CHAPTER

Aﬂer”studymg this chapter, students will be able to:

describe the production of sound.

describe the longitudinal nature of sound waves.

state the approximate range of frequencies audible to humans as 20 Hz to 20,000
Hz.

justify why sound waves cannot travel in vacuum (including experiments to
demonstrate this).

describe how changes in amplitude and frequency affect the loudness and pitch of
sound waves.

describe how different sound sources produce sound waves with different quality
(including making reference to the shape of the traces on an nsql @E\}

describe an echo as the reflection of soimd \ (\E ;E \ (&=

justify simple cxpenrncnts to s\bovﬁlzf@éﬁ \I!Qpiént%sgund waves.

illustrate a method )i ing ju:emr—:nl “of distance and time for determining
the speed o %\\ﬁn

sta{cﬁlj&fi ﬂ? ‘of sound in air is approximately 330-350 m s-1.

describe that, in general, sound travels faster in solids than in liquids and faster in
liquids than in gases.

define ultrasound as sound with a frequency higherthan 20 kHz.

illustrate and analyze the uses of ultrasound (in cleaning,

parental and other medical scanning, and in sonar, including calculation of depth or
distance from time and wave speed).

illustrate the use of infrasound (e.g., by elephants in communication and in the
study of seismic activity).

analyze the effects of noise pollution en the environment,

justify the importance of acoustic protection.

describe how knowledge of the properties of sound waves is appiled in the design

o

of buildings with respect to acoustics. ~ 1G)\ @O)\LY

I'u'\\'m-._,-'

explain the use of soft materialsfo_ ,r:eq;w,q @phm ”'.SQ'{IPHEIQ {such as in classroom

studies and nlhcr,p lic g&hkhﬂﬁl{l@@i};
explain, with exawqus \haw -can reflect, refract, and diffract.
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;7 Subjective Type Questions

/ Long Questions prepared in the light of new Examination Techniques
/ (Knowledge, Understanding, Application, Analytical & Conceptual)
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Q.1: How is sound produced and how does it propagate?

Ans. The Mechanism of sound waves:

Sound waves are simple to generate. When we speak, our vocal cords vibrate,
producing sound waves. Any object that vibrates in the air causes nearby air layers to
vibrate as well, which in turn affects adjacent layers. This continuous vibration pushes
and pulls the air, creating waves of compression and rarefaction. When these waves reach
our ears, they cause our eardrums to vibrate, allowing us to receive sound. As these
vibrations, move through the air, they from sound waves.

Nature of Sound Waves: These waves are longitudinal, meaning air particles oscillate
back and forth in the same direction as the waves energy transfer. d 24t §
Xl (4G e air is

Speed of sound waves: The speed @t which sound 3@53@

approximately 330-550 ms~1. In thisghagyr,,#qrwm‘\ekp'mﬁ‘éi &-fascinating world of
sound, how it moves, rg[@c?tf}!;qusfé\n&{h@ﬁkwia understand both nature and
techrology. i\ ARN j,‘xi-b il

MR  Production and Propagation of Sound

QAN
0.2: How iéq’gund produced, and what specific materials or instruments can be
used to demonstrate this process? |
Ans. Production of Sound:
Sound is produced by vibrating objects. e
When an object vibrates, it causes the g‘;}t’#
particles in the surrounding medium (like air)

to vibrate as well, creating a sensation of . 'éffﬁf%“%&@

sound when those vibrations reach our ears, e s
pELE a
Examples of sound production: 4 rsitae seing vbratas. S0 wivey rom e tha ssund weves

the string in waves.  enter 3 parson’s ean.

Several materials and biological organs | Fig, 13.1: Vibrations of guitar strings produce sound
can produce sound through vibrations. waves

Tuning fork and rubber hammer: In a laboratory setting, striking fafmctql___}t}u#mg'fqu with
a rubber hammer causes the fork's prongs to vibrate, pnﬁ'odyc{ngi\rbp:@raawd:ﬂ)c }dhe.
Guitar Strings: When a guitar string I_i__g_'?i:tlru/é\lé%dl.ii'\lﬂkr"(l‘q\}'i;,sf back and forth rapidly
(vibrates), transferring energy | o

I‘ A\ F \ | 1% L1
%,m’:ﬂ]?\.aﬂﬁ_m\x\ 'I.:I'x_:- 2 =
Vocal cords: In human_%[ﬁ_lhﬁ\‘v{Ihr'iili?hs\e’fv’d’cal cords in the throat allow us to speak and
Al JT"T:'.I,[\.“ WNIo= 3
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sing.
Internal organs: The heart and lungs al?q c
stethoscope to amplify these specific it

2\ O
mﬁwe doctors use a

Note: Sound cannot it requires a medium (solid, liquid. or
gas) to carry the vibrat particles to vibrate, there is no sound. :

0.3: ﬂ;ﬂ%ﬂ n activity, how can we produce a sound in school laboratory?

Ans. A * In school laboratories. tuning fork is used to Riibber A
produce a specific sound. When a rubber hammer is struck /
with the tuning fork, it begins to vibrate. By bringing it close \
to our ear. we can hear the sound produced by these | ||
vibrations.

We can also observe the vibrations of a tuning fork by S
bringing one of its prongs in contact with a small table table i
tennis ball hanging from a thread. When the vibrating prong Fig, 13.2: Strike a rubber
touches the ball, the ball moves, showing the presence of hammer on a tuning fork

vibrations. Similarly, if we place the vibrating tuning fork into a olass of water, we will
notice water splashing. But what causes this splash? This simple activity demonstrates
that vibrations are responsible for producing sound.

0.4: Describe how sound propagates through a medium as a wave? o
Ans. Propagation of sound: Sound needs a cdiumﬁgi\ﬁ%?‘ﬁ@@ lid to travel
E \ e

from one place to another. @) % y
o Qgﬁl eating a continuous cycle of

Sound is a mechanical wa
pressure changes in a . ugh the following process.

The Mechani .
Comp ‘When a vibrating object (like a tuning fork prong) moves forward, it
pushes air molecules together, creating a region of high pressure.

Rarefaction: When the object moves back, it creates a region where air molecules spread
apart, known as low pressure. ;

Longitudinal wave: Sound is a longitudinal wave because the particies of the medium
move in the same direction as the waves energy transfer.

Wavelength: This is defined as the distance between two successive compressions or two
successive rarefactions.

Olowf—7 .". L& {\\L”l e
Fig. 13.4: waves showing compression and rarefaction in sound propagations
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Q.5: Explain the propagation of sound with the heip oi an a
Ans. Activity: Unlike light waves, which are nk_xl
electromagnetic and can trav:l thmu@mu’“ m@ ,3 P

waves need a material m

be demonstrated using a b \ﬁ.ng ;\35) The

bell jar is pla q \H‘iul af.uum pump, with
an electnc spcndcd inside using two wires

connected to a pow:r supply. When the power supply [ To vacuum pump
is tuned ON, the electric bell rings, and we can hear Fig. 13.5: Bell jar apparatus page 50
the sound. Next, air is pumped out of the jar using the vacuum pump. As the air is
removed, the sound of the bell becomes weaker and eventually fades, even though the
bell continues ringing. When air is reintroduced into the jar, the sound becomes audible
again. This demonstrates that sound waves require a medium, such as air, to propagate.

