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GRADE 10A: Physics 4 

Waves and sound 

About this unit 
This unit is the fourth of seven units on physics 
for Grade 10 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 11A and Grade 9. 

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 will build 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 
waves transfer energy and they should know the relationship between 
wavelength, frequency and velocity of a wave. They should be able to 
explain, in terms of particle motion, how sounds are produced and 
transmitted, and know how pitch of a note is related to its frequency.  
 

Expectations 
By the end of the unit, students know that energy is transferred in the 
form of pulses and waves, and understand and manipulate the measurable 
parameters associated with waves. They know that sound is a waveform 
that requires a medium, they measure its speed in air and know how the ear 
detects sounds. 

Students who progress further distinguish between standing and 
progressive waves, know how harmonics are produced, and describe the 
phenomenon of resonance with reference to air columns and stretched 
strings.  

 

Resources 
The main resources needed for this unit are: 
• ripple tanks 
• Slinky® springs 
• wave machine model for demonstration 
• starting pistol or equivalent producer of sound 
• signal generator and loudspeaker 
• dynamics trolleys linked by compressible springs 
• storage oscilloscope or PC and appropriate software 
• model or large diagram of the human ear  
• sonometer 
• xenon stroboscope 
• sound analysis software 
• vibration generator 
• tuning forks with a range of frequencies 
• Kundt tube 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• terms relating to waves: crest, trough, compression, rarefaction, 

displacement, amplitude, phase difference, period, frequency, 
wavelength, velocity, longitudinal, transverse, wavefront 

• terms relating to sound and hearing: ultrasound, infrasound 
• terms relating to standing waves: frequency spectrum, fundamental, 

harmonic, travelling wave, standing wave, node, antinode, resonance 
 

UNIT 10AP.4 
9 hours 
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Standards for the unit 

9 hours 
 SUPPORTING STANDARDS  CORE STANDARDS 

Grade 10 standards 
 EXTENSION STANDARDS 

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

10A.28.1 Distinguish between a wave pulse and a continuous travelling wave, give 
examples of both and understand what is meant by wavefront. 

 

9.20.2 Distinguish between longitudinal and 
transverse waves. 

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

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

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

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. 

12A.28.1 Describe examples of free oscillations 
and understand and use the terms 
amplitude, period, frequency, angular 
frequency and phase difference. 
Express the period in terms of both 
frequency and angular frequency. 

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.28.4 Know that sound is a longitudinal vibration transmitted through a medium, 
and that it is created by a vibrating object such as a vibrating string or air 
column. 

 

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. 

12A.26.1 Classify solids according to stiffness ... 
use the concept of Young’s modulus.  

10A.27.1 Describe the kinetic particle model 
for solids, liquids and gases, and 
relate the difference in the structures 
and densities of solids, liquids and 
gases to the spacing, ordering and 
motion of particles. 

10A.28.6 Describe the way in which the ear detects sounds and know the 
approximate limits of human hearing. 

 

9.20.9 Know that pitch is determined by the 
frequency of a sound and that 
amplitude is a measure of the 
loudness ... 

10A.28.7 Distinguish between standing waves and progressive waves in terms of the 
production of sound by a musical instrument. Know how harmonics are 
produced and how the frequency and sound of the harmonics relate to the 
fundamental. 

 

11A.29.1 ... explain ... superposition and 
constructive and destructive 
interference in terms of wave motion. 

2 hours 

Waves 
 

4 hours 

Sound and 
hearing 
 

3 hours 

Standing waves 

 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. 

12A.28.5 Describe practical examples of forced 
oscillations and resonance … 

Unit 10AP.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Waves and pulses 
Hold a ‘brainstorming’ session in which students give examples of different types of wave. List 
these on the board or OHP. Establish that each involves a transfer of energy without a net 
transfer of matter. By suitable questioning and discussion, establish that waves can be either 
short pulses (e.g. shock waves, tsunamis) or continuous travelling waves.  

Allow pairs or small groups of students to explore single pulses and continuous waves using 
ripple tanks. Tell them to produce short pulses of circular waves (e.g. by touching the water 
surface briefly with a finger) and study their movement (e.g. observe their reflection from a 
straight barrier). Similarly, tell them to produce a straight pulse by touching the water surface 
with a straight object. Then tell them to use a motor to produce continuous circular and straight 
travelling waves. Ask them to draw diagrams to record their observations.  

