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/=" Student’s learning outcomes (SLOs).

Y

atiors in ropes and springs and

>
*1 = prove that waves transfer energy without transferri 5 “ :i ~

* describe what is meant by wa
by experiments using water
» statethetypes
(i) transverse waves
(ii) longitudinal waves
.+ describe the features of a wave [in terms of wave front, wavelength, frequency, time period,
crest (peak), trough, compression, rarefaction, amplitude and wave speed].
« define the terms frequency, wavelength and amplitude.
* recall and apply the equation wave speed = frequency x wavelength; v=f A
« illustrate that for a transverse wave the direction of vibration is at right angles to the
direction of the energy transfer [including giving examples such as electromagnetic
radiation, waves on the surface of water, and seismic waves ].
* illustrate that for a longitudinal wave, the direction of vibration is paralle! Mion of

the energy transfer [including giving examples such as sound a -waves
(primary)]. @@; V

=

* describe how waves can undergo ref diffraction (using ripple tank).

» describe how wavelen “‘; ffraction at an edge.

» describe how 8 slit size affect diffractior through a slit.

*» analyze the phenomenon of tsunamis generated under the surface of water [in terms of
underwater earthquakes/volcanic activity generating waves that increase in frequency and
amplitude as they encounter increasingly shallow water].




The concept of waves deO nﬂv k eergy from one place to

another without the transfe@ - Waves play a vital role in understanding

various phenomer everyday life. Waves are all around us from small ripples
on a quiet lake'to the loud sound of thunder in the sky. In this chapter, we will
explore various types of waves, their properties, and the principles that govern their
behaviour. We will uncover the main concepts such as amplitude, wavelength,
frequency, and speed of waves. Th rough experiments and real life examples, we will
also see how waves influence our daily lives and contribute to various fields,
including communication, medicine, and technology.

12.1 Waves and Nature of Waves

As waves travel through a medium, they
cause the particles within it to vibrate. These
vibrations allow energy to be transferre

one particle to the next as % ‘Tﬂ hney A9NAY
However, the -- ves do not | 2 e | | _
move along wave. They simply ! ==
oscillate around their original positions. FOr s wamy, e
i example, when a twig is dropped into still Fig 12.1: Vibration of particles in a wave
water, ripples spread across the surface, as Pperpendiculartothe wave direction
shown in Fig. 12.2. These ripples carry energy
outward, yet the water and the twig remain s
mostly in place.

A similar effect occurs with sound waves.
When a guitar string is plucked, it creates
vibrations that travel through the air as sound
waves (Fig. 12.3). The air particles do not moyve | ‘

toward our ears; instead, thea{) ibrat ,ﬁm@ —

to pass the energy forward. B“@ Fig 12.2: Ripples in water showing energy
WNN] (o}

Waves can transfer energy from one place to another without transferring

‘;-. p- .
MR

transfer without transfer of matter

The same principle is illustrated by vibrations in a spring. When one end of a stretched
spring is pushed and released, longitudinal waves move through the spring. As shown in




O
Fig. 12.4, the spring develops regions )
and rarefaction ( its-are spread out). These compressions and rarefactions
travel along the s showmg how energy is transmitted without the entire spring
moving forward. Thls experiment visually demonstrates wave motion and how
longitudinal waves (such as sound) travel through matter.

[&— Maveiengte —>|

A ——
Compression

Guiitar ; Fig 12.4: Longltudlnal
(Str

Fig 12.3: Vibrations from a guitar string

producing sound waves that transf @

energy through airtothe ear O
Q) \

Water Wave E,m TAINEEE o Demonstrate Wave Motion

A simple and effectwe way to understand
wave motion is through an experiment using
a ripple tank, as shown in Fig. 12.5. In this
setup, a shallow tray is filled with water to a
uniform depth. A bar, connected to a motor,
vibrates up and down gently on the water's
surface. This disturbance generates ripples or
wave crests that spread outward across the
water surface.

