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The study of waves reveals many important concepts in physics.

Key ideas

After completing this chapter, you should be able to:

 ■ explain waves as the transmission of energy without the 
net transfer of matter through a medium

 ■ identify features of waves, including the amplitude, 
wavelength, period and frequency

 ■ identify transverse and longitudinal waves:

– describe sound as a longitudinal pressure wave

– describe light as a transverse wave

– recognise visible light as part of the electromagnetic 
spectrum

– use ray diagrams to show how light is reflected from 
smooth surfaces

– appreciate that light travels in straight lines

– apply a wave model to the behaviour of light and the 
rest of the electromagnetic spectrum

 ■ use v f
T

λ λ= =  to calculate the wavelength, frequency,

period and speed of waves

 ■ investigate and analyse constructive and destructive 
interference from two sources theoretically and practically

 ■ use the expressions nλ and n
1
2

λ−





 ■ explain the Doppler effect
 ■ explain resonance as the vibration of an object caused 
when a forced oscillation matches the object’s natural 
frequency of vibration

 ■ explain the formation of a standing wave as the 
superposition of a travelling wave and its reflection

 ■ investigate standing waves in strings fixed at one or both 
ends

 ■ explain diffraction as the spread of various frequencies 
(and wavelengths) of waves as they pass around objects 
or through gaps in barriers

 ■ explain the diffraction patterns formed when waves pass 
through gaps of different widths or around obstacles, 
including the qualitative effect of changing the 

w
λ

 ratio 
for gaps or the wavelength of the wave passing an 
obstacle.

CHAPTER

9 Mechanical waves
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199CHAPTER 9 Mechanical waves

Light and its properties
Sight is the sense by which humans and most other mammals get most of their 
information about the world. This sense responds to light. Questions about 
light naturally arise. Where does light come from? What can it do? How can its 
properties be explained?

Some obvious observations of light are:
•	 Sources of light are needed to see.
•	 Light travels very fast.
•	 Light produces shadows.

Sources of light
When we experience darkness at night or in an enclosed room, we know that 
a source of light, such as the Sun or a lamp, is needed to light up the darkness. 
Once a lamp is turned on, we can see features in the room because the light 
from the lamp shines on them and is then reflected into our eyes.

This means that objects can be classified into two groups. Objects seen 
because they give off their own light are called luminous objects; those seen 
because they reflect light are called non-luminous objects. The Sun, torches 
and candles are luminous objects. Tables, chairs, cats and dogs are non- 
luminous objects.

Some luminous objects produce light because they are hot. The Sun is one 
example. The higher the temperature, the brighter the light, and the colour 
also changes. These objects are called incandescent.

The Pleiades open star cluster in the constellation Taurus. All stars are 
incandescent sources of light.

Other objects are cold and produce light in another way. This involves 
changes in the energy of electrons in the material brought about by either 
chemical or electrical processes.

Objects that give off their own light 
are described as luminous.

Luminous objects that produce 
light as a result of being hot are 
described as incandescent.
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UniT 4200

Speed of light
The gap we experience between seeing lightning and hearing thunder shows that 
sound travels relatively slowly. Light seems to travel so fast that to our experience its 
speed seems infinite; that is, we seem to observe events at the instant they happen.

Galileo Galilei (1564–1642) was not convinced of this. He attempted to 
determine the speed of light by measuring the time delay between the flash 
of his lamp to an assistant on a distant mountain and the return flash from his 
assistant’s lamp. No detectable delay was observed and Galileo concluded that 
the speed of light was very high. A longer distance was needed.

Galileo used this method to measure the speed of light. He attempted to time, 
with his pulse, the delay between uncovering his lantern and seeing the light from 
his partner’s lantern, which his partner uncovered at the moment when he saw 
the light from Galileo’s lantern.

Olaus Roemer was a Danish astronomer born two years after Galileo’s death. 
He observed that the time between eclipses of Jupiter’s moons by Jupiter 
decreased as the Earth moved closer to Jupiter and increased as the Earth 
moved away. Roemer reasoned that this was because the distance the light 
travelled from Jupiter to Earth became greater as the Earth’s orbit took it fur-
ther from Jupiter (see the left figure on page 201). Roemer used this time and 
the known diameter of the Earth’s orbit about the Sun to estimate the speed of 
light. The value he obtained was 2.7 × 108  m  s−1.

Eventually, in the nineteenth century, with stronger light sources and more 
precise timing devices, Galileo’s method could be used, but the assistant was 
replaced by a mirror. The values obtained then were about 3.0 × 108  m  s −1.

Early in the twentieth century, the American scientist Albert A. Michelson 
(1852–1931) used a rapidly rotating eight-sided mirror (see the right figure on 
page 201). The light was reflected to a distant mirror about 35 kilometres away, 
then reflected back to the rotating mirror. For some particular rotation rates, 
this light is reflected by one of the sides of the rotating mirror directly to the 
observer. The rotation rate can be used to calculate the speed of light.

digital docs
Investigation 9.1
Luminous or not?
doc-18545

Investigation 9.2
Luminosity and temperature
doc-18546

The time, as seen from the 
Earth, for Jupiter’s moon, Io, 
to orbit Jupiter increases as 
the Earth moves from A to B. 
(The diagram is not to scale.)
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201CHAPTER 9 Mechanical waves

The value Michelson obtained was 2.997  96 × 108  m  s−1. He actually meas-
ured the distance of 35  km to an accuracy of 2.5  cm. The speed of light is cur-
rently measured at 2.997  924  58 × 108  m  s−1. It is rounded off to 300  000  km  s−1 
for calculation purposes. 

Light from the source reflects off one of the sides of the rotating mirror towards 
a mirror 35 kilometres away. The returning beam hits the rotating mirror. If one of 
the sides of the mirror is in the right position, the light enters the eyepiece and 
can be seen by the observer. By measuring the speed of rotation when the beam 
enters the eyepiece, the speed of light can be calculated.

observer

source of light

�xed
mirror

rotating mirror
with eight sides

35 km

sample problem 9.1

How long does light take to travel from the Sun to the Earth? 

speed of light = 3.00 × 108  m  s−1

distance from Sun to Earth = 1.49 × 1011  m

     speed
distance travelled

time taken
=

time taken
distance travelled

speed
⇒ =

     time
1.49 10 m

3.00 10 m s

11

8 1
= ×

× −

       = 0.497 × 103  s

       = 497  s

       = 8 minutes 17 seconds.

sample problem 9.2

How far does light travel in one year (one light-year)?

distance travelled = speed × time taken

 distance = 3.00 × 108  m  s−1 × (365.25 × 24 × 60 × 60)  s

 = 9.47 × 1015  m 

 = 9.47 × 1012  km.

Shadows
The bright Sun produces sharp shadows on the ground. The shape of the 
shadow is the same shape as the object blocking the light. This could happen 
only if light travels in a straight line.

solution:
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The straight rays passing the 
edge of a bird leave a sharp 
shadow on the ground.

Ray model
The need for sources of light, the great speed of light and the existence of sharp 
shadows can be described by a ray model. The model assumes that light travels 
in a straight line path called a light ray. A light ray can be considered as an 
infinitely narrow beam of light and can be represented as a straight line (see 
the figure below).

Light rays leave a point on this pencil and 
travel in straight lines in all directions. The 
pencil is seen because of the ‘bundle’ of 
rays that enter the eye. 

Plane mirror reflection
When you look at yourself in a plane mirror, some of the light rays from your 
nose, for example, travel in the direction of the mirror and reflect off in the 
direction of your eye. What is happening at the surface of the mirror to pro-
duce such a perfect image?

