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GRADE 9: Physical processes 7 

Sound 

About this unit 
This unit is the seventh of seven units on 
physical processes for Grade 9. It builds on work 
begun in Unit 9P.3. 

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 activities, look at the scheme of 
work for Grade 10. 

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 
life' applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be familiar 
with the transmission of energy by waves and have an understanding of 
transformation of forms of energy. They should be able to manipulate simple 
equations and solve numerical problems with them. They should have an 
understanding, of the different ways that sounds can be made by vibrating 
surfaces, strings and air columns. 
 

Expectations 
By the end of the unit, students distinguish between longitudinal and 
transverse waveforms and apply the relationship between velocity, 
frequency and wavelength to sound. They understand the concepts of pitch 
and amplitude applied to sound and study sound waves using an 
oscilloscope and microphone. They explain, in terms of particles, how sound 
travels through a medium. They roughly measure the velocity of sound in air 
and know that it is higher in liquids and solids. They know how the ear 
detects sounds. 

Students who progress further solve problems related to the velocity of 
sound and understand the mathematical relationships between the 
frequencies of sounds that differ by intervals such as a fifth and an octave. 

Resources 
The main resources needed for this unit are: 
• everyday items such as cardboard tubes, plastic water piping, blackboard 

protractor 
• oscilloscope, microphone, signal generator and loudspeaker, tuning forks 
• electric bell, bell jar, oil vacuum pump 
• model ear 
• investigation planning poster 
• Internet access 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• sound, pitch, loudness 
• longitudinal wave, transverse wave 
• reflection 
• velocity, frequency, wavelength, amplitude 
• note, octave, harmonic, decibel 

UNIT 9P.7 
8 hours 
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Standards for the unit 

8 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 9 standards 
 EXTENSION STANDARDS 

9.20.2 Distinguish between longitudinal and 
transverse waves. 

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

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

 9.20.8 Know how, in terms of the movement of particles, sound is transmitted 
through a medium and how the ear detects sounds. 

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

 

 

9.20.9 Know that pitch is determined by the frequency of a sound and that 
amplitude is a measure of the loudness and is measured in decibels, which 
is a logarithmic scale. 
 

10A.28.8 Distinguish between a standing and a 
travelling wave, know the meaning of 
the terms node and antinode, and 
illustrate the phenomenon of 
resonance with particular reference to 
vibrating stretched strings and air 
columns. 

 9.20.10 Make an estimate of the velocity of sound in air.  

3 hours 

Sound: its 
transmission and 
hearing 
 

4 hours 

Sound quality, 
pitch and 
loudness 
 

1 hour 

The velocity of 
sound 

 
 

9.20.11 Know why sound travels faster and more efficiently through solids and 
liquids than through gases such as the air and list some common 
applications of this.  

10A.28.5 Know that the velocity of sound 
depends on the medium though which 
it travels, and that it travels faster and 
more efficiently through media in 
which the particles are close together.  
 

Unit 9P.7 
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Activities 

Objectives Possible teaching activities Notes School resources 

Making sounds 
Recall early work on sounds showing that sounds are produced when something vibrates. 
Repeat some simple demonstrations if necessary (e.g. rice on a drum skin, small pieces of 
paper on a guitar string). 

Suggest to students that, if sound is a vibration, then it can probably be reflected like light. 
Challenge them to design an investigation to show that sound can be reflected and that the 
angle of incidence is equal to the angle of reflection. This is not easy, since sound is not easily 
confined to a beam like light. Students may need to be given a hint that cardboard tubes or 
straight lengths of piping will do this. They should be able to discover that the reflection rule is 
true for sound by using two pieces of pipe and a blackboard protractor. 

Extend this investigation by asking them to find out what kinds of surface reflect sound well and 
what kinds do not. 

As part of the concluding session to this topic, introduce the idea of the acoustics of a building 
and the need for sound-absorbing surfaces in rooms such as classrooms, where the spoken 
word has to be heard clearly, or where sound is discouraged, as in the library. As an extension, 
ask students to make qualitative comparisons of the acoustics of different kinds of rooms in the 
school. 

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

 

Looking at sounds 
Demonstrate the use of a microphone and an oscilloscope to show sound vibrations. Details of 
how it works or the settings need not be discussed. Allow students to experiment showing 
different kinds of sounds. They will realise that most sounds are complex mixtures of vibrations 
of different wavelength. Show a pure sound, such as the vibration of a tuning fork. 

