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Chapter 6

Transverse Waves - Grade 10

6.1 Introduction

Waves occur frequently in nature. The most obvious examples are waves in water, on a dam, in
the ocean, or in a bucket. We are most interested in the properties that waves have. All waves
have the same properties, so if we study waves in water, then we can transfer our knowledge to
predict how other examples of waves will behave.

6.2 What is a transverse wave?

We have studied pulses in Chapter 5, and know that a pulse is a single disturbance that travels
through a medium. A wave is a periodic, continuous disturbance that consists of a train of
pulses.

Definition: Wave
A wave is a periodic, continuous disturbance that consists of a train of pulses.

Definition: Transverse wave
A transverse wave is a wave where the movement of the particles of the medium is perpen-
dicular to the direction of propagation of the wave.

Activity :: Investigation : Transverse Waves
Take a rope or slinky spring. Have two people hold the rope or spring stretched

out horizontally. Flick the one end of the rope up and down continuously to create
a train of pulses.

Flick rope up and down

1. Describe what happens to the rope.

2. Draw a diagram of what the rope looks like while the pulses travel along it.

105



6.2 CHAPTER 6. TRANSVERSE WAVES - GRADE 10

3. In which direction do the pulses travel?

4. Tie a ribbon to the middle of the rope. This indicates a particle in the rope.

Flick rope up and down

5. Flick the rope continuously. Watch the ribbon carefully as the pulses travel
through the rope. What happens to the ribbon?

6. Draw a picture to show the motion of the ribbon. Draw the ribbon as a dot
and use arrows.

In the Activity, you have created waves. The medium through which these waves propagated
was the rope, which is obviously made up of a very large number of particles (atoms). From the
activity, you would have noticed that the wave travelled from left to right, but the particles (the
ribbon) moved only up and down.

p
ar

ti
cl

e
m

o
ti
o
n

wave motion

Figure 6.1: A transverse wave, showing the direction of motion of the wave perpendicular to the
direction in which the particles move.

When the particles of a medium move at right angles to the direction of propagation of a wave,
the wave is called transverse. For waves, there is no net displacement of the particles (they
return to their equilibrium position), but there is a net displacement of the wave. There are thus
two different motions: the motion of the particles of the medium and the motion of the wave.

6.2.1 Peaks and Troughs

Waves consist of moving peaks (or crests) and troughs. A peak is the highest point the medium
rises to and a trough is the lowest point the medium sinks to.

Peaks and troughs on a transverse wave are shown in Figure 6.2.

equilibrium

Peaks

Troughs

Figure 6.2: Peaks and troughs in a transverse wave.

Definition: Peaks and troughs
A peak is a point on the wave where the displacement of the medium is at a maximum.
A point on the wave is a trough if the displacement of the medium at that point is at a
minimum.
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6.2.2 Amplitude and Wavelength

There are a few properties that we saw with pulses that also apply to waves. These are amplitude
and wavelength (we called this pulse length).

Definition: Amplitude
The amplitude is the maximum displacement of a particle from its equilibrium position.

Activity :: Investigation : Amplitude

equilibrium

a

b

c

d

e

f

equilibrium

Fill in the table below by measuring the distance between the equilibrium and
each peak and troughs in the wave above. Use your ruler to measure the distances.

Peak/Trough Measurement (cm)
a
b
c
d
e
f

1. What can you say about your results?

2. Are the distances between the equilibrium position and each peak equal?

3. Are the distances between the equilibrium position and each trough equal?

4. Is the distance between the equilibrium position and peak equal to the distance
between equilibrium and trough?

As we have seen in the activity on amplitude, the distance between the peak and the equilibrium
position is equal to the distance between the trough and the equilibrium position. This distance
is known as the amplitude of the wave, and is the characteristic height of wave, above or below
the equilibrium position. Normally the symbol A is used to represent the amplitude of a wave.
The SI unit of amplitude is the metre (m).

Amplitude

Amplitude

2 x Amplitude
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Worked Example 25: Amplitude of Sea Waves

Question: If the peak of a wave measures 2m above the still water mark in the
harbour, what is the amplitude of the wave?
Answer
The definition of the amplitude is the height that the water rises to above when it
is still. This is exactly what we were told, so the amplitude is 2m.

Activity :: Investigation : Wavelength

a b

c d

equilibrium

Fill in the table below by measuring the distance between peaks and troughs in
the wave above.

Distance(cm)
a
b
c
d

1. What can you say about your results?

2. Are the distances between peaks equal?

3. Are the distances between troughs equal?

4. Is the distance between peaks equal to the distance between troughs?

As we have seen in the activity on wavelength, the distance between two adjacent peaks is the
same no matter which two adjacent peaks you choose. There is a fixed distance between the
peaks. Similarly, we have seen that there is a fixed distance between the troughs, no matter
which two troughs you look at. More importantly, the distance between two adjacent peaks is
the same as the distance between two adjacent troughs. This distance is call the wavelength of
the wave.

The symbol for the wavelength is λ (the Greek letter lambda) and wavelength is measured in
metres (m).

