CHAPTER

tudymg thls 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. oo
justify why sound waves cannot travel in vacuum (mcludmg expcnments 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 quallty

(including making reference to the shape of the traces on@m@@ﬁ@
. ® o= 3

descnbe an echo as the reflection of sou !

] s nd waves.

the speed o
“ ed 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 hlgherthan 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).

vanalyze the effects of noise pollution on the environment,

justify the importance of acoustic protection.

describe how knowledge of the properties of sound waves is apph @ the design

of buildings with respect to acoustics.

explain the use of soft mate lalsgjo ; %{‘n@%uch as in classroom
studies and other public gathering

explain, with examples sound-can reﬂect refract, and diffract.
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Q.1: Howis 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 v1brate
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 0501llatc
back and forth in the same direction as the waves energy transfer. \ :
Speed of sound waves: The speed at which sound wayeg ]t me air is

approximately 330-550 ms~1. In thi ;hap@r ‘
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sound, how it moves, recgl ts, ben
technology.

Q.2: How is”sound produced, and what specific materials or snstruments can be
used to demonstrate this process?

Ans. Production of Sound:

Sound is produced by vibrating objects.
When an object vibrates, it causes the
particles in the surrounding medium (like air)

: ' : : iR AR B e
to vibrate as well, creating a sensation of o ggﬁégﬂ-&*%
sound when those vibrations reach our ears. $

- o T Wh":?\"o;l:”r::::c The soundhheard
Examples of sound production: = i Ibro(3 | orations sway from  when the sound waves
the string In waves. enter a person’s ears.

Several materials and biological organs | Fig. 13.1: Vibrations of guitar strings produce sound

o understand both nature and

can produce sound through vibrations. waves

Tuning fork and rubber hammer: In a laboratory settmg, strlkmg a metal t mﬁ(«} rk with
a rubber hammer causes the fork's prongs to vibrate, @@ one
Gunar SIrmgs When a guntar stri ﬁﬁi\% s b ¢ and forth rapidly

cal cords in the throat allow us to speak and




O

gve, doctars use a

sing.

Note: Sound cannot t ause it requires a medium (solid, liquid. or

gas) to carry the vibr ‘ ‘ ibrate. there is no sound. _
Q.3: Wi fan activity, how can we produce a sound in school laboratory?

Ans. Activity: In school laboratories, tuning fork is used to Rubber hammer
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 | e
bringing one of its prongs in contact with a small table table | iy
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 glass of water, we will
notice water splashing. But what causes this splash? This simple activity demonstrates
that vibrations are responsible for producing sound. 8%y

0.4: Describe how sound propagates through a medium as a wave?m doad
solid to travel

Ans. Propagation of sound: Sound needs a medium, w@@
from one place to another. - ® m o
& /that e

Sound is a mechanical wa feating a continuous cycle of
pressure changes in aye sugh the following process.
The Mechani age |
Comp en 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 particles 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. :
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‘elcctromagnetlc and can travel through /3

. . jar
waves need a material mediy Electric bell

d vacuum pump, with
an electric beN /suspended inside using two wires
connected to a power supply. When the power supply —% To vacuum pump
is turned ON, the electric bell rings, and we can hear | Fig 135: 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 matenals 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 medlum

move back and forth in the same direction that the wave travels m
Examples: | @@ |
«  Slinky (Spring): @

By pushing and pulli a‘ ; Ky can observe parts where the coils

come close together (co on) \and parts where thcy spread apart (rarefaction).

% SOHMMP : r‘—““ “""""‘""—"” |
 When sound moves in air, it creates WNV\J

compressions (where air particles are 'VVWWUMMN\N\

closer) and rarefactions (where particles | T T T

are far apart). The distance between two | Compression Compression
Rarefaction

compressions or two rarefactions is called Fig. 134 mmdwmmmmm.

R T2 SRS [T T CuraTi . T ———

the wavelength.

