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GRADE 9: Physical processes 3 

Waves 

About this unit 
This unit is the third of seven units on physical 
processes for Grade 9.  

The unit is designed to guide your planning and 
teaching of lessons on physical processes. 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 10A and Grade 8. 

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

Introduce the unit to children 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 know that light 
is reflected and refracted at plane surfaces and that light and sound are 
forms of energy that can be transmitted across distances. They should know 
that sound requires a medium for transmission whereas light does not. 
 

Expectations 
By the end of the unit, students distinguish between longitudinal and 
transverse waveforms and apply the relationship between velocity, 
frequency and wavelength to water waves, sound and light. They explain 
reflection and refraction of light in terms of waves  

Students who progress further relate refractive index to changes in the 
velocity of light as it moves from one medium to another. They explain how 
energy can be retained in an oscillating body and how waves can transmit 
that energy from one place to another. They know that earthquakes produce 
transverse and longitudinal vibrations that travel at different velocities and 
that these can be used by seismographers to pinpoint the position of an 
earthquake. 
 

Resources 
The main resources needed for this unit are: 
• everyday items such as a rope, fine sand, plastic water piping, blackboard 

protractor 
• Slinky™ spring, overhead projector (OHP), ripple tank (for OHP) and 

accessories, hand-held stroboscopes 
• investigation planning poster 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• energy forms, heat, light, sound 
• longitudinal wave, transverse wave 
• reflection, refraction 
• velocity, frequency, wavelength 
• wave, wavefront 
• earthquake, tsunami 

UNIT 9P.3 
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Standards for the unit 

12 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

 9.20.1 Know that energy can be transmitted down a rope or through water in the 
form of waves.  

11A.29.6 Explain electromagnetic radiation in 
terms of oscillating electric and  
magnetic fields … 

 9.20.2 Distinguish between longitudinal and transverse waves.  10A.28.2 Know that waves transfer energy and 
distinguish between transverse and 
longitudinal waves. 

 9.20.3 Understand the relationship between velocity, frequency and wavelengths, 
and perform calculations using the relationship.  

10A28.3 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. 

8.18.4 Describe how light is reflected at a 
surface and understand the 
difference between reflection by 
rough and smooth surfaces. Know 
the characteristics of an image 
formed in a plane mirror. Describe 
everyday applications of reflection.  

9.20.4 Explain the reflection of sound and light in terms of waves. 10A.29.1 Know that light travels in straight lines 
and can be reflected by plane 
surfaces, and explain how images are 
formed in plane mirrors. Explain 
common applications of this 
phenomenon.  

3 hours 

Properties of 
waves 
 

3 hours 

Light waves 
 

6 hours 

Waves in our 
lives 

8.18.5 Describe how light is refracted at a 
plane surface and describe everyday 
applications of refraction.  

9.20.5 Explain the refraction of light and water waves in terms of the change in 
velocity of waves.  

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. 
 

Unit 9P.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

Introduction 
This is a completely new topic. Introduce it by recalling earlier work done on energy and asking 
the class to list all the different kinds of energy they can think of that can easily move from place 
to place (e.g. sound, light, heat). Tell them that in this unit they will be introduced to the way that 
many forms of energy are transmitted. 

Beginning and ending this unit with a concept map around the word ‘wave’ is informative. 

 

 

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

 

Rope waves 
Have two students hold a long rope across the front of the classroom. Ask one to transmit a 
pulse of energy from their end to the other. Ask the class to try to time how long it took to 
transmit the pulse. Ask for suggestions on how to improve the measurement of the time (e.g. to 
send 10 pulses, each being sent when the previous one reaches the other end). 

Ask the two students (or another pair) to demonstrate the effect, if any, of the tension in the 
rope on the time taken. 

Finally, show a continuous series of pulses travelling down the rope. 

Introduce the concept of transverse waves by asking students what they observe about the 
relationship between the direction of the pulse made by the first student and the direction in 
which the pulse travels. 

