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TOPIC 7
Wave properties

7.1 Overview
7.1.1 Module 3: Waves and Thermodynamics
Wave Properties
Inquiry question: What are the properties of all waves and wave motion?

Students:
 • conduct a practical investigation involving the creation of mechanical waves in a variety of situations in

order to explain:
 – the role of the medium in the propagation of mechanical waves
 – the transfer of energy involved in the propagation of mechanical waves (ACSPH067, ACSPH070).

 • conduct practical investigations to explain and analyse the differences between:
 – transverse and longitudinal waves (ACSPH068)
 – mechanical and electromagnetic waves (ACSPH070, ACSPH074).

 • construct and/or interpret graphs of displacement as a function of time and as a function of position
of transverse and longitudinal waves, and relate the features of those graphs to the following wave
characteristics:
 – velocity
 – frequency
 – period
 – wavelength
 – wave number
 – displacement and amplitude (ACSPH069).

 • solve problems and/or make predictions by modelling and applying the following relationships to a
variety of situations

 – v = f λ

– f = 1
T

 – k = 2π
λ

7.2 Types of waves
7.2.1 What is a wave?
A wave is a disturbance that travels through a medium from the source to the detector without any movement 
of matter. Waves therefore transfer energy without any net movement of particles. Periodic waves are distur-
bances that repeat themselves at regular intervals. Periodic waves propagate by the disturbance in part of a 
medium passing on to its neighbours. In this way, the disturbance travels, but the medium stays where it is.

When a small rock is thrown into the centre of a still pond, the kinetic energy of the rock is transferred to 
the water as it enters. This energy is carried through the water in the form of evenly spaced ripples, which 
are small waves. If there are objects on the surface of the water such as twigs or lily pads, they move up 
and down rather than being carried along with the waves. It is the energy that is travelling from the centre 
of the pond out to the edges in the form of the waves through the water, not the water itself.
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7.2.2 Transverse and longitudinal waves
One way of categorising waves is to describe 
them in terms of their orientation relative to 
their direction of motion. A transverse wave 
is one in which the disturbance caused by the 
transfer of energy acts perpendicularly to the 
direction of the wave itself. The ripples on 
the surface of a pool when a rock has been 
dropped into it, such as in figure 7.2a, form 
transverse waves, with the surface of the 
water moving vertically up and down as the wave moves outwards horizontally parallel with the rest posi-
tion of the water.

The highest points of transverse waves are called crests while the lowest points are called troughs.
A longitudinal wave (also called a compression wave) is one in which the disturbance moves 

in the same direction as the wave. As the disturbance moves through the particles of the medium, it 
alternately pushes them closer together and then pulls them further apart. The positions where the 

FIGURE 7.1 Waves in a ripple tank.

FIGURE 7.2 (a) Waves carry kinetic energy out-
wards from the centre of disturbance.

Duck bobs up and down

Ripples radiate outwards from rock entry point

FIGURE 7.2 (b) A duck on the surface of the water 
bobs up and down in place as the ripples pass 
underneath it.

Crest

Trough

Wave velocity

Particles move
up and down

FIGURE 7.3 A transverse wave.
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particles are crowded together the 
closest are called compressions, 
and those where the particles are 
spread furthest apart are referred to 
as rarefactions. Sound waves move 
as longitudinal waves, as do some 
of the waves produced during earth-
quakes. The ‘push’ waves created in 
a stretched ‘slinky’ spring are also 
longitudinal, with the compressions 
noticeable where the coils pack 
closely together, and the rarefactions 
noticeable where the coils spread 
furthest apart.

7.2.3 Features of waves
All waves can be described in terms of their wavelength, frequency, amplitude and speed. The period of a 
periodic wave is the time taken for a source to produce one complete wave, and it is the same as the time 
taken for a complete wave to pass a given point. The period is measured in seconds and is represented by 
the symbol T .

The frequency, f , of a wave is a measure of how many waves pass a location in a time interval of one 
second. The unit of frequency is the hertz (Hz), with 1 Hz = 1 s−1.