0.6: Why is sound classified as a longitudinal wave, and what materials can be
used to demonstrate this specific type of motion?

Ans. Longitudinal nature of sound waves:
Sound is classified as a longitudinal wave because the particles of the medium
move back and forth in the same direction that the wave tmw:ls

o Siinky (Spring): 02 AR )

By pushing and pullifg| qne end _g{@{ c.an nhsarv: parts where the coils
come close together (¢ i parts where they spread apart (rarefaction).
e Sou LA e Wavelength ———

Ve v . e |
compressions (where air particles are
closer) and rarefactions (where particles | T T T
are far apart). The distance between two | Compression Compression

compressions or two rarefactions s called | pg 134: Propagation of longtudinal sound waves ina
the wavelength.
Conclusion: So, just like the slinky, sound moves by making compressions and
rarefactions, showing that it is a longitudinal wave.

13.2
0.7: Define the speed of sound and explain how it is calculated? Discuss the factors
that atfect the speed of sound in different mediums :m:h as sulld Iyﬂds, and

gases? o \ ~~_.\3x5
Ans. Speed of Sound: o A\ TN /¢
"The speed of a so ﬂ@d byd sa\und.wavc per unit time".
Sound waves requ: a\ fmﬁd‘u(h | 'vibrating particles to travel and cannot

\IJ x]'l \H‘LJ_.



propagate through vacuum. \\i\ﬁﬂ.

State of matter: Sound travels fastest m sokqs ( u;ﬁ\‘f]'kfs %lan in gases) and

faster in liquids (about 5 times ﬁs %,g ausc pamcles in solids and
0]'15

liquids are packed clo
Tamparntura f\\ gd‘n\aﬁsuund m
increases. i N&ﬁwtemperaturcs For Gideh
example. st room temperature (21 °C) , Air(0 °C) 3130
sound travels at 343 ms-! in air, increasing Air (25 °C) 346
with higher temperature. Air (100 °C) 391
Humidity: The presence of moisture in the Hydrogen (0 °C) 1290
air also affects how quickly sound waves Oxygen (0 °C) 317
SHLINUpREDY, Helium (0 °C) 972
Mathematical calculation: The material of Liquids at 25 °C
the medium plays a key role in determining Distilled water 1498
sound speed. The speed of sound can be See water 1531
calculated using the folloing equation: Solids at 25 °C
v=fA wood 200
Where: Aluminium m
e v=speed of sound Bta,gsi\ﬂf:; \ _}@}@
e f=frequency of snund \SN. '?1% \Ul' S 6040
e )=wavele f\ ﬁ 5950
The speed of so SIFEI i
Flint Glass 3980

is shown IWW\J] n\f

Characteristics of Sound
Q.8: What are the three primary characteristics of sound that allow us to distinguish
between differeni sound?

Ans. Characteristics of sound:
Sound from different objects can be identified based on their distinct characteristics.

133

° Loudness ® Pitch s
1. Loudness:
Loudness is the characteristics of sound that allows us to differentiate between a

faint (soft) sound and a loud sound.

Quality of sound

2. Pitch:
Pitch is the characteristic of sound by which we can distinguish between a shrill
(sharp) and a grave (deep) sound. = rfﬁ@

-.|"‘

3. Quality of sound: b
Quality of sound is the: chﬂ% S
sounds of the same |

violin playmg the SalI]'IEE— i\ ﬁ\'

ic. tha E Hq\% }.lsf to EJ:stmgUtsh between two
ﬁi:fferenl sources €.g. a piano and a




0.9: naimn loudness and explain three plmiul m:tnrs of ‘W%@@W also
examples. { =

Ans. Loudness: "Loudness l; ?~p (ggu;z\tif” &Wﬂhﬁrhﬁ o differentiate between

loud and faint sounds".
Examples: For e W e‘akmg with friends, our voice is soft, but while
addressing a erice, we speak louder.
Factors: The loudness of a sound depends on several factors, which influence how we
perceive its intensity. Some of these factors are discussed below:

e Amplitude of the vibrating body e  Area of the vibrating body

e Distance from the vibrating source

(a] Amplitude of the vibrating body: Loud

The loudness of sound depends on the /\ /\ Large
amplitude (the maximum displacement of a \/ \/ “amplitude
vibrating particle from its mean -position) of the
vibrating object. N N N sl
Example: \"/Quivr.‘;\“"’,r amplitude
e If we pluck the strings of a guitar with more | Fig. 13.7 Variation of loudness with amplitude

force, the vibrations will have greater amplitude, producing a L louder spumw
e .Striking a drum harder causes its membran o vib J‘tﬁgﬁ ing in a

louder noise.

(b) Area of the vibratinu
The luudness ucnced by the size of the vibrating body. It
|

demnnstrat rutmg area increases loudness, while a smaller area

produces a und

Example: -

e A large drum produces a louder sound than a smallcr one because its greater
surface area allows more to vibrate.

e Striking a tuning fork alone creates a faint sound but placing it on a solid surface,
like a bench, amplifies the sound.

(c) Distance trom the vibrating source:

The loudness of a sound decreases as the distance between the vibrating source and
the listener increases. This occurs because the amplitude of the sound wave diminishes
with distance. Additionally, the perception of loudness varies based on the listener's
heaving ability.

Examples: A person with sensitive ears perceives sound as louder compared to someone
with hearing impairment. However, there is a physical charactcnstlc,afwd that
remains independent of the listener’s hcav:ng ability. ‘R \J g’ (\J'U
Intensity of sound: Intensity of sound i ﬁﬂd ‘é&; l{g per second through
a unit area held perpendicula pagation n sound waves.

e Itis a measurable {\does not rely on human perception.




{I 10: Define the pitch of a sound and nxplaln how itis en
Ans. Pitch: ARINEE
Pitch is the charac acteristic of wﬁ\ﬁa\a\am ‘:ddlffermnm between a shrill

(sharp) and a deep
Relation with I m {\mﬂhéﬂy related to frequency.

.\_'_.

e High er frequency results in higher pitch.
ExamplﬁJ Low pitch
e The voices of women and children have a /\ /\ Low

higher frequency, making them shrill (sharp) \/ V frequency

and high-pitched.
e A thin guitar string produces a high pitch [)U%ﬂvﬂgﬂ( High
sound. frequency

e Low pitch: High pitch
Lower frequency results in lower pitch. Fig. 13.8: Variation of pitch with frequency
Examples:
e The voices of men have a lower frequency, giving them a deeper and lower-pitched
* sound.

e A thick guitar strip produce a low pitch sound.

0.11: What s quality of sound? Explain WM ns dhﬂnguish
between different :numl % tha same pitch and
: Q. s
loudness? i\ \ﬁ L\U - |
Ans. &ua
v of sound allows us to differentiate between two sounds having the
same Inudness and pitch."
Waveform and Quality of Sound: The shape of sound waveforms, when displayed on an
oscilloscope, visually represents the timbre of each instrument. The differences in
waveform structure helps us to understand how different sound sources produce sound
waves with different qualities. Even if two sounds have the same pitch and loudness,
their waveform shapes are different which gives them a different timbre.
Examples: Different instruments create unique waveform patterns due to their
construction and the way they produce sound. | '
Violin: Produces a very complex, jagged waveform,
which corresponds to its rich "stringy” tone.

