dent's Learning Quicomes (

udying this chapter, students will be able to:

e  prove that waves transfer energy without transferring matter.
describe what is meant by wave motion [as illustrated by vibrations in ropes and
springs and by experiments using water waves}.

e  State the types of waves:

(i) transverse waves
(ii) longitudinal waves .

e 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 * wavelength: v = fA
illustrate that for a transverse wave the direction of vibration is-ab¥ightangles to the
direction of the energy transfer [includ i_g;gnllg{gig;gﬁkﬁm&mﬁﬁsFeleclmmagnetic
radiation, waves on the surface of ywatefy E}I\\ﬂf}iﬁimlié waves |.

\
e

e illustrate that for a 1@@@:@-@1‘-&?@% the direction of vibration is parallel to the
direction of thﬁnmw;}ansfef [including giving examples such as sound waves
and seisqiﬁ_lplﬁhﬁﬁéi (primary)].

e describe how waves can undergo reflection, refraction and diffraction (using ripple
tank),

e describe how wavelength affects diffraction at an edge.
describe how wavelength and slit size affect diffraction through a slit.

e  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].

/ Long Questions prepared in the light of new Exomination Technigues
- (Knowledge, Understanding, Application, Analytical & Conceptual)

e

X . intro
Q1: What i&ﬁi}iﬁyiﬁé’#éﬂba its importance.

Ans. The concept of waves demonstrates the transfer of energy from one place to
another without the transfer of the matter.




Importance: _ ‘A f@ﬁ.&@@
Waves play a vital role in undf(rst@dm us ghpﬁb fa of our everyday life.
Waves are all around us fi m;rs}?ﬁafl'n}q es 'on a* quml lake to the loud sound of

thunder in the sky. AT S

: AYERmE _ : :
WAL M Waves and Nature of Waves

Q.2: Define ﬁavns. Explain the nature of waves. How do waves transfer energy
without the transfer of matter? Support your answer with examples.

Ans. Waves:

"Waves can transfer energy from one place to another without transferring matter."
OR "A wave is a disturbance that travels through a medium, transferring energy from
one point to another without the physical transfer of matter."

Mechanism: As waves travel through a [ == | 4

medium, they cause the particles within it to 5% &N

vibrate. These vibrations allow energy to be | ; : — > x aris
transferred from one particle to the next as : 2 . - ‘f‘_'f‘fﬂ o
shown in Fig. 12.1. NN Sk iSO
Particle behavior: The particles thems w 35\\ \ @,H.LM;_ e drecion |

not along with the wave.- 'Fha‘;yJHn};t{( +- " Fig 11.1: Vibration of particles in a wave
around their nrlgmal pos| HL ﬂ perpendicularto the wave direction
Energy Transfer: ssed from one particle to the next through these vibrations.

lustrative &xa "ines:

i. Water waves (Ripples):

When a twig is dropped into still water, ripples
spread across the surface, as shown in Fig, 12.2.
These ripples carry energy outward, yét the water
and twing remain mostly in place. .
®  Observation: These ripples carry energy from
the center.
® '» Matterdclwzk }}fl"you watch a leaf on the water, : :
it bobs up and down but does not move forward with : Ripples in water showing energ
the rt[:u;:ll::*J This proves the water itself is staying in ng:ﬂerm:;m:ﬂemfm::w
place while the energy moves through it. = f;;m\\ﬂ \)

ii. Sound waves: \mgjﬂéb

When a guitar string is plu;kr'a ch@t%s that travel through the air as

sound waves (Fig. 12.3) P\&S\ T S
@ Observntmn. %é‘se h unns create a wave that travel'; 1O our ears.
e  Matter :ﬂeuk The air particles do not travel from the guitar to vour car; Instcad.

they vibrate in place, passing the energy forward to neighbouring particles until it
reaches the listener.




iii. Spring (slinky): \ AN Al
When one end of a stretched spring-is ﬁﬂshed’aﬂd“ rt’easgi. LR:in‘guu-:hnsll waves
move through the spring as shown in Fig, 12, 140 Hﬁﬁ. ”j_
e Observation: The spﬁngafleybl&bé ?éé’bns of compression (where the coils are
{otiah (where the coils are spread out).
e Matter _' kt II‘hu.zs:r: compressions and refractions travel along the spring,
showing how energy is transmitted without the entire spring moving forward.

Sound weses §87 |‘__ 1“'-” __H

NWIVWWUU\RNWWWINMWWU

Fig 12.4: Wm{ww

l"ll.!:mlmummm
sound waves that transfer energy through air to the ear

Q.3: Explain a simple and effective way 10 understand wave motion through an
experiment? -
Ans. Water wave Experiment to Demonstrate

Motion: A simple and effective way
ﬁg"ﬁm&'

wave motion is thrnugh
ripple tank, as shown 4

Setup: In tma@wdruu

e A shallow tray is filled with water to a
uniform depth.

e A bar, connected to a motor, vibrates up and
down gently on the water's surface.

e This disturbance generates ripples oF wave
crests that spread outward across the water surface.

0.4: Explain types of wam?
(OR) What are mechanical and electromagnetic waves? Explain
Ans. Types of waves: There are two main types of waves:
e Mechanical waves @ I:,Iectrnmagneuc wavaf \ h {U W a0\
1. Mechanical Waves: Q u AN (CA
"Mechanical waves arg wauwt‘hﬂ rqqmrem ﬁah‘tenalfmcdmm such as air, water, or
a solid material to travel.” '{" " H‘: (B
Explanation:_ Thq \#‘Hveﬁ cannot pass through vacuum because they rely on the
vibration of pa{i'ftc es in the medium to transfer energy. The particles of the medium
vibrate and pass the energy along. even though the particles themselves do not move with
the wave.