λ
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Worked Example 26: Wavelength

Question: The total distance between 4 consecutive peaks of a transverse wave is
6 m. What is the wavelength of the wave?
Answer
Step 1 : Draw a rough sketch of the situation

6m

equilibrium

λ λ λ

Step 2 : Determine how to approach the problem
From the sketch we see that 4 consecutive peaks is equivalent to 3 wavelengths.
Step 3 : Solve the problem
Therefore, the wavelength of the wave is:

3λ = 6 m

λ =
6 m

3
= 2 m

6.2.3 Points in Phase

Activity :: Investigation : Points in Phase
Fill in the table by measuring the distance between the indicated points.

bA

bB

bC
b

D

bE bF

bG

bH
b

I

b

J

Points Distance (cm)

A to F
B to G
C to H
D to I
E to J

What do you find?
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In the activity the distance between the indicated points was the same. These points are then
said to be in phase. Two points in phase are separate by an integer (0,1,2,3,...) number of
complete wave cycles. They do not have to be peaks or troughs, but they must be separated by
a complete number of wavelengths.

We then have an alternate definition of the wavelength as the distance between any two adjacent
points which are in phase.

Definition: Wavelength of wave
The wavelength of a wave is the distance between any two adjacent points that are in phase.

λ

λ

λ

λ

Points that are not in phase, those that are not separated by a complete number of wavelengths,
are called out of phase. Examples of points like these would be A and C, or D and E, or B and
H in the Activity.

6.2.4 Period and Frequency

Imagine you are sitting next to a pond and you watch the waves going past you. First one peak
arrives, then a trough, and then another peak. Suppose you measure the time taken between
one peak arriving and then the next. This time will be the same for any two successive peaks
passing you. We call this time the period, and it is a characteristic of the wave.

The symbol T is used to represent the period. The period is measured in seconds (s).

Definition: The period (T) is the time taken for two successive peaks (or troughs)
to pass a fixed point.

Imagine the pond again. Just as a peak passes you, you start your stopwatch and count each
peak going past. After 1 second you stop the clock and stop counting. The number of peaks
that you have counted in the 1 second is the frequency of the wave.

Definition: The frequency is the number of successive peaks (or troughs) passing a
given point in 1 second.

The frequency and the period are related to each other. As the period is the time taken for
1 peak to pass, then the number of peaks passing the point in 1 second is 1

T
. But this is the

frequency. So

f =
1

T

or alternatively,

T =
1

f
.
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For example, if a wave takes 1

2
s to go by then the period of the wave is 1

2
s. Therefore, the

frequency of the wave is:

f =
1

T

=
1
1

2
s

= 2 s−1

The unit of frequency is the Hertz (Hz) or s−1.

Worked Example 27: Period and Frequency

Question: What is the period of a wave of frequency 10Hz?
Answer
Step 1 : Determine what is given and what is required
We are required to calculate the period of a 10Hz wave.
Step 2 : Determine how to approach the problem
We know that:

T =
1

f

Step 3 : Solve the problem

T =
1

f

=
1

10 Hz
= 0,1 m

Step 4 : Write the answer
The period of a 10Hz wave is 0,1m.

6.2.5 Speed of a Transverse Wave

In Chapter 3, we saw that speed was defined as

speed =
distance travelled

time taken
.

The distance between two successive peaks is 1 wavelength, λ. Thus in a time of 1 period, the
wave will travel 1 wavelength in distance. Thus the speed of the wave, v, is:

v =
distance travelled

time taken
=

λ

T
.

However, f = 1

T
. Therefore, we can also write:

v =
λ

T

= λ ·
1

T
= λ · f

We call this equation the wave equation. To summarise, we have that v = λ · f where

• v = speed in m·s−1
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• λ= wavelength in m

• f = frequency in Hz

Worked Example 28: Speed of a Transverse Wave 1

Question: When a particular string is vibrated at a frequency of 10Hz, a transverse
wave of wavelength 0,25m is produced. Determine the speed of the wave as it
travels along the string.
Answer
Step 1 : Determine what is given and what is required

• frequency of wave: f = 10Hz

• wavelength of wave: λ = 0,25m

We are required to calculate the speed of the wave as it travels along the string. All
quantities are in SI units.
Step 2 : Determine how to approach the problem
We know that the speed of a wave is:

v = f · λ

and we are given all the necessary quantities.
Step 3 : Substituting in the values

v = f · λ

= (10 Hz)(0,25 m)

= 2,5 m · s−1

Step 4 : Write the final answer
The wave travels at 2,5m·s−1 in the string.

Worked Example 29: Speed of a Transverse Wave 2

Question: A cork on the surface of a swimming pool bobs up and down once per
second on some ripples. The ripples have a wavelength of 20 cm. If the cork is 2m
from the edge of the pool, how long does it take a ripple passing the cork to reach
the shore?
Answer
Step 1 : Determine what is given and what is required
We are given:

• frequency of wave: f = 1Hz

• wavelength of wave: λ = 20 cm

• distance of leaf from edge of pool: d = 2m

We are required to determine the time it takes for a ripple to travel between the cork
and the edge of the pool.
The wavelength is not in SI units and should be converted.
Step 2 : Determine how to approach the problem
The time taken for the ripple to reach the edge of the pool is obtained from:

t =
d

v
(from v =

d

t
)
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We know that
v = f · λ

Therefore,

t =
d

f · λ

Step 3 : Convert wavelength to SI units

20 cm = 0,2 m

Step 4 : Solve the problem

t =
d

f · λ

=
2 m

(1 Hz)(0,2 m)

= 10 s

Step 5 : Write the final answer
A ripple passing the leaf will take 10 s to reach the edge of the pool.

Exercise: Waves

1. List one property that distinguishes waves from matter.

2. When the particles of a medium move perpendicular to the direction of the
wave motion, the wave is called a . . . . . . . . . wave.