There are two main types of wg)?m
1. Mechanical Wayer [

Mechanical waves-are waves that require a |
material medium such as air, water, or a solid

material to travel. These waves cannot pass
through vacuum because they rely on the

N ’ ) ; 7 Fig. 12.6: A transverse wave on a rope
vibration of particles in the medium to transfer showing particle vibration perpendicular

energy. The particles of the medium vibrate o thedirectionofwave travel
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and pass the energy alory
particles the '
wave. ‘even emg
A simple way to observe this is by moving one particlesal

end of a rope up and down. The wave travels

along the rope, but each part of the rope only moves vertically while the wave itself
moves forward, as shown in Fig. 12.6.

Examples of mechanical waves include sound waves, water waves, vibrations on a
rope or spring, and seismic waves produced by earthquakes.

2. Electromagnetic Waves

Electromagnetic waves are different from %t
mechanical waves because they do pot Logi\

- 2 ! (@) =
require a material medb to t ‘V@“‘ &
waves can move thr JHace . ))
))) Radiowavee
i othertypes T re electromagnetic

(vacuum), tW
of radiation from the Sun are able to reach the waves that travel

Earth through space.
Examples of electromagnetic waves include

radiowaves, microwaves, infrared rays, visible

light, ultraviolet rays, X-rays, and gamma rays. -
These waves differ in their wavelengths and
frequencies, but they all travel at the same
speed in vacuum approximately 3,00,000 km jat :
per second (3 x 10° m s™), known as the 5T i |
speed of light.

The range of all these electromaggeti W@b@dmmagneﬁc
spectrum, as illustrated jnFi “@

magnetic Spectrum

, at the speed
of 3,00,000 kilometre per
: second through air.

Radiowaves Microwaves Visible light X-rays Gamma ray

infrared  Ultraviolet
Fig. 12.7: Types of electromagnetic waves arranged by wavelength




types, dependlng on how the particles of the 4 PR v—

Visviiangth
medium vibrate in relation to the direction the E /ﬁ ﬁ? Yune

wave travels. These are:

1. Transverse Waves L gt 7 A
2. Longitudinal Waves
Transverse Waves Fig. 12.8: A transverse wave labelled with

y crest, trough, wavelength, and amplitude
In transverse waves, the particles of the

medium vibrate at right angles to the
direction in which the wave is travelling. This Hr in Teaser
perpendicular vibration causes the energc\j Vi liky o
transfer through the medium W|th @ eldnd then push it back and
‘ orth What two types of waves did we
justcreate?
2y to observe a
transverse wave y olding one end of a rope and moving it up and down. While
the wave travels horizontally along the rope, the rope segments move vertically.
This motion results in the formation of the highest points known as crests and the
lowest points called troughs, as shown in Fig. 12.8.
An excellent example of a transverse wave is a water wave. As the wave moves
forward across the water surface, the water molecules move up and down rather
than along with the wave. Another important example is electromagnetic radiation
(such as light, radiowaves, and X-rays), where the electric and magnetic fields
oscillate perpendicular to the direction of energy propagation.

i e
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In longitudinal waves, the particles of ot
medium vibrate parallel too

which the wave is travelling. ing WA 100000 R 1
ides ——
up and down li e waves, where AN 1000000001 00 NN 05
AR 00000 S O
i ' Rarglaction — o
the particles move back and forth along the e ol
same path as the energy flow. This creates T
: . Fig. 12.9: A longitudinal sound
known as compressions, and regions where rarefactions

particles are spread apart, known as rarefactions (Fig. 12.9).
A common and important example of a longitudinal wave is a sound wave. When a




sound is produced, such a ‘ 5om
the hands are fir er, forming a compression. Immediately after,
they spread ap 0 a rarefaction as the wave continues to move forward through
the air. This sequence of compressions and rarefactions allows sound to travel to
our ears without the air itself moving permanently from the source to the listener.

