Use dynamic trolleys/air tracks to demonstrate conservation of momentum in collisions where objects coalesce.

Have pupils on wheeled chairs or skateboards throw a heavy object such as a medicine   ball between them to investigate further. 

Introduce higher tier pupils to the concept of momentum and explain the conservation of momentum.  Give pupils the equations for momentum and give them an opportunity to practice their use using conditions included in the specification.

As a plenary show pupils a picture of a cannon recoiling and ask them to describe and explain what happened using ideas of forces and reaction and momentum
	Video clips of boat falls and racing car crashes

Air tracks or dynamics trolleys light gates as appropriate.

Wheeled chair/skateboards, medicine ball

.


	Links with P3f

Some boating mishaps are shown at www.youtube.com/watch?v=mxp5k2omqbe
The equipment used to show the conservation of momentum can vary considerably.

The risks of using heavy objects such as a medicine ball should be considered.




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

	Rockets.
	Demonstrate crushing can as starting point for a discussion or have pupils carry out a quick practical with drinks cans.

Use the results of the demonstration/practical to develop a particle model to explain what happened.  This can be backed up or amplified using an animated model.  Discuss air pressure in terms of particles colliding with the wall of a container and relate changes in the temperature/volume to changes to the collisions.  For higher tier pupils use ideas of change in momentum. and the effect of frequency of collisions

Demonstrate a water rocket showing that the water comes down as the rocket goes up.  Discuss this in terms of momentum.  Relate this to a real rocket that uses gases instead of water.

As a plenary give pupils a diagram of a rocket and ask them to annotate it using terms such as particles, gas, and momentum.

As homework pupils could research the use of ion drives for space exploration.


	Crushing can or soft drinks cans, heating apparatus

Projector, Pc, suitable animation

Water rocket (suitable kits include Timstar RO12950 or Philip Harris C4A43278 )
	With the crushing can a small volume of water is boiled in a can.  It is then sealed and allowed to cool. The water vapour condenses and inside pressure drops until atmospheric pressure crushes the can.  A similar effect can be obtained by boiling water in a drink can.  This is then inverted into cold water using tongs.

A range of physics java applets can be found at www.edinformatics.com/il/il_physics.htm
Instructions on making a water rocket and launcher can be found at http://microgravity.grc.nasa.gov/education/rocket/bottlerocket/launchpad.htm



Topic: P5e Satellite communication

Suggested Teaching Time: 2 Hours

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

	Diffraction of waves.
	Show pupils a picture of waves coming through a harbour entrance. Discuss the diffraction patterns shown.

Use a ripple tank or microwave kit to demonstrate diffraction of waves through a gap. Vary the size of the gap in relation to the wavelength to show that diffraction is most noticeable when the gap is about the same as the wavelength.

Demonstrate single edge diffraction with a laser.

Remind pupils of the electromagnetic spectrum and the wavelengths of radio and microwaves. Relate the demonstratoin to how electromagnetic waves pass obstacles such as buildings or hills.  Using the idea of diffraction to explain differences.

As a plenary ask pupils to draw an annotated diagram to explain how you can hear radio in the ‘shadow’ of a hill.
	Picture of diffraction of waves at sea

Ripple tank with means of making plane waves, adjustable obstacles

Laser, razor blade or similar


	Links to P1c and P1g

Pictures of diffraction can easily be found on the internet.

If sufficient equipment is available investigation of diffraction in ripple tanks could be done as a class practical. 




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

	Satellite communication.
	Ask pupils questions to recall the work on satellite orbits from P5a.  Remind pupils of the difference in radius of various orbits.

Show pupils a picture of houses with satellite dishes and discuss the fact that they all face in the same direction. It may be worth noting that the dish does not seem to point directly at the satellite, the satellite is much higher above the horizon.

Explain the roles of transmitters and receivers in satellite communication and establish that they are ‘dishes’.

Demonstrate a satellite finder (or if available a portable satellite dish/receiver) to show the position of popular communication satellites used for TV programs.  Show how carefully a dish needs to be aligned to pick up a signal. Discuss that the satellite transmitting and receiving dishes are much larger than the microwave wavelength causing a narrow beam.

