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TOPIC 8 
Wave behaviour

8.1 Overview
8.1.1 Module 3: Waves and Thermodynamics
Wave behaviour
Inquiry question: How do waves behave?

Students:
 • explain the behaviour of waves in a variety of situations by investigating the phenomena of:

 – reflection
 – refraction
 – diffraction
 – wave superposition (ACSPH071, ACSPH072).

 • conduct an investigation to distinguish between progressive and standing waves (ACSPH072)
 • conduct an investigation to explore resonance in mechanical systems and the relationships between:

 – driving frequency 
 – natural frequency of the oscillating system 
 – amplitude of motion 
 – transfer/transformation of energy within the system (ACSPH073).

FIGURE 8.1 Ocean waves entering a gap in a barrier will experience diffraction — a behaviour exhibited by all 
waves under the right circumstances.
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2 Jacaranda Physics 11

8.2 Interference of waves
8.2.1 Wave superposition
While waves pass through each other without 
affecting each other’s frequency or wavelength, 
effects arise when two or more waves arrive at the 
same place at the same time. Depending on the 
relative positions of the crests and troughs, the 
waves will combine to either reinforce each other, 
or partially or completely cancel each other out. 
This is called interference. Interference can 
occur between periodic waves or between pulses  
(a single disturbance) in a medium.

When waves in a medium interfere with each 
other, the amplitudes of the individual wave 
pulses add together to give the amplitude of the 
total disturbance of the medium. This is called 
superposition.

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. Displace-
ments above the position of the undis-
turbed medium are considered to be 
positive and those below the position of 
the undisturbed medium are considered 
to be negative. This is illustrated 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.

(a)

(b)

(c)

(d)

FIGURE 8.2 (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.

undisturbed medium

resultant disturbance

FIGURE 8.3 How to obtain the shape of a resultant disturbance.

8.2 SAMPLE PROBLEM 1

ADDING WAVES

Add the two waves graphed in figure 8.4.

SOLUTION:

The resulting graph is shown in figure 8.5.

FIGURE 8.4
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FIGURE 8.5
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8.2.2 Constructive and destructive Interference
Waves are said to be in phase if they have the 
same frequency and their crests and troughs 
(or, in the case of longitudinal waves, compres-
sions and rarefactions) occur simultaneously.

When two waves in phase with each other 
interfere and the sum of their amplitudes is 
greater than that of the individual waves alone, 
we say that constructive interference occurs.

Conversely, when two waves combine such 
that the sum of their amplitudes is less than the 
amplitude of either of the individual waves, we 
say that destructive interference has occurred. 
Complete destructive interference occurs when 
two waves completely cancel each other out so 

8.2 SAMPLE PROBLEM 2

ADDING WAVES

Add the two waves graphed in figure 8.6.

SOLUTION:

The resulting graph is shown in figure 8.7.
As you can see, the addition of rather simple wave shapes can form a complex wave.

8.2 SAMPLE PROBLEM 3

ADDING WAVES

Add the two waves graphed in figure 8.8.

SOLUTION: 

The resulting graph is shown in figure 8.9.
This wave shows annulment of the waves. The two waves added were out of phase by 180°.

(a)

(b)

FIGURE 8.10 The red and black waves in (a) are in phase 
while those in (b) are completely out of phase.
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that the amplitude of the resultant disturbance is equal to 
zero. This occurs when the two waves have the same fre-
quency and amplitude but have opposite phase, with one 
wave’s peaks coinciding with the other wave’s troughs.

8.2.3 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 on below right is obtained.

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 
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 construc-
tive 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 figure on next page). 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’.

A B A B

A
B

AB

A
B

A

B

A

B

A

B

(a)

(b)

Individual pulses
Cumulative effect (what is seen) 

FIGURE 8.11 Where two wave pulses in a 
medium meet, they will interfere. This can be in 
the form of (a) constructive interference or  
(b) destructive interference.

FIGURE 8.12 An interference pattem obtained in 
water by using two point sources that are in 
phase
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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.

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 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 wave-
lengths from S1 and 4.5 wavelengths 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 central antinodal line.

S1 S2
trough

crest

A
A

A
NN

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

n = 2central antinodal line

PN
PA

FIGURE 8.13 Interference pattern produced by two 
sources in phase

8.2 SAMPLE PROBLEM 4

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?