12.3 Terms and Parameters of Waves

A transverse wave is shown in Fig. 12.8, ' Tidbit
labelled with crest, trough, wavelength, and '
amplitude. The definitions of these key terms
are given below:

Crest

»r

The crest is the region of a transversmn position.

It is the upper part of a wav “m

Trough %

The trough is thé'region of a transverse wave, below the mean position.
It is the lower part of a wave.

Compression

A compression is a region in a longitudinal wave where the particles of the medium

are close together, resulting in high pressure.
Rarefaction

A rarefaction is a region in a longitudinal wave where the particles are spread apart,
resulting in low pressure.

Amplitude Tidbit

The amplitude of a wave is the maximum
displacement of a point on the wave frgm '
undisturbed (rest) pos_itio- It indicates
energy carried by the -wavﬂ

Wavelength o

Two waves travel at the same speed, but
The wavelength'is the distance between two one has a higher frequency. Which has

corresponding points on adjacent waves (e.g., ]

crest to crest or trough to trough in transverse

waves, or compression to compression in longitudinal waves).
Its SI unit is metre (m).

“qP
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The frequency of a wave is,the Bet-of complete wave cycles that pass a fixed
pointin one sec
It is measured in hertz (Hz), where; 1 Hz = 1 wave per second

Wave Period (T)

Time required to complete one wave to pass a fixed point is called wave period.
It is the inverse of frequency. :
e r=1%f"

It is measured in seconds (s).

Wave Front

A wave front is an imaginary surface on which all the points have same phase of
vibration (i.e., have the same displacement and direction of motion). _

It represents the Ieadlng edge of the wave as it travels @ gha n@

- propagates through a medmm

Dlstance travelled A (wweiength)

Time taken = T (time period)

Then : v=Srt

Since S=Aand t=T
Substitute into the formula:

Now VERLT e (A21)

1/T =f(where fis frequency)

So VETRA cniorers (12.2)
where v is the wave speed (in metres per second), f is the frequency (in hertz),
and A is the wavelength (in metres). - © '
Equation (12.2) is known as wave equation 11 -"' = C?




R e AL R ONS ST e
TR A I Y 3% L
Substituting thevalues ~ v=2x12=24ms"

12.4 Properties of Waves

One of the most fascinating aspects of waves is how they behave when they
encounter obstacles or pass from one medium into another. These behaviours
include reflection, refraction, and diffraction. Such properties can be observed

clearly using a ripple tank, a shallow glass container filled . \@@mn used in
classrooms to study wave motion. o @@D

Reflection of Waves : mﬁ@ ‘

Reflection occurs w A\‘ ike a surface g, Sarvibrating up

and bounce baMame medium. This U S * Te—"
behaviour can be clearly observed using a S T 1= b

barrier
ripple tank, as shown in Fig. 12.10. In this
setup, when straight water waves generated

Lamp

by a vibrating bar move across the tank and Metrerule  Screen
strike a barrier, they reflect from the surface Fig. 12.10: Ripple tank setup
(Fig.12.11). showing water waves

The angle at which the waves approach the Firope ot

barrier is called the angle of incidence, and the  inedent g

angle at which they reflect is called the ““ N

of reflection. These two g

equal. Thisis called | ﬁ : 5 A eiriyvesch
water waves

Angle of inci ce = Angle of reflection Fig. 12.11: Reflection of water waves

Reflection is the bouncing back of waves into the same medium after
striking the surface of another medium.

This property is common to all types of waves, including water waves, sound waves
(such as echoes), and light waves (as seen in mirrors).
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efraction of avef- P m

Refraction occurgiy i a%es pass from one medium into another and change

direction due to change in speed.
As the water waves cross into this shallow region, they slow down and bend,

demonstrating the refraction of waves. Although the speed and wavelength of the
waves change during this process, their S is

frequency remains the same. This bending 'ﬁ
occurs because waves travel faster in deeper |

noticeable change in direction.
mr

This change in wave behaviour is also e = @‘m
illustrated in Fig. 12.12, where wave rora‘;s %E@% they pass from
deep water into shalloww ngth in the shallow region. The
bending clearly show |on and spacing of the waves are affected by
the depth of thM

When a wave passes from one medium into another at an angle, its
wavelength and speed change, causing the wave to change direction. This
process is called refraction.