 
Enquiry skill 9.1.1 (use appropriate techniques 
to improve accuracy) 

 

Waves using a Slinky™ spring 
Demonstrate the transmission of energy by both transverse and longitudinal waves using a 
Slinky™ on a bench, Compare, qualitatively, the velocity of the two kinds of wave. Create a 
table on the board or OHP contrasting the two kinds of wave, and, if possible, give examples of 
both. More examples can be added later. Tell students to copy the table into their books so they 
can add to it during the unit.  

 
A good quality Slinky™ spring, the longer the 
better, is required for this. They can be obtained 
from scientific instrument suppliers. The usual 
kind available in toyshops are often too short for 
a satisfactory demonstration. 

 

3 hours 

Properties of waves 
Know that energy can be 
transmitted down a rope or 
through water in the form of 
waves.  

Distinguish between 
longitudinal and transverse 
waves.  

Understand the relationship 
between velocity, frequency 
and wavelengths, and 
perform calculations using 
the relationship. 

 

Water waves 
Students will be familiar with water waves. Create some in a bowl in which a cork is floating. 
Note the direction of movement of the cork, and hence the water particles causing it to move. 

Demonstrate the use of a ripple tank to study waves. Project the image onto the screen using 
the OHP. Give students hand-held stroboscopes to ‘freeze’ the wave pattern.  

 
Using a ripple tank on an OHP requires practice. In 
general, the simpler the demonstration, the more 
effective it is; following a single hand-generated 
wave is often easier for students than following 
continuous waves generated by a vibrator. 

 

Unit 9P.3 
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Objectives Possible teaching activities Notes School resources 

Velocity, frequency and wavelength of a wave 
Introduce, using diagrams, the concepts of velocity, frequency and wavelength of a wave. Give 
the equation relating them. Show more advanced students how to deduce this relationship from 
the definitions of the components. Give a number of simple practice questions to ensure that 
the students can use the relationship. 

Set some practical tasks measuring the velocity, frequency and wavelength of waves. One 
might be to challenge groups to measure the wavelength of waves on water through the rather 
easier task of measuring the velocity and the frequency. 

  

Vibrations and waves 
Demonstrate the water wave again with a floating cork. Ask students to describe the movement 
of the cork. When is it moving fastest? When is it not moving at all? Explain that this movement 
is called a vibration. Ask them to describe any other vibrations that they might have studied. 
One that they may think of is the pendulum. 

Demonstrate the vibration of a pendulum and ask the same questions. Also ask when they think 
that the pendulum bob is slowing down and speeding up. Challenge more advanced students to 
draw a graph of the distance travelled by the pendulum bob against time. Remind them that if 
the distance it moves one way is the positive direction, when it moves the opposite way it is 
moving in a negative direction. (Students do not meet the concept of vectors until Grade 10 but 
the idea of displacement as a vector could be mentioned here with an advanced group.) Many 
students may draw a graph that resembles a sine wave (or water wave). 

Instead of the pendulum bob, hang a filter funnel containing a folded filter paper with a small 
hole in the middle. Fill the filter paper with fine sand. The equipment should produce a 
continuous fine stream of falling sand. Stick several sheets of white A4 paper together and 
place them with one of the narrow ends under the funnel. Set the funnel swinging and at the 
same time gently pull the paper underneath it. The sand generates a sine wave pattern on the 
paper. This pattern shows the movement of any object that is vibrating in a simple way. 

Ask the class to show a complete oscillation on the sand graph. 

Return to the Slinky™ and demonstrate longitudinal waves again. Colour a 1 cm long section of 
one turn black so that it can be seen easily. Ask the class to describe the movement of the 
black part of the Slinky™ as the wave passes. Ask one student to come and demonstrate the 
movement slowly on the Slinky™ . Ask them all to sketch a rough graph of the movement of the 
black point on the Slinky™. Ensure that most realise that the movement is the same as the 
vibration of the cork on the water. 
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Objectives Possible teaching activities Notes School resources 

Recall reflection and refraction 
Recall the fundamentals of the reflection and refraction of light studied in Grade 8. If necessary, 
repeat as a demonstration key elements of it. 