Flute: Produces a much smoother and more regular
waveform which sounds "pure” or "mellow" to the ear.
/Trumpet and Oboe: These instruments producc dssunm.\— (168
repeating patterns that are nei oofh\ 1A
nor as jagged as violjn; giving- ﬂiﬂ& har

brassy or nasal quahﬁag ‘1\ \ U () AR

Afr *!T\Jf‘




By S—
0.12: Define musical sound and noise. Explain its effects and how, we ¢an control
noise poliution? A T AT -:— i’\J ]T(‘i&!;__j: g
Ans. Musical sound: |\ /70) G\ N, \) )
In daily life, we hmﬁ f different qualities. Musical instruments like the
guitar, violin, mm@dL aroduce sounds with controlled pitch and quality, which
are pleasant fo hea “sounds are called musical sounds.

Noise: "Some sounds are hash and unpleasant to hear. These are classified as noise”.
Examples: For example traffic noise, door slamming and machinery etc.

Noise pollution: Noise results from irregular and sudden vibrations and is considered a
form of pollution called noise pollution that affects both humans and animals.

Effects of noise poliutions: Excessive noise from industrial machinery, vehicle horns,
alarms and construction work can lead 1o stress, lack of concentration, heaving loss,
sleep disturbances, aggression and hypertension.

Controlling noise pollution: The recommended safe noise level is 85-90dB for a maximum
of eight-hour workday. Noise pollution can be reduced by

1.  Using quieter, eco-friendly machinery.
2. Installing sound barriers.
3. Wearing hearing protection devices.
4. Tree plantation.
By controlling noise pollution,
) Reflection of Scund (Echo) 1
0.13: Define the refles d and explain the phenomenon of “echo” with the
help 6f an &
Ans. Reflection of sound: Sound reflects back

"When sound waves hit a surface and CEtisrensaga,
bounce back into the same medium, the L\, &
phenomenon is called an echo or reflection of ot e X '-
sound”. _ )))}

Echo: An echo is essentially the repetition of a |

sound. caused by these waves, reflecting off a |
ubihae. Fig. 13.10: Reflection of Sound

Example:

e Clapping our hands near a tall building, we hear the sound repeat after a short
delay.

e  Showing in the mountains, our voice comes back to us clearly. ¢ty
Talking inside a large well, the sound ri:q:::ts fmmmedmﬂs‘a &WW
The human brain retains sound, fof dbont 0.1 \%Sﬁds q&:‘tﬁﬁw a distinct echo, the
reflected sound nmj reach us e{}a\xleg\sf&ftﬂsccon 5.

e  The speed ?Tf Wﬁdﬂ\p‘@\g n&-1), the minimum distance for an echo to form is

I'n
I T
QNN P




34 meters (total distance travelled by sound) meaning em@\‘{m; must be
at least. 17 meters away. Echcres can gl!po rmfai mditf rliﬂ}eg\ﬂ'ue to successive

reflections. (
Activity: Take two 1dgﬁﬂca ﬁq\hk\)gs*of*appmpnate length (or create them using
chart paper). Pos;r.l on a table,
ensuring th‘c:yfji J’léar a wall Place a clock Wall
close to wc'npen end of one tube and listen for - Aolen
its sound through the other tube. Adjust the . i s .M—
alignment of the tubes until the sound of the ‘ : /
clock is distinctly heard. Measure the angles of J Clock Ear
incidence and reflection, then analyze their AREtion of scand
relationship. Gently raise the right tube slightly | Fig13.11: Reflection of sound using plastic tubes
upward and observe any changes that occur. and a tidking clock

0.14: Measure the speed of sound with the help of Echo method.

Ans. Measuring speed of sound by Echo method:
Apparatus: Measuring tape, stopwatch, flat wall that can produce a good echo.

Procedure:

1. Use a measuring tape to mark a 50 m dlstance from a f«—t’“‘t \j.

2. Stand at this point and clap -‘;- ds ' ing Ay\ or the echo from the
wall. Ensure the ! reflgét : nearby structures. The time
interval between th ts the time taken for sound to travel

IDU m \—I-

3. N\n% Iinthmlca]ly and start a stopwatch wlth the first clap. Count each
cl ap d stop both the clapping and the stopwatch upon hearing the echo of the 10 .
th clap.

4.  Determine the average time for 10 claps. By calculating the time interval t between
consecutive claps and applying the formula; S=vi, the speed of sound can be
computed.

Refraction and Difiraction of Sound

Q.15: Define the refraction of sound and explain why it occurs. Also give anmph:

Ans. Refraction of sound:

"Refraction occurs when sound waves change direction due to a vibration in the
medium's properties, such as density or temperature. This change occurs because the
speed of sound differs in various mediums."

: ““@
Cause of Refraction: A~ [] |' 2\l
The primary reason for this qhar;g@ \i&s‘ tha; }h(ﬁ pcc-d nf sound differs in
various mediums. When a bd’ndary of a new medium at an angle,
one part of the wavc Es $ b%}")rt !he rest, causing the entire wave front to bend.

f“l'- 1,'.,-.1_.—
—'\"le I]
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Examples: BT 1 ad fﬁ%

e  when sound waves travel from air into. terhthaghm -, AU Water
‘due to.the difference in density, cauﬂngpb ﬂh \«ui fast .

in water than in air. T@;‘s\l gﬂ b } son can
clearly hear under wat{1 Qéfu,_v})hri\leﬂk'nmenne above the

surface ma g to h : :
e As ag ass of water Iooks bent or broken. Fig. 13.12: Refraction of sound

e A coin in a bowl of water appears raised when water is added.
Q.16: Define the diffraction of sound and explain why it occurs. Also give examples.

Ans. Diffraction of sound:
"Diffraction is the bending of sound waves
around obstacles or through slits. It allows sound to

ot
spread out and be heard even when the source is not ﬁ\

directly visible."
Occurrence: Diffraction occurs when sound waves

bend around obstacles or spread out after passing
through narrow slits. This properly allows sound to be
heard when the source is not in direct view. Fig. 13.13: Diffraction of sound waves

Examples: o~ AE0E
e If someone is speaking from behmdja vﬁu\» h;rs«wﬁh #nf/ g%:)}% because the

sound waves bend arqund th
e Sound can travel ? 0. and spread into a room, allowing people
3 -
inside to gfise outside even if they cannot see the source.

o  Welan) 'k me one spreading even if he is around a corner or behind a wall.

This is becausc sound waves different around the obstacle and reach our ears.
13.6 Audible Frequency

0.17: Define the audible frequency range for humans and discuss how this range

changes with age?

Ans. Audible frequency range:

"The human ear can detect sounds within
the 20Hz to 20,000Hz range, known as the
audible frequency range"

Inaudible sounds: Flg. 1314 Frequency of sound

Sounds below 20Hz or above 20,000Hz are inaudible to humans called inaudible

sounds. AN lr”* @) ﬁ“
Impact of age on hearing: Hearing ability, declines: V(‘if‘[ a*ﬁ‘:f (8o
Young children: Youn&qbﬂm \" % \{plﬂg ._AOA 1 |

Olders: Older Indmdua}i%yﬁﬁggbw“ih sounds above 15,000 Hz.