Light rays from the tip of the nose reflect off 
the mirror and enter the eye.

mirror

A ray of light is a very narrow 
pencil-like beam of light.
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203CHAPTER 9 Mechanical waves

To investigate the reflection of light, the angles made by the rays need to be 
measured. Measurements of these angles show that, like a ball bouncing off a 
flat wall, the angle of incidence equals the angle of reflection.

The ray approaching the mirror is called the incident ray. The ray leaving the 
mirror is called the reflected ray. The normal is a line at right angles to the mirror. 
The angles are measured between each ray and the normal. When the path of a 
light ray is traced, it is found that the angle of incidence always equals the angle 
of reflection.

normal

angle of
re�ection

angle of
incidence

incident
ray

re�ected
ray

mirror

The other seemingly trivial conclusion that can be drawn from the investi-
gation is that the incident ray, the normal and the reflected ray all lie in the 
same plane.

The incident ray, the ‘normal’ to the 
surface of the mirror and the reflected ray 
all lie in the same plane, which is at right 
angles to the plane of the mirror. 

normal

mirror

re�ected ray

incident ray

Regular and diffuse reflection
Reflection from a smooth surface is called regular or specular reflection. 
But what happens with an ordinary surface, such as this page? A page is not 
smooth like a mirror. At the microscopic level, there are ‘hills and valleys’. As 
the light rays come down into these hills and valleys, they still reflect with the 
two angles the same but, because the surface is irregular, the reflected rays 
emerge in all directions. This is called diffuse reflection. Light rays from dif-
fuse reflections — from the ground, trees and other objects — enter the eye 
and enable the brain to make sense of the world.

This is diffuse reflection. Each of the 
incoming parallel rays meets the irregular 
surface at a different angle of incidence. 
The reflected rays will therefore go off in 
different directions, enabling observers 
in all directions to receive light from 
the surface; in other words, to see the 
surface. irregular surface

observer A

observer B

 

The angle of incidence is the angle 
between an incident ray and the 
normal.

The angle of reflection is the angle 
between a reflected ray and the 
normal. 

The normal is a line that is 
perpendicular to a surface or a 
boundary between two surfaces.

Regular reflection, also referred to 
as specular reflection, is reflection 
from a smooth surface.

Diffuse reflection is reflection 
from a rough or irregular surface.
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What is colour?
Colours are an important part of our language and our environment. Colours 
can be peaceful to the eye or very stimulating. We use colours in our language 
to convey feelings and emotions (for example, fiery red, warm orange and icy 
blue).

At first, colour may seem to be a defining part of an object, like size, shape 
and texture. For example, we say green leaves, red earth and blue eyes. It is only 
when experiments are done with light that we realise that the colour or appear-
ance of an object changes with the light that is shining on it.

But what about rainbows? And the blue sky? Here we seem to have colour, 
pure colour, separate from any solid object. So what really is colour? It is both 
a property of light and an aspect of human perception. You will learn more 
about the physics of colour later in this chapter and in chapter 10.

Waves — energy transfer without 
matter transfer
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 disturbances that 
repeat themselves at regular intervals. Periodic waves propagate by the dis-
turbance in part of a medium being passed on to its neighbours. In this way 
the disturbance travels, but the medium stays where it is.

Looking at the examples in the table below, two different types of waves can 
be identified. For the pulse on the rope and the ripples on the water surface, 
the disturbance is at right angles to the direction the wave is travelling. These 
types of waves are called transverse waves.

In the examples of the sound wave travelling through air and the 
 compression moving along the spring, the disturbance is parallel to the 
direction the wave is travelling. These types of waves are called longitudinal  
waves.

TaBLe 9.1 Some examples of waves

Wave Source Medium Detector Disturbance

Sound Push/pull of a 
loudspeaker

speaker

compressions

Sound waves

Air Ear Increase and 
decrease in air 
pressure

Rope Upward flick of 
hand

Pulse on a rope

Rope Person at 
other end

Section of 
rope is lifted 
and falls back

Stretched 
spring

Push of hand

Compressions moving along a stretched spring

compressions Coils in 
the spring

Person at 
other end

Bunching of 
coils

Water Dropped stone

Ripples on water

Water Bobbing 
cork

Water surface 
is lifted and 
drops back

Changing the colour of the light 
on these flowers from white 
to red to blue changes our 
perception of their colour.

(a) White light

(b) Red light

(c) Blue light
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205CHAPTER 9 Mechanical waves

Properties of waves
The frequency of a periodic wave is the number of times that it repeats itself 
every second. Frequency is measured in hertz (Hz) and 1  Hz = 1  s–1. Frequency 
can be represented by the symbol f.

The period of a periodic wave is the time it takes a source to produce a com-
plete wave. This 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 period of a wave is the reciprocal of its frequency. For example, if five 
complete waves pass every second, i.e. f = 5.0  Hz, then the period (the time for 

one complete wavelength to pass) is 
1

5.0
 = 0.2 seconds. In other words, f = 

T

1
. It 

follows that T = 
f

1
.

The amplitude of a wave is the size of the maximum disturbance of the 
medium from its normal state. The units of amplitude vary from wave type to 
wave type. For example, in sound waves the amplitude is measured in the 
units of pressure, whereas the amplitude of a water wave would normally be 
measured in centimetres or metres.

The wavelength is the distance between successive corresponding parts of 
a periodic wave. The wavelength is also the distance travelled by a periodic 
wave during a time interval of one period. For transverse periodic waves, the 
wavelength is equal to the distance between successive crests (or troughs). For 
longitudinal periodic waves, the wavelength is equal to the distance between 
two successive compressions (regions where particles are closest together) or 
rarefactions (regions where particles are furthest apart). Wavelength is repre-
sented by the symbol λ (lambda).

Transverse periodic waves in a piece of string

crest

direction
of wave
movement

direction of
particle motion

position of
undisturbed
medium

trough

amplitude

amplitude

wavelength

The speed, v, of a periodic wave is related to the frequency and period. In a 
time interval of one period, T, the wave travels a distance of one wavelength, λ.  
Thus:

T
f

fspeed
distance

time 1
λ λ λ= = = = .

This relationship, v = f  λ, is sometimes referred to as the universal wave 
equation.

The frequency of a periodic wave is determined by the source of the 
wave.  The speed of a periodic wave is determined by the medium through 

A wave is a transfer of energy 
through a medium without any net 
movement of matter.

Periodic waves are disturbances 
that repeat themselves at regular 
intervals.

Transverse waves are those 
for which the disturbance is at 
right angles to the direction of 
propagation.

Longitudinal waves are those for 
which the disturbance is parallel to 
the direction of propagation.

The frequency of a periodic wave 
is the number of times that it 
repeats itself every second.

The period of a periodic wave 
is the time it takes a source to 
produce a complete wave.

The amplitude of a wave is the size 
of the maximum disturbance of the 
medium from its normal state.

The wavelength is the distance 
between successive corresponding 
parts of a periodic wave.

Unit 4 Characteristics 
of waves
Concept summary 
and practice 
questions

aOs 1

Topic 1

Concept 1

Unit 4 Properties of 
waves
Concept summary 
and practice 
questions

aOs 1

Topic 1

Concept 2
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which it is travelling. Because the wavelength is a measure of how far a wave 
travels during a period, if it can’t be measured, it can be calculated using the 

formula 
v

f
λ = .