Observation in rope: A simple way to observe this is
by moving one end of a rope up and ¢ owm 1‘
wave travels along the rope, but eﬁﬁ:h rfm
_rope only moves vertically c\&h%\'-qg&r ﬂself
moves forward, as shn g
Examples: Exa \I;tn'iéc anical waves include
sound waves, t:r waves, vibrations on a rope or

spring. and seismic waves produced by earthquakes.

_,F-
.:
II

Fig. 12.6: A transverse wave on a rope

showing particle vibration perpendicular to
the direction of wave travel

2. Electromagnetic Waves:

"Electromagnetic waves are different from mechanical waves because they do not

require a material medium to travel.”

Explanation: These waves can move through empty space (vacuum), that is why sunlight

and other types of radiation from the Sun are able to

reach the earth through space. All

electromagnetic waves travel at the same speed in vacuum approximately 3.00.000 km

per second (3x10%ms~!), known as the speed of light.

The electromagnetic spectrum: These waves differ in their wavelengths and frequem:iv:s The
full range of these waves is called the electromagnetic spectrum as illustra hg k7.

Examples: Radio waves, microwaves, infrared rays* wsnb&qmu@;@) trays. X-rays,
\

and gamma rays. foh o A W

N

'3 t-: T C- |
*"‘ iz,

Radiowaves Microwaves Visibie light

{Fklﬁ;,ﬁqf{ ﬂé}jkﬁp&trurﬁ

Infrared Ultraviolet

X-rays  Gamma rays

Fig 1.7 Tvpesufelecuwu@eﬂcmmumgedbymvdmgdx

Q.5: Explain types of mechanical waves.
Ans. Types of mechanical waves:

Mechanical waves are divided into two main types, depending on how the particles
of the medium vibrate in relation to the direction the wave travels. These arc:

1. Transverse Waves 2. Longitudinal Waves

1. Transverse Waves:

“In transverse waves, the parti es ﬁ\
medium vibrate at right aqgfks-m i !
"| \

in which the wave is travfe :‘lgé
Explanation: ﬁl“‘@l cular vibration
causes the energy to transfer through the

medium without any significant forward | Fig.12.8:Atransverse wave labelled with crest,

movement of the particles themselves.

trough, wavelength. and amplitude




Crests and troughs: These waves consist of the h;ghest pomts }nuuqt,asrﬁlﬁsm and thc
lowest points called troughs. .II (o )oo="
Example: If you hold one end of a mp: }:I—-Jtnfmq ii aﬂ dc}ym Whlle the wave travels

horizontally along the rope, ['l-;kﬂ\ pe ve:mcally
Examples: b VRS B
i.  Water wav

An excellent f:xamplc of a transverse wave is a water wave. As the wave moves
forward across the water surface, the water molecules move up and down.

ii. Electromagnetic waves: i E:':mmm
Electromagnetic radiation (such as light, gl “mm“——ﬁml

"I S0 0 AR 111 1 "

radiowaves, and X-rays), where the electric and (( ‘)) e

magnetic fields oscillate perpendicular to the —-uuum-mm_-'"limm

IARE
H_ nmulmmuumm —Immm

direction of ener ropagation. ;
& e UL S L

2. Longitudinal Waves: oA 11 1 ARG

Rarefacion ———»

"In longitudinal waves, the particles of the
medium vibrate parallel to the direction in
which the wave is travelling.”

Explanation: Instead of movmg up an %v& (f(}q :ﬁ\t}ﬂhk-&ér@d waves, where the particles

move back and forth alung rgy flow

Compressions and ra otion creates regions where panlcles are close
together. knuww smns.. and regions where particles are spread apart. known as
rarefactions (Fig. 12.9).

Example of sound waves:

A common and important example of a longitudinal wave is a sound wave, When a
sound is produced. such as when someone claps his hands, the air molecules near the
hands are first pushed together, forming a compression. Immediately after, they spread
apart into 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.

Terms and Parameters of Waves

0.6: Define following terms and parameters:
Crest, Trough, Compressions, Rarnl:qqpnt; Aphnlinﬁi“\hulanum
Frequency, Wave periua Wave Front, i\ & ey
Ans. Crest: ﬁ {‘1 L‘M
The crest :s .;I]Fﬂrdg&m»})f a transverse wave, above the mean position. It is the
upper part of aW
Trough: The tmugh is the region of a transverse wave. below the mean position. It is the
lower part of a wave.




Cﬂlﬂﬂllﬂ' A compression is a region m a IongituQAnaLmﬂ ﬁﬁﬁe\lﬁe particles of the

medium are close together, resulti g u;t_; m
Rarefaction: A rarefac b is a1 h\'gll; sfuamal wave where the particles are

spread apart, resulting quw ];H:Me-‘
Amplitude: mmm:? 8 \of 2 wave is the maximum displacement of a point on the wave
from its undistu (rest) position. It indicates the energy carried by the wave.

Wavelength (1): The wavelength is the distance between two correspondmg points on
adjacent waves.
Example: Crest to crest or trough to trough in transverse waves. or compression to
compression in longitudinal waves.
81 Unit: Its SI unit is metre (m).
Frequency (f): The frequency of a wave is the number of complete wave cycles that pass
a fixed point in one second.
81 Unit: It is measured in hertz (Hz), where: | Hz = | wave per second.
Wave Period (T): Time required to complete one wave to pass a fixed point is called
wave period. o~
Formula: It is the inverse of frequency. ie. T . &) rr-rf:ﬁujb
81 Unit: It is measured in seconds (s). ® ‘HL € A
Wave Front: A wave front is ar ragin \}rﬁce oY which all the points have same
phase of vibration (i.e., IPS: : ] "laccment and direction of motion).

It represe II gc of the wave as it travels through a medium.