3. A transverse wave is moving downwards. In what direction do the particles in
the medium move?

4. Consider the diagram below and answer the questions that follow:

A

B

C D

(a) the wavelength of the wave is shown by letter . . . . . ..

(b) the amplitude of the wave is shown by letter . . . . . ..

5. Draw 2 wavelengths of the following transverse waves on the same graph paper.
Label all important values.

(a) Wave 1: Amplitude = 1 cm, wavelength = 3 cm

(b) Wave 2: Peak to trough distance (vertical) = 3 cm, peak to peak distance
(horizontal) = 5 cm

6. You are given the transverse wave below.

1 2 3 4
0

1

−1

Draw the following:

(a) A wave with twice the amplitude of the given wave.

(b) A wave with half the amplitude of the given wave.
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(c) A wave with twice the frequency of the given wave.

(d) A wave with half the frequency of the given wave.

(e) A wave with twice the wavelength of the given wave.

(f) A wave with half the wavelength of the given wave.

(g) A wave with twice the period of the given wave.

(h) A wave with half the period of the given wave.

7. A transverse wave with an amplitude of 5 cm has a frequency of 15Hz. The
horizontal distance from a crest to the nearest trough is measured to be 2,5 cm.
Find the

(a) period of the wave.

(b) speed of the wave.

8. A fly flaps its wings back and forth 200 times each second. Calculate the period
of a wing flap.

9. As the period of a wave increases, the frequency increases/decreases/does
not change.

10. Calculate the frequency of rotation of the second hand on a clock.

11. Microwave ovens produce radiation with a frequency of 2 450MHz (1 MHz =
106 Hz) and a wavelength of 0,122m. What is the wave speed of the radiation?

12. Study the following diagram and answer the questions:

bA

bB
b

C

bD

bE

bF
b

G

bH

bI

bJ
b

K

bL

bM

bN
b

O

bP

bQ

(a) Identify two sets of points that are in phase.

(b) Identify two sets of points that are out of phase.

(c) Identify any two points that would indicate a wavelength.

13. Tom is fishing from a pier and notices that four wave crests pass by in 8 s and
estimates the distance between two successive crests is 4m. The timing starts
with the first crest and ends with the fourth. Calculate the speed of the wave.
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6.3 Graphs of Particle Motion

In Chapter 5, we saw that when a pulse moves through a medium, there are two different motions:
the motion of the particles of the medium and the motion of the pulse. These two motions are
at right angles to each other when the pulse is transverse. Since a transverse wave is a series of
transverse pulses, the particle in the medium and the wave move in exactly the same way as for
the pulse.

When a transverse wave moves through the medium, the particles in the medium only move up
and down. We can see this in the figure below, which shows the motion of a single particle as a
transverse wave moves through the medium.

direction of motion of the wave

bt = 0 s

b
t = 20 s

b

t = 40 s

b

t = 60 s

b

t = 80 s

b

t = 100 s

b

t = 120 s

b

t = 140 s

Important: A particle in the medium only moves up and down when a transverse wave
moves through the medium.

As in Chapter 3, we can draw a graph of the particles’ position as a function of time. For the
wave shown in the above figure, we can draw the graph shown below.

b

b

b

b
b b b

b

t

y

Graph of particle position as a function of time.
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The graph of the particle’s velocity as a function of time is obtained by taking the gradient of
the position vs. time graph. The graph of velocity vs. time for the position vs. time graph
above, is shown in the graph below.

b b
b

b

b

b

b

b

t

vy

Graph of particle velocity as a function of time.

The graph of the particle’s acceleration as a function of time is obtained by taking the gradient
of the velocity vs. time graph. The graph of acceleration vs. time for the position vs. time
graph shown above, is shown below.

b

b

b

b
b b b

b

t

ay

Graph of particle acceleration as a function of time.

As for motion in one dimension, these graphs can be used to describe the motion of the particle.
This is illustrated in the worked examples below.

Worked Example 30: Graphs of particle motion 1

Question: The following graph shows the position of a particle of a wave as a
function of time.

y

t
CA

B

D

b

b

E

1. Draw the corresponding velocity vs. time graph for the particle.

2. Draw the corresponding acceleration vs. time graph for the particle.

Answer

Step 1 : Determine what is given and what is required.

The y vs. t graph is given.
The vy vs. t and ay vs. t graphs are required.

Step 2 : Draw the velocity vs. time graph

To find the velocity of the particle we need to find the gradient of the y vs. t

graph at each time.
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At point A the gradient is a maximum and positive.
At point B the gradient is zero.
At point C the gradient is a maximum, but negative.
At point D the gradient is zero.
At point E the gradient is a maximum and positive again.

yt

t

C

A

B D

E

b

Step 3 : Draw the acceleration vs. time graph

To find the acceleration of the particle we need to find the gradient of the vy

vs. t graph at each time.
At point A the gradient is zero.
At point B the gradient is negative and a maximum.
At point C the gradient is zero.
At point D the gradient is positive and a maximum.
At point E the gradient is zero.

ay

t

C
A

B

D

E

b

b

Extension: Mathematical Description of Waves

If you look carefully at the pictures of waves you will notice that they look very
much like sine or cosine functions. This is correct. Waves can be described by
trigonometric functions that are functions of time or of position. Depending on
which case we are dealing with the function will be a function of t or x. For example,
a function of position would be:

y(x) = A sin(k
x

λ
)

while a function of time would be:

y(t) = A sin(k
t

T
)

Descriptions of the wave incorporate the amplitude, wavelength, frequency or period
and a phase shift.
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Exercise: Graphs of Particle Motion

1. The following velocity vs. time graph for a particle in a wave is given.

1 2 3 4
0

1

2

−1

−2 b

b

b

b

vy

t

(a) Draw the corresponding position vs. time graph for the particle.