SOLUTION

(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.
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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 central antinodal plane.

WORKING SCIENTIFICALLY 8.1
Draw a plan of your school assembly hall and mark the location of the speakers. Draw nodal and antinodal lines 
on your plan of the speaker system for soundwaves with a frequency of 200 Hz (the mid-range of human 
speech) to determine where constructive and destructive interference occurs in your hall.

AS A MATTER OF FACT
Complete destructive interference rarely occurs as the sounds produced 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.

8.2 SAMPLE PROBLEM 5

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.

SOLUTION:

In this type of question, it is impor-
tant 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(PA2) = 15.00 m2 + 2.00 m2

                = 229 m2

So d(PA) = 15.13 m
  

2.00 m

B

A

P

15.00 m

ampli�er

FIGURE 8.14
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8.3 Standing waves
8.3.1 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.

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 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 on the next page.

8.2 Exercise 1
In each case, sketch the shape of the resultant disturbance created when the pulses are superimposed.

1 

2 

3 

4 Two wave sources are in phase and placed 20 cm apart and send out 8 waves per second. If the waves 
have a speed of 40 cm s–1, how many nodal lines will be produced between the two sources?

5 Owen is sitting between two speakers that are in phase and producing a signal that has a wavelength of 
2 m. If he is 4 m from one speaker and 9 m from the other, will he hear a minimum or a maximum of 
sound intensity?

FIGURE 8.15

FIGURE 8.16

FIGURE 8.17
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8.3.2 Standing waves
Most of the waves that have been 
examined so far in this topic have 
been examples of progressive (or 
travelling) waves. These are waves 
that move freely through a medium 
until a boundary is met. For 
example, ocean waves travel freely 
through water until they meet land 
or a barrier of some kind.

However, under some circum-
stances, waves can appear to stand 
still. If a guitar string such as that in 
figure 8.18 is plucked, wave pulses 
are sent travelling down the length 
of the string. When the pulses reach 
the fixed end of the string at the fret 
nut, they are reflected back along 
the string. These reflected pulses 
have the same wavelength and 
speed as the incident pulses but are 
inverted. Where the incident waves and the reflected waves coincide, interference between the waves occurs. 
When the incident pulses are produced in the string with particular frequencies, the incident and reflected 
waves will combine in such a way that the positions at which the waves interfere constructively and at which 
they interfere destructively are evenly spaced along the string. This makes the resultant superimposed wave 
appear to be fixed in position. As a result, waves that are produced in these circumstances are referred to as 
standing waves.

Standing waves occur at wave frequencies where there is interference between the initially generated 
waves and the reflected waves. Where an incident wave coincides with a reflected wave that is opposite 
in phase, the two waves will essentially cancel each other out due to destructive interference, leaving the 
medium at that location undisturbed. In a standing wave, these undisturbed points (called nodes) are 
evenly spaced.

At locations where an incident wave coincides with a reflected wave that is equal in phase, constructive 
interference occurs and the amplitudes of the two waves reinforce each other both as peaks and as troughs. 
The points where the medium is disturbed the most are called antinodes.

The figure on next page 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).

The figure 8.20 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 = 3T
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) 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)

FIGURE 8.18 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)
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FIGURE 8.19 The formation of a standing wave

(a) (b)

(c) (d)

(e)

t = 0

t = T

t = T
2

t = T
4

t =3T
4

FIGURE 8.20 A standing wave over one cycle

N A N A N A N A N

�

FIGURE 8.21 A standing wave produced in a string.

8.3 SAMPLE PROBLEM 1

Two students have created a standing wave in a string, as depicted.
(a) How many nodes are there in the standing wave?
(b) How many antinodes are there?
(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 frequency 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?

SOLUTION:

(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.
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8.4 Bending waves
8.4.1 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 diffrac-
tion. 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.

WORKING SCIENTIFICALLY 8.2
Design and perform an investigation to determine the relationship between the extension given to a slinky 
spring, the spring constant and the speed of the compressional wave produced in it.

8.3 Exercise 1
1 What is the longest wavelength of a standing wave that can be produced on a 30 cm string fixed at both 

ends?
2 Consider the wave formed in figure 8.21.

(a) If the distance between the first and last nodes is 240 cm, what is the wavelength of the incident wave in 
the string?

