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GRADE 11A: Physics 4 

Properties of waves 

About this unit 
This unit is the fourth of seven units on physics 
for Grade 11 advanced. 

The unit is designed to guide your planning and 
teaching of physics lessons. It provides a link 
between the standards for science and your 
lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
For extension or consolidation activities, look at 
the scheme of work for Grade 12A and 
Grade 10A. 

You can also supplement the activities with 
appropriate tasks and exercises from your 
school’s textbooks and other resources. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and real 
world applications. 

 

Previous learning 
To meet the expectations of this unit, students should already be able to 
distinguish between transverse and longitudinal waves and be able to 
describe the properties of a wave using appropriate technical vocabulary. 
They should be able to explain the geometry of refraction, calculate the 
refractive index of a medium and interpret it in terms of change in the 
velocity of light. They should be able to describe electric and magnetic fields 
as fields of force.  
 

Expectations 
By the end of the unit, students explain refraction, diffraction and 
interference of waves and apply the explanation to water waves, sound 
waves and electromagnetic waves. They know that the electromagnetic 
spectrum consists of electromagnetic radiation of varying frequency but with 
the same velocity in a vacuum and describe the properties and applications 
of the main parts of the spectrum. 

Students who progress further explain the operation of a diffraction 
grating and solve problems relating to interference phenomena. They 
explain the Doppler effect in terms of wave motion, and understand the 
phenomena of coherence and the polarisation of transverses waves.  

 

Resources 
The main resources needed for this unit are: 
• ripple tanks 
• ray boxes  
• rectangular blocks of transparent material (e.g. glass, transparent rigid 

plastic) 
• microwave generator and receiver 
• ultrasound generator and receiver 
• polarising filters 
• overhead projector (OHP) 
• large Iceland spar crystal 
• liquid crystal display (e.g. in a calculator) 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• reflection, refraction, refractive index, velocity, wavelength 
• diffraction, superposition, constructive interference, destructive 

interference, diffraction grating, coherence, phase, antiphase 
• beats 
• Doppler effect 
• polarisation 
• electromagnetic spectrum, free space 
 

UNIT 11AP.4 
9 hours 
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Standards for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 11 standards 
 EXTENSION STANDARDS 

10A.28.3 Know and use the terms crest, 
trough, compression, rarefaction, 
displacement, amplitude, phase 
difference, period, frequency, 
wavelength and velocity, and perform 
calculations using the relationships 
between velocity, frequency and 
wavelength. 

10A.29.1 Know that light travels in straight 
lines and can be reflected by plane 
surfaces ... 

11A.29.1 Know what happens to waves when they are reflected and refracted; 
explain diffraction, superposition and constructive and destructive 
interference in terms of wave motion. 

  

10A.29.2 Know that light is refracted as it 
passes from one medium to another. 
Explain the geometry of refraction, 
calculate the refractive index of a 
medium and interpret it in terms of 
change in the velocity of light. 

11A.29.2 Explain refraction of light and water waves in terms of waves, know that the 
velocity of waves changes during refraction and relate this to refractive 
index. 

 

 11A.29.3 Use a diffraction grating to show diffraction and the production of visible 
spectra and to solve problems relating to interference phenomena using 
the relationships λ = ax/D and d sinθ = nλ. 

 

 11A.29.4 Explain the Doppler effect in terms of wave motion and give examples from 
sound and light. 

 

10A.28.2 ... distinguish between transverse 
and longitudinal waves.  

11A.29.5 Explain the phenomena of coherence and polarisation of transverse waves 
and describe applications of both. 

 

10A.30.3 Describe an electric field as an 
example of a field of force ... 

1 hour 

Reflection and 
refraction 
 

4 hours 

Diffraction and 
superposition 
 

1 hour 

Doppler effect 
 

1 hour 

Polarisation 
 

2 hours 

Electromagnetic 
spectrum 

10A.30.5 Describe a magnetic field as an 
example of a field of force ... 

11A.29.6 Explain electromagnetic radiation in terms of oscillating electric and 
magnetic fields and know that all electromagnetic waves travel with the 
same velocity in free space. Describe the main characteristics and 
applications of the different parts of the electromagnetic spectrum and give 
examples of the reflection, refraction and interference of electromagnetic 
waves. 
 

12A.30.2 Know about the particulate nature of 
electromagnetic radiation; recall and 
use the formula E = hf. 

Unit 11AP.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Reflection 
Perform a sequence of short demonstrations to remind students about the reflection of waves. 
These could include:  
• using a ripple tank to show reflection of plane and circular wave pulses at a straight barrier;  
• reflection of microwaves and/or ultrasound at a plane surface; 
• reflection of a light ray at a plane mirror.  