In a longitudinal wave, as opposed to a transverse wave, the oscillations are 
parallel to the direction the wave is moving. Longitudinal waves can be set up 
in a slinky, as shown in part (a) below. Sound waves in air are also longitudinal 
waves, as shown in part (b) below. They are produced as a vibrating object, 
such as the arm of a tuning fork, first squashes the air, then pulls back creating 
a partial vacuum into which the air spreads.

Longitudinal waves in (a) a slinky (b) air

compressions

compression rarefaction
rarefactions

direction of
particle motion

direction of
wave motion

λ

λ

(b)

(a)

Longitudinal waves cause the medium to bunch up in places and to spread 
out in others. Compressions are regions in the medium where the particles 
are closer together. Referring to sound waves in air, compressions are regions 
where the air has a slightly increased pressure, as a result of the particles being 
closer together. Rarefactions are regions in the medium where the particles 
are spread out. This results in a slight decrease in air pressure in the case of 
sound waves.

The wavelength (λ) for longitudinal waves is the distance between the 
centres of adjacent compressions (or rarefactions). The amplitude of a 
sound wave in air is the maximum variation of air pressure from normal air 
pressure.

sample problem 9.3

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

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  m

sTeP 2:
Choose the appropriate formula.

λ=v
T

    .

A compression is a region of 
increased pressure in a medium 
during the transmission of a sound 
wave.

A rarefaction is a region of 
reduced pressure in a medium 
during the transmission of a sound 
wave.
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207CHAPTER 9 Mechanical waves

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

sTeP 4: 
Substitute values and solve.

v    
0.68 m

2.0   10 s

 340 m s

3

1

=
×

=

−

−

sample problem 9.4

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

f = 550  Hz, v = 335  m  s−1

v = f  λ

λ⇒ =

=

=

−

v

f
     

 
335 m s

550 Hz
 0.609 m

1

Revision question 9.1

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.

interference of waves
Superposition
Pulses (and periodic waves) pass through each other undisturbed. If this 
were not true, music and conversations would be distorted as the sound 
waves pass through each other. This can be observed when two pulses pass 
through each other on a spring. When the pulses are momentarily occu-
pying the same part of the spring, the amplitudes of the individual pulses 
add together to give the amplitude of the total disturbance of the spring. This 
effect is known as superposition (positioning over) and is illustrated in the 
following figure.

The shape of the resultant disturbance can be found by applying the super-
position principle: ‘The resultant wave is the sum of the individual waves’. For 
convenience, we can add the individual displacements of the medium at 
regular intervals where the pulses overlap to get the approximate shape of the 
resultant wave. Displacements above the position of the undisturbed medium 
are considered to be positive and those below the position of the undisturbed 
medium are considered to be negative. This is illustrated in the figure at the 
top of the next page, in which two pulses have been drawn in red and blue with 
a background grid. The sum of the displacements on each vertical grid line is 
shown with a dot and the resultant disturbance, drawn in black, is obtained by 
drawing a smooth line through the dots.

solution:

Unit 4 Constructive 
and destructive 
interference
Concept summary 
and practice 
questions

aOs 1

Topic 1

Concept 3

Superposition is the adding 
together of amplitudes of two or 
more waves passing through the 
same point.UNCORRECTED P
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(a) Two pulses of different shapes approach each other on a spring. (b) The pulses 
begin to pass through each other. (c) As the pulses pass through each other, the 
amplitudes of the individual pulses add together to give a resultant disturbance. 
(d) After passing through each other, the pulses continue on undisturbed.

(a)

(b)

(c)

(d)

undisturbed medium

resultant disturbance

 
Figures (a)–(d) above show that it is possible for a part or whole of a pulse to be 

‘cancelled out’ by another pulse. When this effect occurs, destructive superposi-
tion, or destructive interference, is said to occur. When two pulses superimpose 
to give a maximum disturbance of a medium, constructive superposition, or 
constructive interference, is said to occur. This effect is shown in figure (c).

Reflection of waves
When waves arrive at a barrier, reflection occurs. Reflection is the returning of 
the wave into the medium in which it was originally travelling. When a wave 
strikes a barrier, or comes to the end of the medium in which it is travelling, at 
least a part of the wave is reflected.

A wave’s speed depends only on the medium, so the speed of the reflected 
wave is the same as for the original (incident) wave. The wavelength and 
 frequency of the reflected wave will also be the same as for the incident wave.

Reflection of transverse waves in strings
When a string has one end fixed so that it is unable to move (for example, 
when it is tied to a wall or is held tightly to the ‘nut’ at the end of a stringed 

How to obtain the shape of a 
resultant disturbance

Destructive interference is the 
addition of two wave disturbances 
to give an amplitude that is less 
than either of the two waves.

Constructive interference 
describes the addition of two wave 
disturbances to give an amplitude 
that is greater than either of the 
two waves.

digital doc
Investigation 9.3
Reflection of pulses in springs
doc-18547
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209CHAPTER 9 Mechanical waves

 instrument), the reflected wave will be inverted. This is called a change of phase. 
If the end is free to move, the wave is reflected upright and unchanged, so there 
is no change of phase. These situations are illustrated in the figure below.

(a) incident pulse fret board

(b)

Re�ected pulse is inverted, but has
the same length and speed.

incident pulse retort stand(c)

Re�ected pulse is not inverted, but
has the same length and speed.

(d)

nut (re�ecting barrier)

Reflection of a transverse pulse on a string when (a) and (b) the end of the string 
is fixed (as in a guitar), and when (c) and (d ) the end of the string is free to move 
(as with a loop supported by a retort stand)

 

Standing waves
Standing waves are an example of what happens when two waves pass 
through the same point in space. They can either interfere constructively or 
destructively. Interference is explained in chapter 10. Standing waves are an 
example of interference is a confined space. The restriction may be a guitar 
string tied down at both ends, or a trumpet closed at the mouthpiece and 
open at the other end, or even a drum skin stretched tightly and secured at its 
circumference.

The questions are, How and where do the nodes and antinodes form? and 
What does this imply about what we hear?

Transverse standing waves in strings or springs
When two symmetrical periodic waves of equal amplitude and frequency (and 
therefore wavelength), but travelling in opposite directions, are sent through 
an elastic one-dimensional medium like a string, spring or a rope, construc-
tive interference and destructive interference occur. In fact, destructive inter-
ference occurs at evenly spaced points along the medium and it happens all 
the time at these points. The medium at these points never moves. Such points 
in a medium where waves cancel each other at all times are called nodes. In 
between the nodes are points where the waves reinforce each other to give a 
maximum amplitude of the resultant waveform. This is caused by constructive 
interference. Such points are called antinodes.

When this effect occurs the individual waves are undetectable. All that is 
observed are points where the medium is stationary and others where the 

A standing wave is the 
superposition of two wave trains at 
the same frequency and amplitude 
travelling in opposite directions. 
Standing waves are also known as 
stationary waves because they do 
not appear to move through the 
medium. The nodes and antinodes 
remain in a fixed position.

A node is a point at which 
destructive interference takes 
place.

An antinode is a point at which 
constructive interference takes 
place.
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medium oscillates between two extreme positions. There seems to be a wave, 
but it has no direction of motion. When this occurs, it is said to be a stationary 
or standing wave.

The figure below shows how standing waves are formed in a string by two 
continuous periodic waves travelling in opposite directions. It is important to 
note that the wavelength of the waves involved in the standing wave is twice 
the distance between adjacent nodes (or adjacent antinodes).