Q.7: Express!the alhamam:al representation of wave speed (v)/ wave equation?
Ans. The wave speed is the rate at which the wave propagates through a medium.
Mathematical representation:

As, Distance travelled
S Eﬂd -
P Time taken

Let us consider a wave:
Distance travelled = A (wavelength)
Time taken = T(time period)

Then v =8A

Since S=landt=T

Substitute into the formula: e
P ;rfﬁ' III."'I".Il'tl!l

' VoS J e [II lhr*ﬁ(’" \E\‘.'I,'“;L\Lo,

Now, —-f{threnfls rcqucn \I“”ﬂ:}—‘ :

so, ¥ n H@ :rm: ;..&:.\.:s" 22)

where, N *‘ )

W U\ (NR 2= The wave speed (in meters per second)
f = The frequency (in Hertz)
A = The wavelength (in metres).
Equation (12.2) is known as wave equation. This is used to calculate wave speed.




0.8: Briefly explain the prnpartlas of xqam?,, gﬂ U
Ans. Properties of Waves: 0 x AL K

One of the masts fﬁkspl\'l&( “élspects af waves is how they behave when they
encounter ubstﬂp:!eﬂf‘er pass from one medium into another. These behaviours are
essential for understanding how energy travels through different materials.
Wave behaviors:

These behaviors includes.

e Reflection e  Refraction e Diffraction
1. Reflection of Waves:

Reflection occurs when waves strike a surfacc and bounce back into the same medium.

2. Refraction of Waves:
This is the change in direction of a wave as it passes from one medium into
another, typically caused by a change in its speed.
3. Diffraction of Waves:
This involves the spreading or hendmg oﬁv 5&&1{@;‘?&% @nﬂgﬁ"%n opening or
around the edge of an obstacle. \\ T )|
0.9: Describe the reflect mﬁ; \AQM ﬁppla tank experiment and explain
how the inci oqpq@}i wave fronts are observed?
Ans. Heileutum\ aves:
"Reflection is the bouncing back of waves into the same medium after striking the
surface of another medium."  (OR)
"Reflection is a fundamental property of waves that occurs when waves strike a

surface and bounce back into the same medium. This behavior is common to all types of
waves, including water, sound and light."

Experimental observation (The Ripple Tank):

Reflection can be clearly observed
using a ripple tank, which is a shallow glass
container filled with water often used in
classroom.

Setup: In a ripple tank setup, straight watcrl\ e
waves are generated by a vibra ng'”bar water 7]

moving across the tank. O\ K“,#
Process: When these 'n..ll.f:;l'«ff:i..faL ktn &‘.g *s;}a’lghl :
barrier placed up,gh)qr\\pyth Jﬂi:y reflect from Metre rule  Screen
the surface. NN Fig. 12.10: Ripple tank setup showing water waves

The Law of Reflection: The way waves bounce off a surface is not random; it follows a
specific mathematical rule.




Angle of incidence: The angle at which the incoming
waves approach the barrier. y
Angle of reflection: The angle at wju{:h thk;\ ﬁaﬁﬁs—
reflect away from the ha;ﬁe\n 0\ f;\;,a

The Law: These tﬁo\qngkq* are’ always cqual to one

another. = A/} N o W ks
Angle of mmdcnce Angle of reflection B oo
(.10: Explain the refraction of waves. Fig. 12.11: Reflection of water waves

Ans. Refraction of waves:
"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.”
(or) "Refraction occurs when waves pass from one medium into another and change
direction due to change in speed.” '
Process: As the water waves cross into this shallnw region. they slow down and bend.
demonstrating the refraction of waves. Although the speed and wavelength of the waves
change during this process, their frequency remams l. F'ﬁfﬁu nding occurs
because waves travel fastcr in dec erjva_g ﬂnﬂf haflow water. creating a
noticeable change in directi (r" DL ’
This change in w | :jr also
illustrated in Fig.1 l{aﬂ aw: fronts are
shown bendi y pass from deep water
into shallow water, with a shorter wavelength
in the shallow region. The bending clearly

shows how the direction and spacing of the 'h ety BN ey
waves are affected by the depth of the water. Fig, 12.12: Refraction of waves

Q.11: What is diffraction? Describe the factors that influence the amount of
diffraction and provide real-world examples to explain how this phenomenon
occurs in different media?

Ans. Diffraction:

"The spreading of waves when they pass through a slit or move around an obstacle
is called diffraction.” (or) @ 1 ‘m {

"Diffraction is the bending and sp{;:adjng of wa n\rnslisjh}y pass lhmugh a narrow
slit or move around an obstacle.” '\ 77\ ( ( B\ "u did,

This behaviour ca \b?\pgs‘!ry nherv”‘ﬂ in water waves when they encounter
openings ufdlfﬁerﬂr]tt s}ﬁeiH :

o Effect ofiGap Sise on wave pattern:
; The visual patter of the wave changes significantly based on how the gap size
compares to the wavelength.




e Gap wider than wavelength: e v

When the size of slit is wider than thE wavele &‘.ﬁéf %}éﬁ;%%hsﬂy straight
through with only slight bending at }h;_;;qmwgf'jgﬂia]; 134d) )
o Gap nearly equal to wavelgngth: © -

If the slit sizg. Iﬁvéﬂjly‘t satldl 1o the wavelength, the waves spread out more and
appear almost cﬁﬁ%é}nnd the gap (Fig. 12.13-b). ‘
e Gap smaller than wavelength:

When the size of slit is smaller than the wavelength. the waves show maximum
diffraction, forming strong circular patterns (Fig. 12.13-C).

This shows that the amount of diffraction increases when the size of slit is closer to |
or smaller than the wavelength of the waves. '
Example: A common example is how we can still near someonc speaking even when he
is behind a wall. This happens because sound waves, which have relatively long
wavelength diffract around corners and obstacles. allowing the sound to reach us even
without a direct line of sight.