Ask pupils to research the uses of radio waves concentrating on the <30MHz, 30MHz – 30GHz and >30 GHz bands. Producing a presentation with 1 slide for each category.
	Old satellite dish to examine

Satellite finder tool/ portable satellite dish & receiver

PCs with internet access
	Geostationary orbit is approximately 36,000km above the Earth’s surface.  A low orbit is typically about 400km above the earth’s surface.

An internet image search will give many examples of houses or flats with many dishes all pointing in the same direction.

FSP- When discussing the direction of the satellite dishes the effects on society and individuals of greater choice of TV could be included.

This lesson gives a good opportunity to develop the research skills that pupils will need for the Controlled Assessments part of the qualification.




Topic: P5f Nature of waves

Suggested Teaching Time: 2 Hours

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

	Interference. 
	Show pupils a series of pictures connected with waves.  Ask pupils for the common factor and use this to discuss what is meant by a wave.

Set up 2 speakers connected to the same sound source set at about 3000 Hz, placed about 0.5m apart.  Have pupils move parallel to the line of the speakers.  They should hear loud and quiet spots.  

Demonstrate interference of waves in a ripple tank  and use a computer animation or OHP wave sheets to explain the phenomena of interference ( although the explanatory parts may be best included in the next but one point to explain constructive and destructive interference).

Show pupils the interference pattern caused by a laser beam shone through double slits.

Discuss what these experiments had in common and develop the idea of constructive and destructive interference of waves.  For higher tier pupils relate this to the path difference in terms of wavelength. 

Use transverse waves on a long spring to show constructive and destructive interference to help explain what is happening with other waves

Discuss the properties needed for interference in terms of phase, amplitude and frequency.

As homework pupils to research (level of guidance given will depend upon the ability of the pupils)  the conflicting theories of Newton and Huygens and produce a newspaper article about it.
	Pictures to include seismograms, sea waves, ripples in a pond, TVs, radios, , microwaves.

Speakers, signal generator

Demonstration ripple tank or computer animation or OHP with wave plates

Laser and double slit 


	Links to P1c, P1e & P5g

A suitable computer animation can be found at http://surendranath.tripod.com/applets/waves/rippletank/rt.html
FSP – development of new scientific theories


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

	Wave or particle?
	Discuss the theories of Newton and Huygens concerning the nature of light.  Start with basic ideas such as light travelling in straight lines.  Ask for evidence of this and including shadows and eclipses.  Establish that both the wave and particle theory could account for this.

Move on to discuss reflection.  Either demonstrate waves in a ripple tank and a ball bouncing off a flat surface or show appropriate diagrams.  Establish that both theories can account for reflection.

Give pupils a selection of small polaroids and give them an opportunity to experiment with them.  Demonstrate large polaroid sheets on an OHP.  Explain how the wave model accounts for polarisation.  Ask pupils if the particle model can account for this?

Discuss uses of polaroids including sunglasses.

Show and discuss the patterns caused for single and double slit interference using a laser. Contrast the differences between them.

Ask pupils why this supports the wave theory.

Recap the development of the accepted theories on light. Showing a suitable diagram or animation of the how light travels as waves.  For higher tier pupils it may be appropriate to show this in terms of electric and magnetic fields.

As homework pupils to produce a light time line showing when various discoveries occurred.  Pupils may need guidance towards concentrating on scientific theories as there is a lot of information about advances in lighting technology.
	Ripple tank set to show reflection of a plane surface, selection of balls

Selection of small polaroids , large OHP polaroid sheets

Laser, double slit , single slit, screen

Projector, PC, suitable animation


	FSP – Identifying, explaining and evaluating conflicting scientific theories.

Newton’s particle model was able to explain reflection, refraction and polarisation, but collapsed when experiments showed the speed of light in water was less than that in air. Newton’s model required the speed of light to be greater in water. 

A very clear summary of Newton’s particle theory can be found at http://galileo.phys.virginia.edu/classes/609.ral5q.fall04/lecturepdf/l20-lightii.pdf
If light particles are non-spherical in shape polarisation can be explained.