NNN
A

N

S

Pt = 0

(a) resultant wave (R)

NNNN

(d)
resultant wave (R)

P

S

Distance Distance

Distance

Fi
xe

d
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 e
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A
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(c) resultant wave (R)

P

S

node

antinode

A
NNNNN

S

P

t =

(b) resultant wave (R)

T
4

t = T
2

t = 3T
4

The formation of a standing wave

The figure below shows the motion of a spring as it carries a standing wave. 
It shows the shape of the spring as it completes one cycle. The time taken to do

this is one period (T ). Note that (i) at t
T

   
4

=  and at t
T

   
3

4
=  the medium is 

momentarily undisturbed at all points, and (ii) that adjacent antinodes are 
opposite in phase — when one antinode is a crest, those next to it are troughs.

A standing wave over one cycle

(a) (b)

(c) (d)

(e)

t = 0

t = T

t = T
2

t = T
4

t = 3T
4

 

sample problem 9.5

Two students have created a standing wave in a string, as depicted in the figure 
above.
(a) How many nodes are there in the standing wave?
(b) How many antinodes are there?
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211CHAPTER 9 Mechanical waves

(c) If the students are 8.0 m apart, what is the wavelength of the wave?
(d) If the student at the left-hand end of the string is moving her hand at a fre-

quency of 4.0 Hz, what is the speed of the wave?
(e) At what frequency would the student need to move her hand to have only 

one antinode?

(a) There are four nodes, three in the picture and one at the elbow.
(b) There are three antinodes.
(c) The distance between nodes is given by 

8.0

3
. The wavelength is twice this 

distance and equal to:

  
2   8.0

3
   5.3 m.

× =

(d) Using v = f  λ, speed = 4.0 × 5.3 = 21.3 m s−1 = 21 m s−1.
(e) The speed is unchanged at 21 m s−1 and the wavelength is now 16 m, so the 

 frequency   
21.3

16
 1.3 Hz= = .

Revision question 9.2

The spring is now tightened so that the speed is 30 m s−1.
(a) What frequency will be needed to reproduce the pattern in the second figure 

on the previous page?
(b) A pattern is produced that has a wavelength of 8.0  m. Describe the pattern of 

nodes and antinodes. What is the new frequency?

interference of waves in two dimensions
Interference of waves is best observed in a ripple tank. When two point sources 
emit continuous waves with the same frequency and amplitude, the waves 
from each source interfere as they travel away from their respective sources. 
If the two sources are in phase (producing crests and troughs at the same time 
as each other), an interference pattern similar to that shown in the following 
figure is obtained.

An interference pattern 
obtained in water by using two 
point sources that are in phase

Lines are seen on the surface of the water where there is no displacement 
of the water surface. These lines are called nodal lines. They are caused by 
destructive interference between the two sets of waves. At any point on a nodal 
line, a crest from one source arrives at the same time as a trough from the other 

solution:

Unit 4 interference 
from two 
sources
Concept summary 
and practice 
questions

aOs 1

Topic 1

Concept 4

Nodal lines are lines where 
destructive interference occurs 
on a surface, resulting in no 
displacement of the surface.
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source, and vice versa. Any point on a nodal line is sometimes called a local 
minimum, because of the minimum disturbance that occurs there.

Between the nodal lines are regions where constructive interference occurs. 
The centres of these regions are called antinodal lines. At any point on an 
antinodal line, a crest from one source arrives at the same time as a crest 
from the other source, or a trough from one source arrives at the same time 
as a trough from the other source, and so on. Any point on an antinodal line is 
sometimes called a local maximum, because of the maximum disturbance that 
occurs there.

When the two sources are in phase, as shown in the figure on the previous 
page, the interference pattern produced is symmetrical with a central antinodal 
line. Note that any point on the central antinodal line is an equal distance from 
each source. Since the sources produce crests at the same time, crests from the 
two sources will arrive at any point on the central antinodal line at the same time.

Similar analysis will show that, for any point on the first antinodal line on 
either side of the centre of the pattern, waves from one source have travelled 
exactly one wavelength further from one source than from the other. This 
means that crests from one source still coincide with crests from the other, 
although they were not produced at the same time (see the following figure). 
Point PA is on the first antinodal line from the centre of the pattern. It can be 
seen that PA is 4.5 wavelengths from S1 and 3.5 wavelengths from S2.

A way to establish whether a point is a local maximum or not is to look at the 
distance it is from both of the two sources. If the distance that the point is from 
one source is zero or a whole number multiple of the wavelength further than 
the distance it is from the other source, then that point is a local maximum. 
This ‘rule’ can be re-expressed as: ‘If the path difference at a point is nλ, the 
point is a local maximum’.

Therefore, for a point to be an antinode:

d(PS1) − d(PS2) = nλ  n = 0, 1, 2, 3, 4, . . .

where
n is the number of the antinodal line from the centre of the pattern
P is the point in question
S1 and S2 are the sources of the waves
d(PS1) is the distance from P to S1.

S1 S2
trough

crest

A
A

A
N

N

n = 0 n = 1
n = 1 n = 2

n = 2central antinodal line

PN

PA

 
Similar analysis shows that, for a point on a nodal line, the difference in distance 

from the point to the two sources is 
1

2
λ or 1

1

2
λ or 2

1

2
λ and so on. This means 

Antinodal lines are lines where 
constructive interference occurs on 
a surface.

Interference pattern produced 
by two sources in phase
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213CHAPTER 9 Mechanical waves

that a crest from one source will coincide with a trough from the other source, 
and vice versa. Point PN in the figure is 5 wavelengths from S1 and 4.5 wave-
lengths from S2.

For a node:

d(PS1) − d(PS2) = (n − 
1

2
)λ  n = 1, 2, 3, 4, . . .

where
n is the number of the nodal line obtained by counting outward from the cen-
tral antinodal line.

sample problem 9.6

Two point sources S1 and S2 emit waves in phase in a swimming pool. The 
wavelength of the waves is 1.00  m. P is a point that is 10.00  m from S1 and P is 
closer to S2 than to S1. How far is P from S2 if:
(a) P is on the first antinodal line from the central antinodal line?
(b) P is on the first nodal line from the central antinodal line?

(a) d(PS1) is greater than d(PS2); d(PS1) = 10.00  m, λ  = 1.00  m

 If P is on the first antinodal line from the central antinodal line, then:

d(PS1) − d(PS2) = λ.

 Therefore,

 d(PS2) = d(PS1) − λ
 = 10.00  m − 1.00  m

 = 9.00  m.

(b) d(PS1) is greater than d(PS2); d(PS1) = 10.00  m, λ  = 1.00  m

 If P is on the first nodal line from the central antinodal line, then:

d(PS1) − d(PS2) = 
1

2
λ.

 Therefore,

d(PS2) = d(PS1) − 
1

2
λ

 = 10.00  m − 0.50  m

 = 9.50  m.

interference with sound
When two sources emit sound with the same frequency in phase, an interfer-
ence pattern is produced. The pattern is three-dimensional, but its features are 
the same as for interference patterns produced in water.

A local antinode, or maximum, is a point where constructive interference 
produces a sound of greater intensity than that produced by one source alone. 
As the pattern is three dimensional, there is a central antinodal plane (as 
opposed to a line) where all points are an equal distance from each source. 
In this plane, a compression from one source coincides with a compression 
from the other source. This is followed by a progression of coincidental rare-
factions and compressions. As the waves pass through such a point, there is a 
maximum variation in the air pressure, resulting in a louder sound.

A local node, or minimum, is a point where destructive interference pro-
duces a sound of much less intensity than that produced by one source alone. 
At a point in a nodal region, compressions from one source coincide with rare-
factions from the other source and vice versa. As the waves pass through such 
a point, there is very little variation in the air pressure, resulting in a very soft 
sound.

solution:
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as a maTTeR Of faCT

Complete destructive interference rarely occurs as the sounds pro-
duced from each source are usually not of equal intensity, due to the 
different distances travelled by the individual waves and the inverse 
square law that describes this variation in intensity with distance from 
the source.