Conclusion: So, just like the slinky, sound moves by makmg compressions and'

rarefactions, showing that it 1s 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 such as solid, llﬂlllds and

~ gases?
Ans. Speed of Sound: @ @

"The speed of a soun

ave per unit time

is the d @1 N
Sound waves requl ﬁ)lm rating particles to travel and cannot
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propagate through vacuum.
State of matter: Sound travels fastest in sol @v@an in gases) and
faster in liquids (about 5 times ' because particles in solids and
liquids are packed clo gethg ansn - o |
Temperature: In eed) ¢ Medium Speed (ms™!)
' mcreasw mperatures. For ' [ Gages ;
exampl oom temperature (21 °C), Ai0°C) = 330
sound travels at 343 ms-! in air, increasing Air (25 °C) 346
with higher temperature. ; Aif(lOO oc) : 391
Humidity: The presence of moisture in the Hydrogen (0°C) - 1290
air also affects how quickly sound waves Oxygen (0°C) 317
S - | 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=f\ | wood 200

Where: | ' Aiuminium

o v=speedof sound Bras @ @

o f= frequeney of sound W 6040

. A= waveleﬁg % R9305

The speed of sm@ Steel | .5960 :
; : Flint Glass 3980 |
is shown in : e

‘ —{‘hwacteristics of Sound
0.8: What are the three pnmarv characteristics of sound that allow us to distinguish

between different sound?

Ans. Characteristics of sound:

Sound from different objects can be identified based on their distinct character:stlcs

e Loudness e  Pitch o  Quality of sound

~ 1. Loudness:
Loudness is the characteristics of sound that allows us to differentiate between a

faint (soft) sound and a loud sound. '

2. Pitch:

Pitch is the characteristic of sound by which we can dnstmgmsh between a shrill

(sharp) and a grave (deep) sound. :
3. i | @@m

Quality of sound:




: Q 9: Define loudness and explain three nhvsmal factors 0 ﬁ’ss@@@ also
u

examples. “
Ans. Loudness: "Loudness '5
loud and faint sounds".
a

Examples: For ex king w:th friends, our voice IS soft, but while
addressing a ence, 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 Areaof the vibrating body

e Distance from the vibrating source

o differentiate between

(a) Amplitude of the vibrating body: , Loud

The loudness of sound depends on the /\ /\ Large |
amp_l:tude (the maximum displacement of a | \/ \/ _amplitude
vibrating particle from its mean -position) of the ‘ :
vibrating object. : i T Small
Example VQmet\'/ amplitude
o If we pluck the strings of a guitar with more | Fig {3.7: Variation of loudness with amplitude

force, the vibrations will have greater amplitude, producing a lou @Eﬁmﬁ
ing in a

e .Striking a drum harder causes its membran 0 vnbr

louder noise. - @ |
(b) Area of the vibrating

The loudness of uenced by the size of the vibrating body. It
demonstrat | ratmg area increases loudness, while a smaller area
produces a weaker sound. - :
Example:

e A large drum produces a louder sound than a smaller one because its greater

surface area allows more to vibrate. 1
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 physncal charac l‘lSth d that
remains independent of the listener's heavm ability.

Intensity of sound: Intensity of sound i t of energ , sS g per second through
a unit area held perpendacu[a Dpa gatton of sound waves.
e Itisa measurat:rl\e q‘L not rely on human perception.
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Q. 10 Detine the pitch of a sound and explain how it is LS
Ans. Pitch: | o ‘\!‘E i ? i

Pitch is the characteristic g l'@ L lf’ferentlate between a shnll

(sharp) and a deep (grz

" Relation with f ¥ " directly related to frequency.
e Hi er frequency results in higher pltch 5 :
Example: Low pitch

e The voices of women and children have a /\ /\ Low

higher frequency, making them shrill (sharp) frequency
and high-pitched. \j V

e A thin guitar string produces a high pitch %AMA ‘High.
sound. | frequency

e Low pitch:  Highpitch
Lower frequency results i in lower pitch. Fig. 13.8: Variation of pitch with frequencv
Examples
e  The voices of men have a lower frequency, grvmg them a deeper and lower-pltched
* sound. R
- A thick guitar strlp produce a low pitch sound m

0 11 What is quality of sound? Exptai
between different sound

~ loudness?

Ans. Quali %

s distinguish
: h_ave the same pitch and

of sound allows us to differentiate between two sounds having the
same loudness 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 thelr
construction and the way they produce sound. [ o KOA A

Violin: Produces a very complex, jagged waveform, e
which corresponds to its rich "stringy" tone. | Dt
Flute: Produces a much smoother and more regular

‘'waveform which sounds "pure" or "mellow" to the ear. o
Trumpet and Oboe: These instruments produce disti {/@

repeating patterns that are nert : c .
nor as jagged as V'O‘ES racteristic |~ g 13.9: Oscilloscope traces of
brassy or nasal qualmﬁ - | different sound sources

VRNINNIM &




Q. 12: Deline musical sound and noise. Explain its eﬁects a ho@@m control

noise pollution?
Ans. Musical sound: ‘A
In daily life, we h uahtles Musical instruments like the

'guitar, violin, recor dd uce sounds with controlled pltch and quahty whlch
are pleas 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 cons:dcred a
form of pollution called noise pollution that affects both humans and animals.