U VA



0.18: Define Infrasound. Discuss its characteristics, nauui anﬂmﬂal sources,

\_,..l\_.-

and its practical anpliu:tluq in Qmmw disaster monitoring?

Ans. Infrasound: ~\V i U
Infrasound rcfer{ %’\t l;ﬂlgw F[z, whmh humans cannot hear but may feel as

wbratmns o I
Sources: " f\[f\

Biological Source: Many animals like elephants and whales, use mfrnsound to
communicate over distance of several kilometers.

Natural Events: Earthquakes, volcanic eruptions, avalanches and tsunamis.
industrial/Human activities: Industrial machinery, large explosions and structural
vibrations. Due to its ability to travel long distances, infrasound is used for monitoring
natural disasters. .
Uses of Infrasound:

Elephant Communication: Elephants use infrasound to communicate over long distances.
Their deep rumbles travel far through air and ground, helping them stay connected. They
can sense these vibrations not just with their ears but also through their feet and trunks.
Earthquake Detections: Scientists use infrasound to detect earﬂiqunkes before the strong

shaking starts. These low frequency waves act as an early g’f_‘(@kﬂ?\« :
Voicano Monitoring: When a volcano ¢ ?1 ique infrasound waves.
Scientists study these waves to ess risks.

Nuclear Explosion S\ ors track infrasound waves from nuclear

explosions. ] L\
u.IQ:W und and explain its various applications?
Ans. Ultrasound:

"Sounds with frequencies above 20,000 Hz, which are inaudible to humans, are

called ultrasound or‘ultrasonics."

Uses of uitrasound:

Medical Applications: Ultrasound is widely used in medical diagnostics and treatments.
1. Ultrasonography: :

When ultrasonic waves pass through the body, they reflect differently from various
tissues and organs. These reflected waves are then captured and converted into images
on a screen, a process known as ultrasonography.

2. Organ Monitoring

It is used to visualize organs such as the heart, liver, and kldneys as well as in

monitoring pregnancies. X

-':'”, fr [-"}.". "."'I
Examples: 2\ CL
1. Parental scanning uses ul }g &gr\}ét}nb\l‘sms msu:le the womb, assess its
development, and | deteet-any

2. Uttrasnund Tnds\i kt’lgxﬂr&xd—grnd tmaging for dmgnnsus providing clear visual

-.4.11[1 Irﬂ‘xl s
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s Underwater Exploration (SONAR): T\
Ultrasound is used to m:asukﬂkﬂpﬁgﬂv“ Ik
depth and locate objects uh.;‘]n}gsl:’i d\\ ?\\J RS £
SONAR (Suund Nwig#w Ranging)
works by sen da rﬁc’ waves into water; | B —
the reﬂecteéj aves help to determine the < S

distance and shape of an object. Fig. 13.15: lllustration of sonar used by a ship

o Calculating Distance in SONAR:

The formula used to calculate distance (or depth) in sonar systems is:
Speed of sound in water x time

2

where speed of sound in water is approximately 1500 ms-! at room temperature.
Time is the duration it takes for the ultrasound pulse to travel to the object and return to
the source. The distance is divided by 2 because the pulse travels to the object and then
returns to the source.
o Industrial Applications:
1. Ultrasound helps to detect cracks in machines like tur RCS, shp’@ﬁﬁﬁs and

Distance=

airplane parts. 0\ i (e o
2.  Ultrasound waves reflect from i ar (% hl h;élden defects.
3. Itisalso used to destroy b fefia in liqui ugh hlgh-m!rnmy waves.

rotor.tlon of buildings and how does building design affect

the quality and clarity of sound inside a hall or auditorium?
Ans. The acoustics of a building refers to the management of sound to ensure clarity and
reduce noise. This is achieved by balancing two main techniques.
e  Acoustic protection (Absorption)
¢  Sound Distribution (Reflection)
1. Acoustic Protection and Absorption:

To reduce unwanted noise and minimize echoes, buildings use soft and porous
materials.
e Materials used: Carpets and curtains.
e Purpose: These materials absorb sound waves rather than reflecting them.
o The Balance: While absorption is necessary, excessive absorption can weaken
audibility in class rooms and halls. Therefore, a balance must be struck to m‘t sound
from bmmmgm faint. = -\:." /(E :,, E ‘.llx s
2. Managing Reverberation : -1 VU AL

Multiple r:ﬂ:ctmns;pf\:g_uﬂ& ijgniéc_fmm can caus: reverberation, which

distorts the original sumldi gn spaces to ensure that reflections do not

T [ e
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overlap in a way that makes speech or music unclear.

3. Sound distribution Techniquas. b% ﬁ;\é# ]‘(/’@ O\.:»-' S

In large halls, theaters and itectural features are used to

direct sound toward t
Reflective Surfac \EJ placcd behind a stage (sound boards) help direct
sound mﬁm

Curved ¢l s and walls: Curvcd ceilings are engineered to reflect sound waves
downward so that even people in the last row can hear clearly.

Sound boards: These are placed behind the sound source to ensure even sound
distribution throughout the hall.

IO\ N Nt
d . ! }!(\.‘ ; -“::‘ s =
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1
Fig. 13. 15{:} Soundboard used In a big hitlb A 'f. ﬁ &Wﬂ?nf a conference hall
e\ K\@l“:ﬁ

VB DO |

Sound is a MECI-MN

el in a solid, liquid or gas

Sound waves that are
stretched out have a low

P together have a high \A \'Hml pltch
frequency and high
pitch
Displacement Displacement

How bats use echo to find food?

Bats send out sound waves using their mouth or nose. When the sound hits an object, an echo comes
back.

The bat can identify an object by the sound of the echo. They can even tell the size, shape and texture of
a tiny insect from its echo.

Blue whales, the largest animals on the Earth, sing in infrasound that can travel across entire oceans!
These deep calls help them cnnununicate with others even when they are hundreds of kilometres apart.
Doctors use ultrasound waves to "see" inside the body without cutting it open! These waves are
completely non-invasive and safe, making them ideal for momtp;&rg{mbm@dh@bregnancy or
detecting organ problems. N o ;

Tidhits 0\ A2 .g\ﬁ ‘*“U‘}/

l.  Why is it impossible ‘l' F “ 5,10 travel ﬂlraugh a vacuum, such as outer space?
Ans. Sound needs a rPeé{I\i? Kﬂ: \aie , or solids) to travel through. In vacuum, there are no

I \‘vI_J‘ J\\I'\J B
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particles to vibrate, which is why sound cannot travel there. Bmaugmcrmﬁ: icles
available to vibrate and transmit the o NON R ) A Uk
2.  How is the shape of a sound wave displs

' %@ IQ\’E&#\?}M by an instrument's

' "&ﬁa ected by the instrument’s unique construction

and the way it praducés Nibrations.
3. Why does shund tr el farther and appear clearer on cool mormings, and how does
refraction of sound in air layers of different temperature cause this effect?