The same formulas that were used for water waves can be used to determine 
whether a point is part of a nodal or antinodal region.

For a point to be an antinode,

d(PS1) − d(PS2) = nλ  n = 0, 1, 2, 3, 4, . . .

where
n is the number of the antinodal region from the centre of the pattern
P is the point in question
S1 and S2 are the sound sources.

For a point to be a node,

d(PS1) − d(PS2) = (n − 
1

2
)λ  n = 1, 2, 3, 4, . . .

where
n is the number of the nodal line obtained by counting outward from the cen-
tral antinodal plane.

sample problem 9.7

A student arranges two loudspeakers, A and B, so that they are connected in 
phase to an audio amplifier. The speakers are then placed 2.00  m apart and 
they emit sound which has a wavelength of 0.26  m.

Another student stands at a point P, which is 15.00  m directly in front of 
speaker B. The situation representing this arrangement is shown in the figure 
below. Describe what the student standing at point P will hear from this 
position.

2.00 m

B

A

P

15.00 m

ampli�er

In this type of question, it is important to determine whether the point is a 
node or antinode.

This is done by determining the path difference and then comparing this to 
the wavelength.

λ  = 0.26  m, d(PB) = 15.00  m

d(PA) can be found by applying Pythagoras’s theorem.

      d(PA)2 = 15.00  m2 + 2.00  m2

      = 229  m2

So d(PA) = 15.13  m
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d(PA) − d(PB) = 15.13  m − 15.00  m

 = 0.13  m.

 0.13  m = 
1

2
λ

Therefore, the student is at a local minimum and will hear only a very soft 
sound.

Colour effects of interference
In the case of light, when two waves of red light meet, constructive interfer-
ence would result in bright red light. Destructive interference would result in 
an absence of light, that is, darkness.

When light of a mixture of colours shines on a film of oil in a puddle on 
the road, light is reflected from the top surface of the oil, as well as from the 
bottom surface. However, the light from the bottom surface has further to 
travel; that is, twice the thickness of the oil film. Depending on how this extra 

distance compares with the wavelength 
of a particular colour, the two waves may 
undergo constructive or destructive inter-
ference. For example, when you look at 
an oil film, the section that looks yellow is 
where the thickness is just right for yellow 
light to undergo maximum constructive 
interference. Yet at the same place, other 
colours (which have different wavelengths) 
undergo destructive interference or less 
than maximum constructive interference. 
At other places on the oil film, the thick-
ness will be just right for maximum con-
structive interference for another colour. 
The different colours on the oil film indi-
cate the different thicknesses of the oil as 
the film spreads out.

In an oil film, the light waves reflecting from 
the bottom surface interfere with those 
reflecting from the top surface. Whether the 
interference is constructive or destructive 
depends on how the thickness of the film 
compares with the wavelength of the light.

air n = 1.0

oil n = 1.5

water n = 1.33 When a wave is
re�ected from a
material of higher
refractive index, a
crest is re�ected 
as a trough.

 

The colours that flash when you move the shiny surface of a CD in sunlight 
also appear as a result of interference. The light from adjacent ridges in the 
surface follows paths of very slightly different lengths. The waves interfere 
with each other. The difference between the lengths of the paths changes 
because the distance between adjacent ridges changes. Different colours 
undergo constructive and destructive interference, depending on the path 
difference.

digital doc
Investigation 9.4
Thin soap films
doc-18548

The colours on this oil film are the result of the interference of light. 
The wave model of light explains this phenomenon.
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These colours are the result of 
interference.

Diffraction
Waves spread out as they pass objects or travel through gaps in barriers. This 
is readily observable in sound and water waves. For example, you can hear 
someone speaking in the next room if the door is open, even though there is 
not a direct straight line between the person and your ears.

Diffraction is the directional spread of waves as they pass through gaps or 
pass around objects. The amount of diffraction depends on the wavelength of 
the wave and the width of the gap or the size of the obstacle.

For example, the spreading out of sound from loudspeakers is the result of 
diffraction. The sound waves spread out as they pass through the opening in 
the front of the loudspeaker. Without diffraction, hardly any sound would be 
heard other than from directly in front of the speaker cone.

Diffraction of water waves
The diffraction of sound can be modelled with water waves in a ripple tank. 
The next figure shows the way water waves diffract in various situations. The 
diagrams apply equally well to the diffraction of sound waves.

Diffraction of water waves: 
(a) short wavelength around 
an object, (b) long wavelength 
around the same object, 
(c) short wavelength through 
a gap, (d) long wavelength 
through the same gap, 
(e) short wavelength around 
the edge of a barrier and 
(f) long wavelength around the 
edge of the same barrier

(c)

shadow

shadow

shadow

(a)

(e)

shadow

(d)

(b)

(f)

shadow

Diffraction is the spreading out, 
or bending of, waves as they pass 
through a small opening or move 
past the edge of an object.

digital doc
Investigation 9.5 
Diffraction of waves In a ripple tank
doc-18549
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The region where no waves travel is called a shadow. The amount of diffrac-
tion that occurs depends on the wavelength of the waves. The longer the wave-
length, the more diffraction occurs. As a general rule, if the wavelength is less 
than the size of the object, there will be a significant shadow region.

When waves diffract through a gap of width w in a barrier, the ratio
w

λ
is 

important. As the value of this ratio increases, so, too, does the amount of dif-
fraction that occurs.

as a maTTeR Of faCT

Barriers built next to freeways are effective in protecting nearby residents 
from high-frequency sounds as these have a short wavelength and undergo 
little diffraction. The low-frequency sounds from motors and tyres, how-
ever, diffract around the barriers because of their longer wavelengths.

barrier

high-frequency sound low-frequency sound

The diffraction of low and high frequencies around a freeway barrier

Directional spread of 
different frequencies
The opening at the end of a wind instru-
ment such as a trumpet, the size of some-
one’s mouth and the size of a loudspeaker 
opening all affect the amount of diffrac-
tion that occurs in the sound produced. 
High-frequency sounds can best be heard 
directly in front of these devices.

When a loudspeaker plays music, it is 
reproducing more than one frequency at 
a time. Low-frequency soundwaves from 
a bass have a large wavelength; high-fre-
quency soundwaves from a trumpet have 
a short wavelength. Short-wavelength, 
high-frequency sounds do not diffract 
(spread out) very much when they emerge 
from the opening of a loudspeaker, but 
long wavelength sounds do. If a single 
loudspeaker is used, the best place to hear 
the sound is directly in front of the speaker.

The diffraction of high and low 
frequencies from a loudspeaker

‘bright’
sound

high 
frequencies

less ‘bright’
soundlow 

frequencies
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sample problem 9.8

Two sirens are used to produce frequencies of 200  Hz and 10  000  Hz. Describe 
the spread of the two sounds as they pass through a window in a wall. The 
window has a width of 35  cm. Assume that the speed of sound in air is 330  m  s−1.

First calculate the wavelengths of the sounds using the formula v = f λ. These 
calculate to 165  cm and 3.3  cm respectively. There will be a very small diffrac-
tion spread for the sound of wavelength 3.3  cm because the wavelength is 
small compared with the opening. There will be a large diffraction spread for 
the sound of wavelength 165  cm because the wavelength is large compared 
with the opening.