Effects of noise pollutions: Excessive noise from industrial machinery, vehicle horns,
 alarms and construction work can lead to 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. ~ | @ﬁg%
: By controllmg nonse pollutxon, e can ‘a | tu calt *\J

}n\d H\"ﬂ(’{.tlof.(' ound (Echo)

Q.13: Dew jon-¢ udand explain the phenomenon of “echo" with the
~ help ample. : :
Ans. Retlection of sound:

"When sound waves hit a surface and
bounce back into the same medium, the
phenomenon is called an echo or reflection of
sound".. ,
Echo: An echo is esscntlally the repetltlon ofal
sound, caused by these waves, reflecting off a
surface.

Fig, 13.10: Reflection of Sound

Example: ,

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

e  Showing in the mountains, our voice comes back to us clearly.

e Talking inside a large well, the sound reflects fi o

°) S
(dbye ear a distinct echo, the

® The human brain retains soumn

reflected sound -
e The spced of -: :

vaw

0
: , the minimum distance for an echo to form is




he Tof e must be
1 mes due to successive

reflections.

at least. 17 meters away Echoes 81 ‘

Activity:  Take two i appropriate length (or create them using

chart paper). Positi @ 'On a table,

ensurinﬁ @NM&J&% a wall. Place a clock : t 1 want

close to theopen end of one tube and_ listen for | e e {3
its sound through the other tube. Adjust the D o e i

alignment of the tubes until the sound of the | / & # E 0 o’/

clock is distinctly heard. Measure the angles of J Clock E"ar U

incidence and reflection, then analyze their | RefleBon of sound

relationship. Gently raise the right tube slightly F|g13 11: Reflection of sound usmgplastlctubes
- upward and observe any changes that occur. and a ticking 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

2. Stand at this point and clap yourch
wall. Ensure the echo is not \refie
interval between '

100 m. (B : ;g 5 .
3. BWﬁﬁhmically and start a stopwatch with the first clap. Count each

clap-and stop both the clapping and the stopwatch upon hearmg 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=vt, the speed of sound can be

computed. o
13.5 Refraction and Diffraction of Sound

0.15: Define the refraction of sound and explain why it occurs. Also give examples.

Ans. Refraction of sound:
"Refraction occurs when sound waves change direction due to a vnbratlon in the

medium's properties, such as density or temperature. This .change occurs because the
speed of sound differs in various mediums." m

Cause of Refraction:
1@ he speed of sound differs in
undary of a new medium at an angle,

- The primary reason for this change
various mediums. When ‘ -
ad before the rest, causing the entire wave front to bend.

one part of the wave ﬁh%l\%

LN
NINAV A

-_ Cl<o§r the echo from the
‘- 't nearby structures. The time




- Examples: EHATAR

clearly hear under wat
surface ma

omeone above the |
em. :

U Water

e  when sound waves travel from alr into. water, t “%’ _ e |
.due to.the difference in densnty, ca %u S i
in water than in air. Thys\i i’_ d-person can O

e As glass of water looks bent or broken. Fig. 13.12: Refraction of sound

e Acoinina bowl of water appears raised when water is added.

Q.16: Define the diffraction of sound and explain why it occurs. Also gwe examples.

Ans. Diffraction of sound:

‘ "Diffraction is the bending of sound waves
around obstacles or through slits. It allows sound to
spread out and be heard even when the source is not
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 lehactionofsoundwaves

Examples:
e If someone is speaking from behmé ‘ @%m because the

and spread into a room, allowmg people

_inside to e outside even if they cannot see the source.

o We me ‘one spreading even if he is around a corner or behind a wall.