Ans. Refraction of sound occurs when it travels through layers of air at different temperatures. That is
why on a cool moming, sound may trave! farther it bends back toward the ground due to slower
speed in colder air. This is why distant train homs or bird calls sound clearer at dawn.

‘4. How are infrared sensors used to monitor volcanic eruptions, earthquakes and tsunami and
how do low-frequency waves help scientists give early warnings?

Ans. Infrasound sensars are used to monitor voicanic eruptions, earthquakes, and even tsunamis before
they strike. The low-frequency waves from these natural events travel great distances and help
scientists issue early warnings!.

5. How do curved ceilings, soft walls, carpets, curtains and reflections in concert halls and
theaters improve sound quality and ensure clear music reaches the entire audience?

Ans. In concert halls and theaters, curved ceilings and soft walls do not just look stylish. They are
engineered to shape sound! while carpets and curtains absorb echoes, curved panels and
reflectors bounce the music toward the audience so that even the person in the last row hears

every note clearly. That is the science of acoustics protection. A W\]\ mj%we and
- = _,.t"

sound. £ P | '["f.:-_h\i‘\

70O T
I@j"ﬂﬂhﬁ“\l‘lﬁﬁl move when sound waves pass through

i
o

B Brain Teaser\

I.  If sound is created by
the air? 3 \r\]’ |\

Ans. Air pmmwm& and forth about their fixed positions, creating compressions and
rarefacti at the sound energy through the air.

2. Does the loudness of a sound affect the time it takes for an echo to return?

Ans. No, loudness does not affect the time of an echo, time depends only on the distance and the speed
of sound.

3. Why can we hear our voice echoing back to us when we shout? How do the particles in the
air play a role in this?

Ans. We hear our voice echoing because sound waves reflect off distant surface like walls or
mountains and return to our ears after a short delay.
The air particles vibrate back and forth, passing the sound energy from the source to the
reflecting surface and then back to us, allowing us to hear the echo.

4 Can we hear someone scream if we are in space with him?

Ans. No, sound cannot travel in space because there is no air or medium, so we cannot hear some one

scream there. I :

Calculate the frequency of a sound wave of gpqt 3401 s/ g0
LA

(=

Solution: ! ""'.III r"'l,u"\'fr-l,. -r-?\“-,l 1‘-,;'-,& 'I.I\J \ HL
Given that; ON\rR A paN :
Speed of wave: ¥, JTW&E‘BQL S
Pt 0T N | 5 B
A :




Wavelength: L. =2.0m - ﬂ ?@r\iﬁm
(elo

To find; £=2 s\ N\ A
Using the formula; T\fﬁu\%\\;\k' \j@\ 1/ &
OS¥A T _)\S A AN
ST
i NI 3] J"i
Substity ues
> i 340ms™’
© 20m
=170 Hz

4 Flash of lightning is seen 2 seconds earlier than the thunder. How far away is
the cloud in which the flash has occurred? (Speed of sound = 332 ms-1)
Solution:

Given that;
Time: t=2s
Speed of sound: v =332 ms-1
To find;
Distance: S=?
As distance of the cloud; S =wt @Cﬁ\
$=332ms1x2s ~ [ \j /(ff’ o=
S =664 m. )
A sonar devi t a sound pulse that returns after 3.2
~ seconds. nd in water is 1600 ms-!, what is the distance from
thm]i@ seafloor?
Solution’ -

Given that;
Time for the sound pulse to return t = 3.2 seconds
Speed of sound in water: v = 1600 ms-!
To find; distance:d =?
The sound pulse travels to the seafloor and back, so the total distance covered is twice:
the distance from the ship to the seafloor.
Using the formula; d=v xt
Substituting the values
d=1600ms-1x32s
d=5120m - ‘
Since the distance covered is twice the actual distance to the seafloor, we ( divide by 2 to

find the distance. LIk, ol Uﬁ 3
_5120m . - Qj J‘fé__«% ;if“"
".I' ﬁ_,r, (} :'; I|"|.-'I\' .
d=2560m O\ R_\‘
The distance f;oi:ﬂ\\eg giw seafloor is 2560 metres.

e
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Multinte Chuice Quesiions prepared in the light of new Examination Techniques
(Knowledge, Understanding, Application, Analytical & Conceptual)] 4

——

Production and Propagation of Sound

Sound is produced by:

(a) Stationary objects (b) Vibrating objects

(c) Heating objects (d) Light waves

Sound waves are classified as:

(a) Transverse waves (b) Electromagnetic waves
(c) Longitudinal waves (d) Light waves

In air, sound travels at approximately what speed?

(@ 3x108ms-t (b) 1500 ms-! (¢) 330-350ms-! (d) 100 ms-!

The regions in a sound wave where air molecules are pushed ng%r are
called: 15\ O

(a) Rarefactions (b) CompressionsC l;ﬁﬁeﬂ‘\ﬂgﬂ ;J Il-r ij(d\)f'l'?oughs

Which of the following:s required foF Sound to travei?
(a) A vacuum T\ \x,"a\ 0\ “LE'L:?' (b)Y A medium (Solid, liquid, Gas)
(c) Darkness (] L\ (d) Magnetic field

Why cill|901 NOT travel in a vacuum?

(a) Itis too cold (b) There are no particles to vibrate
(c) Light blocks it (d) Gravity is too low

Which instrument is used to produce a specific sound in 2 Lab?

(a) Guitar (b) Stethoscope (c) Tuning fork (d) Bell jar

13.2 Speed of Sound

Sound travels fastest in which medium?

(a) Gases (b) Liquids (c) Solids (d) Vacuum
The speed of sound in air increases with an increase in:

(a) Humidity and temperature (b) Gravity

(c) - Atmospheric Pressure (d) Darkness

What is the mathematical formula for the speed of sound? |
(a) v=f+A (b) v=1/A (c) v=fA (d)vpliﬁ'\xj

The speed of sound in steel is approximately: -~ "\ [ (0 1o

(a) 346 m s (b) 1498 m & 7\ )\5960m's)) | (d) 317ms
If a wave has a frequency 6f 170 Hz and 2 wavelength of 2.0 m, its speed is:
(a) 85ms! (h}ﬁ&j}f[@hﬁﬁ"* T (c) 340 ms- (d) 680 ms-!

o ®
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13.
14,

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

Which property allows us fo diﬂ; puigh i n% faint sounds?
(d) Speed

(a) Pitch _ e &)~ Loudriess
Loudness is prl by the of the vibrating body.
(a) F : av:length (¢) Amplitude (d) Speed

-P@j chnuctcrlstic that differentiates between:

(a) Loud and soft sounds (b) Shrill and deep (grave) sounds
(c) Music and noise (d) Reflections and rarefactions

A high frequency sound corresponds to a:

(a) Low pitch (b) High pitch (¢) Faint sound (d)  Quality
Quality allows us to distinguish between two sounds that have the same:

(a) Speed and direction (b) Source and medium
(c) Loudness and pitch (d) Reflection and rarefaction
Irregular and sudden vibrations produce:

(a) Musical sounds (b) Echoes (c) Noise , (d) Ultrasound

The recommended safe noise level for an 8-hour work day is:
(a) 20-30dB (b) 50 -60dB (c) 85-90dB {leJ;Q 150 dB

"n'n

: e e >(0)
Reflection of Sound {Echo) (A=A

The phenomenon where tl : hhé k\from a surface is called:
(a) Refraction O ot [c} Echo (d) Absorption
To hear a_ qrrizkt e reﬂectmg surface must be at least how many

{a]\JST;wtcrs (b) 10 meters (¢) 17 meters (d} 34 meters
The human brain retains sound for approximately:

(a) 0.1 seconds (b) 1.0 seconds (c) 0.0l seconds (d) 2.0 seconds
Which animal uses echoes to find food?

