Transverse waves

Introduction ESACK

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 interested in the properties that waves have. All
waves have the same properties.

Waves do not only occur in water, they occur in any kind of medium. Earthquakes re-
lease enough energy to create waves that are powerful enough to travel through the rock of
the Earth. When your friend speaks to you sound waves are produced that travel through
the air to your ears. A wave is simply the disturbance of a medium by moving energy
but how is it different from a pulse?.  See introductory video: (® Video: VPgio at
www.everythingscience.co.za)

What is a transverse ESACL
wave?

We have studied pulses in Transverse pulses,
and know that a pulse is a single disturbance

Waves in a pool

that travels through a medium. A wave is
a periodic, continuous disturbance that con-
sists of a train or succession of pulses.

An enlarged version of the ripple tank can be
seen in a real life example of a Kreepy Krauly®
making waves in a pool because of the reg-
ular vibrations. The Kreepy Krauly® was in-

vented in South Africa by Ferdinand Chauvier
and his son Daniel.

DEFINITION: Wave

A wave is a periodic, continuous disturbance that consists of a train of
pulses.
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DEFINITION: Transverse wave

A transverse wave is a wave where the movement of the particles of the
medium is perpendicular (at a right angle) to the direction of propagation of
the wave.

Activity:

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.

=W N =

Flick rope up and down

. Describe what happens to the rope.

. Draw a diagram of what the rope looks like while the pulses travel along it.
. In which direction do the pulses travel?

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

K
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Flick rope up and down

. Flick the rope continuously. Watch the ribbon carefully as the pulses travel

through the rope. What happens to the ribbon?

. Draw a picture to show the motion of the ribbon. Draw the ribbon as a dot

and use arrows to indicate how it moves.

In the activity, you 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 one side to the other, but the

particles (the ribbon) moved only up and down.
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wave motion

VAVAN

Figure 8.2: A transverse wave, showing the direction of motion of the wave perpendicular

particle motion

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
of the medium (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.

The following simulation will help you understand more about waves. Select the oscil-
late option and then observe what happens.  See simulation: (® Simulation: VPnue at
www.everythingscience.co.za)

Crests and troughs &3 ESACM

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

crests and troughs on a transverse wave are shown in Figure 8.3.

l l l Crests

— ——, < equilibrium

Troughs

Figure 8.3: Crests and troughs in a transverse wave.

DEFINITION: Crests and troughs

A crest 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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Amplitude B3 ESACN

Activity: Amplitude

equilibrium

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

Crest/Trough | Measurement (cm)

a

b

What can you say about your results?
Are the distances between the equilibrium position and each crest equal?
Are the distances between the equilibrium position and each trough equal?

ond =

Is the distance between the equilibrium position and crest equal to the distance
between equilibrium and trough?

As we have seen in the activity on amplitude, the distance between the crest and the equi-
librium 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
the wave, above or below the equilibrium position. Normally the symbol A is used to
represent the amplitude of a wave. The Sl unit of amplitude is the metre (m).
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DEFINITION: Amplitude

The amplitude of a wave is the maximum disturbance or displacement of
the medium from the equilibrium (rest) position.
Quantity: Amplitude (A)

Unit name: metre Unit symbol: m

FACT

Amplitude
2 x Amplitude -—
Amplitude

Example 1: Amplitude of sea waves

QUESTION

If the crest of a wave measures 2 m above the still water mark in the harbour, what
is the amplitude of the wave?

SOLUTION

Step 1 : Analyse the information provided
We have been told that the harbour has a still water mark. This is a line
created when there are no disturbances in the water, which means that
it is the equilibrium position of the water.

Step 2 : Determine the amplitude
The definition of the amplitude is the height of a crest above the equi-
librium position. The still water mark is the height of the water at equi-
librium and the crest is 2 m above this, so the amplitude is 2 m.
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A tsunami is a series
of sea waves caused
by an underwater
earthquake, land-
slide, or volcanic
eruption. When
the ocean is deep,
tsunamis may be
less than 30 cm
high on the ocean’s
surface  and  can
travel at speeds up
to 700 km - hr™". In
shallow water near
the coast, it slows
down. The top of the
wave moves faster
than the bottom,
causing the sea to
rise dramatically, as
much as 30 m. The
wavelength can be as
long as 100 km and
the period as long as
a hour.