(b) Draw the corresponding acceleration vs. time graph for the particle.

6.4 Standing Waves and Boundary Conditions

6.4.1 Reflection of a Transverse Wave from a Fixed End

We have seen that when a pulse meets a fixed endpoint, the pulse is reflected, but it is inverted.
Since a transverse wave is a series of pulses, a transverse wave meeting a fixed endpoint is also
reflected and the reflected wave is inverted. That means that the peaks and troughs are swapped
around.

wall wall

reflected wave

Figure 6.3: Reflection of a transverse wave from a fixed end.

6.4.2 Reflection of a Transverse Wave from a Free End

If transverse waves are reflected from an end, which is free to move, the waves sent down the
string are reflected but do not suffer a phase shift as shown in Figure 6.4.

6.4.3 Standing Waves

What happens when a reflected transverse wave meets an incident transverse wave? When two
waves move in opposite directions, through each other, interference takes place. If the two waves
have the same frequency and wavelength then standing waves are generated.

Standing waves are so-called because they appear to be standing still.

118



CHAPTER 6. TRANSVERSE WAVES - GRADE 10 6.4

pole pole
reflected wave

Figure 6.4: Reflection of a transverse wave from a free end.

Activity :: Investigation : Creating Standing Waves

Tie a rope to a fixed object such that the tied end does not move. Continuously
move the free end up and down to generate firstly transverse waves and later standing
waves.

We can now look closely how standing waves are formed. Figure 6.5 shows a reflected wave
meeting an incident wave.

Figure 6.5: A reflected wave (solid line) approaches the incident wave (dashed line).

When they touch, both waves have an amplitude of zero:

Figure 6.6: A reflected wave (solid line) meets the incident wave (dashed line).

If we wait for a short time the ends of the two waves move past each other and the waves
overlap. To find the resultant wave, we add the two together.

Figure 6.7: A reflected wave (solid line) overlaps slightly with the incident wave (dashed line).

In this picture, we show the two waves as dotted lines and the sum of the two in the overlap
region is shown as a solid line:
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The important thing to note in this case is that there are some points where the two waves
always destructively interfere to zero. If we let the two waves move a little further we get the
picture below:

Again we have to add the two waves together in the overlap region to see what the sum of the
waves looks like.

In this case the two waves have moved half a cycle past each other but because they are out of
phase they cancel out completely.

When the waves have moved past each other so that they are overlapping for a large region
the situation looks like a wave oscillating in place. The following sequence of diagrams show
what the resulting wave will look like. To make it clearer, the arrows at the top of the picture
show peaks where maximum positive constructive interference is taking place. The arrows at
the bottom of the picture show places where maximum negative interference is taking place.

As time goes by the peaks become smaller and the troughs become shallower but they do not
move.

For an instant the entire region will look completely flat.

The various points continue their motion in the same manner.
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Eventually the picture looks like the complete reflection through the x-axis of what we started
with:

Then all the points begin to move back. Each point on the line is oscillating up and down with
a different amplitude.

If we look at the overall result, we get a standing wave.

Figure 6.8: A standing wave

If we superimpose the two cases where the peaks were at a maximum and the case where the
same waves were at a minimum we can see the lines that the points oscillate between. We call
this the envelope of the standing wave as it contains all the oscillations of the individual points.
To make the concept of the envelope clearer let us draw arrows describing the motion of points
along the line.

Every point in the medium containing a standing wave oscillates up and down and the amplitude
of the oscillations depends on the location of the point. It is convenient to draw the envelope
for the oscillations to describe the motion. We cannot draw the up and down arrows for every
single point!

Interesting

Fact

teresting

Fact
Standing waves can be a problem in for example indoor concerts where the
dimensions of the concert venue coincide with particular wavelengths. Standing
waves can appear as ‘feedback’, which would occur if the standing wave was
picked up by the microphones on stage and amplified.
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6.4.4 Nodes and anti-nodes

A node is a point on a wave where no displacement takes place. In a standing wave, a node
is a place where the two waves cancel out completely as two waves destructively interfere in
the same place. A fixed end of a rope is a node. An anti-node is a point on a wave where
maximum displacement takes place. In a standing wave, an anti-node is a place where the two
waves constructively interfere. A free end of a rope is an anti-node.

Anti-nodes

Nodes

Definition: Node
A node is a point on a wave where no displacement takes place. In a standing wave, a node
is a place where the two waves cancel out completely as two waves destructively interfere
in the same place. A fixed end of a rope is a node.

Definition: Anti-Node
An anti-node is a point on a wave where maximum displacement takes place. In a standing
wave, an anti-node is a place where the two waves constructively interfere. A free end of a
rope is an anti-node.

Important: The distance between two anti-nodes is only 1

2
λ because it is the distance

from a peak to a trough in one of the waves forming the standing wave. It is the same as
the distance between two adjacent nodes. This will be important when we work out the
allowed wavelengths in tubes later. We can take this further because half-way between any
two anti-nodes is a node. Then the distance from the node to the anti-node is half the
distance between two anti-nodes. This is half of half a wavelength which is one quarter of
a wavelength, 1

4
λ.