Students must be told that, although the vibration seen on the oscilloscope screen looks 
transverse, sound is actually a longitudinal vibration of the air particles as the wave travels. 
Show this in a diagram.  

 
 
 
 
Strike the tuning fork on a large rubber bung to 
prevent damage 

 

3 hours 

Sound: its transmission 
and hearing 
Explain the reflection of 
sound and light in terms of 
waves. 

Know how, in terms of the 
movement of particles, sound 
is transmitted through a 
medium and how the ear 
detects sounds. 

Know why sound travels 
faster and more efficiently 
through solids and liquids 
than through gases such as 
the air and list some common 
applications of this. 

Transmission of sound 
Perform the well-known demonstration of an electric bell in an evacuated bell jar. This is a very 
effective demonstration that shows that sound requires a medium to be propagated. 

Challenge students, in groups, to devise an investigation that compares how well a sound can 
be heard through a solid, a liquid or a gas. They may need to use the planning poster to help 
them identify and control variables. Help them with basic equipment.  

Ask students to try to explain their results in terms of particle theory. Discuss this and ensure 
that they all understand why sounds travel better and faster in solids than in liquids, and better 
and faster in liquids than in gases. Note some consequences of this, such as the long distances 
over which marine mammals communicate by sound. 
 

 
Safety: Use only purpose-made bell jars for this 
demonstration and do not allow students near 
the demonstration desk. An oil vacuum pump is 
required. 

Enquiry skill 9.1.1 

Students will probably think in terms of listening 
to a ‘standard sound’, such as the tick of a clock 
(watches are too quiet), a standard distance 
away through water, air and a solid, such as a 
piece of wooden pole.  

 

Unit 9P.7 
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Objectives Possible teaching activities Notes School resources 

To consolidate this topic, recall the mechanism for the transmission of longitudinal waves in 
Unit 9P.3 and elicit from students an account using particle theory of how sound is transmitted. 
Note also some of the common observations that can be explained by this theory, such as: 
• why the sound of an approaching vehicle or horse can be heard more clearly by putting your 

ear to the ground; 

• why mammals such as whales can communicate easily over very long distances in the sea; 
• why an experienced mechanic tracing a problem in an engine will often listen to different parts 

of the engine through a short wooden pole touching the part of the engine under investigation;
• why we cannot detect any sound from the continuous nuclear explosions going on in the Sun. 
Ask students to add to this list. 

  

Hearing 
Determine the range of human hearing in the class using the signal generator and loudspeaker. 
Start at the lowest frequency and gradually raise it. Ask class members to put their hands up 
when they hear the sound and down again when they can no longer hear it.  

Compare the class results with your own and note any difference, particularly at high 
frequencies. Explain that high-frequency hearing is lost with age. 

Show a model of the hearing mechanism in the ear and explain how it works. 
 

  

Pitch and frequency, amplitude and loudness 
Use a set of tuning forks and the oscilloscope and microphone to show the relationships 
between pitch and frequency. In particular, show the relationship between the pitch of two notes 
that are an octave apart (the set of tuning forks may have C and C'). 

Show the relationship between loudness and amplitude – as the tuning fork sound decays, so 
does the amplitude of the wave. 

These relationships can be demonstrated using a signal generator instead of, or in addition to, 
tuning forks. 

Demonstrate, and allow students to produce, sounds made in a variety of different ways (e.g. by 
a tensioned wire, an air column or a tensioned diaphragm such as a drumskin. Note in each 
case how the pitch is made to vary. 

  4 hours 

Sound quality, pitch and 
loudness 
Know that pitch is determined 
by the frequency of a sound 
and that amplitude is a 
measure of the loudness and 
is measured in decibels, 
which is a logarithmic scale. 

Sound quality or timbre 
Ask students to bring to class any musical instruments that they may play. Make some simple 
instruments for use in the class, such as eight identical glass bottles filled with differing amounts 
of water to make the notes of an octave. 