In 2004, the Indian
Ocean tsunami was
caused by an earth-
quake that is thought
to have had the en-
ergy of 23,000 atomic
bombs. Within hours
of the earthquake,
killer waves radiating
from away from the
earthquake crashed
into the coastline of
11 countries, killing
150,000 people. The
final death toll was
283,000.
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Activity:

Wavelength

equilibrium

Fill in the table below by measuring the distance between crests and troughs in

the wave above.

N =

Distance(cm)

What can you say about your results?

Are the distances between crests equal?

Are the distances between troughs equal?

Is the distance between crests equal to the distance between troughs?

As we have seen in the activity on wavelength, the distance between two adjacent crests

is the same no matter which two adjacent crests you choose. There is a fixed distance

between the crests. 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 crests is the same as the distance between two adjacent troughs. This distance

is called the wavelength of the wave.

The symbol for the wavelength is \ (the Greek letter lambda) and wavelength is measured

in metres (m).
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Example 2: Wavelength

QUESTION

The total distance between 4 consecutive crests of a transverse wave is 6 m. What

is the wavelength of the wave?

SOLUTION

Step 1 : Draw a rough sketch of the situation

equilibrium

Step 2 : Determine how to approach the problem
From the sketch we see that 4 consecutive crests is equivalent to 3
wavelengths.

Step 3 : Solve the problem
Therefore, the wavelength of the wave is:

30 = 6m
6m

A = —
3

= 2m
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Step 4 : Quote the final answer
The wavelength is 2 m.

Points in phase &3 FSACO

Activity: Points in phase

Fill in the table by measuring the distance between the indicated points.

L

-
|V \ I

A E Fé . -
|

—

—

T

Points | Distance (cm)

AtoF

Bto G

CtoH

Dtol

Eto])

What do you find?

In the activity the distance between the indicated points was equal. These points are then
said to be in phase. Two points in phase are separate by a whole (1,2,3,...) number
multiple of whole wave cycles or wavelengths. The points in phase do not have to be
crests 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.
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DEFINITION: Wavelength of wave

The wavelength of a wave is the distance between any two adjacent points

that are in phase.

Points that are not in phase, those that are not separated by a complete number of wave-
lengths, 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.
Period and frequency &3 ESACP

Imagine you are sitting next to a pond and you watch the waves going past you. First
one crest arrives, then a trough, and then another crest. Suppose you measure the time
taken between one crest arriving and then the next. This time will be the same for any two
successive crests 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: Period

The period is the time taken for two successive crests (or troughs) to pass a

fixed point.
Quantity: Period (T) Unit name: second Unit symbol: s

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

DEFINITION: Frequency

The frequency is the number of successive crests (or troughs) passing a given
pointin 1 second.
Quantity: Frequency (f) Unit name: hertz Unit symbol: Hz

The frequency and the period are related to each other. As the period is the time taken for
1 crest to pass, then the number of crests passing the point in 1 second is % But this is the

frequency. So

1
f=7
or alternatively,
1
T - — |
i)

For example, if the time between two consecutive crests passing a fixed point is 3 s, then
the period of the wave is  s. Therefore, the frequency of the wave is:

f =

Il

N o= —
V’I m"_lﬂ‘
—_

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

Example 3: Period and frequency

QUESTION

What is the period of a wave of frequency 10 Hz?

SOLUTION

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

T ==

f

Step 3 : Solve the problem

|
=

—

(72}

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

Speed of a transverse &3 ESACQ
wave

DEFINITION: Wave speed

Wave speed is the distance a wave travels per unit time.

Quantity: Wave speed (v) Unit name: metre per second Unit

symbol: m-s!

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

_ distance travelled X
" time taken T

However, [ = % Therefore, we can also write:

[
> >
- Nl
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We call this equation the wave equation. To summarise, we have that v = X\ - f where

e v=speedinm- s7!

e )\ = wavelength inm
e [ = frequency in Hz

Wave equation

N>

Example 4: Speed of a transverse wave |

QUESTION

When a particular string is vibrated at a frequency of 10 Hz, a transverse wave of
wavelength 0,25 m is produced. Determine the speed of the wave as it travels along

the string.

SOLUTION

Step 1 : Determine what is given and what is required
e frequency of wave: f =10Hz

e wavelength of wave: A =0,25m

We are required to calculate the speed of the wave as it travels along
the string.
All quantities are in Sl units.

Step 2 : Determine how to approach the problem
We know that the speed of a wave is:

v=f-A

and we are given all the necessary quantities.