This is because '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: | m M e ’
"The human ear can detect sounds within

the 20Hz to 20,000Hz range, known as the

audible frequency range" e e
: 20 Hz2 20 kHz 20 MH2
Inaudible sounds: " Fig.13.14: Frequency of sound

200 MH2

Sounds below 20Hz or above 20, OOOHZ are inaudible to humans cal!ed inaudible

sounds.
Impact of age on hearing: Hearing ability,dec

120
Young children: Young< %
Olders: Older lndlvndﬁa@\m@

ith sounds above 15,000 Hz.
WW/M\J\} Q-




P Ans. Infrasound:

Q.18: Deﬁne intrasound Discuss its characteristics, @n al sources,
. and its practical application in @9%& onitoring? 4
Infrasound referﬂ ‘ which humans cannot hear but may feel as
vibrations. . o
Sourc :
Biological Source: Many ammals like clephants and whales, use mfrasound to
communicate over distance of several kilometers.
Natural Events: Earthquakes, volcanic eruptions, avalanches and tsunamls
industrial/Human activities: Industrial machinery, large explosions and structural

vibrations. Due to its ability to travel long distances, mfrasound is used for momtormg ‘
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 earthquakes before the strong

shaking starts. These low frequency waves act as an ear

Volcano Moniml‘ing When a volca@o : “‘S: a infr asound waves.
- - = ang -: ess risks.

- Nuclear Explosion
cxplosxons

Ans. Ultrasound
~ "Sounds with frequencies above 20,000 Hz, whlch are maudlble to humans are
called ultrasound or ultrasonics." -

Uses of ultrasound:
Medical Applications: Ultrasound is widely used in medical dlagnostlcs 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 kidneys, as well as in

" monitoring pregnancies. @ “\@

Examples: ‘ o
1. Parental scanning uses ultrasoyr Qﬂ@g\l S msnde the womb assess 1ts
development, and detec ‘ i '

: 2. Ultrasound ﬁ“ﬂ

T




representations that help doctors evaluate thyroid health.. . —~ S&AQ
e Underwater Exploration (SONAR): T\ |

Ultrasound is used to measu (

depth and locate objects o

- SONAR (Sound igati ging)
works by SWQ waves into water; | B = =
the reflected ‘waves help to determine the| =~ Vet
distance and shape of an object. | Fig 13.15: lllustration ofsonarusedbyashup

e Calculating Distance in SONAR: |

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

Sak 0 | ‘

where speed of sound in water is approximately 1500 ms-1 at room temperatui'c.
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. ,

e Industrial Applications:

1. Ultrasound helps to detect cracks in machines lzkc tur @(@@@s and
airplane parts. .

2.  Ultrasound waves reflect from dama; den aefects
3.. [Itis also used to des Oy hactefis i ,‘~ i ugh hxgh mtcnmty waves.

ds v

Distance=

Q.20: ‘5\: ustit protecuon of buildings and how does bulldmg desngn aﬂect
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 clanty and
reduce noise. This is achieved by balancing two main techniques.
e  Acoustic protection (Absorption)
e  Sound Distribution (Reflection)
1. Acoustic Protection and Absorption:
To reduce unwanted noise and minimize echoes, buildings use soft and porous
materials.
o  Materials used: Carpets and curtains.
] Purpose These materials absorb sound waves rather than reflecting them. '
e The Balance: While absorption is necessary, excessive absorption can weaken
audibility in class rooms and halls. Therefore, a balance must be struck to @m sound

from becoming to faint. @
2. Managing Reverberation | @

Multiple reflections o can cause reverberation, which
distorts the original sq{ni%d ite Sign spaces to ensure that reflections do not

SN




* overlap in a way that makes speech or music unclear.

~3.  Sound distribution Techniques: XJ -
In large halls, theaters and @ itectural features are used to

direct sound toward tHe
Reflective Surfaces: iﬂ placed behind a stage (sound boards) help direct
.sound 1 isteners.

Curved

ings and walls: Curved 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.
........... Soundboard :

| Fig. 13. Is(a) Soundboard used in a big h%

DO YOU KNOW ? \ Rl r{\@w

Sound is a MECHANI M\ L=

e Sound
e Sou el in a solid, liquid or gas

=

Sound waves that are
-stretched out have a low
Time Sound waves that are squished frequency and a low
together have a high pitch
frequency and high
pitch

~ Displacement : - Displacement
How bats use echo to find food? By ;
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 communicate with others even when they are hundreds of kilometres apart.
Doctors use ultrasound waves to "see" inside the body without cutting it open! se waves are

completely non-invasive and safe, making them ideal for monit tg\? t@@ pregnancy or
detecting organ problems. i\ﬁ