Piman 2 o

—_————— @

(a) Size of slitis larger than the (b} Size of slit is the same as the {c) Size of slit is smaller than the
wavelength of the water waves wavelength of the water waves wavelength of the water waves
Fig. 12.13: Diffraction of water waves

| 125 Seismic and Tsunami Waves

0.12: Compare seismic waves and tsunami waves in detail, highiiunting their
sources, nature of motion, speed, energy transfer on the Earth's surface and

coastal regions.
Ams. Seismic and tsunami waves are natural waves produced by disturbances in the
Earth's crust and ocean. Understanding them is important for safety and rcadiness since
they have the potential to do a great deal of harm. 15\ :-?;@fﬁ: Oy
Seismic Waves: Seismic waves aie lh\c}s:\‘:(jhg;i]'}\mﬁﬂE ’ ugh/ (i Surth and are typically

. # L. 2N . . LAy

created by earthquakes, vullcgn\lg: :mpig@f@ q‘r‘eﬁ ons.

Seismometers detect lﬁésqﬁﬁ?g _J_i\r}i\wﬁ_ﬁid scientists in their investigations of the
Earth's insides. E;};'fb;f'_r-':' | o
s Pﬂmaw%é’(l’-wlm]:

These are the fastest seismic waves and the first to be detected during an
earthquake.




!xplanltlnn P-waves can travel thrnugh solids, Itq\z.’gs\ap;d(gﬁeqm They move by
compressing and expanding the ma,lcnaﬂ\m ghg dﬁtra’n as the wave travels,
similar to a slinky toy being puﬂ?gd,aﬁd(}: ldjjﬁ.‘t &.tﬂmprcssmnal movement where
alternating regions of [f%{fhhd{lpﬁ g@éﬁy répresent compressions and rarefactions.

(| |\ High density

Undisturbed medium

W |'“:_ \J

=

' [——
Low density
Fig. 12.14: P-wave showing longitudinal motion
Tsunami waves: Tsunamis are extremely large and powerful ocean waves caused by
sudden disturbances under the sea.

These disturbances may include underwater earthquakes, volcanic eruptions, or
landslides.
Explanation: When such events occur, they can cause a sudden shift in the ocean floor,
which pushes a huge volume of water upward. This disturbance cr eftes energy that
spreads across the ocean as long, E‘ast—muwng waves, as i@@ ¥2.15.
Characteristics of Tsunami Waves: ln@ ﬁaﬁ@! mi waves travel at very high
speeds, often reachmg to ﬁﬁ%ﬁ!\wﬁﬁp * However, in deep water, these

‘waves are often just a henght and go unnoticed by ships or people.
Coastal area { rﬂ; waves approach shallow coastal areas, their behaviour
changes dh@m}y due to their interaction with the sea floor.

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

2. Wavelength shortens:
The distance between wave cresis becomes smaller.
3. Frequency increases:

More waves arrive at the shore in a shorter period of time.
4. Amplitude increases:

As the energy gets compressed into a smaller spacc, the wave height increases
significantly.

5. Towering waves:

This transformation can res
mel:rrs (100 feet) or mo!,f,\c.ausm ,
loss of life. W \ \L WS

‘6. Flanl-lilq

A traéic real-life examp!e is the 2004 Indian Ocean tsunami, caused by a massive
undersea earthquake near Sumatra. The earthquake displaced a huge section of the ocean
floor, triggering tsunami waves that travelled across thousands of kilometres. These

'.'- II'

,—“\J' = ll'l l {x‘u:JI"r‘" 1
ve s,.\ﬂngef mes reaching heights of 30
ing, destruction of buildings, and




waves struck the coastlines of countries such as lndongsra, Sei- bﬁ’pp India, and
Thailand, reaching heights of over l5 meters {ﬂrsom areg}; a?:i&’causmg massive

devastation and loss of more than 234, Dﬂ'ﬂul{fps A\ ‘fﬂ

ol
DO YOU KNOW ? ¥ b QH G "Cf e\

Radiowaves are :Iﬁcﬁq]‘lﬁdhd@ﬁaws that travel at the speed of 3,00.000 kilometre per second
through air, A\ e

Out at sea, a tsunami is only about 1 m high, and could pass a boat
without being noticed, as it approaches the shore. Its sudderr deceleration

from about 250ms-! to 15ms-! creates the enormous waves.

I.  When we shake a stretched slinky spring side-to-side and then push it back and forth. What
two types of waves did we just create?

Ans. Transverse and longitudinal waves.

2. Two waves travel at the same speed, but one has a higher frequency. Which has the shorter
wavelength? =

Ans. The wae with the higher frequency has the shorter wavelength.

3.  If waves do not carry matter, how does a tsunami destroy hlilllings wh;q:.l;mlts the shore?

Ans. A tsunami destroys buildings by transferring the immense pq'tj ﬁEJﬁLﬂ*I& shore, exerting

Ewerﬁxl forces that can overcome the mw of buli 0

TI[“]ItS ,"}f'., __,?_“L\Lll'ki a0 CAATLA (B

1. Why do waves mmre ﬂ'ﬂdm‘tdnfpllu to another without dragging particles with

them? r N \JJ'\ £

Ans. ‘Wavcs En&ﬁy acrdss oceans, air, and even empty space without dragging particles along
with them.

2. Describe infrared radiation and explain why it is committed by warm objects?

Ans. Infra means below, infrared waves have a lower frequency than red waves. Warm objects radiate
light in the infrared region of the spectrum.

3 What does frequency tells us, and why is an FM radio station called 88.0 MHz?

Ans. Frequency tells us how many waves pass a point in the second. That is why FM radio station is
called "88.0 MHz". It is sending 88 million waves cycles per second.