Introduce the term wavefront to denote the leading edge of a single pulse. Establish that the 
travelling wave is a continuous succession of pulses (i.e. a succession of wavefronts) and the 
behaviour of a travelling wave can be deduced by studying a single pulse. 

 
Examples might include:  
• radio waves; 
• sound waves; 
• water waves; 
• ‘Mexican waves’ produced by spectators at 

large sporting events and concerts; 
• shock waves; 
• earthquake waves; 
• tsunamis (‘tidal waves’). 

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

 

Travelling waves 
Use a Slinky® spring to demonstrate continuous transverse and longitudinal waves. Display 
large labelled diagrams on the board or OHP to introduce the terms needed to describe the 
transverse waves (crest, trough, displacement, amplitude, wavelength, period, frequency) and 
the equivalent for longitudinal waves (i.e. compression and rarefaction in place of crest and 
trough). 

Use a wave machine model to demonstrate the motion of individual particles during the 
passage of a transverse and a longitudinal wave. Establish that each individual particle moves 
to and fro about a fixed position, and that each particle’s motion lags slightly behind that of its 
neighbour. Introduce the term phase difference to describe this lag and describe the phase in 
terms of cycles (e.g. the motion of one particle is one-quarter of a cycle behind that of another).  

Establish the relationship between period and frequency and introduce the SI unit of frequency: 
1 Hz = 1 s–1. Then use numerical examples to derive the relationship between frequency, 
wavelength and velocity (e.g. draw a wave of wavelength 2 cm, tell students that the frequency 
is 5 Hz and ask them how far a wavefront travels in 1 s).  

 
 
 
 
 
 

If you do not have a wave machine, download a 
suitable applet. 

 

 

 

 

2 hours 

Waves 

Distinguish between a wave 
pulse and a continuous 
travelling wave, give 
examples of both and 
understand what is meant by 
wavefront. 

Know that waves transfer 
energy and distinguish 
between transverse and 
longitudinal waves. 

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. 

Ask students, in pairs or small groups, to use ripple tanks to measure the frequency and 
wavelength of a travelling water wave and hence calculate its velocity. Ask them also to find the 
velocity of a single pulse by timing its motion over a fixed distance, and then to compare their 
two values.  

Provide plenty of examples of algebraic and numerical calculations that allow students to 
practise using wave quantities and the relationships between them.  
 

Enquiry skills 10A.1.1, 10A.1.3, 10A.3.1–
10A.3.3, 10A.4.1, 10A.4.2 

 

 

Unit 10AP.4 
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Objectives Possible teaching activities Notes School resources 

Making sound waves 
Ask students individually to carry out a short series of activities to illustrate the production of 
sound. Either arrange the activities as a circus, or provide small groups of students with all the 
necessary apparatus. Provide a handout instructing students how to carry out each activity. 
Suitable activities include the following. 
• Tuning fork. Strike the fork so that it makes a sound. Hold the fork so that the free end 

touches the surface of water or a suspended table-tennis ball.  
• Throat. While speaking, touch the front of your own neck. 
• Loudspeaker. Connect a loudspeaker to a signal generator set to a low frequency and large 

amplitude. Arrange the loudspeaker so that it faces upwards and place a few rice grains in 
the cone. 

• Candle. Place a lighted candle in front of a loudspeaker connected to a signal generator. 
Observe the flame when it is in the path of a loud sound. 

• String. Pluck a stretched string so that it makes a sound. Observe its motion.  

Establish that sound is produced by vibrating objects. Use a wave machine model and/or a 
Slinky® to demonstrate how a source of vibration gives rise to longitudinal travelling waves.  

Encourage students to download and use applets to show the movement of particles as a 
sound wave passes through a medium.  

Ask students to use their knowledge of the kinetic particle model to predict whether sound 
travels most easily through a solid or through a gas. Invite them to test their predictions by 
tapping gently on a bench top and listening first through the air then pressing their ear against 
the bench; in the latter case, they will hear a louder sound.  

 
Prepare student handouts. 

Enquiry skill 10A.4.2 

 
 
 

 
 
 
 
 
 
 
 

 
 

ICT opportunity: Use of Java applets. 
 