(Tidbits T r\m AN A

1. Whyisit |mpossni:§$Yl ayes. to travel through a vacuum, such as outer space?

Ans. Sound needs a ater, or solids) to travel through. In vacuum, there are no

LA




SENNSE——— . et

particles to vibrate, which is why sound cannot travel there. Becau;x{er@;@mﬁcles
available to vibrate and ttansmit the energy. B (f\i\ﬁ = ' ‘
3. How is the shape of a sound wave displayet %I s t\ge\ﬁ'e\ete’d) by an instrument's
i brations? s

-\s ave er and appear clearer on cool mornings, 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 morning, sound may travel 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 sensors are used to monitor volcanic 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 % @%{f@ncq and
sound. » ' - e R AR\ a:;@

Brain Teaser} SR A R, |
1. ~ If sound is created by W\ﬂﬁ\)&ﬁfks move when sound waves pass through

the air?
Ans. Air pa.%ﬁwm'ﬁk and forth about their fixed pbsjtions; creating compressions and
rarefaction that carry the sound energy through the air. = ;

3. 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
reﬂectiggﬂlrface 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.
Calculate the frequency of a sound woave ?j W@’o@@m 2.0 m.

‘unique construction and the way i T

affected by’ the instrument's unique construction

Solution:

Given that; OW“
‘ . = 1 :
Speed of wave: M“ et

w\]\a\juv v




~ Wavelength: A=20m : | ‘
~ To find; S S SR o o
Using the formula; : @@ L,
o . ctg% e
- Substi alues &
o 340ms™
i Megompn

2.0m

=170 Hz
- 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: 5 :

Given that; :
Time: =24
Speed of sound: v =332 ms—
To find; | :
Distance: s
As distance of the cloud; S = vt : @ @@@
S =332 ms-1 x 2s @W

- §$ =664 m. | ‘ i

- A sonar devn ta sound pulse that returns after 33

i econds - jound in water is 1600 ms-1, what is the distance from
C§¢afloor" | 7 i i |
- Solution: ’ : , S : , :

Given that;

Time for the sound pulse to return t = 3.2 seconds

Speed of sound in water: v = 1600 ms-1

To find; distance:d =? : ,

The sound pulse travels to the seafloor and back, so the total dlstancc covered is twice
the distance from the ship to the.seafloor. '

Using the formula; d=vxt '

- 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.

5120m B ‘@@W@@

d= 2560 m
The dlstancc f o hc seafloor is 2560 metres.

\1 % Ou"'
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/ Multipte Choice Questions prepared in the light of new Examination Techniques / :
/ (Knowledge, Understanding, Application, Analytical & Conceptual) /4

Produc!ion and Propagation of Sound
1. Sound is produced by: '

(a) Stationary objects (b) Vibrating objects
(c) Heating objects : (d) Light waves
2. Sound waves are classified as: :
(a) Transverse waves (b) Electromagnetic waves
(¢) Longitudinal waves (d) Light waves

3. Imair, sound ,t‘ravels"at approximately what speed? :
(@) 3x108ms-t (b) 1500ms-1 (¢) 330-350ms-! (d) 100 ms-!
4. The regions in a sound wave where air molecules are pushed to T are

called: | . | @ ((;
(a) Rarefactions '(b) CompressionsO g W © Troughs
5. Which of the following:is requi i@& } travel?

r €
(a) A vacuum Q%\ ?i :: \ A medium (Solid, liquid, Gas) 5
(c) Darkne S (d) Magnetic field

6. Whyec T travel in a vacuum? :
(@) Itis too cold ~ (b) There are no particles to vibrate
(c). Light blocks it | - (d) Gravity is too low

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

(@) Guitar (b) Stethoscope  (c) Tuning fork  (d) Belljar
' 13.2 Speed of Sound [

8. Sound travels fastest in which medium? :
(a) Gases (b) Liquids (c) Solids (d) Vacuum

9. The speed of sound in air increases with an increase in:

(a) Humidity and temperature = (b) Gravity ‘

(c) - Atmospheric Pressure - (d) Darkness :
10. What is the mathematical formula for the speed of sound?

(@) v=f+A (b) v="10A (¢) v=1fX A o)
11. The speed of sound in steel is approximatefy: R agk\ﬁ

(@) 346ms!  (b) 1498 m § /»6 e\ ‘ /l%\s\fhf (d 317ms-!
12. If a wave has a freq ;}\ elength of 2.0 m, its speed is:
(a) 85mst g (O)I m (c) 340 m s-1 (d) 680ms

NNV R A




13.
14.