(b) What is the speed of the incident wave in the string if the waves are produced with a frequency of 200 Hz?
(c) At what frequency would the wave need to be produced for only 2 antinodes to be seen?

3 Which of these conditions must be fulfilled by the incident and reflected waves for a standing wave to be 
produced in a string fixed at both ends?

(i) have the same amplitude
(ii) have different amplitudes
(iii) travel in the same direction
(iv) travel in opposing directions
(v) have the same frequency
(vi) have different frequencies
(vii) have equal wavelengths
(viii) have different wavelengths
(ix) are in phase
(x) are out of phase

FIGURE 8.22 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 wave-
length through the same gap, (e) short the 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
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Diffraction of water waves
The diffraction of waves in general can be modelled with water waves in a ripple tank. The figure on bottom 
of previous page shows the way water waves diffract in various situations. The diagrams apply equally well 
to the diffraction of both transverse and longitudinal waves.

The region where no waves travel is called a shadow. The amount of diffraction that occurs depends on 
the wavelength of the waves. The longer the wavelength, 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 
λ
ω is important. As the value of this 

ratio increases, so, too, does the amount of diffraction that occurs.

8.4.2 Refraction
Refraction of waves describes the change in the direction of travel that occurs when the waves enter a 
medium through which they travel at a different speed.

As an example, consider the effect of water waves moving from deep water into shallow water. The 
waves travel faster in deeper water than they do in shallow water but their frequency remains unchanged. As 
a result, when the waves enter a shallow region, their wavelength gets shorter and they appear to ‘bunch up’.

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

FIGURE 8.23 The diffraction of low and high frequencies around a freeway 
barrier

8.4 SAMPLE PROBLEM 1

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.

SOLUTION:

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 diffraction 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.UNCORRECTED P
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When the interface between deep water and shallow water is sharply defined, waves striking that interface 
at right angles will continue to move in the same direction, although at a slower speed and with a shorter 
wavelength. However, if the waves encounter the interface at an angle, then the part of each wave that enters 
the shallow region first will slow down before the rest of the wave. This causes the wave to bend (refract).

λDeep

Deep Shallow

λShallow

FIGURE 8.24 As the waves travel from deep water into shallower water, their decrease in speed causes 
the waves to ‘bunch up’.

8.4 SAMPLE PROBLEM 2

A soundwave with a wavelength of 1.1 m travels through air at a speed of 330 m s–1. When it enters 
water, it travels at 1500 m s–1. What is (a) the frequency and (b) the wavelength of the soundwave 
when it travels in water?

SOLUTION:

(a) The frequency of the soundwave in water will be the same as its frequency in air. 
 Using the wave equation: 
v = f λ

⇒ f = v
λ
 

= 330 m s−1

1.1 m
= 300 Hz

Deep Water Shallow Water(a) Deep Water
Shallow Water

(b)

FIGURE 8.25 (a) When a wave meets a boundary between media at right angles, the direction of propagation of the 
wave remains unchanged. (b) If the wave meets the boundary at an angle, then the direction of wave propagation 
changes and the wave is said to be refracted.
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8.5 Resonance
8.5.1 Natural and forced vibration
When you pull a pendulum back and let it go, 
it will swing backwards and forwards at a rate 
dictated by the length of the string. In the same 
way, if you blow across the top of an empty 
bottle, the sound that you hear is a function of 
the bottle’s size, shape and the material it is 
made from. This sound arises from the bottle’s 
natural vibration.

The natural vibration of an object is the rate 
at which it oscillates once set into motion, and 
it is inherent to the object’s structure. A tuning 
fork, when struck with a rubber hammer, will 
vibrate at the same rate regardless of how hard 
it is hit, because its vibrational rate is deter-
mined by the metal it is made from, its length and the spacing of its prongs. A tuning fork tuned to the  
A above middle C will vibrate at 440 Hz when struck. As a result, we can say that this is its natural 
frequency.

(b) Again, we rearrange the wave equation and substitute the values for frequency and speed in water:
v = f  λ

⇒ λ = v
f

= 1500 m s−1

300 Hz
= 5 m

WORKING SCIENTIFICALLY 8.3
Use Google Earth to locate coastal regions where ocean waves can be observed. Use observations of changing 
wavelength to locate sudden changes in ocean depth. Correlate the wavelength changes with ocean floor 
profile maps for the regions to develop a general equation relating wavelength change with depth change.