Enquiry skill 10A.1.2 

 4 hours 

Sound and hearing 

Know that sound is a 
longitudinal vibration 
transmitted through a 
medium, and that it is 
created by a vibrating object 
such as a vibrating string or 
air column. 

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. 

Describe the way in which the 
ear detects sounds and know 
the approximate limits of 
human hearing. 

Speed of sound in air 
Take students to a suitable outdoor space to allow them to take measurements to determine the 
speed of sound in air. Possible methods include the following.  
• Get all students to stand a measured distance (a few tens of metres) from a wall. Ask one 

student to clap hands once and listen for the echo, then to clap with a regular rhythm such 
that each new clap coincides exactly with hearing an echo. Ask other students to measure 
the time for several claps. They can then work out the interval between adjacent claps and 
hence calculate the speed of sound in air.  

• Get two groups of students to stand a few hundred metres apart in a large open space (e.g. a 
playing field). Give one group a starting-pistol and the other group several stopwatches. Ask 
a third group to use a long tape to measure the distance between them. Ask the first group to 
fire the starting-pistol. Tell students in the second group to start their stop-watches when they 
see the pistol being fired and to stop them when they hear the sound. They can then use 
their measurements to calculate the speed of sound in air. 

Ask students to identify sources of inaccuracy and imprecision in the method(s) used. 
Encourage them to suggest how the method(s) could be improved.  

 
Enquiry skills 10A.1.1, 10A.1.3–10A.1.5 

This activity also relates to Standard 10A.25.2. 

 

 

 

 
Safety note: Ensure that the pistol is loaded 
only with blank cartridges and that students 
follow correct procedures for firing. 
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Objectives Possible teaching activities Notes School resources 

Speed of sound in a solid 
In a demonstration to the whole class, use a line of about six dynamics trolleys, linked by 
compressible springs, to model the passage of a sound wave through a solid. Send a 
longitudinal compression pulse along the row.  

Ask students to predict how its speed will be affected by (1) the mass of each trolley and (2) the 
stiffness of the springs. Test the predictions for (1) by adding extra mass to each trolley and 
those for (2) by joining pairs of springs in parallel to create a stiffer link.  

Relate these predictions to properties of solids. The denser the solid (i.e. the more massive its 
particles), the lower the sound speed. The stiffer the solid, the higher the speed. Encourage 
students to use the Internet to find data about the density, stiffness and sound speed for a 
range of solids.  

The model with trolleys illustrates a principle underlying a method for determining sound speed 
in a solid, which could be demonstrated to students. Push the whole row of trolleys so that one 
end collides with a wall. Point out that, while the trolleys and wall are in contact, a compression 
pulse travels from the wall to the free end, where it is reflected as a rarefaction pulse. When the 
rarefaction reaches the wall, the trolleys and wall break contact. The contact time thus 
represents the time for a pulse to travel twice the length of the row.  

Use a storage oscilloscope (CRO) or install suitable software onto a PC so that it acts as a storage 
CRO. Arrange a metal rod so that it is suspended horizontally but is free to move. Connect the rod 
to one terminal of the PC/CRO. The other PC/CRO terminal should be connected to the negative 
terminal of a 3 V battery, whose positive terminal is connected to a claw hammer.  

Gently tap one end of the rod with the hammer. The trace on the PC/CRO screen will indicate 
the contact time and hence the time for a longitudinal wave pulse to travel twice the length of 
the rod. Measure the length of the rod and hence calculate the sound speed.  

Ask students to compare this result with the sound speed data that they collected previously.  

 
Enquiry skill 10A.1.2 
 
 

Tell students that ‘stiffness’ is denoted by the 
Young modulus of a solid. They will learn more 
about this in a later unit.  

ICT opportunity: Use of the Internet. 
 
 
 

 
 
 
 
 
 

ICT opportunity: Use of sound analysis 
software. 

 

 

Hearing sounds 
Connect a loudspeaker to a signal generator. Set the frequency to a few hundred hertz and 
adjust the amplitude so that the sound is loud without being unpleasant.  