15.

16.

1%

18.

19.

20.

21.

22.
23,

24.

28.

2%

(a) Pitch o\
" Loudness is pri@
(aWo

P e characteristic that differentiates between:

Which property allows us
(d) —Speed
by the of the vibrating body.
avelength - (c) Amplitude (d) Speed

(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: S

(a) Lowpitch . (b) High pitch (c) Faintsound . (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) Ultfasound
The recommended safe noise level for an 8-hour work day is: ,
(a) 20-30dB (b) 50 -60dB (c) 85-90dB @ -150dB

The phenomenon where soung S a surface is called

(@) Refractlon \%‘ﬂ‘

e reflecting surface must be at least how many

To hear a
(a)i\ﬂgmeters (b) 10 meters (c) 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 properly 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 properties (densmnperature)

(c) Pitch d) The li |
Why can submerged per @r clearly while someone
~above the surf: : _

n (c) Refraction (d) Loudness
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28.

29.

30.

31.

32.

33

34.

38.

36.

The bending of sound waves around obstacles or through narro‘mmgs is
called: .
(a) Diffraction (b) Reflectic on e d) [nfrasound |

The range o gcnes for the human ear is:
(a) 0 (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 hke volcanoes
() find cracks in machinery  (d) To find depth of sea

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

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

~ (a) Bats (b) Blue whales  (c) Elephants (d) D- 4

Ultrasound is defined as sound with frequencies abg
 (a) 20 Hz (b) 2, 000 Hz %@& rﬂ

@d) 100, 000Hz

sring reflected ultrasonic waves to

In medical diagnostics,

create images to inté . n as:
(a) Radio rasonography (c) Infrasonic (d) Echo-locations

SONA d avigat;on 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-1. What is the depth of the water?

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

AENB 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 conference halls

- and theaters? =
(a) To absorb unwanted noise @@m

(b) To ensure even sound distri

(¢) To create echoes-for a
(d) To block sound i:\

tloﬂg@(&{\@w;& the audlence
ack rows




i & 3 (c) ( AL ©
8. © 9 )\// 1@ Q@W 13. (c) 14. ()
15. (b) 16. ( V B © 2 (© -2 ©
22. (a) 25 (b) 36 [e) o (8 28 )
29, 8) 3 R ® B © Ml A0

36. ( 37 () 38 (b)

Short Answer Quesnons prepured in the Itgh of new Examintion Te(hmques
(Knowledge, Understandmg, Applucatlon Analytlcal & Conceptual)

Productmn and Propagatmn of Sound

A 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 %&at to our ears and

create the sensation of sound
2. - Describe the classification
Ans. Sound waves‘are Classiiigd Ong
| mediu e back and forth along the direction of the wave's travel.
3. W% main regions created in a longitudinal sound wave?
Ans. The wave consists of "compressions” where air molccules are pushed together and
"rarefactions” where they are spread apart.
4. Why is a medium essential for sound propagatlon"
~ 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 tcmperatuy

8. What is the formula used to calculate the s ?\\Y

Ans. The mathematical fonn
v=fA

Q
Where, v is ?géﬁi/ ‘and 7\. is wavclcngth.
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Ans.

10.
Ans.

1§ 0
Ans.

) o B
Ans.

13.
Ans.

‘ What is the speed of sound i in steel Iron, Nickel?

a@“‘“

Steel - 5960 m s-! |
Tron 5950 m s-! @@
Nickel 040, s \
‘ W kXM  Characteristics of Sound
YA BT Reflechon of Sound (Echo)
How do we distinguish between a loud and a faint sound"

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

- Explain the charateristic of "Pltch""

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

What happens to pitch as frequency increases?

A high frequency sound corresponds to hlgh pitch, whlle low frequency results ina
low pitch. :

What is Quality of sound?

It is the characteristic that allows us to dlstmgmsh between two @ that have

the exact same loudness and pitch.

14.
Ans.
15.
Ans.
16.
Ans.

17%.
Ans.

18.
Ans.

19.
Ans.

20.
Ans.

How noise is produced?

Noise is produced b) %& lons

What is the recomimend “ imit for noise exposure"

For W ay; the recommended safe noise level is 85-90 dB.
Define'an echo?