Hand out copies of diagrams of these demonstrations for students to complete.  

Throughout this unit, ensure that students are 
familiar with relevant terminology from earlier 
units relating to waves (e.g. wavelength, 
frequency, period, amplitude).  

Prepare student worksheets. Check that 
completed diagrams show there is no change of 
wavelength on reflection and that light rays, and 
lines drawn at right-angles to wavefronts, obey 
the law of reflection.  

Use this column to note 
your own school’s 
resources, e.g. 
textbooks, worksheets. 

 

Refraction 
Present a series of demonstrations relating to refraction. Suitable demonstrations include: 
• refraction of plane waves in a ripple tank; 
• refraction of a light ray by a rectangular glass block; 
• getting a line of students to act as a wavefront and to walk across a boundary between areas 

representing high-speed and low-speed regions; 
• a Java applet showing waves refracting at a plane boundary. 

Ensure that students know that refraction involves a change of speed and direction.  

 
The third demonstration involves about six 
students walking side by side with regular steps 
of a constant length (they will need to practise 
this). They should walk towards a chalk line on 
the floor marking a boundary between two 
regions, and as each one crosses the boundary 
he or she should reduce speed by halving the 
length of their steps. If the ‘wavefront’ crosses 
the boundary at an angle, it will change 
direction.  

ICT opportunity: Use of Java applets. 

Enquiry skill 11A.3.4 

 

1 hour 

Reflection and refraction 
Know what happens to 
waves when they are 
reflected and refracted ... 

Explain refraction of light and 
water waves in terms of 
waves, know that the velocity 
of waves changes during 
refraction and relate this to 
refractive index. 

 

Refractive index 
Use large labelled diagrams on the board or OHP to remind students of Snell’s law of refraction. 
Establish the definition of refractive index expressed both in terms of wave velocities in two 
media and in terms of the angles of incidence and refraction.  

Ask students to work in pairs using ray-boxes to determine the refractive index of a variety of 
media (e.g. glass, transparent rigid plastic) and hence calculate the speed of light in each. Tell 
them to consider uncertainties in measurement and say how these affect their results and 
calculations.  

Provide plenty of numerical and algebraic examples that allow students to practise using Snell’s 
law.  
 

 
Mathematics: A knowledge of the trigonometry 
of right-angled triangles is required. 

Enquiry skills 11A.3.2, 11A.3.3 

 

 

Unit 11AP.4 
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Objectives Possible teaching activities Notes School resources 

Superposition 
Ask students to work in small groups using a rope to explore what happens when two wave 
pulses meet. Introduce the term superposition. Get two students to hold one end of the rope 
each and tell them both to send a single pulse. Tell the rest of the group to observe carefully 
what happens when the pulses superpose. Then get them to use pulses of varying size, and to 
see what happens when both pulses begin at the top or bottom of the rope, and when one 
begins at the top and the other at the bottom. Ask students to record their observations using 
diagrams. Introduce the terms constructive superposition and destructive superposition.  

 
Instead of a rope, students could use a Slinky 
spring or a long piece of rubber tubing.  
 
 
Make sure students’ diagrams show pulses 
superposing algebraically as they meet and then 
continuing unaffected.  

 

Diffraction 
Present several demonstrations illustrating diffraction. Suitable examples include:  
• a ripple tank in which plane waves travel towards a barrier with a gap of adjustable width;  
• a ripple tank in which plane waves travel towards a small obstacle;  
• a narrow vertical slit mounted in the path of a laser beam;  
• a microwave and/or ultrasound transmitter and receiver, with a narrow gap formed from two 

metal plates interrupting the beam. 

Ask students to record their observations using notes and diagrams. Introduce the term 
diffraction. Establish that waves are diffracted when they encounter a gap or obstacle, and that 
diffraction is most pronounced when the gap or obstacle is comparable in size to the 
wavelength. 

Discuss some everyday examples of diffraction, such as: 
• sound waves can easily be heard through a gap (such as an open door) even if the source is 

not in line with the detector;  
• water waves on the sea are observed to be diffracted by obstacles such as breakwaters and 

harbour walls;  
• broadcast radio waves can be detected even if there are obstacles (such as buildings) 

between the transmitter and receiver.  

 
Safety: Follow safety guidelines when using 
lasers and ensure that the laser is positioned so 
that it is impossible for students to look into the 
beam. 

 

 

 

4 hours 

Diffraction and 
superposition 
... explain diffraction, 
superposition and 
constructive and destructive 
interference in terms of wave 
motion. 

