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We hear sound from various sources, e.g. from humans, birds, machines, vehicles, TV, radio,
etc. Sound is a form of energy which produces a sensation of hearing in our ears.

Production of sound: A sound is produced by vibrating objects. Vibration means a kind of
rapid to and fro motion of an object. The sound of human voice is produced due to ‘rations in
the vocal cords. We can produce sound by striking the tuning fork, by plucking, scratching,
rubbing, blowing or shaking different objects. They all produce sound due to vibrations.
Propagation of sound: When an object vibrates, it sets the particles of the medium (solid,
liquid or gas) around it in vibration. The particles do not travel all the way from the vibrating
object to the ear. A particle of the medium in contact with the vibrating object is first
displaced from its equilibrium position. It then exerts a force on the adjacent particle. As a
result of which, the adjacent particle gets displaced from its position of rest. After displacing
the adjacent particle, the first particle comes back to its original position. This process
continues in the medium till the sound reaches our ear. The source of sound creates a
disturbance in the medium which travels through the medium. The particles of the medium
do not move forward but the disturbance is carried forward. This is propagation of sound in a
medium, hence sound can be visualised as a wave. i
Sound waves require a medium to travel, so they are
called mechanical waves. Wave motion is nothing but
a mode of transfer of energy from place to place
without material support. The most common medium
through which sound travels is air.

Formation of Compression and Rarefaction in Air:
bject moves forward in air, it pushes and compresses
which starts to move away from the V1brat1ng ob
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in front of it,
When the
, e part of a
WA : ] - 1e another than they

than they normally
ect moves back and

forth rapidly;-a series of compressionsfand rarefactions is created in air.
Sound needs a mediuml to Avavéln gh\i\lsilbhahmnbmh iwhich, sound travels is called a
medium. It can be solid, liquid or a gas. Sound wave is a mechanical wave and requires a
material medium like air, water, steel, etc., for its propagation. Sound wave cannot travel in

vacuum. gy

Types of waves: Mainly there are two types of waves.
Longitudinal Waves: the individual particles of the hmmmmmmommmmm«m oh
medium move in a direction parallel to the direction of c R C R pul
propagation of the disturbance. The particles do not Longitudinal wave in a slinky
move from one place to another but they simply
oscillate back and forth about their positions of rest. This is exactly how a sound wave
propagates, hence sound waves are longitudinal waves. Longitudinal waves can be produced
in all the three media such as solids, liquids and gases. The waves which travel along a spring
when it is pushed and pulled at one end, are the longitudinal waves. ‘When coils are closer
together than normal, compressions (C) are observed in spring. When coils are farther apart
than normal, rarefactions (R) are observed. A long flexible spring which can be compressed
or extended easily is called slinky.

Graphical Representation of a Longitudinal Wave: When a longitudinal wave passes through
air, the density of air changes continuously.
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Transverse Waves: In transverse Compression Rarefaction Compression Rarefaction

waves, the individual particles of the
medium move about its mean position
in a direction perpendicular to the : i
direction of wave propagation. e.g. f i 1 1
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. . s Greater Less Greater Less
Light is a.transverse wave (but it is not density density density density
a mechanical wave). Transverse waves Representation of longitudinal wave

can. be produc;ed only in solids and | » longitudinal wave in air has been represented by means
liquids but not in gases. Examples: of a density-distance graph as shown below.