8.4 Exercise 1
1 Water waves approach a boundary at which the wave 

speed changes from 40 cm  s–1 to 24 cm s–1. If the waves 
initially had a wavelength of 10 cm, what will be their 
wavelength after they have crossed the boundary?

2 In figure 8.26, the direction of propagation of a wave 
travelling through medium X and then into medium Y is 
shown. If the wave travels at a higher speed in medium Y, 
which line best represents the direction of propagation of 
the wave when it enters the new medium?

3 A water wave with a wavelength of 4 cm approaches a 2 m 
gap in a barrier. Draw a diagram representing the 
observed diffraction of the wave.

A

medium Y

medium X

B

C
D

FIGURE 8.26

FIGURE 8.27 A tuning fork vibrates at its natural 
frequency.

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



14 Jacaranda Physics 11

c08WaveBehaviour.indd Page 14 22/07/17  2:54 PM

   Unlike natural vibration,  forced vibration  occurs when an object is compelled to vibrate by placing it in 
contact with another vibrating object. 

 If we pluck a guitar string, it will vibrate at its natural frequency, which is a function of the string’s 
thickness, material, tension and length. However, the sound produced by a guitar string vibrating on its own 
is not very loud at all. Forced vibration is necessary for sound amplifi cation. The vibration of the string 
causes the bridge, which is attached to the string, to vibrate at the same frequency and this, in turn, causes 
the body of the guitar and the air in the body to vibrate as well. While the string’s vibration is natural, the 
bridge, the body and the air in the body all undergo forced vibration. The frequency of a forced vibration is 
referred to as the  driving frequency . 

 Due to the shaping of the body of a guitar, the air and belly of the guitar are able to produce a much 
louder sound at the same frequency than the string alone.   

    8.5.2  Resonant frequency 
 You have probably heard of opera singers producing high notes to shatter a wineglass. While extraordinarily 
diffi cult to do and requiring ideal circumstances and preparation, this can be done because of resonance. 

  Resonance  occurs when an object is exposed to a driving frequency equal to the object’s natural 
frequency. This has the effect of increasing the amplitude of the object’s vibration due to constructive 
interference. For our opera singer, the note that they sing has the same frequency as the wine glass. 

Soundboard

Sadle
Bridge

4

1

5

2

3

  FIGURE 8.28  1. When picked or strummed, each string vibrates at its natural frequency.   2  . 
Vibration of a string causes forced vibration of the saddle and bridge.   3  . Vibration of the 
bridge causes the forced vibration of the soundboard and guitar body.   4  . This causes 
forced vibration of the air within the hollow body.   5  . Amplifi ed sound is then heard.  
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The driving frequency of the soundwaves that the singer produces causes the wine glass to oscillate with an 
increasing amplitude until, finally, the amplitude of vibration exceeds the limits of the glass’s matrix struc-
ture, and the glass shatters.

Resonance can also be observed when you push a child on a swing. By pushing a child at the point where 
they are just about to swing forward, you will notice that, even if you push with the same force each time, the 
swing goes higher and higher. This happens because you have reinforced the amplitude of the swing’s vibra-
tion by applying an external force at the same frequency as the natural oscillating frequency of the swing.

8.6 Review
8.6.1 Summary
 • Superposition is the adding together of amplitudes of two or more waves passing through the same point.
 • 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.
 • 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.

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

 • Nodes are points on a standing wave that undergo the least disturbance, while antinodes form where the 
medium undergoes the most disturbance.

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

 • Refraction describes the change in the direction of travel that occurs when waves enter a medium through 
which they travel at a different speed.

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

8.6.2 Questions
1. How is a periodic wave different from a single pulse moving along a rope?
2. In each of the diagrams on right, two waves 

move towards each other. Which diagram 
or diagrams show wave that, as they pass 
through each other, could experience:
(a) only destructive interference
(b) only constructive interference?

3. 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.

AS A MATTER OF FACT
An army company marching in step will always break step when crossing a rope suspension bridge. If they were 
to cross the bridge in step, the bridge would start to resonate at the same frequency and with increasing 
amplitude. Eventually, the bridge would either fail or throw them off.