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

What are the requirements for the humans ear to hear a dlstlnct echo" :

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. -
Name animals that use echoes to find food? :

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

135 B R'{action and Diffraction of Sound

What causes the refractmn of sonnd waves?
Refraction is the change in direction of sound waves when the)ms through

different medium properties, such as chaj ges in _ tf

Explain why sound travels -
On a cool momm@ a .

it to travel further

" gro d due to refractlon allowing
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21. What is ""Diffraction”of sound?
Ans. It is thé bending of sound waves A8
- narrow openings.

22. What is the rang

Ans, The audible ange'for a helthy human ear is between 20 Hz and 20,000
H < :
23, Wh sound waves bend when travelmg from air into water? '

Ans. This happens due to refraction. When sound waves enter a medium with a different
density, their speed changes (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. |

j KX Audible Frequency

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 scientists ’ @@ anoes or

" earthquakes. \ @Eg

26. - How does SONAR calculat e, depth
ﬁ« fie-water and measures the time it takes for

Ans. SONAR sends ulﬁ?
the echo tore ca culated using the formula:

‘ D

27. What s the audlble 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
frequenoles 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 thc development of a fetus during pregnancy without surgery.

kWA Acoustics Protection of Buildings
39. 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 throughout the hall.
| ’g@.@m
und t

30 What is "reverberatlon" and how it he

hat can distort clarity. It
is controlled by @ j such as soft, porous materials (carpets .
and curtains) [tm : ted sound waves. '




Tick () the correct a

13.1 What i e production of sound?

(a) Av (b) Vibrations of a medium
(c) Onlyair , - (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 ist :
(a) light wave (b) water wave (c) sound wave (d) radiowave
13.4 In which medium does sound travel the fastest? :
(a) Gases (b) qumds : (c) Solids (d) Vacuum
13.5 What is the approx1mate speed of sound in air? |
(@ 150mst  (b) 330-350 ms-! (c) 500 m s (d) 1,000 m s-1
13.6 Why is acoustic protection important in building design?
(@) To increase noise pollution (b) To reduce

(¢

echo 2 m@aquahty
(¢) To amplify sound 0 2 a5 ound
u@\i“i. g ¢ for sound waves lies

13.7 For a normal perso the a
between:
(b) 20 Hz-20 kHz

(c) 2 (d) 30 Hz - 30 kHz

13.1 (b) 13.2 (b) 13 J (c) 134(c) 135 () 13.6 (b) 13.7 (b)

TB. short Answer Question: _

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 travc!s 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
th d source.
e sound source O@@

13.4 Why do we hear an echo when-we cla W
Ans. We hear an echo wm " %\ G}l cause the sound waves from the

clap reflect off tp\eﬂb and return to our ears with a delay.

A NNNN O




G@ used for lmagmg
n (llthotrtpsy)

13.5 Whatis ultrasound, how is it used in medlcal"

Ans. Ultrasound consists of frequencies 6bo-.
internal organs (sonography) h‘ié

e £raj
: | C Constructed Respome Questlo.-s

- 13.1 Why d¢ \r‘l\bl . k placed on a wooden table prodnce a louder sound than
¥ iheld in the air? What does tlns 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 dlrectly proportional to the vibrating surface area.

13.2 If sound needs a medium to travel, how does the bell jar experlment 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 elearl 2

Ans. The human brain retains a sound for about 0.1 secands tg\he: echo the
reflected sound must arrive after El}a : : :
sound travels 34 meters in 0. 1 = : eflecting surface must be half
that distance (17 d to go and return.

13.4 Why do _voices of deeper than those of women or children, even
wheM@ ing at the same intensity? ExplalnI using the relatlonsh:p
betw requency and pitch. -

Ans. Men generally have larger and thicker vocal cords, Wl‘llCh 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 hlgher frequency and
- pitch. : ;

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

Ans. Soft materials like carpets and curtains are porous and absorb sound energy instead
of reﬂectmg it. This reduces unwanted echoes and reverberations, making the

- sound in a room clearer and less "boomy".