Diffraction of Waves

Diffraction is the bending and spreading of waves as they pass through a narrow slit
or move around an obstacle. This behaviour can be easily observed in water waves

when they encounter openings of different sizes.
1. When the size of slitis WIder than the wavelength the waves pass mostly straight

(a) Size of slit is larger (b) Size of slit is the same (c) Size of slit is smalier
than the wavelength of as the wavelength of than the wavelength of
the water waves the water waves the water waves

Fig. 12.13: Diffraction of water waves



2. If the slit size is nearly % alt

appear almost circular beyoy 2 shit(Fig. 12.13-b).

3. When the sj ‘smaller than the wavelength, the waves show maximum
diffraction, forming strong circular patterns (Fig.12.13-¢).

This shows that the amount of diffraction increases when the size of slit is closer to
or smaller than the wavelength of the waves.

The spreading of waves when they pass through a slit or move around an
A common example is how we can still hear someone speaking even when he is
behind a wall. This happens because sound waves, which have relatively long

wavelengths, diffract around corners and obstacles, allowing the s reach us
even without a direct line of sight. 1 @W L

Wa\es. 2
", ] LI \ :
Seismic and tsunami atural waves produced by disturbances in the
Earth's crust a ean: r?derstanding them is important for safety and readiness
since they have the potential to do a great deal of harm.

Seismic Waves

Seismic waves are those that pass through the Earth and are typically created by
earthquakes, volcanic eruptions, or explosions. Seismometers detect these waves,
which aid scientists in their investigations of the Earth's insides.

Primary Waves (P-Waves)
These are the fastest seismic waves and the first to be detected during an
earthquake. P-waves can travel through solids, liquids, and gases. Theymove by
compressing and expanding the material in the same di e wave travels,
similar to a slinky toy being pushed a | ional movement is
shown in Fig. 12.14, where ng ré

compressions and rarefacti &

Undisturbed medium

ke oW
!
=

e e
Low density

Fig. 12.14: P-wave showing longitudinal motion




Tsunami Waves m “
Tsunamis are extrem owerful
ocean waves ca sudden disturbances =

under the sea. These disturbances may
include underwater earthquakes, volcanic

eruptions, or landslides. When such events . o = =

occur, they can cause a sudden shift in the '

ocean floor, which pushes a huge volume of Fig. 12.15: A large ocean wave
water upward. This disturbance creates formed during a tsunami

energy that spreads across the ocean as long, fast-moving waves, as shown in
Fig.12.15.
In the deep ocean, tsunami waves tra : igh spe en reachmg up to

800 kilometres per hour. Howe
centimetres in height and ﬂ‘

As tsunami wa i shallow coastal g
areas, their behaviour changes dramatically |
due to their interaction with the sea floor:

1. Wave speed decreases: As the water
becomes shallower, the bottom of the wave
touches the ocean floor, slowing the wave
down.

2. Wavelength shortens: The distance
between wave crests becomes smaller.

. h If waves do notmrry ma‘ther how does a
3. Frequency increases: More waves arrive synami destmyhull&mwhen it hits the
at the shore in a shorter period of time. shore?

4. Amplitude increases: As the energy g

compressed into a smaller s ce the
helght increases sngntf” icantl :
Out at sea, a tsunami is only about 1 m

. This transfor n towerlﬂg high, and could pass a boat without being

noticed, as it approaches the shore. Its
waves, someti reaChmg hEIghtS of sudden’daceleraﬂun from about 250 m s-'
30 metres (100 feet) or more, causing severe  to 15 m s creates the enormous waves.
coastal flooding, destruction of buildings,

and loss of life.