  

Reflection and refraction of water waves 
Set up the ripple tank on the OHP and generate plane parallel wavefronts. Show what happens 
when the wavefront is reflected from a straight barrier. Show the relationship between the angle 
of incidence and the angle of reflection. Repeat for different angles to show that the relationship 
is general. Draw students’ attention to the observation that the velocity, wavelength and 
frequency of the waves remain unchanged before and after reflection (except that the velocity 
has changed direction). 

  

Demonstrate refraction of waves when parallel wavefronts move from deep to shallow water. 
Ask students to note carefully what they think happens as the wavefronts move from deep to 
shallow water to: 
• the direction of the wave; 
• the velocity of the wave; 
• the frequency of the wave; 
• the wavelength of the wave. 

It is important that students understand that the change in direction is an inevitable 
consequence of the wave slowing down in shallow water. The frequency cannot change and so 
the wavelength decreases as it hits shallower water, and the wave must therefore bend. Ask 
students to draw a diagram of what they see as the wavefronts, with a fixed wavelength, hit the 
shallow water. Ask them to draw the refracted part of each wavefront with a shorter wavelength 
(say two-thirds of the original). The wavefront has to change direction. Note that the direction 
change is towards the shallower water. 

Now demonstrate the passage of light from air to glass. The light bends towards the glass 
(towards the normal). This is very similar behaviour to the water waves entering shallow water. 

The shallow water should be as shallow as 
possible to make the direction change significant 
and clearly observable. A clear plastic or glass 
plate (usually supplied with the tank) can be 
used to create the shallow water. 

 

 

 

3 hours 

Light waves 
Explain the reflection of 
sound and light in terms of 
waves. 

Explain the refraction of light 
and water waves in terms of 
the change in velocity of 
waves.  

Ask students what the two demonstrations suggest to them about light energy. They will 
probably say that light is a wave form; it behaves like water waves. Take the comparison further 
by asking them what they think happens to the velocity of light as it enters the glass.  

Advanced students, who have covered refractive index, can be shown that the refractive index 
is the ratio of the velocities of light in air and in glass. 

Ask the class to think about their visits to the coast and ask them about the direction of the 
waves in the sea. They always travel in towards the shore. Those that have been out in boats 
will know that the waves are made by the wind and, in the open sea, they travel in the direction 
of the wind. As they approach the shore they bend, slow down and get bigger. Ask the class to 
explain why they get must get bigger as they slow down. Help them by explaining (using 
diagrams on the board or OHP) that, because the energy of the wave is fixed, as the 
wavelength decreases, the amount of water moving up and down will get less and so the water 
must move up and down further. The energy is distributed among a smaller number of water 
particles and so they will move more. This is an important point when discussing tsunamis. 
 

The evidence linking the behaviour of water 
waves and the behaviour of light is 
circumstantial. There is no clear link between 
the behaviour of the water waves and light, but 
there is a strong suggestion that they have the 
same origin. This suggestion is strengthened by 
further evidence to be gathered in Unit 9P.4.and 
in Grade 10 when refractive index is studied. 

Enquiry skill 9.1.2 
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Objectives Possible teaching activities Notes School resources 

Vibrations; natural frequencies 
Ask students to set a ruler vibrating by holding one end firmly to the edge of the desk and 
flicking the other end, which is protruding over the edge, with their thumbs.  

Ask them how they think the vibration will change if they make the vibrating part of the ruler 
longer or shorter. Ask them to check their predictions. Ask them if they think that two rulers of 
the same kind and length will vibrate with the same frequency. Again ask them to check their 
prediction. 

Ask students how they think the frequency of the vibration changes with the length of the ruler. 
Challenge them to predict what the effect on the frequency would be of sticking a lump of 
modelling clay firmly on the vibrating end of the ruler. Ask them to check their predictions. 

(An optional demonstration showing the same phenomenon can be set up using a hacksaw 
blade clamped so that it can vibrate in a horizontal plane. If a pencil is attached to the end, a 
trace of the vibration can be made on paper in the same way as the sand trace above.) 