The Doppler effect
We are all familiar with the change in pitch as a noisy car passes us. This is most 
pronounced when an emergency vehicle races by. Think of the sounds people 
make when mimicking passing racing cars. The sound always starts high but 
finishes low. This is called the Doppler effect, after Christian Johann Doppler 
who predicted it in 1842 before it had been observed. (Vehicles were slow 
then!) The Doppler effect is the result of the wave travelling at a constant speed 
through the medium while the source is in motion relative to the medium.

Consider a fire-engine racing to attend a fire. While it is stuck in traffic with 
its siren blaring, a Physics student decides to measure the frequency and wave-
length of the sound. The fire-engine’s siren alternates between a high-pitched 
sound and a low-pitched sound. He measures the high-pitched sound to have 
a frequency of 500  Hz and the low-pitched sound to have a frequency of 200  Hz. 
After determining the speed of sound to be 340  m  s−1, and noticing that there is 
no wind, he calculates the wavelengths using v = f λ.

 

v

f

v

f

340 m s

500 Hz

0.680 m for the 500 Hz sound

340 m s

200 Hz

1.70 m for the 200 Hz sound

1

1

λ

λ

=

=

=

=

=

=

−

−

Later, the traffic jam has cleared and the fire-engine passes the physics stu-
dent. The fire-engine travels at a velocity of 24  m  s−1 relative to the road (and 
air). The speed of sound remains at 340  m  s−1 through the air. The fire-engine 
is identical to the first one; but now the student measures the frequencies to be 
538  Hz and 215  Hz as the fire-engine approaches, and 467  Hz and 187  Hz as the 
fire-engine moves away. His frequency-measuring equipment is not faulty — 
he could clearly hear the pitch drop as the fire-engine passed him. When the air 
is still, something approaching you will sound higher in pitch than when it is at 
rest relative to you, and will sound lower in pitch when it is moving away from 
you. Doppler cleverly predicted this result before the advent of fast fire-engines. 
His prediction was first confirmed experimentally by having a trumpeter play a 
note while passing on a ‘relatively’ fast-moving train.

The sound produced by the siren of the fire-engine is a series of pressure 
variations in the air. When the fire-engine produces a compression (region of 

solution:

digital doc
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The Doppler effect
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219CHAPTER 9 Mechanical waves

higher-than-average air pressure) of the high-frequency sound, this com-
pression moves forward at the speed of sound in air, 340  m  s−1. The next com-
pression is produced T seconds later, where T is the period of the soundwave.

T
f

1=

 
 

1

500 Hz
=

 = 0.002 s later when the first compression has travelled:
d vt

340 m s 0.002 s

0.68 m.

1

=

= ×
=

−

In this time the fire-engine has moved:

d vt

24 m s 0.002 s

0.048 m.

1

=

= ×
=

−

The distance between compressions is therefore:

λ  = 0.68  m − 0.048  m

  = 0.632  m.

For the fire-engine that was stationary, the wavelength was 0.68  m. As sound 
is travelling at 340  m  s−1 relative to the student on the roadside for fire-engines, 
and v = f λ, the shorter wavelength from the approaching fire-engines will have 
a higher frequency than the stationary fire-engines. In this case the detected 
frequency would be:

f
v

340 m s

0.632 m

1

λ
=

=
−

 =  538  Hz, measured by the student for the 500  Hz sound as the fire-engine 
approached at 24  m  s−1.

In order to derive a formula for the Doppler effect, let the speed of sound be 
vs and the speed of the sound source (fire-engine) relative to the observer be v. 
The driver of the fire-engine measures the velocity of the sound of his siren to 
be vs − v in the forward direction, and vs + v in the reverse direction. As v = f λ, 

the wavelength of the sound in front of the fire-engine is given by 
v v

f
s

o

−
, while 

behind the fire-engine the wavelength is 
v v

f
s

o

+
, where fo is the frequency of the 

sound emitted.
Now consider the frequency heard by an observer standing on the roadside. 

For him the sound has a relative velocity of vs  m  s−1 because he is at rest rela-
tive to the air carrying the sound waves (assuming no wind).

The wavelength has been determined already, so while the fire-engine is 
moving towards the observer, the frequency is:

f
v

v v
f

v f

v v

( )

( )
.

s

s

o

s o

s

=
−





=
−

The Doppler effect, (a) O1 
and O2 both hear the same 
frequency sound. (b) O1 hears 
a higher frequency than O2.

Legend:
= Source

= Observer in front
 of sound source
= Observer behind
 sound source

(b) Source moving to the right

v
S

S

O2

O2

O1

O1

(a) Stationary source

S O1O2
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When the fire-engine is moving away, the frequency is:

f
v

v v
f

v f

v v

( )

( )
.

s

s

o

s o

s

=
+





=
+

Notice that the frequency will always be heard as higher than the fre-
quency produced by the sound source when the sound source approaches 
the observer, and lower as it moves away. This agrees with the results of the 
physics student’s observations of the fire-engine and our experiences of noisy 
vehicles racing by.

Electromagnetic radiation is a different type of wave. Are light, radio 
waves and other parts of the electomagnetic spectrum also susceptible to 
the Doppler effect? The answer is yes. Police radar guns, for example, make 
use of the Doppler effect. They emit radio waves travelling with a velocity of 
3 × 108  m  s−1. The gun sends radio waves of a particular frequency and meas-
ures the frequency of the radiation that it receives after the waves reflect off the 
car. However, with sound we have been able to refer to its velocity relative to its 
medium. What that means in terms of light and other forms of electromagnetic 
radiation will become clearer in what is to follow.

sample problem 9.9

A noisy truck approaches a stationary pedestrian operating a frequency meter. 
The truck motor roars at a frequency of 2000  Hz as it approaches the ped-
estrian and 1500  Hz as it moves away. What is the speed of the truck relative to 
the pedestrian? Take the speed of sound in air to be 340  m  s−1.

Using the Doppler formulae, as the truck approaches, the frequency is:

 

f
v f

v v

f

v

( )

2000 Hz
340 m s

(340 m s )
.

s o

s

1
o

1

=
−

=
−

−

−

As the truck recedes, the frequency is:

 

f
v f

v v

f

v

( )

1500 Hz
340 m s

(340 m s )
.

s o

s

1
o

1

=
+

=
+

−

−

We now have two equations for fo and v. We can solve them for v by dividing 
the first equations by the second to eliminate fo:

 

v

v
v v

v

v

340 m s

340 m s

4

3
3 (340 m s ) 4 (340 m s )

7 340 m s

48.6 m s

1

1

1 1

1

1

+
−

=

+ = −

=

=

−

−

− −

−

−

The truck must be moving at 48.6  m  s−1 relative to the air. (This truck is well 
over the speed limit.)

solution:
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The analysis presented above assumes that the sound source moves directly 
toward, and then directly away, from the observer. The change in frequency 
will be gradual for someone not directly in the path of the sound, as suggested 
by figure (b) on page 219. It also assumes that the sound receiver is at rest rela-
tive to the medium of the sound.

It is possible to travel faster than sound. Some aircraft and missiles travel 
faster than sound. This speed can make weapons particularly menacing. For 
example, the V-2 bombs used in World War II struck English cities before their 
inhabitants could hear them coming. Also, the constructive interference of the 
sound waves overlapping when the sound barrier was broken carried sufficient 
energy to break windows after the sound source had passed.