6.4.5 Wavelengths of Standing Waves with Fixed and Free Ends

There are many applications which make use of the properties of waves and the use of fixed and
free ends. Most musical instruments rely on the basic picture that we have presented to create
specific sounds, either through standing pressure waves or standing vibratory waves in strings.

The key is to understand that a standing wave must be created in the medium that is oscillating.
There are restrictions as to what wavelengths can form standing waves in a medium.

For example, if we consider a rope that can move in a pipe such that it can have

• both ends free to move (Case 1)

• one end free and one end fixed (Case 2)

• both ends fixed (Case 3).

Each of these cases is slightly different because the free or fixed end determines whether a node or
anti-node will form when a standing wave is created in the rope. These are the main restrictions
when we determine the wavelengths of potential standing waves. These restrictions are known
as boundary conditions and must be met.
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In the diagram below you can see the three different cases. It is possible to create standing
waves with different frequencies and wavelengths as long as the end criteria are met.

Case 1

L

Case 2

L

Case 3

L

The longer the wavelength the less the number of anti-nodes in the standing waves. We cannot
have a standing wave with no anti-nodes because then there would be no oscillations. We use n

to number the anti-nodes. If all of the tubes have a length L and we know the end constraints
we can find the wavelength, λ, for a specific number of anti-nodes.

One Node

Let’s work out the longest wavelength we can have in each tube, i.e. the case for n = 1.

n = 1

λ = 2L λ = 4L

Case 1: In the first tube, both ends must be nodes, so we can place one anti-node in the middle
of the tube. We know the distance from one node to another is 1

2
λ and we also know this

distance is L. So we can equate the two and solve for the wavelength:

1

2
λ = L

λ = 2L

Case 2: In the second tube, one end must be a node and the other must be an anti-node. We
are looking at the case with one anti-node we are forced to have it at the end. We know the
distance from one node to another is 1

2
λ but we only have half this distance contained in the

tube. So :

1

2
(
1

2
λ) = L

λ = 4L

Case 3: Here both ends are closed and so we must have two nodes so it is impossible to construct
a case with only one node.

Two Nodes

Next we determine which wavelengths could be formed if we had two nodes. Remember that we
are dividing the tube up into smaller and smaller segments by having more nodes so we expect
the wavelengths to get shorter.

n = 2

λ = L λ = 4

3
L λ = 2L

Case 1: Both ends are open and so they must be anti-nodes. We can have two nodes inside
the tube only if we have one anti-node contained inside the tube and one on each end. This
means we have 3 anti-nodes in the tube. The distance between any two anti-nodes is half
a wavelength. This means there is half wavelength between the left side and the middle and
another half wavelength between the middle and the right side so there must be one wavelength
inside the tube. The safest thing to do is work out how many half wavelengths there are and
equate this to the length of the tube L and then solve for λ.
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2(
1

2
λ) = L

λ = L

Case 2: We want to have two nodes inside the tube. The left end must be a node and the right
end must be an anti-node. We can have one node inside the tube as drawn above. Again we can
count the number of distances between adjacent nodes or anti-nodes. If we start from the left
end we have one half wavelength between the end and the node inside the tube. The distance
from the node inside the tube to the right end which is an anti-node is half of the distance to
another node. So it is half of half a wavelength. Together these add up to the length of the
tube:

1

2
λ +

1

2
(
1

2
λ) = L

2

4
λ +

1

4
λ = L

3

4
λ = L

λ =
4

3
L

Case 3: In this case both ends have to be nodes. This means that the length of the tube is one
half wavelength: So we can equate the two and solve for the wavelength:

1

2
λ = L

λ = 2L

Important: If you ever calculate a longer wavelength for more nodes you have made a
mistake. Remember to check if your answers make sense!

Three Nodes

To see the complete pattern for all cases we need to check what the next step for case 3 is when
we have an additional node. Below is the diagram for the case where n = 3.

n = 3

λ = 2

3
L λ = 4

5
L λ = L

Case 1: Both ends are open and so they must be anti-nodes. We can have three nodes inside
the tube only if we have two anti-nodes contained inside the tube and one on each end. This
means we have 4 anti-nodes in the tube. The distance between any two anti-nodes is half a
wavelength. This means there is half wavelength between every adjacent pair of anti-nodes.
We count how many gaps there are between adjacent anti-nodes to determine how many half
wavelengths there are and equate this to the length of the tube L and then solve for λ.

3(
1

2
λ) = L

λ =
2

3
L

Case 2: We want to have three nodes inside the tube. The left end must be a node and the
right end must be an anti-node, so there will be two nodes between the ends of the tube. Again
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we can count the number of distances between adjacent nodes or anti-nodes, together these add
up to the length of the tube. Remember that the distance between the node and an adjacent
anti-node is only half the distance between adjacent nodes. So starting from the left end we
count 3 nodes, so 2 half wavelength intervals and then only a node to anti-node distance:

2(
1

2
λ) +

1

2
(
1

2
λ) = L

λ +
1

4
λ = L

5

4
λ = L

λ =
4

5
L

Case 3: In this case both ends have to be nodes. With one node in between there are two
sets of adjacent nodes. This means that the length of the tube consists of two half wavelength
sections:

2(
1

2
λ) = L

λ = L

6.4.6 Superposition and Interference

If two waves meet interesting things can happen. Waves are basically collective motion of
particles. So when two waves meet they both try to impose their collective motion on the
particles. This can have quite different results.