4.  Explain the time period with an example?

Ans. The time period tells how long one complete wave takes to pass a point like the rhythm heartbeat
of the wave.

5.  Explain why tsunamis are not caused by tides and describe their real causes?

Ans. Though often called tidal waves, tsunamis are not caused by tides they are the result of undersea

earthquakes, landslides. or volcanic mptions G f“ai W\
iAW o 1S i
[BH] A wave takes 5 m:od&& f? la?qqlpﬁl‘e* 10 cycleu. If the wavelength of the wave is
1.2 metru #@: Bl
(a) fre nci of the wave (b) speed of the wave
Solution:

Given that; Number of cycles =10




Time ¢ =3 seconds L F’"‘ 10

Wavelength A =1.2m A 1 ﬁ -' “ Von2™=
To find: (a) Frequﬂﬂcﬁr l’J \( l ¥ " - U
(b} Sp¢ed ﬂt‘waw- v=7
We know thate | ||\ \\VE=-Number of cycles / Time
NNAVNAS f=10/5=2 Hz
As v=fx)

Substituting the values v=2~ 1.2=2.4ms!

/ Multiple Choice Questions prepared in  the light of new + Exomination Teahmques
(Knowledge, Understanding, Application, Analytical & Conceptual)

T —

I. Wavesis transferred from one 4‘1"“’1*‘% Fﬂ‘ither I; 7 ‘.

(a) Matter _Ab) Ema:rgyI \\(Q \\ e )\ Particles (d) Medium
2. When awave traw.v..fbfbpaljamm‘um. the particles of the medium:
(a) Travel h \fhe \}&ﬁ“w:‘tu the destination (h) Move in a straight line for ever
(c) ﬂhrﬁt‘il vscillate around their original positions
(d) Remain completely motionless
3.  In the example of a twig in water ripples, the twig mostly stays in place while
the ripples move outward. This demonstrates:
(a) Energy transfer without maiter transfer
(b) Mater transfer without any energy transfer
(c) Both energy and mater transfer (d) No transfer of matter and energy
4. When a guitar string is plucked, the sound waves reach our ears because:
(a) Air particles travel from the string to our ears
(b) The string itself travels to our ears.
(c) Air particles vibrate in place to pass the energy forward
(d) Gravity pulls the sound toward us. P TR

5. Waves that r«:qum:L u matenal mtfq:_l'iq fike air, water, or a solid) to travel are

called: A 0\ \\ L
(a) Elccsrqmpgﬂét:e waves (b) Mechanical waves
(c) Satind waves (d) light waves

6. Which of the following is Not an example of a mechanical wave?

(a) Sound waves (b) Water waves  (c) Radio waves (d) Seismic waves




10,

1.

12.

13.

4.

IS,

16.

17.

18.

R

20.

Electromagnetic waves are unique because they travel tnrnu; [
(a) only solids {b} only- hqﬁdﬁﬂ HE J
(c) a vacuum (empty space) .% ﬁ:{} gdw ai |

A
All electrnmagnetimv}p %ai? H at éhe{imc speed in a vacuum, which is
approximately: A\ th = ‘
@ 340 U b) 3.000kms  (¢) 300.000 ks (d) 1,000.000ms
Which pﬁrl of the electromagnetic spectrum has a lower frequency than red
light? »
(a) ultraviolet (b) X-rays (¢) - infrared (d) gamma rays
In & transverse wave, the particles of the medium vibrate:
(a) parallel to the direction of the wave
(b) at right angles to the direction of the wave.
(c) inthe oppusue direction of the wave (d) They do not vibrate at all

12.3 Terms and Parameters of Waves

The highest point of transverse waves is called:

(a) Troughs (b) Compressions (c¢) Crests {d} Earefacnnns
In a longitudinal wave, the particles nf the med er@ ol Qg

(a) Back and forth along the gat 1@3@( ?@fp oﬁﬂl‘

(b) Up and down

(c) In circles E EE ET (d} Only toward the source

A regml}\”p\ | Jos I wava where the particles are spread apart is called
a: - \N

(a) Compression (b) Crest (c¢) Rarefaction (d) Trough
Sound waves are cxample of:

(a) Transverse waves (b) Electromagnetic waves

(c) Longitudinal waves (d) Stationary waves

The maximum displacement of a point on a wave from its rest position is the:
(a) Wavelength (b) Frequcncy (c) Amplitude (d) Time period
The distance between two corresponding points on adjacent waves (e.g, crest
to crest) is the:

(a) Amplitude (b) Wavelength (¢) Velocity (d) Displacement
What is the SI unit for wave length?

(a) Hertz (Hz) (b) SEC{mdﬁ{Sl

(¢) Metre (m) (d) Meg\{ c@iﬂh‘;fﬂ

The number of complﬂe wave ¢y ﬂp{@.ﬁ x’cﬂment in one second is
the: ,( F* w

(a) Time perlod ﬁhi #q.\g d (c} Frequency (d) Amplitude
FrequeL\ \i'
(a) se s{s] (b) Hertz (Hz) (¢) metres (m) (d) watt (W)

The time taken for one complete wave cycle to pass a point is the:
(a) Frequency (b) Wave period (T) (c) Wavelength (d) Speed




21.

22.

23.

23.

26.

27.

28.

29.

30.

31.

32.

33.

34.

What is the mathematical relationship between

(’P]@ﬁﬂaia’requency (n?

(a) T=f (b) T=1/f -~ _,".f“{?] TR (G977 (d) T=wxt.

An imaginary surfage on_ “t""fh‘ﬂ‘ Mhﬂve%‘he same phase of vibration is
a: \\ﬂl‘n PO

(a) Rarefﬂcl H‘ib} 1) rnugh (c) Wavefront (d) Crest

Whlch la represents the wave equation?