The frequency of a wave is equal to the reciprocal of its period: 

T = 1
f

For example, if a sound wave has a frequency of 256 Hz (corresponding to the pitch of middle C on 
a piano), then the sound source is producing 256 waves every second. The period of one of these waves 

(the time taken for one complete wave to be produced by the source) is equal to 1
256 s

= 0.0039 s or 

3.9 milliseconds.
The wavelength of a wave series 

is the distance between successive 
waves and it is equal to the distance 
travelled by each wave during a time 
interval equal to one period. The 
symbol for wavelength is the Greek 
letter λ (called lambda and pro-
nounced ‘lam-duh’). For transverse 
waves, wavelength may be measured 
from the crest of one wave to the crest 
of the following wave, or between 
successive troughs, or between any 
two equivalent points on succes-
sive waves. In longitudinal waves, 
the wavelength is usually measured 
between successive compressions 
or successive rarefactions. As it is a 
measurement of length, the SI unit for 
wavelength is the metre.

Compression

(a)

(b)

Compressions

Rarefaction

Rarefactions Direction of
wave motion

Direction of
particle motion

FIGURE 7.4 Longitudinal waves in (a) a slinky and (b) air.

A 

crest

direction
of wave
movement

direction of
particle motion

position of
undisturbed
medium

trough

amplitude

amplitude

wavelength
λ

(a)

A 

(b)

compressions

rarefactions direction of
wave motion

direction of
particle motion

FIGURE 7.5 Characteristics of (a) transverse waves and  
(b) longitudinal waves.
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The amplitude, A, of a wave relates to the amount of energy that is associated with the wave. The 
bigger the amplitude of the wave, the more energy it has. The amplitude is generally defined as the differ-
ence between the maximum displacement and the normal, undisturbed position of a particle in the wave 
medium. The units of amplitude vary from wave type to wave type. For example, in sound waves the 
amplitude is measured in units of pressure, whereas the amplitude of a water wave would normally be 
measured in centimetres or metres. The amplitude of light is measured in terms of its intensity or, if we are 
considering visible light, its brightness.

The speed of a periodic wave (represented by the symbol v) is related to the wave’s wavelength and 
frequency by a relationship known as the wave equation:
v = f λ.

7.2 SAMPLE PROBLEM 1

What is the speed of a sound wave if it has a period of 2.0 ms and a wavelength of 68 cm?

SOLUTION:

Step 1:
 Note down the known variables in their appropriate units. Time must be expressed in seconds and 
length in metres.
T = 2.0 ms
  = 2.0 × 10−3 s
λ = 68 cm
  = 0.68 cm
Step 2:
Choose the appropriate formula.

υ = λ
T

Step 3:
Transpose the formula. (Not necessary in this case.)

Step 4: 
Substitute values and solve.

υ =
0.68 m

2.0 × 10−3 s
  = 340 m s−1

7.2 SAMPLE PROBLEM 2

What is the wavelength of a sound of frequency 550 Hz if the speed of sound in air is 335 m s−1?

SOLUTION:

f = 550 Hz,  υ = 335 m s−1

           υ = f λ

⇒ λ = υ
f

        = 335 m s−1

550 Hz

        = 0.609 m
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The wave number (represented by the symbol k) of a periodic wave series is equal to the number of 

waves per unit distance. Just as frequency is equal to the reciprocal of the period, the wave number is the 

reciprocal of the wavelength: k = 1
λ

This quantity is particularly important in quantum physics as your later studies will show.

7.2.4 Propagation of waves
Waves are categorised according to how they propagate or transfer energy from place to place. There are 
two major groups of waves: mechanical waves and electromagnetic waves. Mechanical waves involve 
the transfer of energy through a medium by the motion of the particles of the medium itself. The particles 
move as oscillations or vibrations around a fixed point and, after the wave has passed, the particles move 
back to exactly the same places they occupied before they were disturbed. There is no bulk transfer of par-
ticles from one place to another.

However, because mechanical waves transfer energy by means of particle vibration, energy is lost, due 
to friction, over the course of the wave transmission through the medium. As a result, the waves have less 
energy and thus a smaller amplitude the further they travel from the source.

Electromagnetic waves are transverse waves that consist of alternating electric and magnetic force fields posi-
tioned at ninety degrees relative to each other and to the direction of energy propagation. Unlike mechanical 
waves, electromagnetic waves do not need a medium to travel in. In fact, they slow down when travelling in any 
physical medium apart from a vacuum. As electromagnetic waves do not need the movement of any particles 
to propagate (as mechanical waves do), they are not subject to the same energy losses due to friction between 
particles. Therefore, they potentially have much greater travel ranges than mechanical waves.