If two identical (same wavelength, amplitude and frequency) waves are both trying to form a
peak then they are able to achieve the sum of their efforts. The resulting motion will be a peak
which has a height which is the sum of the heights of the two waves. If two waves are both
trying to form a trough in the same place then a deeper trough is formed, the depth of which is
the sum of the depths of the two waves. Now in this case, the two waves have been trying to
do the same thing, and so add together constructively. This is called constructive interference.

A=0,5m

+

B=1,0m

=

A+B=1,5m

If one wave is trying to form a peak and the other is trying to form a trough, then they are
competing to do different things. In this case, they can cancel out. The amplitude of the
resulting wave will depend on the amplitudes of the two waves that are interfering. If the depth
of the trough is the same as the height of the peak nothing will happen. If the height of the
peak is bigger than the depth of the trough, a smaller peak will appear. And if the trough is
deeper then a less deep trough will appear. This is destructive interference.
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A=0,5m

+

B=1,0m

=
B-A=0,5m

Exercise: Superposition and Interference

1. For each labelled point, indicate whether constructive or destructive interference
takes place at that point.

A B C D E F G H I

Position Constructive/Destructive
A
B
C
D
E
F
G
H
I

2. A ride at the local amusement park is called ”Standing on Waves”. Which
position (a node or an antinode) on the ride would give the greatest thrill?

3. How many nodes and how many anti-nodes appear in the standing wave below?

4. For a standing wave on a string, you are given three statements:

A you can have any λ and any f as long as the relationship, v = λ · f is
satisfied.

B only certain wavelengths and frequencies are allowed

C the wave velocity is only dependent on the medium

Which of the statements are true:

(a) A and C only

(b) B and C only

(c) A, B, and C

(d) none of the above

5. Consider the diagram below of a standing wave on a string 9 m long that is
tied at both ends. The wave velocity in the string is 16m·s−1. What is the
wavelength?
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6.5 Summary

1. A wave is formed when a continuous number of pulses are transmitted through a medium.

2. A peak is the highest point a particle in the medium rises to.

3. A trough is the lowest point a particle in the medium sinks to.

4. In a transverse wave, the particles move perpendicular to the motion of the wave.

5. The amplitude is the maximum distance from equilibrium position to a peak (or trough),
or the maximum displacement of a particle in a wave from its position of rest.

6. The wavelength (λ) is the distance between any two adjacent points on a wave that are
in phase. It is measured in metres.

7. The period (T ) of a wave is the time it takes a wavelength to pass a fixed point. It is
measured in seconds (s).

8. The frequency (f) of a wave is how many waves pass a point in a second. It is measured
in hertz (Hz) or s−1.

9. Frequency: f = 1

T

10. Period: T = 1

f

11. Speed: v = fλ or v = λ
T

.

12. When a wave is reflected from a fixed end, the resulting wave will move back through the
medium, but will be inverted. When a wave is reflected from a free end, the waves are
reflected, but not inverted.

13. Standing waves.

6.6 Exercises

1. A standing wave is formed when:

(a) a wave refracts due to changes in the properties of the medium

(b) a wave reflects off a canyon wall and is heard shortly after it is formed

(c) a wave refracts and reflects due to changes in the medium

(d) two identical waves moving different directions along the same medium interfere

2. How many nodes and anti-nodes are shown in the diagram?

3. Draw a transverse wave that is reflected from a fixed end.

4. Draw a transverse wave that is reflected from a free end.

5. A wave travels along a string at a speed of 1,5m·s−1. If the frequency of the source of
the wave is 7,5 Hz, calculate:

(a) the wavelength of the wave

(b) the period of the wave
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GNU Free Documentation License

Version 1.2, November 2002
Copyright c© 2000,2001,2002 Free Software Foundation, Inc.
59 Temple Place, Suite 330, Boston, MA 02111-1307 USA
Everyone is permitted to copy and distribute verbatim copies of this license document, but
changing it is not allowed.

PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful
document “free” in the sense of freedom: to assure everyone the effective freedom to copy and
redistribute it, with or without modifying it, either commercially or non-commercially.
Secondarily, this License preserves for the author and publisher a way to get credit for their
work, while not being considered responsible for modifications made by others.

This License is a kind of “copyleft”, which means that derivative works of the document must
themselves be free in the same sense. It complements the GNU General Public License, which
is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free
software needs free documentation: a free program should come with manuals providing the
same freedoms that the software does. But this License is not limited to software manuals; it
can be used for any textual work, regardless of subject matter or whether it is published as a
printed book. We recommend this License principally for works whose purpose is instruction or
reference.

APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed
by the copyright holder saying it can be distributed under the terms of this License. Such a
notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under
the conditions stated herein. The “Document”, below, refers to any such manual or work. Any
member of the public is a licensee, and is addressed as “you”. You accept the license if you
copy, modify or distribute the work in a way requiring permission under copyright law.

A “Modified Version” of the Document means any work containing the Document or a portion
of it, either copied verbatim, or with modifications and/or translated into another language.

A “Secondary Section” is a named appendix or a front-matter section of the Document that
deals exclusively with the relationship of the publishers or authors of the Document to the
Document’s overall subject (or to related matters) and contains nothing that could fall directly
within that overall subject. (Thus, if the Document is in part a textbook of mathematics, a
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Secondary Section may not explain any mathematics.) The relationship could be a matter of
historical connection with the subject or with related matters, or of legal, commercial,
philosophical, ethical or political position regarding them.