Conclude that any vibrating object has its own natural frequency of vibration and this can only 
changed by changing the body materially (e.g. by making it longer or heavier, by making the 
water deeper). Confirm this by giving each group a pendulum of the same length and challenge 
them to make it oscillate faster. Ask for their conclusions after two minutes or so (the pendulums 
will also be needed for the next section). 

  6 hours 

Waves in our lives 
Know that energy can be 
transmitted down a rope or 
through water in the form of 
waves.  

Distinguish between 
longitudinal and transverse 
waves.  

Understand the relationship 
between velocity, frequency 
and wavelengths, and 
perform calculations using 
the relationship.  

Vibrations and energy 
Recall work on energy transformations from Grade 8. Question the class to ensure that they 
remember the distinction between potential and kinetic energy. Ask the groups to watch their 
pendulums (which they should have studied in the Grade 8 unit but not in detail) and to describe 
the energy of the pendulum bob. The purpose of this is to show that, as the pendulum moves, 
its energy oscillates from wholly (gravitational) potential when it is furthest from the centre to 
wholly kinetic when it is momentarily vertical. 

Ask the class to explain the energy changes in the vibrating ruler in the same way. In this case, 
the potential energy is not gravitational but is stored in the wood (or plastic) that is under tension 
when it is bent. Remind them that this form of potential energy is called strain energy. 

Ask the class to predict what might happen if they set their rulers vibrating with larger and larger 
initial inputs of energy. Eventually the energy will be too much to be absorbed as strain energy 
when the ruler bends and it will break, just as a rubber band breaks if too much energy is 
applied to stretch it. You could demonstrate this (but the ruler will break). 

Show the video clip of the 1941 Tacoma Narrows bridge collapse. Show the bridge on a map of 
the USA (it crosses the entrance to Puget Sound in Washington State) and ask for suggestions 
about why it collaped. Where did the energy come from? What did the energy cause the bridge 
to do? Why did it eventually collapse? Then study the collapse frame by frame. Count the 
number of frames for a complete oscillation of the bridge (for accuracy, repeat for different 
complete oscillations). Tell students that the camera was moving at 24 frames per second and 
challenge them to work out the natural frequency of the bridge. 

 

 

 

 

 

 

 

 

 

 

 

 

ICT opportunities: Obtain information from the 
Internet and use video software. 

The film of the Tacoma Narrows bridge disaster 
is available at many Internet sites. Download it 
and play it using a player capable of showing it 
frame by frame. 
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Objectives Possible teaching activities Notes School resources 

Waves and energy 
Again recall Grade 8 work on energy conversions and repeat questions such as ‘Why does a 
pendulum, or a ruler, eventually stop oscillating?’ Most students will recall that this is because 
the energy is transferred to air particles, which in turn oscillate. Ask them to suggest reasons 
why we can hear the ruler vibrating. Conclude that the vibrating air particles pass their energy 
on to other air particles and so on, setting up a wave motion. Waves are therefore ways of 
transferring the energy in an oscillation from one place to another.  

  

Does a wave require a medium to transmit its energy? 
After showing that the energy of an oscillation can be transmitted by making adjacent particles 
oscillate, ask whether it is therefore possible for waves to transmit energy in a vacuum. Some 
will realise that light and radiant heat will travel through a vacuum, so a different explanation of 
how the energy is transmitted is required. 

Explain that, in the case of light, the energy is in the form of an oscillating electric field and this 
is transferred to a magnetic field and then back again; the transfer happening at the frequency 
of the light wave. These fields can exist in a vacuum and so a medium is not needed to transfer 
light energy. This is a difficult concept for all but the most advanced students, but you could 
show such advanced students diagrams of the growth and decay of the two fields at right 
angles to each other as the radiation travels.  

This topic will be taken further in the next unit on the electromagnetic spectrum.  

  

Waves in a solid 
Place a coin on a bench and hit the bench hard with your fist some distance from the coin. Can 
you make the coin jump? Ask students if they think the coin jumps at the same time as the 
bench is hit or a little later. They will possibly not be able to detect a time delay and, if they do, it 
will be very small. Discuss how the energy might have reached the coin. If they suggest that the 
energy travelled as a wave, discuss how fast the wave travels through the solid compared with 
the other waves they have seen, such as water waves. 