Gradually increase the frequency and ask students to raise their hands when they are unable to 
hear a sound. You will probably need to increase the amplitude as well as increasing the 
frequency. When all hands are raised, reduce the frequency and ask students to lower their 
hands when the sound becomes audible again. Note the approximate frequency above which 
most students find the sound inaudible and introduce the term ultrasound.  

Repeat the exercise, only now reduce the frequency and hence find the frequency below which 
the sound is inaudible to most students. Introduce the term infrasound.  

Point out that there is no well-defined limit to human hearing. The limits vary between people, 
and the upper limit moves to a lower frequency with increasing age.  

Display a model and/or a large diagram showing the structure of the human ear. Hand out copies 
of a clear unlabelled diagram of the ear. Drawing on students’ knowledge from earlier grades, 
discuss the operation of the ear. Ask students to add labels and explanatory text to the diagrams.  
 

 
 
 

 
 
 
 
 

 
 

 
 

Prepare student handouts. 
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Objectives Possible teaching activities Notes School resources 

Strings and tubes 
If any students play a string or wind instrument, ask them to bring their instruments into class 
and demonstrate how they make a sound. If musical instruments are not available, either obtain 
recordings and pictures of a variety of wind and string instruments, or demonstrate the sound 
produced by plucking a sonometer wire and blowing over the top of a test-tube.  

By suitable questioning, ensure that students recall work from earlier grades where they learned 
that the pitch of a note depends on its frequency. Use a signal generator and loudspeaker to 
illustrate the relationship between the frequency and the sound of a note (e.g. doubling the 
frequency raises the pitch by one octave).  

Ask pairs of students to explore how the pitch of a note is controlled in string and wind 
instruments. For strings, they should use either a real instrument (e.g. guitar, violin) or a 
sonometer, and obtain notes by plucking and/or bowing. In place of real wind instruments, they 
should use several test-tubes each containing a different depth of water and obtain notes by 
blowing over the top of each tube to make the trapped column of air vibrate. Ask them to 
produce a brief written report of their work.  

Establish that the pitch of note from a string instrument depends on the length of the vibrating 
string. Explain that the note from a wind instrument is produced by a vibrating air column and 
establish that the pitch depends on the length.  

 
 
 
 
 

 
 
 
 

Using test-tubes rather than real wind 
instruments makes the relationship between 
pitch and length of air column apparent. It is not 
immediately obvious that holes in the side of a 
wind instrument effectively control the length of 
the vibrating air column.  

Students might observe that the pitch produced 
by a string also depends on its tension and its 
mass.  

 

Fundamental and harmonics 
Use a storage oscilloscope or a PC with suitable software to display the waveform of the 
sounds produced by a variety of musical instruments, or use pre-recorded samples.  

Discuss with students the interpretation of the traces displayed: though representing a 
longitudinal sound wave, they have the appearance of transverse waves. Explain that the traces 
are graphs showing how pressure varies with time as the wave passes. While such a trace is 
not a picture of an actual wave, it can be described as a waveform.  

 
ICT opportunity: Use of sound analysis 
software. 

 

 

 

Compare the waveforms produced by musical instruments with that produced by a loudspeaker 
connected to a signal generator producing a sine wave. Establish that, although the waveform 
is more complex than a sine wave, each trace representing a single note from an instrument 
has a well-defined frequency.  

Ask students, in pairs, to use suitable software to analyse one or more sound samples into their 
component frequencies and to display its frequency spectrum (i.e. a graph of amplitude plotted 
against frequency). Get each pair to analyse a different sample then print out a screen dump of 
the waveform and associated spectrum for distribution to the rest of the class.  

  

3 hours 

Standing waves  
Distinguish between standing 
waves and progressive 
waves in terms of the 
production of sound by a 
musical instrument. Know 
how harmonics are produced 
and how the frequency and 
sound of the harmonics relate 
to the fundamental. 

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. 

Discuss the results with the whole class. Show students the waveform and sound spectrum 
produced by a sine wave from a signal generator. Establish that, in contrast, each note from an 
instrument contains many frequencies, but that there is one (usually the lowest) that contributes 
the largest amplitude. Introduce the terms fundamental (i.e. lowest frequency) and harmonic. 
Point out that the frequencies of the harmonics are generally simple multiples of the 
fundamental frequency. Ask students to add labels to one of their printed spectra to identify the 
fundamental frequency and some of the harmonics.  
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Objectives Possible teaching activities Notes School resources 

 Standing waves on a string 
Demonstrate the vibration of a string. Tie one end of a horizontal string to a fixed support and 
the other to a vibrator driven by a signal generator. Show that there are several frequencies at 
which the string performs vibrations of large amplitude and introduce the term resonance.  

