


Teaching plan 3C.1 Refraction

	[bookmark: edex_p1_tp_5_3_1_refraction]Student Book links
	Specification links
	Links to prior learning
	Suggested teaching order

	· 3C.1
	· 2.3.45
· 2.3.48
· 2.3.55
	· Definitions of the properties of waves, such as frequency, wavelength and speed
· Models of waves and wave processes
· Calculations of wave speed
· The transmission of waves
	1. Qualitative introduction to refraction.
2. Relation of refraction to change of speed at a boundary.
3. Snell’s law.
4. Measurement of refractive index.
5. Dispersion.

	Learning objectives
	

	· Understand what is meant by refraction.
· Understand how to measure the refractive index of a solid material.
· Use two equations relating to refraction.
	

	Key terms
	Practical skills

	· Refraction
· Refractive index
· Snell’s law
	· Practical: Measure the refractive index of a solid material.

	Maths skills
	Digital learning ideas

	· Identify uncertainties in measurements and use simple techniques to determine uncertainty when data are combined by addition, subtraction, multiplication, division and raising to powers (C.1.5).
· Plot two variables from experimental or other data (C.3.2).
· Understand that y = mx + c represents a linear relationship (C.3.3).
· Determine the slope and intercept of a linear graph (C.3.4).
	· There are lots of online animations showing refraction effects. There are also physlets® (physics applets) available online which allow you to control the incident angle and refractive index.

	Pre-unit homework suggestions

	· Ask students to research and write definitions of reflection, refraction, diffraction, interference, superposition and dispersion.




	Suggested starter activities
	Equipment
	Teacher notes

	1. Students work in pairs to investigate the behaviour  of light rays at an air/glass boundary.
	Ray box, rectangular and semi- circular glass (or Perspex®) prisms, drawing board, A3 paper, optical pins, protractor, pencil, 30 cm rule
	Invite students to record interesting behaviour and then discuss class observations.

	2. Demonstrate refraction using a ripple tank.
	Ripple tank with plane wave generator, Perspex® sheets to vary water depth
	Relate refraction to change of speed at boundary between two media, represented here by changing depth. Ask students to draw wavefront and ray diagrams.

	3. Demonstrate a range of refraction effects such as real and apparent depth, and focusing of light using a convex lens.
	Solid glass block, water tank, coin and/or stick, variety of convex lenses
	

	Suggested main activities
	Equipment
	Teacher notes

	1. Students work in pairs to measure the angles of incidence and refraction at an air/glass boundary. Ask them to plot sin2 against sin1.
	Ray box, semi-circular glass (or Perspex®) prisms, drawing board, A3 paper, optical pins, protractor, pencil, 30 cm rule
	Explain how to set this up carefully and discuss how the angles can be measured accurately.

	2. Define ‘refractive index’ and introduce Snell’s law.
	
	

	3. Students complete a worksheet on which a table of values for incident and refracted angles and refractive index has blanks that need to be calculated.
	Worksheet
	

	4. Demonstrate dispersion of light through an equilateral prism.
	Slide projector, large triangular prism, screen
	Relate dispersion to the dependence of speed and refractive index on wavelength.

	Suggested plenary activities
	Equipment
	Teacher notes

	1. Students work in pairs to estimate the refractive index of water by observing the real and apparent depth of an object placed under a glass block or at the bottom of a tank of water.
	Block of glass (or Perspex®) placed on newsprint, tank of water with coin at bottom, optical pins
	The location of the virtual image can be found using a no-parallax method.

	2. Demonstrate the disappearing test tube.
	Test tube, beaker, glycerol/water
	For this to work effectively, the refractive index of the liquid must match that of the glass.




	3. Ask students to draw careful diagrams to show the passage of light rays through various different shapes.
	Worksheet with drawings of differently-shaped prisms – rectangular, triangular, lens-shaped, semi-circular, etc.
	

	Homework suggestions

	· Students draw labelled wavefront and ray diagrams to explain refraction effects when plane waves enter or leave a denser medium.
· Students need plenty of practice in using the Snell’s law equation and should answer all of the questions in the Student Book.

	Wider reading

	· Students should research how rainbows create an arc of colour.

	Support ideas

	· It is much easier to draw good ray diagrams if students start by drawing the normal at the point of incidence on the boundary.

	Extension ideas

	· Show how Snell’s law can be derived from the velocities of waves on either side of the boundary.
· Ask students to calculate the deviation of a ray after passing through a triangular prism.
· Ask students to measure the range of refractive indices for visible light using the equation for minimum deviation of light through a triangular prism.