(a)v—ﬁff (b)) v=1x2 © v="% (d) v="F+1

124 Properties of Waves

The bouncing back of waves into the same medium after striking a surface is:
(a) Refraction ~ (b) Reflection (¢) Diffraction (d) Absorption
According to the law of reflection:

(a) Angle of incidence > Angle of Reflection

(b) Angle of incidence < Angle of Reflections

(c) Angle of incidence = Angle of reflection (d) The angle are always 90°,
Refraction occurs because waves change their wh&u mu g from one to
another. -".;_,_ ~¢ © h

(a) Frequency (b) Spced a A df (d) Color
When water wave mpves j'[ allow water, they:
(a) Speed up (b) Slow down and bend

‘H L l.
(c) Stay th Q;-M\ \ (d) Disappear
Duri ﬁm:l, which property of the wave remains the same?
(a) Speed (b) wave length (¢) Frequency (d) Direction
The bending and spreading of waves as they pass through a narrow gap or
around an obstacle is:
(a) Reflection (b) Refraction (c) Diffraction (d) Transmission
To observe maximum diffraction, the size of the gap should be:
(a) A much larger than the wavelength (b) Nearly equal to the wavelength
(¢c) Much smaller than the amplitude  (d) Made of metal
We can hear some one speaking from behind a wall even if we can't see them
because of: :
(a) Reflection (b) Refraction
(¢) Diffraction of sound waves (d) Speed of light — -{?-{f )
12.5 Seismic and Tsunami Waves @

Seismic waves are p]:uduc d b e -
(a) Wind J{'w rth | {c) Tldf:s (d) Sound speakers
The instrume 1; pse ﬁét ect seismic waves is called :

(a) Smﬁgfﬁ? Yer (b) Seismometer  (c) Barometer (d) Thermometer
Which seismic waves are the fastest and detected first?

(a) S-waves (b) Surface waves

(c) Primary waves (P-waves) (d) Tsunami waves




35. P-wave travel through : e
(a) only solids (b) only liquids<— (0 R
(c) only gases a O ){H}xgﬁhdﬁt :qyjés;andgﬁs:s
36. What is the primary cagseofa 1&9@;41?;"-.,"&"~¢”¢' e
(a) Strong 5urfac¢_‘w'mi§ﬂ| WO B
(b) underwareri( st ahves like earthquakes as lands slides
(¢) The gravitational pull of the moon (d) Changes in ocean temperature
37. How does the speed of a tsunami wave change as it approaches shallow coastal

areas?
(a) The speed increases significantly  (b) The speed remains constant
(c) The speed decreases (d) The wave stops completely
38. In the deep ocean why are tsunami often unnoticed by ships?
(a) Because they travel very slowly (b) Because they only occur at night

(c) Because their wave height (amplitude) is only a few centimeters
(d) Because they travel decp underwater and don't reach the surface

[Answers]

1. (b) 2. ' .(6) 3.  (a) 4, (c) 5 () 6. (¢ \Fﬁ;{i‘ (c)
8. (c) 9 DA

.05} 10. (b) 11. (¢) e\ 12.. J"'\?iﬁ’v. ..,@@-*f‘- V14, (c)
15. & 16. (b) 17. (¢) xsﬂﬁ);uﬂigl}’ib \ jiﬁ b) 21. (b)

2. () 23. ® 2®(bRT) AB2lee - 27. ( 28 ©

2. (© @ 30. () ~@L\IL Sy 3. () 34 () 35 @
3. (6) 3RV 38 ©

// Additional Short Questions

Short Answer Questions prepared in the light /
/ (Knowliedge, Understanding, Application, Analytical & Conceptual)

Waves and Nature of Waves

1. Whatisa wave?

Ans. A wave is a mechanism that transfer energy from one place to another through the
vibrations of particles in a medium, without the transfer of matter itself.

2. How do particles move as a wave passes through a medium?

Ans. Particles do not move along with the wave. They simply négi_l}g@;:ﬁqi_hrale] around
their original fined positions. ot araWN @ o2 S

3. Provide two everyday ﬂamp}t}ﬁfﬁﬁﬁﬁ_;{@ﬁgﬁﬂlthriii:gh waves?

; : ~ il A\ W
Ans. Ripples in water ‘:aﬂ?%d'-.??‘ﬁi‘w‘ﬁt. N

e Sound way:g;\fg%'jqj{ﬂuh}éed riitar string travelling through the air.
NNASERSER R P> Types of Waves

4.  What are mechanical waves?
Ans. "Mechanical waves arc the waves that require a material medium (like air, water or

—— - m—

= .:--_..| II'x:-__'_. \ L|'|\




a solid) to travel they cannot pass through a vacuum, - ( ﬁﬁ"ﬁ*, -.

5. What are electromagnetic ﬂ?wﬁ? 0 ‘{\ 11:’{“ \1 (o=

Ans. "There are waves that do_riot reQuire \a \miterial /medium and can travel through
empty space ( vacﬁjiﬁﬁﬁﬁjbﬁx&gégﬂ; flight."

6. Name four F}p{ﬁ_ﬂﬁﬁjﬂ H&jtrnmagnetic waves.

Ans. ® Radif \#@UEE “" & Micro waves ® Visible light @ X-rays

7. What'is the speed of electromagnetic waves in a vacuum?

Ans. The speed of electromagnetic waves in a vacuum is approximately 3x10% ms-!
(300.000 km per second).

8. Define a transverse waves.

Ans. "A transverse wave is one where the particles of the medium vibrate at right angles
(perpendicular) to the direction of the waves travel."

9.  Define a longitudinal wave,

Ans. "A longitudinal wave is one where the particles of the medium vibrate parallel to

the direction in which the wave travels."