(a) Elephant (b) Whale (c) Bat : (d) Bothbandc
What happens to the sound of the clock when the tubes are properily aligned?
(a) It disappears (b) It becomes distorted

(c) Itis heard distinctly due to reflection (d) It changes pitch

Refraction and Diffraction of Sound

Refraction occurs when sound waves change direction due to a change in:

(a) Volume (b) Medium prﬂpertles {dcnsuxltpmperature}
(c) Pitch } Thmf ALY
Why can submerged pe l{: l&ﬂgm@ﬂsp clearly while someone

~above the surfm n,not" 1\ \¢ -_.' AN

(a) D:ffractmn f-_ Q} \Mﬂée\?on (¢) Refraction (d) Loudness

SNRN NNE)




2.

29,

30.

31.

32.

33.

34.

35.

The bending of sound waves around obstacles or thmugh_ narr:}n Mlngs is

'-'_"-: 1

called: 1 R e SN [ o 3
(a) Diffraction (b} Rcﬂecti f‘f:‘.\c‘h " i': N [ ~d) lnfrasuund

The range %Wﬂﬂ Jueficies for the human ear is:
(a) 0 Hi (b) 20 Hz to 20,000 Hz

(c) 20,000 Hz to 200,000 Hz (d) Above 1,000,000 Hz

Infrasound refers to sound waves with frequencies:

(a) Below 20 Hz : (b) Above 20, 000Hz

(c) Exactly 1,000 Hz (d) Between 20 and 100 Hz

Which of the following is the use of infrasound?

(a) Cleaning jewelry (b) Monitoring natural disasters like volcanoes

(c) find cracks in machinery (d) To find depth of sea

At human age, their ability to hear frequencies typically declines:

(a) Low (b) Infrasonic = (c¢) High (d) Mid-range
Which animal is known to communicate using infrasound that can travels
hundreds of kilometers across oceans?

(a) Bats (b) Blue whales (c) El:phants o (d} H[()om
Ultrasound is defined as sound with n'zgqenci

(a) 20 Hz (b) 2, 000 OHzZ) | @, d’) 100, 000Hz
In medical diagnos \?J | f reflected ultrasonic waves to

create images to intmm kiawn as:
(a) Rm\] nography (¢) Infrasonic (d) Echo-locations

SONAR} d Navigation and Ranging) is primarily used for:

.(a) Detecting cracks in machine turbines

(b) Measuring ocean depth and locating underwater objects

(¢) Improving hearing in the elderly (d) Cleaning delicate jewelry

If a sonar pulse return from the seafloor in 4 seconds and the speed of sound
in water is 1500 m s-!. What is the depth of the water?

(a) 6000 m (b) 3000 m (c) 1500 m (d) 750 m

| Acoustics Protection of Buildings :
Multiple reflections of sound that can distort clarity in a large hall are known
as:

(a) Rarefactions (b) Refractions (c) Reverberation (d) Diffraction
Why are curved ceilings and sound boards often used in large couference halls
and theaters? - 5 L \

(a) To absorb unwanted noise ~ &2 \ "[ }\

(b) To ensure even sound dtstnbutm ngeﬂqﬂigﬁ hhfﬂtb\fs:rd the audience

(¢) To create echoes-for a dramat
(d) To block saund %‘g\ﬁa@\gﬁihe\nack rows

N
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131 Production and Propagation of Sound
13.2 Speed of Sound

1. How is sound produced?
Ans. Sound is generated specifically by vibrating objects, When an object vibrates, it
makes the air around it to vibrate as well. These air vi t;@,’tﬁfﬁﬁ}m our ears and

GRS

create the sensation of sound. . "\ _, '*;’[“;T\I II.f (‘;

2.  Describe the classifica w %&W“ 1)

Ans. Sound wave@,gﬁg’ﬂa'sﬁ : qd\as ongitudinal waves because the particles of the
mediu ?\wﬂg@kjﬁd%ﬁh along the direction of the wave's travel.

3. ,\:thd“ﬂ': main regions created in a longitudinal sound wave?

Ans. "The wave consists of "compressions” where air molecules are pushed together, and
"rarefactions" where they are spread apart. '

4. Why is a medium essential for sound propagation?

Ans. Sound requires a solid, liquid or gas medium because it relies on the vibration of
particles to transfer energy, without particles, such as in a vacuum, sound cannot
travel.

5.  What is the typical speed of sound in air?

Ans. In air, sound travels at an appropriate speed of 330 to 350 meters per second.

6. How does the speed of sound vary across different states of matter?

Ans. Sound travels fastest in solids, followed by liquids, and is slowest in gases.

7. What factors influence the speed of sound in air?

Ans. The speed increases with lighter humidity and higher temperature.,

8. What is the formula used to calculate the speedof. qui*_'hx” )

Ans. The mathematical formula is> A \‘ﬂ “PH W AR
v="f\A e 1 AR\ AR (/2 Lt
Where, v is $pe; : ;FJ

[ ( ©a
i
'._3',_"5"‘_':»;" L

: and A is wavelength.

AL
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9. What is the speed of sound in steel, Iron, Nickel?

Ans. Slﬂﬂl 5960 m s-1 M 3 ﬂ'ﬁ:ghi:w‘]a';@c}\ﬁ_ \I\
Iron 5950 m 5-1_ '"-1\ ,f::l\ i*] \‘}kl""-a fnﬁ \A \:",.-'I ~

Nickel
; :
Q| QWN'K{ - :
B A (kX W Reflection of Sound (Echo)

10. How do we distinguish between a loud and a faint sound?

Ans. This is determined by the "Loudness' property'. Which is physically tied to the
amplitude of the vibration.

11. - Explain the charateristic of "Pitch"'?

Ans. Pitch allows us to differentiate between shrill sounds and grave (deep) sounds, and
it is directly related to the frequency of the vibration.

12. What happens to pitch as frequency increases?

Ans. A high frequency sound corresponds to high pitch, while low frequency results in a
low pitch.

13. What is Quality of sound?

Ans. It is the characteristic that allows us to distinguish between two &DW’F‘M have
the exact same loudness and pitch. O\ "f‘j}; \{n"&ﬁ;}@ W

ié\;&@l:n\; f] ik

14. How noise is produced?
Ans. Noise is produced

15. What is the rec Ix ed it for noise exposure?

Ans. For g{}@@ AP Warkday; the recommended safe noise level is 85-90 dB.

16. Definé ﬁ”ﬁe\m‘hn?

Ans. An echo is the phenomenon where sound bounces back (reflects) from a distant
surface.

17. What are the requirements for the humans ear to hear a distinct echo?

Ans. The reflecting surface must be atleast 17 meters away. and the time interval must
be at least 0.1 seconds, as the brain retains sound for that duration.