A suitable applet can be found at www.walter-fendt.de/ph14e/emwave.htm
Although not within the specification, it would seem sensible with higher tier pupils to briefly mention the modern theory of photons and wave particle duality to complete the picture.


Topic: P5g Refraction of waves

Suggested Teaching Time: 2 Hours

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

	Refractive index.
	Show pupils a laser beam shone into a trough of fluorescence or other suitable demonstration to remind pupils of work they will have done in KS3 and in the P1 module.

Pupils can carry out a quick experiment to draw the path of a ray through a rectangular prism.  Use the results of this to establish that when light goes from air to ‘glass’ it bends towards the normal and visa-versa.

Discuss how the wave model of light accounts for this, using the concept of the speed of light varying with the medium.  If possible projecting a suitable animation will help pupils to visualise the process.  

Have pupils act out being light wave fronts by walking forward with arms raised out to the sides. As they hit a boundary at an angle other than a right angle an imagined change in speed will cause them to turn.

Explain the term ‘refractive index’ and give pupils the equation to calculate it.

Give pupils an opportunity to practice using the equation.  With higher tier pupils needing to be able to change the subject.

Pupils can carry out an experiment to compare the refractive index of glass and Perspex.

As a plenary give pupils a diagram of a equilateral triangular prism and ask them to predict the path of a ray of light through it.  

For homework pupils could research mirages and how they are formed.


	Suitable demonstration into optical illusions cause by refraction e.g. could place a coin under a beaker and watch the coin “disappear” as the beaker is filled with water when viewed from the side.

Rectangular Glass/Perspex prism, ray box, power packs, slits, protractors, rulers

Projector, Pc, suitable animation

Scientific calculators

Rectangular Glass and Perspex prisms, ray box, power packs, slits, protractors, rulers


	Links with P1c, P1e, P1g, P5f & P5h

At KS3 pupils will probably have seen specific examples of refraction of light and carried out experiments to establish the basic rules of refraction.

FSP – Uses of models to explain phenomena.

A suitable applet can be found at www.physics.uoguelph.ca/applets/intro_physics/refraction/lightrefract.html
When acting out being light pupils need some practice and could start by reaching the surface at right angles and showing that, as with light, there is no change in direction.

Note – Snell’s law is not required even for higher tier pupils.

Higher tier pupils will need to be able to use standard form notation for the speed of light.

The refractive index for glass is typically 1.5 to 1.6, for Perspex it is 1.5.

This lesson gives a good opportunity for pupils to develop the planning skills that they will need for the Controlled Assessments part of the qualification.

When medium boundaries are not presented as vertical or horizontal many pupils struggle to apply their knowledge of refraction.




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

	Dispersion.
	Take pupils through the spectrum of electromagnetic waves and establish how the wavelength and frequency vary along the spectrum.  Ask pupils for common features of the electromagnetic waves, establishing that they are all transverse waves and they all travel at the same speed in a vacuum.

Give pupils a 60 degree prism to look through.  They will see coloured fringes around objects.

Pupils can carry out an experiment to produce a spectrum. 

Using ideas of refraction explain how the different colours are separated.  Relate this to the work on refractive indices and establish that materials have different refractive indices for different colours of light.

Ask pupils how you could prove that the prism is not in some way colouring the light.  Have pupils try to recombine the colours with a second prism to make white light.

As a plenary relate the spectrum of visible light to the electro-magnetic spectrum.
	60 degree prisms

60 degree prisms, ray boxes, slits, power-packs, screens.


	Pupils may well have carried out experiments into dispersion of light at KS3.

The famous “Richard of York gave battle in vain” mnemonic describes the 7 colours of the spectrum, although pupils should realise that it is a continuous spectrum.  The 7 named colours were drawn up by Newton based on ideas of underlying symmetry of the number seven.


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

	Optical fibres.
	Show pupils a model fibre optic Christmas tree and ask about any other uses of fibre optics.

Demonstrate light shining down a long fibre optic. Short pieces of curved Perspex (light guide demonstrator) are available to show how optical fibres work e.g. Philip Harris B8A45688

Shine a laser from beneath a trough of fluorescence to show the transition from refraction to TIR.  Establish that this happens at a set angle called the critical angle.