	Potential misconceptions

	· Some students will have met the equation . This needs to be related to the form of Snell’s law used above.
· Emphasise that angles must be measured from the normal and not from the edge or boundary.

	Links to future learning

	· The focussing of a particle beam in a particle accelerator.
· The use of telescopes in astronomy.
· Some of the optical ideas behind an electron microscope.
· Interactions of light with its medium at an atomic level.

	Differentiation for IAS students

	· This entire unit is relevant to both IAS students and IAL students.




	Notes

	



Teaching plan 3C.2 Total internal reflection

	[bookmark: edex_p1_tp_5_3_2_reflection]Student Book links
	Specification links
	Links to prior learning
	Suggested teaching order

	· 3C.2
	· 2.3.46
· 2.3.47
· 2.3.55
	· The transmission of waves
· Refraction
· Snell’s law
	1. Partial reflection and refraction at a boundary.
2. Total internal reflection.
3. Critical angle and sin c = .
4. Applications of total internal reflection.

	Learning objectives
	

	· Understand that waves can be reflected and transmitted at an interface between media.
· Understand the term critical angle.
· Predict whether total internal reflection will occur at an interface.
	

	Key terms
	Practical skills

	· Critical angle
· Total internal reflection (TIR)
	· Optical measurement.

	Maths skills
	Digital learning ideas

	· Use calculators to handle sin x, cos x, tan x when x is expressed in degrees or radians (C.0.6).
· Change the subject of an equation, including non-linear equations (C.2.2).
· Substitute numerical values into algebraic equations using appropriate units for physical quantities (C.2.3).
	· Physlets® (physics applets) are helpful for illustrating what happens as the angle of incidence approaches the critical angle.

	Pre-unit homework suggestions

	· Ask students to draw a series of ray diagrams to show refraction at an air/glass boundary and at a glass/air boundary for a wide range of incident angles and to comment on the differences between the two situations.

	Suggested starter activities
	
	
	Equipment
	
	Teacher notes

	1. Students work in pairs to investigate the behaviour of a ray of light leaving a denser medium, such as a glass/air boundary.
	Ray box, drawing board, A3 white paper fixed to board, semi-circular glass prism
	This is an introductory qualitative investigation. Students should notice partial reflection, refraction away from the normal, total internal refraction and some dispersion.

	2. Discuss the ideas of partial reflection and the existence of a critical angle of incidence at the boundary beyond which all of the energy must be totally internally reflected.
	
	




	Suggested main activities
	Equipment
	Teacher notes

	1. Derive the equation sin c = and provide some worked examples.
	
	

	2. Students make careful measurements of the critical angle for light rays leaving a glass block and use these to measure the refractive index of the block material.
	Ray box, drawing board, A3 white paper fixed to board, semi-circular glass prism, protractor, pencil, optical pins
	This could be a good place to discuss uncertainties.

	3. Discuss applications of total internal reflection.
	
	This could include periscopes and reflecting signs.

	4. Demonstrate the behaviour and use of optical fibres.
	Optical fibre kit and suitable light source
	If the kit is available, it is possible to demonstrate signal transmission along an optical fibre.

	Suggested plenary activities
	Equipment
	Teacher notes

	1. Students are challenged to use the critical angle to measure the refractive index of red and blue light.
	Ray box, drawing board, A3 white paper fixed to board, semi-circular glass prism, protractor, pencil, optical pins
	This calls for great care from students and is a good test of experimental skills.

	2. Demonstrate the optical path inside binoculars.
	Four equilateral prisms, two laser pens, screen
	

	Homework suggestions

	· Students explain how optical fibres work and discuss their advantages and disadvantages for signal transmission.
· Students need practice in using the equation for critical angle and should also do all of the questions in the Student Book.

	Wider reading

	· Students could research the structure and uses of different types of optical fibre, such as graded index and single-mode fibres.

	Support ideas

	· Student may need help in setting up their experiments in such a way as to generate accurate results. The use of optical pins to mark the incoming and outgoing ray paths can help here, as can drawing around the prism and removing in order to measure angles.

	Extension ideas

	· Discuss the signal dispersion in optical fibres, for example, as a result of multipath dispersion.




	Potential misconceptions

	· Students can forget that total internal reflection is only possible when a ray passes from a material of higher to lower refractive index.
· Some students are unsure about what happens at the critical angle – does the ray refract or not?

	Links to future learning

	· This unit effectively completes the work on refraction.