WORKING SCIENTIFICALLY 7.1
When an object is dropped into water, ripples radiate out from the position at which it entered the water. 
Design and perform an experiment to determine how the amplitude and velocity of the ripples produced are 
related to (a) the mass of the object, (b) the height from which the object is dropped, or (c) the depth of the 
water.

TABLE 7.1 Some examples of mechanical waves.

Wave Source Medium Detector Disturbance

Sound Push/pull of a  
loudspeaker 

Air Ear Increase and decrease 
in air pressure

Rope Upward flick of  
hand 

Rope Person at 
other end

Section of rope is lifted 
and falls back

Stretched 
spring

Push of hand Coils in the 
spring

Person at 
other end

Bunching of coils

Water Dropped stone Water Bobbing 
cork

Water surface is lifted 
and drops back

speaker

compressions

Sound waves

Pulse on a rope

compressions

Compressions moving along a 
stretched spring

Ripples on waterRipples on waterUNCORRECTED P
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All electromagnetic waves travel at 
the same speed in a vacuum. This is 
referred to as the speed of light (c), and 
it is equal to 299 792 458 km s–1. This is 
usually approximated to 3 × 108 m s–1.

While electromagnetic waves may 
travel at the same speed, they vary widely 
in wavelength and frequency. Figure 7.7 
shows the range of wavelengths and fre-
quencies for the various kinds of electro-
magnetic radiation.

Direction of 
energy transfer and
propagation direction

Key
 Electric force �eld
 Magnetic force �eld

FIGURE 7.6 A representation of an electromagnetic wave force 
field showing the energy propagation direction.

7.2 Exercise 1
1 The frequency of a wave sequence observed in a vibrating string is 200 Hz. If the velocity of the waves  

is 30 m s–1, what is the wavelength?
2 A boat on a lake bobs up and down due to ripples on the water surface. The person in the boat  

notices that the crests of the ripples are 6 m apart and that a ripple raises the boat every 3 s. Calculate 
the speed of the ripples.

3 The distance between compressions for a particular sound source is 1.3 m, and the compressions travel at  
a speed of 330 m s–1 through the air. What is the frequency with which the sound source vibrates?

4 A siren produces a sound wave with a frequency of 587 Hz. Calculate the speed of sound if the 
wavelength of the sound is 0.571 m.
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FIGURE 7.7 The electromagnetic spectrum.
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7.3 Representing wave motion
7.3.1 Displacement-time graphs of wave motion
As a wave travels through a medium, the particles of the medium are displaced. By plotting the displace-
ment of the medium at a particular point over time, a displacement-time graph may be produced. From 
such a graph, the period and amplitude of the wave may be read directly and the frequency calculated.

7.3 SAMPLE PROBLEM 1

A stone is dropped into a still pond, and the motion of a leaf on the surface of the water is observed 
as the ripples move past it. The displacement-time graph below describes the motion of the leaf over 
time.
Use the graph to determine the wave’s:
(a) period
(b) frequency
(c) amplitude
(d) wavelength, given that the wave speed is 

2 m s–1.
(e) the distance of the leaf from the wave’s 

point of origin.

SOLUTION:

(a) The period is the time taken for one complete 
wave to be formed. From the graph, we see 
that the leaf makes one complete cycle (up and 
down again) every 0.5 seconds.

(b) The frequency, f , is equal to the reciprocal 
of the period, T: 

f = 1
T

= 1
0.5 s

= 2 Hz

(c) The amplitude corresponds to the distance 
between the equilibrium position and the wave 
crest. The amplitude of the wave is 5 cm.

(d) Substituting values into the wave equation:
v = f λ
⇒ λ = v

f

= 2 m s−1

2 Hz
= 1 m

(e) By inspecting the graph, it can be seen that the first wave did not arrive at the leaf until 
t = 0.25 s. Given that the wave speed was 2 m s–1, we can substitute these values into the  
equation for average speed:
s = v t
 = 2 m s–1 × 0.25 s

= 0.5 m

That is, the leaf was 0.5 m from the wave source (presumably where the stone entered the 
water).
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FIGURE 7.8
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7.3.2 Displacement — position graphs of wave motion
While a displacement-time graph represents a wave as a function of time for a specific location in the 
medium, the displacement-position graph represents the wave as a function of position at a specific 
moment in time. It can almost be thought of as a ‘snapshot’ of the wave in the medium.