Terms and Parameters of Waves R
— h?;jll'l. I\i":f}_";un
) \¢

10. What is a crest and a trough? N e e
E&’}pﬁ( ove the mean position, and a

Ans. In a transverse wave, a crestis

trough is the lowestpain 3 “position.
\ \ =
Il. What are compressions h’féﬁfﬂfﬁﬂﬂ!?
ave, compressions are regions where particles are close together

Ans. In a IW" I\um
(high pressure), and rarefactions are regions where particles are spread apart (low
pressure).

12. Define Amplitude?

Ans. “Amplitude is the maximum displacement of a point on the wave from its
undisturbed (rest) position."

13. Define wavelength?

Ans. "Wavelength is the distance between two corresponding points on adjaceént waves.
such as from crest to crest on compression to compression.”
®  [ts SI unit is the meter (m)
e ltisrepresented by L.

14. What is frequency? ¥ A0

Ans. "Frequency is the number of complete wave cxc{s{.l'ﬁqg'ﬁﬂ@fﬂ'-'ﬁfed point in one
second.” O i,_ﬁﬁ T\TH N A
®  ItsSlunit is Hertz (Hz)-\ /7 \(&) \\\1eis représented by f.

15. What is the relaﬁphh ﬁﬁfﬁ&‘n-‘ﬂhﬁ period (T) and frequency (f)?

Ans. The relationship! be time period (T) and frequency (f) is that they are
invcrse'{iaj&ri&ﬁ‘mnal.

T=

_HI'_'




16.
Ans.

17.
Ans.

18.
Ans,

19.
Ans.

20.

Ans.
3
Ans.
22,

Ans.

23.
Ans.

24.
Ans.

25.

Ans.

26.
Ans,

State the wave equation? ®) T

(
The wave speed (v) is equal to the frﬁuzj&ﬁw\wj@% wavelength (L).

|\ VAItO

Properties of Waves

What is m Shior of waves?

Reflection occurs when waves strike a surface and bounce back into the same
medium.

State the law of Reflection?

The angle of incidence is always equal to the angle of reflection.

Angle of incidence = Angle of reflection r

Define refraction?

Refraction is the change in direction and speed of waves as they pass from one
medium into another. ~

What happens to the speed and wavelength of water wave when it enters
shallow water? poit I &{n}

The wave slows down and its wavc]:nﬂgth beco (” 5 [E;C
Does the frequency of a RV c'ﬁ; Ii&}a&lun"
No, the frequency re ugh the speed and wavelength change.
What is dlﬂ'raq J] \ jL 3

"D:fﬁ-acli{ip\j‘s nding and spreading of waves as they pass through a narrow
gap or pass around an obstacle.

Under what condition is diffraction most prominent?

Diffraction is maximum when the size of the gap is smaller than the wavelength of
the wave. If the gap is much longer. the wave passes mostly straight through.

12.5 Seismic and Tsunami Waves

What are P-waves and how do they move?

Primary waves (P-waves) are the fastest seismic waves. They are longitudinal
waves that move by compressing and expanding material in the same direction as
the wave travels. &

What causes a tsunami? A [T ’i'.n @ :'_73}1‘ i

Tsunamis are triggered by sud:een undﬂ: \ﬂrb .“such as earthquakes.
volcanic eruptions, of- k\and 5I1d¢5.=’( h{%‘;hﬁ ¢ ocean ﬂmr and push a huge
volume of water upw,ai'd\\ \ﬁ “5 5” A .

How doq{ cfwm ‘eh’nnge as it reaches shallow water?

Its spced reases and wavelength shortens, but its amplitude (height) increases
significantly sometimes to 30 meters or more as energy is compressed into a
smaller space.




w ka;{;\ ¢ correct 4
12.1 The direction of vibration in a longitudinal wave is:
(a) at right angles to the wave direction
(b) in circular motion
(c) opposite to the wave direction
(d) in the same direction as the wave travels
12.2 Which part of a transverse wave carry the lowest point?

(a) Crest (b) Compression  (c¢) Rarefaction (d) Trough
12.3 Which of the following wave type requires a medium to travel?

(a) X-rays (b) Light waves (¢) Radiowaves (d) Sound waves
12.4 The property of a wave which indicates how much energy it carries is:

(a) crest (b) amplitude (¢) wav e]cngth (d(}fﬁpeed
12.5 A wave front is: frm, ﬁ D) Y fu

(a) the distance between twq,pres}s ‘jgiv FE%-(?I( hagh pressure in a wave
(¢) a line joining Egmts lbﬂ }:

(d) the outer edge M’ e

12.6 The wpm\ﬁ}m tm which occurs when waves change direction due to a
chan
(a) diffraction (b) reflection (c) absorption (d) refraction

12.7 What happens to 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
12.8 Which wave behaviour explains how sound is heard around a corner?
(a) Reflection (b) Refraction (c) Interference (d) Diffraction

12.1 (d) 12.2 (d) 12.3 (d) 124(b) 125 {P_}‘f.."l k}.ﬁﬁdﬁ\ﬂ 12.7 (b)
118('(1) i 1'“;1-.[-.:'1'['& “:'I'_—; O~

illlllili"l!lﬂt. ,|I' -|.' |I-=r G 1I|:II_‘ ‘ILJL_'II.I':_:I T i'l
I B. Short Answer Queastions AN

12.1 What do w%mj transf
Ans. Wa\rezs{ renergy from one place to another without transferring matter.
122 Name any two examples of mechanical waves.

Ans. Examples of mechanical waves are:
1. Sound waves 2. Water waves




12.3 Which type of wave can travel through vncugm?

Ans. Electromagnetic waves (e.g, light waves, X- ga}rs): ¢ g

12.4 'What is the difference between trans d)le inal waves?

Ans. In transverse waves, th% hgnf"‘th&*ﬁi ium oscillate perpendicular to the
W

direction of wave while in longitudinal waves; the particles oscillate
parallel to t ave propagation.