Pupils can carry out a practical experiment to find the critical angle of glass and Perspex.

Relate the critical angles found to the refractive indices of the materials and establish the conditions needed for TIR to occur.

Using a diagram show pupils that with 45 degree prisms normally incident light hits an internal surface at 45 degrees and because this is above the critical angle TIR occurs.

Pupils can combine sets of 45 degree prisms to model uses such as periscopes.  Show pupils diagrams of the optical path in devices such as binoculars, reflectors and cat’s eyes.

Return to the fibre optics and show through a diagram how light can travel through the fibre using TIR.  Relate the angles of incidence shown in the diagram to the critical angle.

For homework pupils could research uses of TIR including binoculars, optical fibres’ cat’s eyes and produce a leaflet. Could research some of the theories of why Percy Shaw developed the cat’s eye and the advantages of its introduction
	Model Christmas tree

Long 10m fibre optic, suitable light source

Perspex trough, fluorescence dye, laser

Ray box, semi-circular glass and Perspex prisms, protractors, power packs, slits

Ray box, 45 degree prisms, power packs, slits
	Pupils may well have covered much of the work here in the P1 module allowing some steps or activities to be reviewed quickly.

This lesson gives a good opportunity for pupils to develop the planning skills that they will need for the Controlled Assessments part of the qualification.

FSP – using ideas or models

This homework gives a good opportunity for pupils to develop the research skills that they will need for the Controlled Assessments part of the qualification.




Topic: P5h Optics

Suggested Teaching Time: 3Hours

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

	Convex lenses.
	Show pupils a convex lens and ask them what it is.  Contrast it with a concave lens.

Give pupils a selection of convex lenses of different powers.  They can then hold them up in front of a suitable screen to form inverted images of light sources or windows.  Have pupils measure the distance from the lens to the image and relate this to how ‘fat’ the lens is. 

Pupils can use a rectangular convex lens to show it converging rays of light from a ray box to a focus. 

Show through suitable diagrams how a convex lens uses refraction to bring light to a focus.  Explain the terms focal length, principal axis, optical centre and focal point.  Make sure that pupils can label a suitable diagram.  Discuss the concept of a real image being one that can be produced on a screen.

As extension work pupils could use a fat and thin lens to make a simple telescope.

Show pupils a diagram showing the formation of the image and explain that in the next lesson this type of diagram will be used with set rules to find out where an image is formed and its size.
	A convex and a concave lens

Selection of ‘fat’ and ‘thin’ convex lenses, suitable screens

Ray boxes, power packs, rectangular convex lenses, slit.

One fat and one thin lens per group, metre rule, blu-tac or some other way of fixing the lenses to the rule.
	Links to P5g




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

	Ray diagrams.
	Remind pupils of work in previous lesson and test knowledge with some quick fire questions on convex lenses.

Use a suitable light source and investigate how the position and size of the image formed varies with the distance of the light source to the lens.

Take pupils through the rules for constructing ray diagrams to show the image produced by a convex lens.  

Have pupils draw a ray diagram for an object between one and two times the focal length from the lens and one where the object is more than twice the focal length from the lens. Discuss the relative size of the image and the object and the position of image.

Once pupils have mastered drawing the diagrams, they could use an interactive computer simulation to investigate further.

As homework pupils to produce a list of devices that use lenses. 
	Light source with clear shape, screen, metre rules, convex lenses, lens holders.
	FSM – using suitable diagrams and scientific models.

A suitable interactive  animation can be found at www.walter-fendt.de/ph14e/imageconvlens.html


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

	Uses of convex lenses.
	Show pupils a collection of objects that all use lenses and ask them to make the connection.

Use pinhole cameras to form the image of a light bulb.   Have pupils observe the faint, but sharp image formed by a single small hole. Pupils could make multiple adjacent holes and observe how this changes the image.  Ask how the image could be made brighter.  Have pupils make a larger hole, increasing the aperture.  Discuss the brighter, but blurred image and ask how it could be sharpened.  Use a convex lens to sharpen the image.

Show a camera and projector.   Relate the images formed by these to the ray diagrams drawn in the previous lesson.  Pay attention to how the lens is moved to focus the image on the screen.