The “Invariant Sections” are certain Secondary Sections whose titles are designated, as being
those of Invariant Sections, in the notice that says that the Document is released under this
License. If a section does not fit the above definition of Secondary then it is not allowed to be
designated as Invariant. The Document may contain zero Invariant Sections. If the Document
does not identify any Invariant Sections then there are none.

The “Cover Texts” are certain short passages of text that are listed, as Front-Cover Texts or
Back-Cover Texts, in the notice that says that the Document is released under this License. A
Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A “Transparent” copy of the Document means a machine-readable copy, represented in a
format whose specification is available to the general public, that is suitable for revising the
document straightforwardly with generic text editors or (for images composed of pixels) generic
paint programs or (for drawings) some widely available drawing editor, and that is suitable for
input to text formatters or for automatic translation to a variety of formats suitable for input to
text formatters. A copy made in an otherwise Transparent file format whose markup, or
absence of markup, has been arranged to thwart or discourage subsequent modification by
readers is not Transparent. An image format is not Transparent if used for any substantial
amount of text. A copy that is not “Transparent” is called “Opaque”.

Examples of suitable formats for Transparent copies include plain ASCII without markup,
Texinfo input format, LATEX input format, SGML or XML using a publicly available DTD and
standard-conforming simple HTML, PostScript or PDF designed for human modification.
Examples of transparent image formats include PNG, XCF and JPG. Opaque formats include
proprietary formats that can be read and edited only by proprietary word processors, SGML or
XML for which the DTD and/or processing tools are not generally available, and the
machine-generated HTML, PostScript or PDF produced by some word processors for output
purposes only.

The “Title Page” means, for a printed book, the title page itself, plus such following pages as
are needed to hold, legibly, the material this License requires to appear in the title page. For
works in formats which do not have any title page as such, “Title Page” means the text near
the most prominent appearance of the work’s title, preceding the beginning of the body of the
text.

A section “Entitled XYZ” means a named subunit of the Document whose title either is
precisely XYZ or contains XYZ in parentheses following text that translates XYZ in another
language. (Here XYZ stands for a specific section name mentioned below, such as
“Acknowledgements”, “Dedications”, “Endorsements”, or “History”.) To “Preserve the Title”
of such a section when you modify the Document means that it remains a section “Entitled
XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this
License applies to the Document. These Warranty Disclaimers are considered to be included by
reference in this License, but only as regards disclaiming warranties: any other implication that
these Warranty Disclaimers may have is void and has no effect on the meaning of this License.

VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or
non-commercially, provided that this License, the copyright notices, and the license notice
saying this License applies to the Document are reproduced in all copies, and that you add no
other conditions whatsoever to those of this License. You may not use technical measures to
obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough
number of copies you must also follow the conditions in section A.
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You may also lend copies, under the same conditions stated above, and you may publicly
display copies.

COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the
Document, numbering more than 100, and the Document’s license notice requires Cover Texts,
you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts:
Front-Cover Texts on the front cover, and Back-Cover Texts on the back cover. Both covers
must also clearly and legibly identify you as the publisher of these copies. The front cover must
present the full title with all words of the title equally prominent and visible. You may add
other material on the covers in addition. Copying with changes limited to the covers, as long as
they preserve the title of the Document and satisfy these conditions, can be treated as
verbatim copying in other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first
ones listed (as many as fit reasonably) on the actual cover, and continue the rest onto adjacent
pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you
must either include a machine-readable Transparent copy along with each Opaque copy, or
state in or with each Opaque copy a computer-network location from which the general
network-using public has access to download using public-standard network protocols a
complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque copies
in quantity, to ensure that this Transparent copy will remain thus accessible at the stated
location until at least one year after the last time you distribute an Opaque copy (directly or
through your agents or retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before
redistributing any large number of copies, to give them a chance to provide you with an
updated version of the Document.

MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of
sections A and A above, provided that you release the Modified Version under precisely this
License, with the Modified Version filling the role of the Document, thus licensing distribution
and modification of the Modified Version to whoever possesses a copy of it. In addition, you
must do these things in the Modified Version:

1. Use in the Title Page (and on the covers, if any) a title distinct from that of the
Document, and from those of previous versions (which should, if there were any, be listed
in the History section of the Document). You may use the same title as a previous
version if the original publisher of that version gives permission.

2. List on the Title Page, as authors, one or more persons or entities responsible for
authorship of the modifications in the Modified Version, together with at least five of the
principal authors of the Document (all of its principal authors, if it has fewer than five),
unless they release you from this requirement.

3. State on the Title page the name of the publisher of the Modified Version, as the
publisher.

4. Preserve all the copyright notices of the Document.

5. Add an appropriate copyright notice for your modifications adjacent to the other
copyright notices.
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6. Include, immediately after the copyright notices, a license notice giving the public
permission to use the Modified Version under the terms of this License, in the form
shown in the Addendum below.

7. Preserve in that license notice the full lists of Invariant Sections and required Cover Texts
given in the Document’s license notice.

8. Include an unaltered copy of this License.

9. Preserve the section Entitled “History”, Preserve its Title, and add to it an item stating
at least the title, year, new authors, and publisher of the Modified Version as given on
the Title Page. If there is no section Entitled “History” in the Document, create one
stating the title, year, authors, and publisher of the Document as given on its Title Page,
then add an item describing the Modified Version as stated in the previous sentence.