12.5 What is meant hy wavelength“

Ans. Wavelength is the distance between two consecutive corresponding points of the
same phase on a wave, such as two adjacent crests or troughs.

12.6 Write the definition of frequency.

Ans. Frequency is the number of complete wave cycles that pass a given point per
second.

12.7 What causes a tsunami in the ocean?

Ans. Tsunamis are caused by large underwater distrubances such as earthquakes,
volcanic eruptions or Ian:l'slides

| C. Constructed Resuestmn!
12.1 Why sound cannot travel thrﬂugh spa W@m@uﬂng the

concept of wave types.

Ans. Sound waves are mecha_lji a meJ ium to travel, while light
waves are electroma can travel through a vacuum.

12.2 A student SWF ﬁ nf a rope and observes waves move along it. What
kind of wave is this, and how do the particles move?

Ans. This is a transverse wave. and the particles move perpendicular to the direction of
wave propagation.

12.3 How does the amplitude of a wave relate to the energy it carries? Give an
example to support your answer.

Ans. The amplitude of a wave is directly proportional to the square of the energy it

carries. A larger amplitude means more energy. For éxample, a loud sound wave
has a larger amplitude and carries more energy than a quiet sound wave.

12.4 Why do we still hear a person talking even if he is behind a wall? Explain
using the concept of diffraction.

Ans. We still hear a person talking behind a wall due to diffraction, which is the bending

of sound waves as they pass around the edges of the wall, allowing the sound to

spread and reach our ears. . () ‘Iﬁ .C\

12.5 If size of slit, a wave passes thrungh ller thﬂh‘—fh: waveltngth
what will happen to the wave nftq pmﬁf IM slit? Explain briefly.

Ans. When a wave passes@; it Whose size is much smaller than the
wavelength, the - Wave w :‘1\5@\: \t}m in all directions after passing through the slit.
This phen W'kRown as diffraction. The smaller the slit relative.to the
wavelength, “thie more the wave will spread out. In the extreme case where the slit is
much smaller than the wavelength. the wave essentially behaves like a point source
radiating outwards spherically.




y -

I D.Comprehensive Ouestnuni

......

12.1 Explain how HIEFI trf;ﬁﬂfﬁ‘r; gqt}h}’jhﬁwt trnn:ftrring matter. Give

examples from da
Ans, For Answer
12.2 Describe the

suitable examples.
Ans. For Answer See Q.4

nfpf“v b

ll'l'ereuu between mechanical and electromagnetic waves with

12.3 What are transverse and longitudinal waves? Explain each with the help of

diagrams and examples.
Ans. For Answer See Q.5

12.4 Discuss the properties of waves; such as reflection, refraction, and dlﬂl“ll:'ﬂﬂll
Support your answer with examples,

Ans. For Answer See Q.8

12.5 What is diffiraction? How do wavelength and slit size affect the diffraction of

waves?
Ans. For Answer See Q.11

| E. Numerical Problems ‘

—~\ fﬁ'n

12.1 The wnulengt[r &t%ﬁw}ii‘eﬁli ¥

metres and ity ncy is § Hz
What i the speed of the wave?

Given:
Wavelength (1) = 2m
Frequency(f) =5Hz
Required:
Speed (v) =7
Formula:
v="FfA.
Solution:
v="FfA.
By putting the above values
v =(5Hz) (2m)
v =10 ms-!
Result: i3
The speed of the weve is | r\{&,

122 A wave trnve?gul:g\)q

300ms™! ength of
3me@gs, tllfcﬁ.late its frequency.

Given:
Speed (v)

f:, Fil'\

u;i

'| '|

=300 ms™!
=3m

A \,_j
(O

i)

df 4

-y "’I(d_“'- |F“ 'l]m
A7\ ’H N ~__'_:J,Jl L

WL Y

5 .\_/'

Required:
Frequency () ="?
Formula:

f
Solution:

il

> =

f=

By putting the above values
300ms '
F e aim
f= 100 Hz.
Result:
The fmqucne); pﬂﬂw wave is 100 Hz
A ‘80 ili wave has a frequency of
_1 h“.’!‘ﬂ z and a speed of 340 ms™'.
Find its wavelength.
Given:

e

Frequency (f)= 250 Hz
Speed (v)= 340 ms-!
Required: :

wavelength (A)

Wavelength (L) =7




Formula: Formula:
v v=fA.

By puttmg the above values RN =
A= Mo “ R\/‘/\r ﬁg utting the above values

o l:";?”z v = (200Hz) (0.5m)
= m\r J\ J\r A 3
Result: v =100 ms!
The wavelength of the sound wave is Result:
1.36. m. - The speed of the wave is 100 ms-!
12.4 A wave has a frequency of 50 Hz. | 12.6 The time period of a wave is 0.02
How much time does it take to seconds. Calculate the frequency of
complete one wave? the wave?
Given: | Given:
Frequency (f) = 50Hz. Time Period (T) = 0.02s
Required: Required:
Time period (T) =7 Frequency (f) = ?
Formula:
I Fﬂl’ll'lllll. ‘. tL @;:&m
f
s U’ / ﬁy‘? -
S | \ i\\ WL Hlzi.salmi-:un
-7 R ==
By putting the above values i
e = 505
S0Hz | f=50 Hz.
T=0.02s Result:
i The frequency of the wave is 50 Hz.
It takes 0.02 sec to complete. its one .
wave.

12.§ A wave has a wavelength of 0.5 m
and frequency of 200 Hz. Calculate
the speed of the wave.

Given:

Wavelength (A) = 0.5 A\ 7 ’(\ il
gy e b Q\E&( Y\S\@ au
Required: 0 'WRJ RS

Speed (\,}N

Ak