13.6 When a person claps near a canyon and hears the vccho after a few seconds,

how can they calculate the distance to the eanyon" ‘What prmc is used in

2 this method? :
- Ans. Distance can be calculated by mg]h re v is the speed of

sound and t is the to rctum ThlS uses the prmc:ple of
reflection of sou ﬁl {\

W

oughly 340 ms-1,
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I D.Comprehensive Questions _.
13.1 What is the approximate speed of sound\in gi ﬂ '
Ans. The approximate speed of sound\i ﬂ u CMpErE

meters per second (

Factors affecting t in air: ik Sk
(i) Tem %peed of sound increases with temperature. Higher temperature

means air molecules have more kinetic re‘nergy,'allowing sound waves to travel

@c@l‘@ﬁect it?
ure (around 20°C) is 343

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. =

(iii) 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
th_é next. In liquids, molecules are- more loosely packed than in solids, and the
intermolecular forces are weaker. In gases, moleculés are, wig @ d with
very weak intermolecular forces. The denser, pe i“\ and st gr orces in solids

. facilitate faster transmission of oy 1‘ 3. compared to liquids and gases.
13.3 How do amplitud Om ey, affect the quality of sound? Explain.
Ans. Amplitude % ss (intensity) of the sound. Higher amplitude means
i the )& carries more energy, resulting in a louder sound. Lower amplitude
- corresponds to a quieter sound. : SRR - :
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. ' | il o

13.4 How does echo occur? Explain. s

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 dctermineswhemn echo is

perceived. . : ] @@@CO) -
13.5 How do reflection, re__fract' ,.ﬁd@w _ ehavior of sound

(29
.

waves?
Ans. Reflection: Soun

RN NeE s

%’ surfaces, changing direction. This is used in




acoustics to control sound distribution in rooms.

Refraction: Sound waves bend whe

through a medium with varyi rope

can cause sound t@% -

let‘ractlon Sou AV .

This al eard even wh
136 W

app lcatlons" :
Ans. For answer see Q # 18 _

l E. Numerical Problems

13.1 At a particular temperature, the
speed of sound in air is 333 ms-1, 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

ear?

Sol. Given:
: Speed of sound= v = 333 ms-1

Wavelength = A =3cm=0.03 m
Required

frequency Q(
Formula:

Rearrange
Solntlon éugstltute the values,

333 ms™!
f= 0.03m

; f=11,100 Hz =11 kHz
Result: Since the human hearing range is
20 Hz to 20, 000 Hz, this frequency is
audible.

13.2 A clock chimes 48 times in 1
minute. Calculate the frequency
-and period of the chimes. -

Given:

Number of chimes = 48

Sol.

d around obstacles or spread out through openings.

en there is an obstruction in the direct path.

nfrasound and ultrasound, and how are they used in different

Numberof 'vibrations-

Total time
1
Period (T) = =
Solution: For frequency,
1 . Number of vibrations
| ’ @ @@\Qﬂﬁ}ne
@@%ﬁ el o
0 it ol vaent
For Period, f.= 0.8 H
1
T T ?
et
08 ;
T =125s

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:

. Wavelength A)

\@@m

Sol.

Time (t) = 1 minute = 60 seconds
Required:
frequency = (f) ?
Time Period = (T&) k@
Formula: “

R NNEE




B

Re arrangc,

Ty
oS

Solution Substitute the values,

i

Result: Th ency produced by the car

horn is 680 Hz.

13.4 A wave travels with a speed of-
500ms-! and has a wavelength of

2metres. Calculate the time period

~ of the wave.
Sol. Given: |
 Speed of sound = v = 500 ms-1.
Wavelength = A 2m
Required:
T=2.
Formula: : '1
T= —
Solution: 1
First, find the frcqucncy .
_ using

f 250 Hz |
Now, find time period (T)
1
L ™
By substituting values,
b b 1
~ 250Hz
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
receives the echo 2 seconds Iaﬁ'

The speed of sound in 8
1600 ms-1. Fm%

@@Q@ 3

| Formula:

sea at this positlon

depth =?

Formuta-
d =vxt

Solutlon By Substituting values,
= ——1600ms-1><25
d =3200m
Since the sound wave travels to the
seabed and back, the depth of the sea is
half the total distance. o
3200m

3 =1600 m

Depth
Result:
The depth of the sea is 1600 m.

mountain and hears the echo after

6 second 1 i
o e distance of

m from the person?
Given:
Speed of sound (v) 343 ms-t
Time for echo (t) = 6 seconds
| Required: ‘ ;
equire® distance (d)=?

d=vxt

| Solution: Substitute the values,

d =343 ms~! x 68
d=2058m
Since the sound wave travels to the
mountain and back, the distance of the
mountain from the person is half the total
dnstance

Distance 2058m = 1029 m

18 cC =

‘Result: @@mmam from
X@ —###—-—-

S SN B

13.6 A person claps his hands leaf a‘l,'._', '

sound is