6. A tragic real-life example is the 2004




Indian Ocean tsunami, cause(g

The earthquake displaced g of the ocean floor, triggering tsunami
waves that travwc’ ousands of kilometres. These waves struck the
coasthines of countries such as Indonesia, Sri Lanka, India, and Thailand, reaching

heights of over 15 metres in some areas and causing massive devastation and loss

of more than 2,30,000 lives.

A. Multiple Choice Questions

Tick (v)) the correct answer.
12.1  The direction of vibration in a longitudinal wave is:
(a) at right angles to the wave direction

(b) in circular motion @ @ W@
(c) opposite to the wave dn'ectio @37

(d) in the same dlrecthg

122 Which part of a transv Iowest point?
(@) Crest Compressmn
(©) Rarefa (d) Trough
12,3 Which of the following wave type requires a medium to travel?
(@) X-rays (b) Light waves
(c) Radiowaves (d) Sound waves
124 The property of a wave which indicates how much energy it carries is:
(@) crest (b) amplitude
(c) wavelength (d) speed

125 Awavefrontis:
(a) the distance between two crests
(b) aregion of high pressure in a wave
(c) aline joining points that vibrate in phase
(d) the outer edge of a wave medium

126  The wave phenomenon which occurs, m@%@e&cﬁon duetoa
changeinspeed is: ‘
(a) diffraction “
(©) absorptlo d) refractlon

127  What hap wave speed and wavelength when a tsunami approaches
shallow water?
(a) Speed increases, wavelength increases
(b) Speed decreases, wavelength shortens

(c) Speed remains the same, wavelength shortens
(d) Speed increases, wavelength stays constant




128  Which wave behaviour explai W& W ioheatd ound a corner?
(a) Reflection Oﬁﬁ
(b) Refraction 0“
(c)Interfe%M

(d) Diffraction

'B. ShortsAnswer Questionssi. b

12.1  What do waves transfer from one place to another?

122 Name any two examples of mechanical waves.

123 Which type of wave can travel through vacuum?

124  Whatis the difference between transverse and longitudinal waves?

125 Whatis meant by wavelength?
12,6 Write the definition of frequency.
D
quesion fR
O N |
121 Why sound canno r% gh space, but light can? Explain using the
o{g{&ﬁ %@i@.

.C.Constructed Response Questi

127 What causes a tsunami in the ocean?
concept

122 A student shakes one end of a rope and observes waves move along it.

What kind of wave is this, and how do the particles move?
123 How does the amplitude of a wave relate to the energy it carries? Give an

example to support your answer.
124 Why do we still hear a person talking even if he is behind a wall? Explain

using the concept of diffraction.
125 If size of slit, a wave passes through is much smaller than the wavelength,

what will happen to the wave after passing through the slit? Explain
briefly.

D. Comprehensive Questions @ @@m
O
121  Explain how waves transfer @B‘Q@E\Ms erring matter. Give

examples from daily li %@ :
L. . Describe the di 0¢\\between mechanical and electromagnetic waves
S.

with suita e
123 What are transverse and longitudinal waves? Explain each with the help of

diagrams and examples.
124 Discuss the properties of waves; such as reflection, refraction, and

diffraction. Support your answer with examples.



125 What s diffraction? How do wavelength and slit size affect the diffraction of
waves?

o
(E-Numerical Broblemssi @E@@W@

2
s and its frequency is 5 Hz. What is the

The wavelength of \m
speed OW | [Ans:10ms™']
122 A wave travels at a speed of 300 m s™ and has a wavelength of 3 metres.

Calculate its frequency. [Ans: 100 Hz]
123 Asound wave has a frequency of 250 Hz and a speed of 340 m s™'. Find its
wavelength. [Ans: 1.36 m]
124 A wave has a frequency of 50 Hz. How much time does it take to complete
one wave? [Ans: 0.02s]
125 A wave has a wavelength of 0.5 m and frequency of 200 Hz. Calculate the
speed of the wave. [Ans: 100ms™']
126 The time period of a wave is 0.02 seconds. Calculate the frequency of the
wave. ; [S0 Hz)