10. Preserve the network location, if any, given in the Document for public access to a
Transparent copy of the Document, and likewise the network locations given in the
Document for previous versions it was based on. These may be placed in the “History”
section. You may omit a network location for a work that was published at least four
years before the Document itself, or if the original publisher of the version it refers to
gives permission.

11. For any section Entitled “Acknowledgements” or “Dedications”, Preserve the Title of the
section, and preserve in the section all the substance and tone of each of the contributor
acknowledgements and/or dedications given therein.

12. Preserve all the Invariant Sections of the Document, unaltered in their text and in their
titles. Section numbers or the equivalent are not considered part of the section titles.

13. Delete any section Entitled “Endorsements”. Such a section may not be included in the
Modified Version.

14. Do not re-title any existing section to be Entitled “Endorsements” or to conflict in title
with any Invariant Section.

15. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as
Secondary Sections and contain no material copied from the Document, you may at your
option designate some or all of these sections as invariant. To do this, add their titles to the
list of Invariant Sections in the Modified Version’s license notice. These titles must be distinct
from any other section titles.

You may add a section Entitled “Endorsements”, provided it contains nothing but endorsements
of your Modified Version by various parties–for example, statements of peer review or that the
text has been approved by an organisation as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25
words as a Back-Cover Text, to the end of the list of Cover Texts in the Modified Version.
Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or
through arrangements made by) any one entity. If the Document already includes a cover text
for the same cover, previously added by you or by arrangement made by the same entity you
are acting on behalf of, you may not add another; but you may replace the old one, on explicit
permission from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use
their names for publicity for or to assert or imply endorsement of any Modified Version.

COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the
terms defined in section A above for modified versions, provided that you include in the
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combination all of the Invariant Sections of all of the original documents, unmodified, and list
them all as Invariant Sections of your combined work in its license notice, and that you
preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant
Sections may be replaced with a single copy. If there are multiple Invariant Sections with the
same name but different contents, make the title of each such section unique by adding at the
end of it, in parentheses, the name of the original author or publisher of that section if known,
or else a unique number. Make the same adjustment to the section titles in the list of Invariant
Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled “History” in the various original
documents, forming one section Entitled “History”; likewise combine any sections Entitled
“Acknowledgements”, and any sections Entitled “Dedications”. You must delete all sections
Entitled “Endorsements”.

COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under
this License, and replace the individual copies of this License in the various documents with a
single copy that is included in the collection, provided that you follow the rules of this License
for verbatim copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under
this License, provided you insert a copy of this License into the extracted document, and follow
this License in all other respects regarding verbatim copying of that document.

AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent
documents or works, in or on a volume of a storage or distribution medium, is called an
“aggregate” if the copyright resulting from the compilation is not used to limit the legal rights
of the compilation’s users beyond what the individual works permit. When the Document is
included an aggregate, this License does not apply to the other works in the aggregate which
are not themselves derivative works of the Document.

If the Cover Text requirement of section A is applicable to these copies of the Document, then
if the Document is less than one half of the entire aggregate, the Document’s Cover Texts may
be placed on covers that bracket the Document within the aggregate, or the electronic
equivalent of covers if the Document is in electronic form. Otherwise they must appear on
printed covers that bracket the whole aggregate.

TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the
Document under the terms of section A. Replacing Invariant Sections with translations requires
special permission from their copyright holders, but you may include translations of some or all
Invariant Sections in addition to the original versions of these Invariant Sections. You may
include a translation of this License, and all the license notices in the Document, and any
Warranty Disclaimers, provided that you also include the original English version of this License
and the original versions of those notices and disclaimers. In case of a disagreement between
the translation and the original version of this License or a notice or disclaimer, the original
version will prevail.

If a section in the Document is Entitled “Acknowledgements”, “Dedications”, or “History”, the
requirement (section A) to Preserve its Title (section A) will typically require changing the
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actual title.

TERMINATION

You may not copy, modify, sub-license, or distribute the Document except as expressly provided
for under this License. Any other attempt to copy, modify, sub-license or distribute the
Document is void, and will automatically terminate your rights under this License. However,
parties who have received copies, or rights, from you under this License will not have their
licenses terminated so long as such parties remain in full compliance.

FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free
Documentation License from time to time. Such new versions will be similar in spirit to the
present version, but may differ in detail to address new problems or concerns. See
http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies
that a particular numbered version of this License “or any later version” applies to it, you have
the option of following the terms and conditions either of that specified version or of any later
version that has been published (not as a draft) by the Free Software Foundation. If the
Document does not specify a version number of this License, you may choose any version ever
published (not as a draft) by the Free Software Foundation.

ADDENDUM: How to use this License for your documents

To use this License in a document you have written, include a copy of the License in the
document and put the following copyright and license notices just after the title page:

Copyright c© YEAR YOUR NAME. Permission is granted to copy, distribute and/or
modify this document under the terms of the GNU Free Documentation License,
Version 1.2 or any later version published by the Free Software Foundation; with no
Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts. A copy of the
license is included in the section entitled “GNU Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the
“with...Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-Cover Texts being
LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other combination of the three,
merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we recommend releasing these
examples in parallel under your choice of free software license, such as the GNU General Public
License, to permit their use in free software.
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