Establish that the lowest resonant frequency (the fundamental) produces a vibration with its 
greatest displacement at the mid-point of the string. Show that doubling the frequency creates a 
vibration where the mid-point of the string is at rest and the positions of maximum displacement 
lie between this point and the fixed ends. Introduce the terms node and antinode.  

Ask students to speculate as to the pattern of nodes and antinodes for higher harmonics, then 
demonstrate what happens. Establish that there is always a node at each fixed end of the string. 
Ask students to draw labelled diagrams showing nodes and antinodes in a standing wave. Explain 
that these vibrations of the string are called standing waves.  

Use a xenon strobe to show that, in a standing wave, all parts of the string between adjacent 
nodes vibrate in phase with each other, and that there is a phase difference of exactly half a 
cycle between parts of the string separated by a node. 

Explain that, in a string instrument, plucking or bowing the string gives rise to a large range of 
frequencies of vibration. Some of those frequencies match the fundamental and harmonic 
frequencies of the string, and these give rise to large-amplitude vibrations. The vibrations that 
make up standing waves on the string produce travelling waves in the air, which we hear as a 
musical note.  

Safety: Stroboscopes are dangerous to epilepsy 
sufferers. 
If students have never used a stroboscope, 
explain how it apparently freezes a regular 
repeating motion such as that of a vibrating string. 
For an effective demonstration, adjust the 
stroboscope frequency so that it ‘freezes’ the 
motion of the string, then alter its frequency 
slightly so that the string appears to vibrate slowly. 

 

  Standing waves in a tube 

Ask pairs or small groups of students to explore resonance in tubes. Tell them to look for a 
relationship between resonant frequency and tube length, and to produce a written report of 
their work. Possible methods include the following. 
• Use a long tube that can be raised or lowered into a container of water, thus altering the 

length of the air column. Strike a tuning fork so that it produces a note then hold it close to the 
open end of the tube and adjust the tube length until a loud sound is heard.  

• Connect a small loudspeaker to a signal generator and mount it close to the end of a tube. 
Adjust the frequency of the signal generator until a loud sound is heard.  

Explain to the whole class that standing waves can be produced in tubes. Remind them that the 
waves are longitudinal and explain that a closed end always produces a displacement node, 
whereas there is always a displacement antinode at an open end. Explain how these are 
conventionally represented diagrammatically.  

Explain to advanced students that a displacement node corresponds to a pressure antinode, 
and vice versa. 

Use a Kundt tube to demonstrate the presence of nodes and antinodes in a tube.  

Explain that blowing the reed or mouthpiece of a wind instrument produces a wide range of 
frequencies, and the note produced contains the frequencies that correspond to the standing waves 
set up in the tube. Explain also that opening a hole in the side of a tube produces an antinode at that 
position, hence opening and closing the holes produces notes of different frequencies.  
 

 
Enquiry skills 10A.1.1, 10A.1.3, 10A.4.1, 10A.4.2 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

A student sitting on the wall of a marina looking at the water notices that wave crests pass by at 
regular intervals of about 1.5 s, and that the distance between crests is about 2 m. 

a. What is the wave frequency? 

b. What is the velocity of these waves? 

  

Draw a sequence of labelled diagrams to show how air particles move during the passage of a 
sound wave.  

  

Write about 500 words on the subject of ‘detecting sounds’. Include a labelled diagram showing 
how the human ear works. 

  

Use a stroboscope to measure the frequency of a vibrating string.  Provide a stroboscope and a sonometer (or 
other string that can be made to vibrate).  

 

Draw a labelled diagram showing a string vibrating at three times its fundamental frequency. 
Label the nodes and antinodes. Show which parts of the string are vibrating in phase with each 
other, and which are half a cycle out of phase. 

  

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. 

 

One student plays a note on a string instrument and another plays a note of the same pitch on a 
wind instrument. Explain why the notes sound different. 
 

  

 

 

Unit 10AP.4 
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