7.3 SAMPLE PROBLEM 2

Consider the displacement-position graph below, which represents a slinky spring during an 
experiment to model transverse waves at a particular moment in time.
(a) Use the graph to determine the wave’s:

(i) wavelength
(ii) maximum displacement

(iii) speed, given that waves were sent through the slinky at a rate of 2 per second.
(b) A represents a point on the slinky. 

Assuming that the wave is moving from 
right to left, describe whether point A is 
in the process of moving up or moving 
down, or will always remain in its cur-
rent position.

SOLUTION:

(a)  (i)  The wavelength is equal to the 
distance between successive 
peaks, so the wavelength is 
equal to 160 cm, or 1.6 m.

(ii) As with the displacement- 
time graph, the amplitude 
corresponds to the distance 
between the equilibrium 
position and the maximum displacement. Therefore, the amplitude is equal to 0.6 m.

(iii) As f = 2 s–1 and λ = 1.6 m (from part (i) above), we use the wave equation to determine 
the speed of the wave:  
v = fλ

= 2 × 1.6
 = 3.2 m s–1

(b) As the wave is moving from left to right, we can see that the displacement of point A from the 
equilibrium position will increase, so it is moving upwards at the moment in time at which the 
graph was made.
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7.3 Exercise 1
The diagram below shows a wave travelling 
from left to right in a string.
1 Which particles in the string are:

(a) moving upwards
(b) moving downwards
(c) temporarily at rest?

2 Determine the wave’s:
(a) wavelength
(b) amplitude
(c) frequency, given that the wave is travelling at 4 m s–1.
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FIGURE 7.13
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7.4 Review
7.4.1 Summary
 • Waves can be categorised as:

 – mechanical waves, consisting of particles with energy, which require a medium for propagation
 – electromagnetic waves, which do not require a medium for propagation.

 • A wave consists of two motions:
1. a uniform motion in the direction of wave travel; this is the direction of energy transfer
2. a vibration of particles or fields about an equilibrium or central point.

 • The vibration disturbance component of the wave may occur:
 – at right angles (90°) to the direction of propagation; these waves are called transverse waves
 – in the same direction as the direction of propagation; these waves are called longitudinal waves.

 • For transverse and longitudinal waves, v = f λ and f =  
1
T

 • Waves transmit energy but do not transfer matter
 • Properties of waves that can be measured include speed, wavelength, period, amplitude, wave number 

and frequency
 • A displacement-time graph represents a wave as a function of time for a specific location in the 

medium
 • A displacement-position graph represents the wave as a function of position at a specific moment in time.

7.4.2 Questions
1. Describe how each of the following observations allows you to determine that waves are carriers of 

energy.
(a) On a camping trip, infra-red and visible radiation from the Sun is absorbed by a solar shower, 

heating the water.
(b) Sound waves hitting the diaphragm of a microphone cause the still diaphragm to begin to vibrate.
(c) A tsunami destroys a coastal village.
(d) A big surf removes the sand from a 10 km stretch of beach.
(e) Light falling on a photovoltaic cell produces stored chemical energy in a battery that is used to 

produce electrical energy to power a solar garden light.
2. Describe each of the following waves as propagating in one, two or three dimensions:

(a) the light emitted from the Sun
(b) sound from a bell
(c) a sound wave travelling along a string telephone made from a tight string and two tin cans
(d) a water wave produced by dropping a rock into the centre of a lake
(e) a compression wave produced in a slinky.

3. Define the following terms as they would apply when describing the wave model:
(a) medium
(b) displacement
(c) amplitude
(d) period
(e) compression
(f) rarefaction
(g) crest
(h) trough.
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4. Draw a representation of a transverse wave, showing displacement versus time as a sine wave and 
label the following features:
(a) the amplitude of the wave
(b) a change in frequency of the wave
(c) a wavefront
(d) a trough 
(e) a crest.

5. In movies it is common to see a spacecraft blown up, accompanied by a large bang. With reference to 
the properties of mechanical waves, explain why this is impossible in space.