	Differentiation for IAS students

	· This entire unit is relevant to both IAS students and IAL students.

	Notes
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Teaching plan 3C.3 Polarisation

	[bookmark: edex_p1_tp_5_3_5_polarise]Student Book links
	Specification links
	Links to prior learning
	Suggested teaching order

	· 3C.3
	· 2.3.49
	· Definitions of the properties of waves, such as frequency, wavelength and speed
· Models of waves and wave processes
· Calculations of wave speed
	1. Polarisation.
2. Polarising filters.
3. Investigation of transmitted intensity using two polarising filters.
4. Stress analysis.
5. Production of polarised light by reflection and refraction.
6. Rotation of plane of polarisation.

	Learning objectives
	

	· Understand what is meant by plane polarisation.
· Describe how polarisation can be used with models to investigate stresses in structures.
	

	Key terms
	Practical skills

	· Polarisation
	· Measuring angles.
· Using a lux meter.

	Maths links
	Digital learning ideas

	· Use calculators to handle sin x, cos x, tan x when x is expressed in degrees or radians (C.0.6).
	· Effective animations showing the transverse nature of electromagnetic waves and the effects of polarisation can be found online.

	Pre-unit homework suggestions

	· Ask students to find a good video clip online to explain why fishermen wear polarised glasses.

	Suggested starter activities
	
	
	Equipment
	Teacher notes

	1. Review the meaning of transverse waves.
	
	

	2. Demonstration of transverse waves on a rope or Slinky™.
	Rope or Slinky™
	Emphasise the fact that the vibration direction can lie anywhere in the plane perpendicular to the wave direction.

	3. Define plane polarisation.
	
	




	Suggested main activities
	Equipment
	Teacher notes

	1. Demonstrate polarisation with light, microwaves and radio waves.
	Projector and two polarising filters, microwave kit and grid filter, 1 GHz wave kit
	

	2. Students work in pairs to measure the light intensity transmitted through a pair of polarising filters as a function of the angle between them.
	Light source, cardboard tube, two polarising filters, protractor, lux meter
	If the first filter is fixed to the top of the cardboard tube, the second one can be rotated with respect to it. The intensity measured through the pair of filters will follow a cos2 relation.

	3. Ask students to explain why a polarising filter transmits 50% of the unpolarised light that falls on it.
	
	There are some symmetry arguments but also several mathematical methods that can be used.

	4. Demonstrate photoelasticity effects.
	Projector, two polarising filters, transparent polymer sample, such as adhesive tape, to put under stress
	Cutting a small notch in the sample and then putting it under stress should produce some excellent coloured effects. Video clips of stress tests on transparent model structures can also be found online.

	Suggested plenary activities
	Equipment
	Teacher notes

	1. Demonstrate polarisation by refraction and reflection.
	Light source, glass plate, polarising filters
	If this is set up in the centre of a laboratory with the glass plate mounted vertically, it will be possible for students to use a polarising filter to look at the partially polarised light reflected from and refracted by the plate.

	2. Demonstrate polarisation by reflection from a water surface.
	Large bowl of water, desk lamp, coin
	If this is arranged carefully, students can be invited to look into the bowl to see the coin but will only be able to see it when their polarising filter is vertical.

	3. Students measure the rotation of plane of light polarisation using a polarimeter and sugar solution.
	Polarimeter (can be constructed from two filters and a cardboard tube), beaker of sugar solution, light source
	

	Homework suggestions

	· Students can be asked to identify three uses of polarised light and to explain them.
· Students should draw labelled diagrams of the apparatus used to demonstrate polarisation in light, microwaves and radio waves.




	Wider reading

	· Students can research the use of polarising filters in polarised sunglasses, 3D cinema glasses and polarising filters for cameras.

	Support ideas

	· Animations help students to visualise polarisation effects.

	Extension ideas

	· Derive equations for the transmitted amplitude and intensity of plane polarised light transmitted through a polarising filter oriented at angle  .
· Ask students to prove that the maximum intensity transmitted through a sequence of three polarising filters, where the end filters are mutually perpendicular, occurs when the central filter is at 45 degrees.

	Potential misconceptions

	· Students can struggle with the relative orientation of plane of polarisation and polarising filter direction so it is important that any diagrams used in explanations are very clear.

	Links to future learning

	· The idea of resolving the electric field vector along the polarisation direction is linked to the use of vectors throughout the course.

	Differentiation for IAS students

	· This entire unit is relevant to both IAS students and IAL students.

	Notes
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