18. Name animals that use echoes to find food?

Ans. Bats and whales are examples of animals that use echolocation (echoes) for
hunting.

Refraction and Ditfraction of Sound

13.5

19. What causes the refraction of sound waves?
Ans. Refraction is the change in direction of sound waves when thegﬁms through
r=ri\ 1'I.

different medium properties, such as chﬁ:&s in g:wf}aii;d{n[:@g@rt =
e N f .1_—-'/_‘__ Q=

20. Explain why sound travels f Elqe.i on': | iﬂpﬁ g
Ans. On a cool morning; squ li&flé.__fu;
-qu'\. '. Tl'\:} J N2
Lq- L ol

& ground due to refraction, allowing
it to travel further d ta
o)
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21. What is "Diffraction” of sound? N O

Ans. It is the bending of sound wav:s!ns l'.lﬁyE jﬁq @&rﬂfﬁ’@mﬂe‘s‘ur pass through
narrow openings. _ - U_' G & U\

22. What is the range of buian 2

Ans. The audible \ a hcalthy human ear is between 20 Hz and 20,000
Hz, |r J“"fj Jo

23. Wh}r dh lound waves bend when traveling from air into water?
Ans. This happens due to refraction. When sound waves enter a medium with a different
density, their speed nhanges (sound travels faster in water than in air), causing the
waves to bend.

24. What is diffraction of sound, and what is a common example of it?

Ans, Diffraction is the bending of sound waves around obstacles or through narrow
openings. An example is being able to hear someone speaking from behind a wall
or around a corner even when you cannot see them.

13.6

25. What is "infrasound'' and how is it used?
Ans. Infrasound consists of frequencies below 20 Hz, it is used by blue whales for
long-distance communication and by scmnt:sts w—T @W\@ anoes or
-ﬂu.--

earthquakes.

26. How does SONAR ulculn

Ans, SONAR sends u % and measures the time it takes for
the echo to rctu culated using the formula:

w;\_ IITIE

27. What is the audlblt frequency range for a healthy human ear?

Ans. The standard audible range for humans is between 20 Hz and 20, 000 Hz. This
range often declines with age, with older individuals sometimes struggling to hear
frequencies above 15, 000 Hz.

28. What is ultrasound and how is it used in medical?

Ans. Ultrasound consists of frequencies above 20, 000 Hz. In medicine, it is used for
ultrasonography to visualize internal organs (like the heart or kidneys) and to
monitor the development of a fetus during pregnancy without surgery.

ENE Acoustics Protection of Buildings
29. What are the acoustic benefits of curved ceiling in theatres?
Ans. Curved ceilings act as sound boards, reflecting sound waves toward the audience to
ensure even sound distribution thruughuut thehall, . G\ fﬂ
39, What is "reverberation" and huw & \n\j::‘ﬁ”
Ans. Reverberation is the n:sutt 0 und that can distort clarity. It
is controlled by ﬁﬁiﬂg iﬁp@\n
and curtains) that M Wanited sound waves.
NNV ek
JJ“ J NN

such as soft, porous materials (carpets




13.1 What is required Hl‘i:prodnctinn of sound?

(a) A vaduum (b) Vibrations of a medium
(c) Only air {d) Light waves
13.2 An echo is produced due to:
(a) refraction of sound waves (b) reflection of sound waves
(c) diffraction of sound waves (d) absorption of sound waves
13.3 An example of a longitudinal wave is:
(a) light wave (b) water wave (c) sound wave (d) radiowave
13.4 In which medium does sound travel the fastest?
(a) Gases (b) Liquids (c) Solids (d) Vacuum
13.5 What is the approximate speed of sound in air?
(a) 150 m s (b) 330-350ms-! (¢) 500 m s-1 (d) 1,000 m s-!
13.6 Why is acoustic protection important in building design? "
(a) To increase noise pollution (b) To reduce echo h x %ﬁﬁﬁg quality
(¢) To amplify sound S (i;i] ase the spe sound
13.7 For a normal persﬂn the aid@b}ﬂfrgg é fnr sound waves lies
between: &\Tﬂ N \1 ™ j“
(a) 10 Hz—1 M\\H 15 (b) 20 Hz-20 kHz
(c] 25;!?.1 ;-,-}11\2 (d) 30 Hz — 30 kHz

13.1 (b) 13.2 (b) 13.3(c) 134(@c) 135 () 13.6 (b) 13.7 (b)

uestmm

13.1 How does the medium affect the speed of sound?

Ans. The medium affects the speed of sound through its density, elasticity and
temperature. Sound generally travels faster in denser, more elastic and warmer
media.

13.2 Does sound waves show reflection?

Ans. Yes, sound waves exhibit reflection.

13.3 What factors influence the loudness of sound?

Ans. The loudness of sound is influenced by the amplitude, area and the distance from
the sound source. =~ "“f“w“r“wt

13.4 Why do we hear an echo when-we félaphbﬁria\bullﬂ}ng'l

Ans. We hear an echo whgmwpeiag ncag'eq bulliimg%rbcaus{: the sound waves from the
clap reflect off the b\lﬂﬂlng\ﬁ 81 “and return to our ears with a delay.

J|‘\‘I
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13.5 What is ultrasound, how is it used in medical? O@\l
Ans. Ultrasound consists of ﬁ‘equenm:s kfm used for imaging
internal organs {sonography} W KK (hthutnpsy]
.

13.1 Why r}@ g fork placed on a wooden table produce a louder sound than
wlle hé the air? What does this tell us about the role of surface area in
sound propagation?

Ans. The table has a larger surface area than the tuning fork when placed on the table, it
forces a large volume of air to vibrate, increasing the loudness. This tells us that
loudness is directly proportional to the vibrating surface area.

13.2 f sound needs a medium to travel, how does the bell jar experiment prove this
requirement? What happens when air is removed, and why?

Ans. When a bell rings inside a jar and the air is gradually removed by a vacuum pump,
the sound fades until it disappears. This proves sound cannot travel through a
vacuum, it requires a material medium.

13.3 A person hears his echo when shouting near a tall building. Why must the
building be at least 17 metres away for the echo to be heard clea

Ans. The human brain retains a sound for about 0. 1 hear(@)pl ‘*echo. the

reflected sound must arrive aﬁcr IS % nghly 340 ms-1,
sound travels 34 mctcrs in 0 l ecting surface must be half
that distance (17 to go and return.

134 Why do vm& deeper than those of women or children, even

wh ng at the same intensity? Explair using the relationship
equency and pitch.

Ans. Men generally have larger and thicker vocal cords, which vibrate at a lower
frequency, resulting in a deeper (lower pitch) voice. Women and children have
shorter, thinner vocal cords that vibrate faster, creating a higher frequency and
pitch.

13.5 In what ways do soft materials like carpets or curtains improve the acoustics
of 2 room? How do they affect echoes and sound quality?

Ans. Soft materials like carpets and curtains are porous and absorb sound energy instead
of reflecting it. This reduces unwanted echoes and rgverberations, making the
sound in a room clearer and less "boomy".