6. An astronomer tells you that observing the star she is showing you is like looking back in time  
100 million years. Identify what this tells you about the light from the star and its nature of travel.

7. Light travels at a velocity of 3 × 108 m s−1. If the light reaching Earth from a blue star has a wavelength 
of 410 nm (410 × 10−9 m), what is the frequency of the light?

8. Look at the transverse wave represented in 
figure 7.14. Calculate the frequency of the wave.

9. A cathode-ray oscilloscope (CRO) is a device 
that enables you to look at the electrical sig-
nal produced by a sound wave hitting the 
diaphragm of a microphone. The CRO acts like 
a sensitive voltmeter. Identify which property 
of the sound wave produces the sympathetic fluctuations in the voltage generated in the microphone.

10. The CRO trace in figure 7.15 is produced by a sound wave. The time base of the CRO is set at a 
constant value. That means every horizontal division of the figure 
represents a constant 0.001 s. Is the velocity of this wave constant? 
Explain your answer.

11. Sound travels in air at a speed of 330 m s−1. Calculate the  
wavelength of a sound wave with a frequency of 256 Hz.

12. The centre of a compression in a sound wave (longitudinal or 
compression wave) is equivalent to the crest of a transverse wave, and 
the centre of a rarefaction is equivalent to the trough of a transverse 
wave. Use this information to present, in a diagram, a transverse 
wave representation of the sound wave shown in figure 7.16. Lines 
close together represent high pressure zones (compressions) and lines 
spread far apart (rarefactions) represent low pressure zones.

13. Explain why both representations of a wavelength λ on  figure 7.16 
are correct.

14. Sound is travelling in a medium at 330 m s−1. Using lines to represent 
wavefronts, present a scaled, labelled diagram to represent a 100 Hz 
sound wave. Include two compressions and two rarefactions in your drawing.

15. A p-type earthquake wave is a longitudinal wave, whereas an s-type earthquake wave is a transverse 
wave. Describe how each of these wave types would express itself in terms of earth movements under 
foot as it passed. Assume that the waves you are comparing are of equal intensity and that the waves 
are travelling along the ground surface towards you.

16. Identify the features of sound that are wave-like.
17. Explain why it is necessary to use a wave model to explain features of the behaviour of sound and 

light.
18. Light is an electromagnetic wave that is considered to be transverse in nature. What feature of this wave 

type suggests it is a transverse wave?
19. Explain why it is not possible to have a mechanical wave in a vacuum.

5 10 15 20

Time (s)

FIGURE 7.14 Waves in a ripple tank.

Time (ms)

y

x

Voltage (V)

FIGURE 7.15 The CRO trace 
of a sound wave

λ λ

FIGURE 7.16 A representation 
of a sound wave
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20. On a CRO trace of a sound wave that looks like figure 7.15, explain what the base line represents in 
terms of the sound wave.

21. What is the wavelength of a sound that has a speed of 340 m s−1 and a period of 3.0 ms?
22. What is the speed of a sound if the wavelength is 1.32 m and the period is 4.0 × 10−3 s?
23. The speed of sound in air is 340 m s−1 and a note is produced that has a frequency of 256 Hz.
24. What is its wavelength?
25. This same note is now produced in water where the speed of sound is 1.50 × 103 m s−1. What is the new 

wavelength of the note?
26. Copy and complete table 7.2 by applying the universal wave formula.

TABLE 7.2

v(m s−1) f(Hz) λ(m)

 500 0.67

  12 25

1500 0.30

60 2.5

 340 1000

 260  440

PRACTICAL INVESTIGATIONS

Investigation 7.1: Investigating waves in a slinky spring
Aim
To observe and investigate the behaviour of waves (or pulses) travelling along a slinky spring

Apparatus
slinky spring
other pieces of apparatus as required

Theory
In a slinky spring, the velocity of the wave is quite small and it is not difficult to make observations of waves or 
pulses as they move along the spring. Many important properties of waves can be observed using this simple 
equipment. 