Introduce the idea of magnification and give the pupils the formula.  Pupils could calculate the magnification of a projector by measuring the image on a screen. 

Pupils could form and measure the size of a real image of a paper arrow stuck to a window and then use the equation to calculate the magnification.  They could try this for ‘fat’ and ‘thin’ lenses and compare them.

Give pupils an opportunity to practice using the equation.  Higher tier pupils will need to change the subject of the equation.

Allow pupils to use lenses as a magnifying glass.  Then show them how to construct a ray diagram showing this.  Explain that the image formed is imaginary.

Discuss the difference between real and imaginary images. 

Use questions and answers as a plenary to summarise the work on optics.
	Model eye, telescope, binoculars, cameras

Carbon filament lamps, pinhole cameras, pins, convex lenses

Selection of old cameras so pupils can observe focusing mechanism.

Projector with suitable slide e.g. arrow of known size.

Selection of convex lenses, suitable screen,  arrow of known size in window


	Although not part of the physics specification teachers may wish to include information about the eye as an optical device.


Sample Lesson Plan

GCSE Gateway Science Biology B J263

Module P5: Space For Reflection

Item P5h: Optics
OCR recognises that the teaching of this qualification above 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
	To be able to measure the focal length of a convex lens FT

	Objective 2
	To be able to recognise the factors affecting the operation convex lens

	Objective 3
	To be able to explain how a convex lens works using ideas of refraction  HT


Recap of Previous Experience and Prior Knowledge

Pupils have investigated refraction in previous lessons of the module and would be expected to know that when light enters glass along a normal line its path is not changed and then when light enter glass it is bent towards the normal line.

	Time in mins
	Learning activities
	Resources
	Assessment

	
	Teacher
	Pupil
	
	

	Introduction/Starter
	

	5
	Recap work how refraction affects the path of light rays through a series of quick questions. 

Give pupils a selection of convex lenses and give them 2-3 minutes to examine them.  Then ask for their observations which will probably centre around use as a magnifier.
	Answer questions on refraction to link to previous learning

Investigate convex lenses give observations.
	Selection of ‘fat’ and ‘thin’ convex lenses
	Question and answer



	Main
	

	5
	Show pupils a concave lens so they can see the differences between concave and convex lenses.
	Draw simple picture of concave and convex lens to reinforce differences.
	A concave lens to compare to the convex lenses
	Clear diagram

	15
	Show pupils how to form a real image on a screen using a convex lens.  Classroom windows are often a good subject to use for the images. Show pupils how to measure the focal length by distant object method.  Ask pupils to describe and compare the images from ‘fat’ and ‘thin’ lenses.  When activity is complete ask pupils to share their findings.
	Use lenses to form images on the screen.  They should see that the image is inverted.  Pupils should see that the image from a ‘fat’ lens is brighter but smaller that the image from a ‘thin lens and that the ‘fatter’ a lens the shorter the focal length.


	Selection of ‘fat’ and ‘thin’ convex lenses, suitable screens, rulers
	Description of differences in lenses

	10
	Show pupils how to set up ray box and cylindrical lens.  Discuss what the experiment shows 
	Use slits to produce three rays that the cylindrical lens can focus.  Pupils estimate the focal length of the cylindrical lens.
	Ray boxes, power packs, slits, cylindrical lenses
	

	10
	Show pupils how a convex lens can

 be assumed to be this arrangement 

of prisms.  Recap pupil diagrams

allowing them to make necessary 

corrections.


	Pupils use knowledge of refraction to complete the paths of the rays through the ‘lens’.  After feedback they can make any necessary corrections.
	Printed sheet with arrangement of prisms
	Diagram

	Consolidation
	

	10
	Give pupils diagrams of fat and thin lenses with parallel and diverging incident rays.  Ask them to complete the paths of the rays. Check diagrams possibly using a demonstration.
	Complete the diagrams.
	
	Diagrams 


Homework:

Pupils could be asked to produce a list of devices that use convex lenses with a
 description of how used in one device and/or to identify whether real or virtual images are involved in each device.

Key words:

Lens, convex, focus, focal length, principal axis.
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