Ask students to recall the mechanism for waves travelling in a solid. Draw a diagram showing 
how particles would move in a solid as a wave passes if it were either transverse or longitudinal. 

  

 Earthquakes  
Ask the students to prepare for this part of the unit by finding out, either as group work or 
individually, what they can about any earthquake they have heard of. Give them a list of a few 
key words that they should use in their report (e.g. epicentre, Richter scale, plate, 
seismograph). 

Ask the groups to report to the class (or question individuals) and build up a picture about what 
causes earthquakes and what they do. 

Discuss with them how the energy gets from the epicentre not only to the surface above the 
epicentre, but also to seismographs all over the world. 

Mention that the Richter scale is not linear and that an increase of one point on the scale means 
an increase of 10 times in the energy of the earthquake. 

 
ICT opportunity: Use of the Internet to research 
details of specific earthquakes. 
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Objectives Possible teaching activities Notes School resources 

Encourage more advanced students to find out about the different kinds of waves that an 
earthquake produces and how these differ in type (longitudinal and transverse) and velocity. 
The difference in velocity allows the position of the earthquake to be pinpointed by 
seismographs at other parts of the world. Show more advanced students how transverse and 
longitudinal seismic observations can provide evidence for the liquid core of the Earth (building 
on work done in Grade 7). The key observation here is that transverse waves cannot move 
through a liquid and therefore cannot be detected by seismographs in the ‘shadow’ of the liquid 
core. 

  

 Tsunamis 
Tsunamis are caused by earthquakes on the sea floor. Students may, in their work on 
earthquakes, have found out that tsunamis typically are small waves, seldom more than 1 m 
high, that move very fast across deep oceans and have very long wavelengths, often hundreds 
of kilometres. As they reach the shallow water near the shore, their velocity slows and the 
wavelength is greatly compressed, generating sudden waves that can be tens of metres high. 
Present video pictures of the tsunami that hit South East Asia in December 2004 that show 
fishing boats out to sea easily riding the wave which, when it hit the shore, was high enough to 
demolish houses.  

Show again, if necessary, using the ripple tank, the change in wavelength and velocity of water 
waves as the wave enters shallow water. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagram shows a person holding a rope which is fixed to a wall at the other end. She 
vibrates the rope by moving her hand up and down. 

a. Is she making a transverse or a longitudinal wave? Give reasons for your answer. 

b. Show, on the diagram, what is meant by the amplitude of the wave. 

c. How many complete waves are there in the rope? 

d. The distance from the girl’s hand to the wall is 4 m and she vibrates the rope with a 
frequency of 0.5 Hz. What is the wavelength of the wave? Calculate the velocity of the 
wave. 

 

 

 

 

The diagram shows a section through a ripple tank. The dipper is made to bounce up and 
down by the rotation of a motor mounted on a pair of rubber bands. For each rotation of the 
motor, one new wave is sent out. 

a. A series of alternate bright and dark lines can be seen on the screen below the tank. 
Suggest how this pattern is formed. 

b. Explain how you would measure the wavelength of the wave. 

c. The waves travel at a speed of 2.4 cm s–1 and their wavelength is 4.6 cm. Calculate how 
many times the motor must rotate in a minute. 

d. Explain what you would do if you wanted to produce a wave with a longer wavelength. 

e. A piece of glass is placed in the tank so the water on top of the glass is shallower than the 
water in the rest of the tank. Explain what happens to (i) the velocity, and (ii) the 
wavelength of the waves as the wave passes into the shallower water over the glass. 

rubber band

lamp

tank

motor

dipper

screen  
 

 

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. 

The diagram shows series of parallel waves in a ripple tank. They hit an area of shallower 
water as shown.  

a. Complete the diagram showing the waves travelling through the shallower water. 

b. What happens to the velocity of the wave as it enters the shallower water? 

c. If the frequency of the wave generator is 0.5 Hz and the velocity of the wave in the deep 
water is 2.4 cm s–1, what is the wavelength of the wave? 

 

 

 

 

Unit 9P.3 
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