Use a diffraction grating to 
show diffraction and the 
production of visible spectra 
and to solve problems 
relating to interference 
phenomena using the 
relationships λ = ax/D and 
d sinθ = nλ. 

Explain the phenomena of 
coherence ... and describe 
applications ... 

... give examples of the 
reflection, refraction and 
interference of 
electromagnetic waves. 

 

Interference 
Set up two loudspeakers driven by a single signal generator in a large open space (e.g. a 
playground or hall). Adjust the separation of the speakers and the frequency of the signal so 
that there are clear regions of constructive and destructive interference. Invite students first to 
walk across the space, then to stand in a position where they have heard a loud sound; this 
should reveal clear bands of loud sound radiating from the speakers. 

Ask students to suggest explanations for this finding in terms of superposition and diffraction. 
Introduce the term interference. Establish that there are regions of constructive and destructive 
interference, and that positions of maximum loudness correspond to waves from the two 
speakers arriving in phase, while positions of minimum loudness arise when waves are in 
antiphase.  
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Objectives Possible teaching activities Notes School resources 

Set up a circus of activities illustrating interference between two wave sources. Tell small 
groups of students to visit each in turn and record their observations using notes and diagrams. 
Suitable examples include:  
• two sets of circular waves in a ripple tank;  
• microwaves and/or ultrasound diffracted through two parallel slits;  
• a pair of parallel slits mounted in the path of a laser beam;  
• Java applets that show how the interference pattern depends on slit separation and 

wavelength.  

Introduce the term coherence and establish that, in order to produce a steady interference 
pattern, there must be a constant phase relationship between two sources. Explain that, in 
practice, this is often best achieved by splitting a single beam of radiation.  

Use large labelled diagrams on the board or OHP to explain the relationship between phase 
difference and path difference.  

Provide examples of calculations in which students relate phase difference to path difference 
and hence to features of an interference pattern.  

Safety: Follow safety guidelines when using 
lasers and ensure that the laser is positioned so 
that it is impossible for students to look into the 
beam.  

ICT opportunity: Use of Java applets. 

Enquiry skills 11A.1.1, 11A.4.1, 11A.4.2 

 

Discuss how measurements on interference patterns can be used to determine the wavelength 
of radiation. 

Ask students to work in pairs or small groups to determine the wavelength of microwave or 
ultrasound radiation. They should use a double-slit arrangement and locate positions of 
maximum and minimum intensity. By measuring the distance from such locations to each of the 
slits, they will obtain a set of data from which wavelength can be deduced. Ask them to consider 
how this basic technique might be refined to obtain more accurate results.  

Enquiry skills 11A.1.1, 11A.1.3, 11A.1.5, 11A.3.3 

This activity also relates to Standard 10A.25.2. 

Show more advanced students the derivation of the formula for double-slit interference, making 
the small-angle approximation where necessary. Then ask them to make measurements on the 
diffraction pattern produced when a laser beam shines through a pair of slits onto a distant 
screen, and hence calculate the wavelength of the light.  

Provide students with examples of numerical and algebraic calculations that allow them to 
practise using the double-slit formula.  

Mathematics: A knowledge of angles 
expressed in radians, and the small angle 
approximation, is required.  

Safety: Follow safety guidelines when using 
lasers and ensure that the laser is positioned so 
that it is impossible for students to look into the 
beam.  

Diffraction grating 
Use a laser to demonstrate diffraction and interference produce by sets of two, three, four and 
more narrow slits. Establish that, in each case, bright spots correspond to waves from all slits 
arriving in phase. Introduce the term diffraction grating.  

Get students to use Java applets to explore the relationship between slit spacing, wavelength 
and the angles at which bright beams emerge from a grating. 

Shine light from an incandescent source first through a single slit to produce a narrow beam 
and then through a diffraction grating. Use an infrared detector to show the presence of invisible 
‘heat’ radiation with a longer wavelength than red light.  

 
Safety: Follow safety guidelines when using 
lasers and ensure that the laser is positioned so 
that it is impossible for students to look into the 
beam.  

ICT opportunity: Use of Java applets. 
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Objectives Possible teaching activities Notes School resources 

Show more advanced students the derivation of the diffraction grating formula and discuss how 
the spacing, d, and wavelength, λ, limit the maximum available diffraction order, n, since sin θ 
cannot exceed 1.  

Explain how plotting a graph of sin θ against diffraction order, n, for monochromatic light yields a 
straight-line graph whose gradient enables wavelength to be determined.  

Ask students to work in pairs to use a grating spectrometer to determine the wavelengths of 
different colours of visible light. 