Method
1. Stretch out a slinky spring, preferably on a smooth floor, until it is about three metres long. (Clamp one end 

to a fixed object.) 
2. Displace the end of the spring to one side and quickly return it to its original or equilibrium position. This 

should cause a transverse pulse to travel along the spring.
3. Now, instead of a movement to the side to send a transverse pulse, gather up a few coils of the spring and 

then release them. This should produce a longitudinal or compression pulse.
4. You are now in the position to make investigations of the behaviour of pulses travelling in springs. It will be 

better to use transverse rather than longitudinal pulses for your experiments. You should be able to devise a 
series of simple experiments that can be used to investigate the following.
(a) Do the pulses you produce really carry energy?

Design and demonstrate a simple experiment that will show that the pulses do carry energy.
(b) Do the pulses lose energy as they travel along?

What observations can you make that show that the energy carried by each pulse is slowing dying 
away? Suggest a reason why this is happening. You may be able to think of a way to reduce the rate at 
which the energy is lost. This will probably involve changing the condition of the slinky.

(c) Does the speed of a pulse depend on the condition of the slinky?
As the tension of the slinky is changed, what happens to the speed of a pulse?

(d) Does the speed of a pulse depend on the amplitude of the pulse?
Is it possible to detect a change in the speed of the pulse along the slinky as the amplitude of the pulse 
is changed?

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight

diacriTech
Highlight



12 Jacaranda Physics 11

c07WaveProperties.indd Page 12 20/07/17  12:16 PM

(e) Does the speed of a pulse depend on the length of a pulse?
Is it possible to detect a change in speed of the pulse along the slinky as the length of the pulse is 
changed?

(f) Do identical pulses travel at the same speed along identical slinkies?
Obtain a second slinky and lay the two side by side. Investigate how identical pulses travel in what are 
hopefully identical slinkies. The two ‘free’ ends of the slinkies could be fixed to a metre ruler (or wooden 
board) and movement of this could launch identical pulses simultaneously in the two slinkies.

(g) Do identical pulses travel at the same speed along slinkies that are at a different tension?
Changing the tension of one slinky by clamping a few coils to the board could enable you to observe 
identical pulses travelling in different media.

Extension work
(h) Reflection from a fixed end

You could also investigate what happens to pulses when they are reflected from the clamped end of a 
slinky.

(i) Reflection from a free end
You might repeat investigation (h) with the end tied to a length of light string so that it is free to move 
when the pulse reaches the end of the slinky. There will still be a reflected pulse but it should be different 
from the reflected pulse in (h).

(j) Crossing boundaries
What happens when a pulse travels from one spring to another?
If you have a different spring, connect it to a slinky and see what happens when a pulse in one spring 
travels into the other.

Investigation 7.2: Observing water waves
Aim
To observe a wave motion travelling in two dimensions

Apparatus
20 corks
small tank of water or a shallow, still-water pond

Theory
A simple transverse water wave is a wave travelling in two dimensions.

Method
1. Place 20 corks in a ring in the water.
2. Drop a small mass such as a stone in the centre of the ring of corks. This will make a wave in the water 

emanating from where the stone landed.
3. Observe what happens to all of the corks.

Analysis
Any movement of the corks outwards from the central disturbance is minor and at a very slow rate compared 
with the rate of energy transfer as indicated by the wavefront travelling away from the source.

Questions
1. In how many dimensions does the wave propagate?
2. What does this show about the energy of the wave motion from the central disturbance point?
3. In the previous practical activity, you observed that the energy carried by a pulse in the slinky was gradually 

lost. The same thing happens with the water waves. Compare the reasons for the decrease in the ampli-
tude, and hence energy of a wave, in the slinky and in a wave spreading out on water.

Investigation 7.3: Relating frequency and amplitude
Aim
To explore the relationship between the displacement and time of constant frequency waves with varying ampli-
tude described by the equation:
y = n sin ft
where
y =  displacement of the wave
n =  amplitude of the wave
f =  frequency of the wave
t =  time
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Apparatus
access to a graphics calculator or a graphing program for the computer. Some graphing programs can be 
downloaded from the internet. 
access to a printer

Method
1. Plot the equation given under ‘Aim’ above into a graphics calculator or a graphing program on the com-

puter.
2. Plot graphs with the following variables and if a printer is available, print the graphs out.

Frequency (Hz) Amplitude (units)

1 1

2 2

0.5 1

4 1

1 4

Analysis
Study the graphs to ensure that you can identify the features of amplitude and frequency.
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