13.6 When a person claps near a canyon and hears the echo after a few seconds,
how can they calculate the distance to the myun‘? 'What pﬁnclﬁlﬁ‘a used in

this method? J gl \ )“ J)
Ans, Distance can be calculated by u{in{ )hc.-f ﬁ\d\ \ Wh:r: v is the speed of
sound and t is the 1 lee’ éﬁ ho to return This uses the principle of

reflection of suumil \\_BU,UL’ 5%
\[J: NN €




13.1 What is the approximate speed of sound|in i “’m ors affect it?

Ans. The approximate speed, of ﬂ““‘im‘"ﬁ”{ a@}?@c ure (around 20°C) is 343
meters per second ( Aﬁ&&\} O ¥

Factors affectin ' :

in air:

(i) Tem i The $peed of sound increases with temperature. Higher temperature
means air molecules have more kinetic energy, allowing sound waves to travel
faster.

(i) Humidity: Humidity can slightly increase the speed of sound because water vapour
is lighter than the average mass of the gases in the air.

(iij) Wind: Wind speed can affect the speed of sound relative to an observer. Sound
travels faster in the direction of the wind and slower against it.

13.2 Why does sound travel faster in solids than in liquids and gases? Explain.

Ans. Sound travels faster in solids because of the arrangement and interaction of
molecules. In solids, molecules are closely packed together and are held by strong
intermolecular forces. This close proximity and strong bonding allow vibrations
(sound waves) to be transmitted more quickly and efficiently from one molecule to
the next. In liquids, molecules are- more loosely packed than in solids, and the
intermolecular forces are weaker. In gases, molecules is@@i pe with

r fo

very weak intermolecular forces. The den % rees in solids
facilitate faster transmission of ] : liquids and gases.
13.3 How do amplitud P he quality of sound? Explain.

Ans. Amplitude s (intensity) of the sound. Higher amplitude means
- Sl ok i . .

the Qﬂd & Carries more energy, resulting in a louder sound. Lower amplitude
corresponds to a quieter sound. 3
Frequency affects the pitch of the sound. Higher frequency means more cycles per
second, resulting in a higher-pitched sound. Lower frequency corresponds to a
lower-pitched sound. The quality of sound is affected by the combination of
different frequencies and their respective amplitudes, which determine the
harmonic content of the sound.

13.4 How does echo occur? Explain. :

Ans. An echo occurs when a sound wave encounters a surface and bounces back to the
source or listener. This phenomenon is a form of sound reflection. For an echo to
be distinct, there must be a sufficient time delay between the original sound and the
reflected sound. This delay is determined by the distance to the reflecting surface
and the speed of sound. The sound wave travels to the surface, reflects, and then
travels back. The time it takes for this round trip determines W}‘_I_EW echo is
perceived. . e~y g 5,1}5\9‘3’\& wu

13.5 How do reflection, refrnctipn,ﬁﬁc'rl,%i \ i{:\gﬁ:ﬂ\ ?tife,/ct. = behavior of sound

ARG ,-\_‘__JM"J =S

wa‘rﬂ? ' — L '
¥ ! I"l f_'r o \é\_u.«.J K p . o .
Ans. Reflection: Soun \V\ ﬁd%\ ﬁé\»b surfaces, changing direction. This is used in
el 1 |
- — 1\"\‘\‘\-” . -,LJ.‘_._, =
~ ARV €




acoustics to control sound d:stnhutmn in rooms.

Refraction: Sound waves bend whe
through a medium with varyq\ nl,_;
can cause sound toa

amund nbstacl::s or spread out through openings.
W card even when there is an obstruction in the direct path.
nfrasound and ultrasound, and how are they used in different

Diffraction: Sau @s\
This al
13.6 Whit'
appiicatlans"

Ams. For answer see Q # 18

E. Numerical Problems

13.1 At a particular temperature, the
speed of sound in air is 333 ms-!, If
the wavelength of a sound wave is
3 cm, calculate the frequency of the
sound wave. Is this frequency in
the audible range of the human

DI
|urn to another or
ture grad:ents in air). This

Numberof vibrations
Totaltime

—

Period (T) = ¥

car? Solution: For frequency,
Sol. Given: % Numberof vibrations
Speed of sound = v = 333 mg-! =
Wavelength = A=3cm=0. {33 m /’C (P@l;m-he
Required: U\# AT
frequency = (O - 60
Formula: \f\{ f} '\}u o BEIE = 0.8 Hz
Rcarrange E\ |
N Tomg
Solution: Substitute the values |
333 s = 08
0 03m T = 1.25s

f= 11,100 Hz =11 kHz
Result: Smce the human hearing range is
20 Hz to 20, 000 Hz, this frequency is
audible.
132 A clock chimes 48 times in 1
minute. Calculate the frequency
and period of the chimes.
Given:
Number of chimes = 48
Time () = 1 minute = 60 seconds

Required: !
ﬁ'equency =Mf=2,. O

Time Period = , Hr”r\’l
ime Perio mwm—n\“\\

Formula: W H\ 0\ \

Sol.

Result: The frequency and period of the
chimes is 0.8 Hz and 1.25 seconds.

13.3 A car horn emits a sound with a
wavelength of 0.5 m. If the speed of
sound in air is 340 ms-1, calculate
the frequency of the sound
produced by the car's horn.

Given:

‘Wavelcnglh (A) =0,
Speed of w{%@m

Q) :E 5 lfif}‘rcgdency () =7

v =fA

Sol.
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Re arrange,

LN sea at this puumon.
=% Snl Given g
Solution: Substitute the values, (v)=1600ms-!
-l “ orecho(t) = 2s
J‘\Ur Formula:
Result: Th cy produced by the car ] d =vxt
horn is 680 Hz. Solution: By Substituting values,

13.4 A wave travels with a speed of
500ms-! and has a wavelength of
2metres. Calculate the time period

d =1600 ms-! x 2s
d =3200m
Since the sound wave travels to the

of the wave. seabed and back, the depth of the sea is
Sol. Given: haif the total distance.
Speed of sound = v = 500 ms-! 3200:11
Wavelength=1 = 2m 2 = 1600 m
Required: T Result:
Formula: teh The depth of the sea is 1600 m.
¢ == 13.6 A person claps his hands near a
sol'ﬂ'f"' ; mountain and hears tht after
First, find the frequency (f). 6 seconds, If th (‘M sound |,
using v=Af g ,1 \’3\? s t @ao is the distance o
f= ;ﬁ \ \ﬂi\ |. \ from the person?
R0 9\?\« -Sol. Given:
; E} AREALA
‘\]"‘FQ‘E\\!-I é Speed of sound (v) = 343 ms-!
. ‘?@L N{HJ =" 9m | Time for echo (t) = 6 seconds
= uired:
_ f=250Hz Req distance (d) = ?
Now, find time period (T) | Formula:
1 d=vxt
T T Solution: Substitute the values,
= 4 d =343 ms! x 6s
By substituting valuasl. d4=2058 m
T= Since the sound wave travels to the
250Hz mountain and back, the distance of the
T=0.004s

Result: The time period of the wave is

0.004 seconds.

13.5 A research boat sends a sound
wave straight to the seabed and

The speed of mund in

mountain from the person is half the total
distance.
2058111

Distance =

v af@
e

ntain from

receives the echo 2 seconds Iair

1600 ms-1. Fln@\\
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