The Doppler effect can be observed in light waves, but the nature of light 
demands Einstein’s relativity theory be applied. A change in the frequency 
of light corresponds with a change in the colour of the light. The character-
istic patterns of elements visible in starlight passed through a spectroscope 
are shifted towards the red (long wavelength) end of the spectrum if the star 
is moving further away from us. If the star is moving closer to us, the spectrum 
of the starlight is shifted towards the blue (short wavelength) end of the spec-
trum. This makes calculating the ‘radial’ component of a star’s velocity relative 
to the Earth straightforward. The transverse compnent of a star’s velocity does 
not influence the Doppler effect and must be measured some other way. Use 
of the Doppler effect led to the big bang theory. Measuring the radial speed 
of galaxies, astronomers in the early twentieth century discovered that most 
of them were moving away from us. Edwin Hubble found that the speed was 
greater for those galaxies further from us, and drew the conclusion that the 
universe has expanded from a single point.

The Doppler effect is an example of how object moving relative to an 
observer may seem to be different because of their movement. However, this is 
only the beginning. The universe ‘as we know it’ takes on a whole new meaning 
when the principle of relativity is applied to all aspects of physics.

The Doppler effect applies to all types of wave motion and has been observed 
with light waves. Astronomers use the Doppler effect to determine the speed 
with which stars are travelling towards or away from the Earth. If they are 
travelling away from the Earth, the wavelengths of light will be longer and the 
characteristic spectrum of the star will be shifted towards the red end of the 
spectrum. This effect is known as ‘red shift’.

Resonance
Resonance is the vibration of an object caused when a forced oscillation 
matches the object’s natural frequency of vibration.

Every object has one or more natural frequencies of vibration. For example, 
when a crystal wine glass is struck with a spoon, a distinct pitch of sound is 
heard. If the resonant frequency is produced by a sound source near the glass, 
the glass will begin to vibrate. In this case, the alternating driving force is pro-
vided by the variations in air pressure at the surface of the glass due to the 
sound produced by the sound source.

If the intensity of the external sound is increased, it is possible to increase 
the amplitude of the vibrations in the crystal wine glass until the crystal lat-
tice falls apart and the glass shatters. Note, however, that resonance does not 
necessarily mean that something will break!

Resonance is the condition where 
a medium responds to a periodic 
external force by vibrating with the 
same frequency as the force.

Unit 4 Resonance
Concept summary 
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questions
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Chapter review
Unit 4 mechanical waves

sit Topic test

aOs 1

Topic 1

Summary
 ■ Light sources are called luminous objects. Some 

luminous objects give off light because they are hot; 
these are called incandescent objects.

 ■ Light travels in straight lines through air at a speed of 
3.0 × 108  m  s−1. Shadows provide evidence that light 
travels in straight lines.

 ■ Modelling light as a pencil-like ray helps describe the 
reflection of light.

 ■ When light meets a surface the angle of incidence 
equals the angle of reflection. The incident ray, the 
normal to the surface and the reflected ray all lie in 
the same plane.

 ■ Waves are a means of energy transfer without matter 
transfer. There are many examples of waves and they 
can be transverse or longitudinal.

 ■ Properties of waves that can be measured include 
speed, wavelength and frequency. These quantities  
are connected by the universal wave equation:  
speed = frequency × wavelength, or v = f λ.

 ■ Light is a form of electromagnetic radiation that can 
be modelled as transverse waves with colours dif-
fering in frequency and wavelength.

 ■ Waves, including light, have the capacity to inter-
fere  with each other, producing constructive inter-
ference or destructive interference when two waves 
meet.

 ■ Standing waves are caused by the superposition of 
two wave trains of the same frequency travelling in 
opposite directions.

 ■ Some colour effects that we see are the result of the 
interference of light.

 ■ The Doppler effect is the result of a wave source 
moving through the medium. The waves move at 
constant speed relative to the medium, resulting in 
a higher frequency in front of the moving source and 
a lower frequency behind. The frequency in front of 

the source is given by f
v f

v v
s o

s( )=
−

 and behind the 

source by f
v f

v v
s o

s( )=
+  where vs is the speed of sound 

in the air, fo is the frequency of the source and v is the 
velocity of the source through the air.

 ■ Sound waves are longitudinal.
 ■ As longitudinal waves move through a medium, the 

particles of the medium vibrate parallel to the direc-
tion of propagation.

 ■ Resonance is the condition where a medium res-
ponds to a periodic external force by vibrating with 
the same frequency as the force.

Questions
Light and its properties
 1. Calculate the longest and shortest time for a radio 

signal travelling at the speed of light to go from the 
Earth to a space probe when the space probe is 
(a) near Mars and (b) near Neptune.

   Radius of Earth’s orbit about the Sun 
 = 1.49 × 1011  m 
 Radius of Mars’s orbit about the Sun 
 = 2.28 × 1011  m 
 Radius of Neptune’s orbit about the Sun 
 = 4.50 × 1012  m

 2. How is a periodic wave different from a single 
pulse moving along a rope?

 3. Ripples on a pond are caused when drops of water 
fall on the surface at the rate of 5 drops every 
10 seconds. What is:
(a) the period of the ripples
(b) the frequency of the ripples?

 4. In each of the diagrams below, two waves move 
towards each other. Which diagram or diagrams 
show waves that, as they pass through each other, 
could experience:
(a) only destructive interference
(b) only constructive interference?

A

B

C

 5. Calculate the period of orange light, which has a 
frequency of 4.8 × 1014  Hz.

Wave speed or velocity
 6. What is the speed of sound in air if it travels a 

distance of 996  m in 3.0  s?
 7. How far does a wave travel in one period?
 8. Do loud sounds travel faster than soft sounds? 

Justify your answer.
 9. A marching band on the other side of a sports oval 

appears to be ‘out of step’ with the music. Explain 
why this might happen.
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223CHAPTER 9 Mechanical waves

 10. You arrive late to an outdoor concert and 
have to sit 500  m from the stage. Will you 
hear high-frequency sounds at the same time 
as low-frequency sounds if they are played 
simultaneously? Explain your answer.

 11. A loudspeaker is producing a note of 256  Hz. How 
long does it take for 200 wavelengths to interact 
with your ear?

 12. During an electrical storm the thunder and 
lightning occur at the same time and place. 
Unless the centre of the storm is directly above, 
you see the lightning flash before you hear the 
thunder. How far away is lightning if it takes 5.0  s 
for the sound of thunder to reach you after the 
flash is seen? Assume the speed of sound in air is 
335  m  s−1.

The wave equation
 13. What is the wavelength of a sound that has a 

speed of 340  m  s−1 and a period of 3.0  ms?
 14. What is the speed of a sound if the wavelength is 

1.32  m and the period is 4.0 × 10−3  s?
 15. The speed of sound in air is 340 m s−1 and a note 

is produced that has a frequency of 256  Hz.
(a) What is its wavelength?
(b) 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?

 16. Copy and complete table 9.2 by applying the 
universal wave formula.

TaBLe 9.2

v (m s−1) f (Hz) λ (m)

500 0.67

12 25

1500 0.30

  60 2.5

 340 1000

 260 440

interference
 17. What is superposition and when does it occur?
 18. What is constructive interference and when does 

it occur?
 19 Describe the interference pattern produced when 

two sound sources produce sounds of equal 
frequency in phase. How can you determine 
whether a point on the interference pattern is a 
local maximum or local minimum?

Transverse standing waves in strings
 20. The figure below shows the positions of three sets 

of two pulses as they pass through each other. 

Copy the diagram and sketch the shape of the 
resultant disturbances.

(c)

(a)

(b)

 21. What is the wavelength of a standing wave if the 
nodes are separated by a distance of 0.75  m?

 22. The figure below shows a standing wave in a 
string. At that instant (t = 0) all points of the string 
are at their maximum displacement from their rest 
positions.