Explain to some advanced students how the sharpness of the diffraction maxima depends on 
the total number of slits in the beam, and how the amount of light diffracted through large angles 
depends on the width of the individual slits.  

Provide students with examples of numerical and algebraic calculations that allow them to 
practise using the diffraction grating formula. 

Enquiry skills 11A.1.1, 11A.1.3, 11A.4.1 

Beats 

If any students in the class play stringed instruments such as guitar or violin, ask them to bring 
their instruments into class. Ask them to demonstrate what happens when two strings sound 
almost, but not quite, the same note. (Use one ‘open’ string and place a finger on another string 
to achieve almost the same note.) If the two notes are close in pitch, it should be possible to 
hear clear fluctuations in intensity: beats. 

Demonstrate beats using speakers driven by two signal generators set to slightly different 
frequencies, or a tuning fork with plastic modelling clay stuck to one prong to reduce its 
frequency of vibration slightly.  

Ask students to explain beats. They should be able to suggest explanations in terms of 
superposition of two sets of waves that gradually come in and out of phase. Some students 
might be able to derive an expression of the beat frequency as the difference between the two 
superposed frequencies.  
 

 

 

 

1 hour 

Doppler effect 

Explain the Doppler effect in 
terms of wave motion and 
give examples from sound 
and light. 

Doppler effect 

Ask students to imitate the sound of a motorbike driving past at high speed. They will almost 
certainly make a sound that decreases abruptly in pitch, and identify the higher pitch with the 
approaching vehicle and the lower pitch with the vehicle receding. Explain that this change in 
received frequency is a consequence of the Doppler effect.  

Use large diagrams on the board or OHP and/or Java applets to show how the waves from an 
approaching object are reduced in wavelength and hence rise in frequency, while waves from a 
receding object have an increased wavelength and reduced frequency. Similarly, explain how 
an observer moving relative to a stationary source detects an increased or reduced frequency.  

 

 
 
 
 

ICT opportunity: Use of Java applets. 
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Objectives Possible teaching activities Notes School resources 

 Show how to derive formulae for the change of frequency in each case, and show that if the 
speed, u, of source or detector is much less than the wave speed, v, then ∆f/f = u/v, where f is 
the emitted frequency and ∆f is the difference between emitted and detected frequencies. Point 
out that the analysis applies to all types of waves, including sound and light and other types of 
electromagnetic radiation. (With some students you might wish to mention that a full analysis of 
the Doppler effect for electromagnetic waves requires relativity, but that when the speeds 
involved are low compared with the speed of light, the classical and relativistic analyses give the 
same results.) Discuss the double frequency shift that occurs when radiation is reflected from a 
moving target. 

Discuss uses of the Doppler effect, including the mechanism of radar speed traps, medical uses 
(e.g. blood flow measurement) and the determination of velocities of astronomical objects.  

Ask students to work in pairs using appropriate software to analyse recordings of engine noise 
or horns as obtained when a vehicle moves past a stationary microphone and hence determine 
the speed of the vehicle. 

Provide students with examples of numerical and algebraic calculations involving the Doppler 
effect. 

 
 
 
 
 
 
 
 
 

 
 

Safety: If students make their own recordings of 
vehicle noise, ensure that they do not distract 
drivers, and that they themselves are in no 
danger from traffic  

ICT opportunity: Use of appropriate software to 
analyse sound recordings. 

Enquiry skills 11A.1.1, 11A.4.1, 11A.4.2 
 

 

1 hour 

Polarisation 

Explain the phenomena of ... 
polarisation of transverse 
waves and describe 
applications ... 

Explain electromagnetic 
radiation in terms of 
oscillating electric and 
magnetic fields ... 

Polarisation 

Set up a circus of activities relating to polarisation of light. Tell pairs of students to visit each in 
turn and record their observations. Suitable examples for observation include:  
• a small lamp viewed through a single polarising filter then through two such filters held so that 

one can be rotated relative to the other;  
• light scattered from a polished bench-top through a single polarising filter;  
• double refraction by a large Iceland spar crystal;  
• light transmitted and scattered from a torch shining through a large tank of water to which a 

few drops of milk have been added;  
• a liquid crystal display whose upper polarising filter can be removed and rotated;  
• a beaker of concentrated sugar solution placed on an OHP with one polarising filter below 

and one above the beaker. 