Ask students to demonstrate the instruments by playing them into a microphone attached to the 
oscilloscope. Draw their attention to the following: 
• the similarities between a note played on an instrument and the same note played using a 

tuning fork; 
• the differences between a note played on an instrument and the same note played using a 

tuning fork; 
• what happens to the display as a musical scale is played on an instrument. 
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Objectives Possible teaching activities Notes School resources 

Ask for comments on these three observations. Students will recognise that, when many 
instruments play the same note, the underlying frequency is the same and can be seen in the 
trace but the fine details of the trace differ. Refer to these fine details as the harmonics 
produced by the instrument and note that these give the instrument its characteristic sound. 

Show some simple harmonics by playing two tuning forks that sound pleasant together. Make 
the higher note (the harmonic) less loud than the lower note. Try combinations such as C and 
C', C and G, C and E. Also play the two notes separately to help students see how the 
waveforms superimpose. 

Experiment with various sounds that range in their attractiveness. Compare singing and 
shouting, pleasant combinations of tuning fork notes and less pleasant (or unresolved) 
combinations (e.g. C and D).  

This may profitably be extended if there is a wide student interest in music. It can include such 
topics as the mathematical relationship between different harmonics and the related 
mathematical relationship between the length of a string or air column that will produce the 
notes of a harmonic chord. 

  

 

Sound loudness 
Explain that loudness is measured on a scale whose units are decibels. Ask students to do 
some research at home or in the library into the decibel level of particular sounds. Ask them to 
find out what decibel level is the maximum that the ear can tolerate without being damaged. 

In class, create a decibel scale from zero to around 110, showing where on it particular sounds 
are placed. Show the level at which the ear can become damaged though prolonged exposure 
and show the level that will damage the ear though a short exposure. 

Explain that the decibel scale is not linear and that an increase of 10 decibels doubles the 
loudness of the sound. 

Discuss the issue of safety at work in a noisy environment and the importance of wearing ear 
muffs. Discuss the problem of loud music at concerts and discos. 
 

  

1 hour 

The velocity of sound 
Make an estimate of the 
velocity of sound in air. 

Velocity of sound 
Choose an appropriate method to measure the velocity of sound in air. The echo method is 
easier if a suitable wall is available. Whatever method is used, discuss ways of making the 
measurements more accurate (e.g. repetition, use of two stopwatches to measure a small 
interval). 

Challenge students, in groups, to devise a method of measuring the speed of sound with no 
equipment (no watch, no measuring stick). They will need to develop substitutes for both. Carry 
out the method and see how well it compares with the method used above. 

Give figures for the velocity of sound in water and in solids such as rocks, and discuss the 
origins and consequences of the differences. 

Teach more advanced students about some applications of the velocity of sound (e.g. sonar 
scanning, echo sounding, oil exploration), some of which can be explained quantitatively. 
 

 

When using two stopwatches; start one at the 
beginning of the short event and the other at the 
end. Then switch them off simultaneously and 
calculate the time taken by the event. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagrams show the wave motion of a number of sounds picked up by a microphone and 
shown on an oscilloscope screen. 

a. Which two show sounds that have the same pitch but are of different loudness? 

b. Which sound has the lowest pitch? 

c. Which two show sounds that are one octave apart? 

d. Which two show two sounds that have the same loudness but are of different frequencies? 

e. If the time for the oscilloscope spot to travel across the screen is 0.01 s, what is the 
frequency of sound C? 

f. If sound C travels at 300 m s–1 in air, what is its wavelength? 

 

 
 
 

 

A ship uses an echo sounder. This sends a pulse of sound waves into the water which is 
reflected off the bottom and is detected back on the ship using a sensitive microphone. Draw 
a diagram showing this process. 

The velocity of sound in seawater is 1500 m s–1. If a pulse of sound takes 0.04 s to travel from 
the ship to the seabed and back, how deep is the sea? Some of the sound is reflected off a 
shoal of fish that is 7.5 m below the ship. How long will this reflection take to get back to the 
ship? 

  

The crews of two boats at sea can communicate with each other by shouting. Why is it 
impossible for the crews of two spaceships a similar distance apart in space to do this? 

A. The sound is reflected more in space. 

B. The pressure is too high inside the spaceships. 

C. The spaceships are travelling faster than sound. 

D. There is no air in space for the sound to travel through. 

TIMSS 1995, Grade 8 

 
 

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. 

Class challenge. Make as many instruments as possible from a given collection of everyday 
materials and play a well-known tune with them. 

The collection can include items such as bottles, 
material, paper, tins, wire, string, rubber bands, 
pieces of wood and metal. 
 

 

 

 

Unit 9P.7 
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