  If the period of the standing wave is 0.40  s, sketch 
diagrams to show the shape of the string at the 
following times:
(a) t = 0.05  s
(b) t = 0.1  s
(c) t = 0.2  s
(d) t = 0.4  s.

Sound and standing waves
 23. Kim and Jasmine set up two loudspeakers in 

accordance with the following arrangements:
 • They faced each other.
 • They were 10  m apart.
 • The speakers are in phase and produce a sound 

of 330  Hz.
   Jasmine uses a microphone connected to a 

CRO and detects a series of points between the 
speakers where the sound intensity is a maximum. 
These points are at distances of 3.5  m, 4.0  m and 
4.5  m from one of the speakers.
(a) What causes the maximum sound intensities 

at these points?
(b) What is the wavelength of the sound being used?
(c) What is the speed of sound on this occasion?

 24. A standing wave is set up by sending continuous 
waves from opposite ends of a string. The 
frequency of the waves is 4.0 Hz, the wavelength is 
1.2  m and the amplitude is 10  cm.
(a) What is the speed of the waves in the string?
(b) What is the distance between the nodes of the 

standing wave?
(c) What is the maximum displacement of the 

string from its rest position?
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(d) What is the wavelength of the standing wave?
(e) How many times per second is the string straight?

 25. A standing wave is set up by sending continuous 
waves from opposite ends of a string. The 
frequency of the waves is 4.0  Hz, the wavelength is 
1.2  m and the amplitude is 10  cm.
(a) What is the speed of the waves in the string?
(b) What is the distance between the nodes of the 

standing wave?
(c) What is the maximum displacement of the 

string from its rest position?
(d) What is the wavelength of the standing wave?
(e) How many times per second is the string 

straight?
 26. Explain what is meant by the expression 

‘interference pattern’ when applied to two sound 
sources that are in phase.

 27. Describe the interference pattern produced by two 
sound sources that are in phase.

 28. What happens to cause a nodal line when sound 
is emitted by two sources in phase?

 29. What effect would increasing the wavelength 
of the sound have on the interference pattern 
produced by two sound sources that are in phase?

 30. Two sources in phase emit sound with a 
wavelength of 0.90  m. Describe the loudness 
(louder or softer when compared to that produced 
by a single source) at the following positions:
(a) at an equal distance from both sources
(b) at a distance of 15.45  m from one source and 

14.55  m from the other
(c) at a distance of 15.75  m from one source and 

16.20  m from the other.
Justify your answers.

 31. Two loudspeakers are set up on an open-air stage 
as shown below.

S2

S1 P17.875 m

ampli�er

  A sound engineer tests the arrangement by 
feeding a tone of 660  Hz through both speakers. 
For the following questions, assume that:
 • the speakers are producing sound in phase
 • the speed of sound in air is 330  m  s−1.

(a) What is the wavelength of the sound that is 
produced by each speaker?

(b) The engineer walks directly away from one of 
the speakers until he notices that the sound 
has a minimum value at point P. He accurately 
measures the distance from this point to 
the nearest speaker (S1) and finds that it is 
17.875  m. How far is he from speaker S2? (In 

calculating this distance, assume that P is on 
the first nodal line.)

(c) How far apart are the speakers?
 32. Two loudspeakers in phase produce an 

interference pattern on a sports field. The set-up 
of the apparatus is shown below.

   The speakers produce sound with a wavelength 
of 0.80  m. Suroor walks from point A to point I 
and detects either a loud or very soft sound at the 
points labelled in the diagram.
(a) What causes the variations in the loudness of 

the sound?
(b) Describe the sound (loud or soft) detected at 

point E. Explain your answer.
(c) Describe the sound (loud or soft) detected at 

point D. Explain your answer.
(d) If point D is 20.00  m from speaker S2, how far 

is it from speaker S1?
(e) Suroor stands at point D as her assistant Susie 

slowly increases the frequency while keeping 
the power of the speakers constant. Describe 
the loudness of the sound that Suroor detects as 
the frequency increases. Justify your answer.

S1

S2

I

H

G

F

E

D

C

B

A
Not to scale

Diffraction
 33. (a) What is diffraction?

(b) Why is diffraction an important concept to 
consider when designing loudspeakers?

 34. The figure below shows the design of a dentist’s 
waiting room and surgery.

1.0 m

chair, patient
and drill

A

B
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  There are two people sitting in the waiting room 
at points A and B. The door to the surgery is open 
and has a width of 1.0  m. A drill is operating and 
produces a sound of 5000  Hz frequency. The 
patient groans at a frequency of 200  Hz. Assume 
the speed of sound is 340  m  s−1.
(a) What is the wavelength of the patient’s groan?
(b) What difference, if any, is there between the 

sound intensity levels produced by the patient’s 
groan at points A and B? Justify your answer.

(c) What difference, if any, is there between 
the sound intensity levels produced by the 
dentist’s drill at points A and B? Justify your 
answer.

 35. A 1500  Hz sound and a 8500  Hz sound are emitted 
from a loudspeaker whose diameter is 0.30  m. 
Assume the speed of sound in air is 343  m  s−1. 
(a) Calculate the wavelength of each sound.
(b) Find the angle of the first minimum for each 

sound for this speaker.
(c) A sound engineer wants to use a different 

speaker for the 8500  Hz sound so that it has the 
same angle of dispersion as the 1500  Hz has 
for the 0.30  m diameter speaker. Calculate the 
diameter of the new speaker if this is to occur.

 36. A sound of wavelength λ passes through a gap 
of width w in a barrier. How will the following 
changes affect the amount of diffraction that 
occurs?
(a) λ decreases.
(b) λ increases.
(c) w decreases.
(d) w increases.

The Doppler effect
 37. A trumpeter on a moving train first demonstrated 

the Doppler effect. (Use 340  m  s−1 as the speed of 
sound.)
(a) How fast would the train be travelling if the 

trumpeter played an A ( f = 440  Hz) and the 
observers on the platform heard an A sharp 
( f = 466  Hz)?

(b) What frequency would the observers hear 
once the train had passed?

(c) How fast would the train need to be travelling 
for the pitch of the note to rise a full octave 
(that is, double its frequency)?

 38. Lyn cannot hear sound above 1.5 × 104  Hz. 
She decided to investigate the Doppler effect 
by strapping a speaker to the roof of a car. She 
connects a signal generator to the speaker so that 
it produces a sound of frequency 1.2 × 104  Hz. She 
predicts that if the car is driven towards her with 
sufficient speed she will not be able to hear the 
sound.
(a) At what speed can she no longer hear the 

sound? (Assume there are no other sounds to 
drown it out.)

(b) What does she hear as the car accelerates?
 39. Shelly is concerned about the speed of traffic in 

her street. She measures the dominant frequency 
of the sound of a car as it approaches to be 
1100  Hz, and as it moves away to be 919  Hz. What 
was the speed of the car? (Take the speed of sound 
in air to be 340  m  s−1.)

 40. In this chapter we considered the Doppler 
effect for the case where the source is moving. 
If the source is at rest in air but the receiver is 
moving towards the source with speed v, then 
the frequency heard by the receiver is given by

  f f
v

v
1o

s
= +









 , where fo is the frequency of the 

  sources, v is the speed of the receiver and vs is the 
speed of sound.

(a) If the sound source in question 38 was at rest 
in the air and Lyn drove her car towards it, 
what would be her speed when she can no 
longer hear the sound? (Use vs = 340  m  s−1.)

(b) Derive the formula f f
v

v
1o

s
= +









 .

 (Hint: Put yourself in the reference frame of 
the sound wave.)
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