Explain the phenomenon of polarisation in terms of vibrations being confined to one plane. 
Show transverse waves on a rope or a length of rubber tubing to illustrate the difference 
between polarised and unpolarised waves. Establish that only transverse waves can be 
polarised: sound waves, being longitudinal, cannot be polarised. Explain that polarising filters 
work by absorbing vibrations in one plane and that only components of vibration at right-angles 
to this plane are transmitted.  
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Objectives Possible teaching activities Notes School resources 

 Show that microwaves are plane polarised in the generator: a grid of parallel wires held 
vertically absorbs the radiation, but with the wires horizontal the radiation passes through.  

With the aid of a large diagram displayed on the board or OHP, explain that microwaves consist 
of oscillating electric and magnetic fields at right-angles to one another and to the direction of 
wave travel. A microwave generator produces waves in which an electric field oscillates 
vertically, and the waves are readily absorbed when the field causes free electrons (e.g. in 
metal wires) to oscillate. 

If time permits, you might want to discuss some of the introductory examples from the circus in 
more details (e.g. the operation of liquid crystal displays, the production of polarised light by 
Iceland spar crystals). 

The grid of parallel wires provided with most 
laboratory microwave kits is not a diffraction 
grating. It is a polarising filter. A grating must 
have slits whose separation is greater than the 
3 cm wavelength of the radiation.  

 

2 hours 

Electromagnetic spectrum 

Explain electromagnetic 
radiation in terms of 
oscillating electric and 
magnetic fields and know 
that all electromagnetic 
waves travel with the same 
velocity in free space. 
Describe the main 
characteristics and 
applications of the different 
parts of the electromagnetic 
spectrum ...  

Introduce this topic by giving a short presentation to the class on electromagnetic radiation. You 
should introduce the main categories and emphasise their common characteristics: 
• all travel at the same speed in a vacuum (‘free space’); 
• all can undergo reflection, refraction diffraction and superposition; 
• all can be plane polarised; 
• all consist of oscillating electric and magnetic fields.  

Do not go into details of the discovery, production or uses of the radiation.  

Divide the class into groups and allocate each group to one region of the spectrum. Tell each 
group to use the Internet and other resources to research their own region and produce a large 
colourful poster to communicate their findings. They should address the following questions: 
• What is the approximate wavelength and frequency range of this type of electromagnetic 

radiation?  
• When and how was this type of radiation first discovered? 
• How have ideas about its nature changed over time? 
• How is the radiation produced? 
• What are some examples of this type of radiation in use? 
• Are there any hazards associated with this type of radiation? 

Hold a presentation session in which each group gives a brief oral introduction to their research 
and their poster. Posters should then be displayed and students allowed time to visit and 
discuss one another’s work. 
 

Make sure students are familiar with 
conventions for expressing very large and small 
numbers using scientific notation and SI 
prefixes.  

 

 

 

ICT opportunity: Use of the Internet. 

Enquiry skills 11A.1.8, 11A.2.1, 11A.3.4 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

A light ray enters a glass block at an angle of incidence 35°. The refractive index of the glass is 
1.55. Calculate the angle of refraction and hence draw a diagram showing the path of the ray.  

  

A student uses a microwave generator and a probe that can detect microwaves from any 
direction. She places a metal screen about 0.5 m from the generator and notices that, as she 
moves the probe around, the detected signal fluctuates in strength. She moves the probe from 
the generator along a line at right-angles to the screen and finds that the distance between 
adjacent maxima is 1.4 cm. 

a. Explain why the detected signal varies in intensity. Include the following terms in your 
answer: superposition, phase, path difference, wavelength. 

b. What is the wavelength of the microwaves? 

  

A student uses a diffraction grating with 600 lines per mm to measure the wavelength of red 
light emitted by hydrogen atoms. He finds the first and second orders of diffraction at 23.2° and 
51.9° to the straight-through beam. 

a. What is the wavelength of the light? 

b. Explain why he was unable to find a third-order beam.  

  

An astronomer identifies a pattern of light from a distant galaxy as coming from hydrogen atoms. 
He knows that the wavelength of this light in the laboratory is 486 nm, and the light he detects 
from the galaxy has wavelength 498 nm. Given that the speed of light is 3.00 × 108 m s–1, 
calculate the speed of the galaxy and say whether it is approaching or receding.  

  

A student wearing Polaroid™ sunglasses notices that they reduce the amount of glare from light 
scattered by roads and other horizontal surfaces. Explain what can be deduced from this 
observation about the nature of the scattered light.  

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

 

A cloud of interstellar gas emits a lot of electromagnetic radiation in the frequency range  
1–10 GHz. What is the corresponding range of wavelengths? In what region of the 
electromagnetic spectrum is this radiation? 
 

  

 

 

Unit 11AP.4 
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