Step 3 : Substituting in the values
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v = f-A
= (10 Hz)(0,25 m)
= (105s7)(0,25 m)

= 2,5m-s!

Step 4 : Write the final answer
The wave travels at 2,5m - s~ along the string.

Example 5: Speed of a transverse wave Il

QUESTION

A cork on the surface of a swimming pool bobs up and down once every 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
edge?

SOLUTION

Step 1 : Determine what is given and what is required

We are given:
e frequency of wave: f = 1Hz

e wavelength of wave: A = 20cm

e distance of cork 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 Sl 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:
tzg (fromv:B)
v t

We know that
v=f-A
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Therefore,

t = (8.1)

D
I

Step 3 : Convert wavelength to SI units

20cm =0,2m
Step 4 : Solve the problem

. d
= 7f =
_ 2m
(1 Hz)(0,2m)
_ 2m
~ (1s71)(0,2m)
= 10s

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

® See video: VPcci at www.everythingscience.co.za

Exercise 8 - 1

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

2. A transverse wave is moving downwards. In what direction do the parti-
cles in the medium move?

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

Lo, NS

a. the wavelength of the wave is shown by letter .
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b. the amplitude of the wave is shown by letter
4. 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, crest to crest
distance (horizontal) = 5 cm

5. You are given the transverse wave below.

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.

c. A wave travelling at the same speed with twice the frequency of the
given wave.

d. A wave travelling at the same speed 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 travelling at the same speed with twice the period of the given
wave.

h. A wave travelling at the same speed with half the period of the given
wave.

6. A transverse wave travelling at the same speed with an amplitude of 5 cm
has a frequency of 15 Hz. 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.

7. Afly flaps its wings back and forth 200 times each second. Calculate the

period of a wing flap.

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

9. Calculate the frequency of rotation of the second hand on a clock.
10. Microwave ovens produce radiation with a frequency of 2 450 MHz (1 MHz

= 10° Hz) and a wavelength of 0,122 m. What is the wave speed of the
radiation?
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11. Study the following diagram and answer the questions:

(
2\ A
B D 14N
1\ yARBE.

Aé RE Iy M 2Q
N/ \
F H " 4P

v o

a. Identify two sets of points that are in phase.
b. Identify two sets of points that are out of phase.
c. ldentify any two points that would indicate a wavelength.

12. 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 4 m. The tim-
ing starts with the first crest and ends with the fourth. Calculate the speed
of the wave.

More practice @ video solutions @ or help at www.everythingscience.co.za

(1) 0039 (2.) 003a (3.)003b (4. 003c (5.)003d (6.) 003e
(7.) 003f (8. 003g (9. 003h (10.) 003i (11.)003j (12.) 003k

Chapter 8 | Summary

See the summary presentation (® Presentation: VPguj at www.everythingscience.co.za)

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

e A crest is the highest point a particle in the medium rises to.

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

e In atransverse wave, the particles move perpendicular to the motion of the wave.

e The amplitude (4) is the maximum distance from equilibrium position to a crest (or
trough), or the maximum displacement of a particle in a wave from its position of
rest.
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8.7

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

e The period (T) of a wave is the time it takes a wavelength to pass a fixed point. It is

measured in seconds (s).

e The frequency (f) of a wave is how many waves pass a point in a second. It is

e Frequency: f = £
e Period: T = %

. Speed:v:f-)\orv:%.

measured in hertz (Hz) or s~ 1.

Physical Quantities

Quantity Unit name Unit symbol
Amplitude (A) metre m
Wavelength (\) metre m
Period (T') second s
Frequency (f) hertz Hz (s71)
Wave speed (v) | metre per second m-s~!

Table 8.1: Units used in transverse waves

1. A wave travels along a string at a speed of 1,5m - s~!. 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

2. Water waves crash against a seawall around the harbour. Eight waves hit
the seawall in 5 s. The distance between successive troughs is 9 m. The
height of the waveform trough to crest is 1,5 m.

AN

Chapter 8 End of chapter exercises

a. How many complete waves are indicated in the sketch?

Physics: Waves, Sound and Light
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b. Write down the letters that indicate any TWO points that are:
i. in phase

ii. out of phase

iii. Represent ONE wavelength.

Calculate the amplitude of the wave.

Show that the period of the wave is 0,625 s.

Calculate the frequency of the waves.

- 0 2 n

Calculate the velocity of the waves.

More practice @ video solutions @ or help at www.everythingscience.co.za

(1.) 003m (2.) 003n
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