A

B

C

FIGURE 8.29
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Interference
4. What is superposition and when does it occur?
5. What is constructive interference and when does it occur?
6. Describe the interference pattern produced when two sound sources produce sounds of equal fre-

quency in phase. How can you determine whether a point on the interference pattern is a local max-
imum or local minimum?

Transverse standing waves in strings
7. The figure on right 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.

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

9. The figure on right 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
10. 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?

11. 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?

12. 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?

(c)

(a)

(b)

FIGURE 8.30

FIGURE 8.31

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight

diacriTech
Highlight



TOPIC 8 Wave behaviour 17

c08WaveBehaviour.indd Page 17 22/07/17  2:54 PM

13. Explain what is meant by the expression ‘interference pattern’ when applied to two sound sources that 
are in phase.

14. A wave 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.

15. Present diagrammatically (on graph paper) the following two transverse waves (that are initially in 
phase) and add the waves to produce a resultant wave.
Wave 1: wavelength 2 cm, amplitude 1 cm
Wave 2: wavelength 4 cm, amplitude 2 cm

16. Present, as diagrams on graph paper, the following two transverse waves (that are initially out of 
phase) and add the waves to produce a resultant wave.
Wave 1: wavelength 2 cm, amplitude 1 cm
Wave 2: wavelength 4 cm, amplitude 2 cm

17. Does the amplitude of a wave affect its speed through a medium?
18. The voice of a person who has inhaled helium sounds higher than normal. Why does this happen?

PRACTICAL INVESTIGATIONS

Investigation 8.1: Reflection of pulses in springs
This investigation comprises three different activities for each of which you will need to work in pairs. You will 
need to use a long slinky spring.
1. One person firmly holds the end of the spring at floor level. The other person then sends a short thensverse 

pulse down the spring. Sketch the shape and orientation of the spring before and after reflection.
2. One person loosely attaches the end of the spring to a metal bar (such as a retort stand), or uses a piece of 

string to support one end of the spring. This will model reflection from a free end. The other person sends a 
short transverse pulse down the spring. Sketch the shape and orientation of the spring before and after 
reflection.

3. One person holds the end of the slinky firmly at floor level. The other person sends a short longitudinal pulse 
down the spring. Record you observations for this activity.

Investigation 8.2: Thin soap films
For this investigation you will need the following equipment:
• glass or beaker
• soap solution.

The interference effect of light from oil on water can also be 
observed in the kitchen. Soap bubbles often have a coloured 
appearance, which can be enhanced and obserbed in the  
following way.

Prepare a soapy solution. Take the glass or beaker and put the 
open end in the water, then take it out to see if a soap film fills the 
opening. If not, try again.

Hold the glass or beaker up so that the soap film is vertical. Place 
yourself so that there is a dark background behind the beaker and a 
source of light behind or near you, shining on the soap film.

You should now be able to observe the bands of colour in the soap 
film, like those in the figure showing a soap film in a loop of wire. The 
bands will appear because the soap is flowing to the bottom of the 
film, making it wedge shaped — thin at the top and thick at the 
bottom. As the soap falls to the bottom, the thickness of the film 
changes and so the colours change.

FIGURE 8.32
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As will the oil film, the light is being reflected off the front and back surfaces of the soap film. As the thick-
ness of the film changes, the path difference changes and different colours will be reinforced or cancelled.

Note that at the top, where the film is very thin and so there is a very small path difference, the film is black, 
not white as you would expect. This is because cancellation occurs in this part of the film. When the light is 
reflected off a material with a higher refractive index, a change of phase occurs; that is, an incoming crest is 
reflected as a trough. This change of phase occurs when the light enters the soap film. It does not happen at 
the back surface, where the light travelling in soapy water meets air on the other side. When the two reflected 
waves meet after a very short path difference, they cancel.

Investigation 8.3: Diffraction of waves in a ripple tank
1. Set up ripple tank with a plane wave generator. Introduce a barrier into the ripple tank that allows wave to 

pass by its edge, and investigate the effects that wavelength has on the amount of diffraction that occurs. 
Sketch your findings, clearly showing the shadow region.

2. Now set up a barrier with a gap in its centre at right angles to the direction of wave propagation. Study the 
effect that vaying the gap size for a constant wavelength has on the amount diffraction. Then study the effect 
that varying the wavelength (while keeping the gap size constant) has on the amount of diffraction the 
occurs.

Summarise your results.
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