1. The waves prod}lced by moving one Density greater Compressm Compress'on
end of a long spring or rope, up and than normal »

down rapidly, whose other end is fixed, Normal x

density Distance —>
are transverse waves. (from source)
. Density |
2. The water waves (or ripples) formed ponsty lese Rarefaction ~ Rarefaction
on the surface of water in a pond (when A longitudinal wave in air by density-distance graph

a stone is dropped in the pond of water)
are transverse waves. A transverse wave travels horizontally in a medium, the particles of the
medium vibrate up and down in the vertical direction. In transverse waves, crest and trough
are formed. A crest is that part of the transverse wave which is above the line of zero
disturbance of the medium. A trough is that part of the transverse wave which is below the

O Graphical Representation of a

line of zero disturbance of the medium. _ Positive rest : Crest
displacement
Line of zero

t

I

I

| Transverse . A transverse wave has | Ui v

| displ ¢ disturbance Distance
‘ a displacement-

I Negative (from source)

' displacement Tfough Trough

A transverse wave by a displacement-distance graph

: two consecutive compressions (C) or two consecutive
rarefactions (R) is callestheawwiatpggW W avdlength wvsatheominimum distance in which a
sound wave repeats itself. In other words, it is the combined length of a compression and an
adjacent rarefaction. It is represented by a Greek letter lambda ‘A’. Its ST unit is metre (m).
Frequency: The number of complete waves (or oscillations) produced in one second is called
frequency of the wave. It is the number of vibrations that occur per second. If we can count
the number of the compressions or rarefactions that cross us per unit time, we will get the
frequency of sound wave. The frequency of a wave is fixed and does not change even when it
passes through different substances. It is denoted by ‘v’ (Greek letter, nu). Its SI unit is hertz
(symbol, Hz) named in honour of Heinrich Rudolf Hertz who discovered photoelectric effect.
Time Period: The time taken by two consecutive compressions or rarefactions to cross a
fixed point is called the time period of the wave. In other words, the time required to produce
one complete wave (or oscillations) is called time period of the Wave. It is denoted by
symbol T. Its SI unit is second (s). The time period of @ | Time period (7)=——+
wave is the reciprocal of its frequency, ‘ Frequency v
Amplitude: The maximum displacement of the particles of the medium from their original
mean positions on passing a wave through the medium is called amplitude of the wave. It is
used to describe the size of the wave. It is usually denoted by the letter A. Its SI unit is metre.
The amplitude of a wave is same as the amplitude of the vibrating body producing the wave.
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<\ Speed: The distance travelled by a wave in one second is called speed of the wave or velocity

of the wave. Under the same physical conditions, the speed of sound remains same for all
frequencies. It is represented by letter v. Its SI unit is metre per second (rn/s). Relationship
between speed, frequency and wavelength of a wave: Speed = Distance travelled/ Time taken

Suppose distance travelled by a waveis A (wavelength), i1
time 7, then the speed is given by v = A /T

We know that, frequency, v=1/T

Therefore, v=AXV or v=VA

or Iﬁ)eed (velocity) = Frequency X Wavelength ]

QI. Sound waves travel with speed of about 330 m/sec. Calculate the wavelength of sound
whose frequency is 550 Hz. Calculate its time period. [0.001 sec]
Characteristics of sound: A sound has three characteristics such as loudness, pitch and
quality (or timbre).

1. Loudness: It is the measure of the sound energy reaching the ear per second. Greater the
sound energy reaching our ear per second, louder the sound will appear to be. If the sound
waves have a small amplitude, then sound will be faint or soft but, if waves have a large
amplitude, then the sound will be loud. Figure given
shows the wave shapes of a loud and a soft sound of
the same frequency. Since, the amplitude of a sound Small Time
wave is equal to the amplitude of vibrations of the | amplitude

¢ [source producing the sound waves, hence the loudness

Wave disturbance

Wave disturbance

I

: of sound d n the amplitude of vibrations of the

! source Large

: travel amplitude Time

Soft sound has small amplitude and
louder sound has large amplitude

q our ears. Intensity:

The amount-ef sound €nergy. passing.gach second through unit‘area 1s known as the intensity

of sound. Loudness andLimtensity rage Yot the bamrecoterms.j boudness .is a measure of the

response of the ear to the sound. Even when two sounds are of equal intensity, we may hear

one as louder than the other, simply because our ear detects it in better way. The SI unit of

intensity is watt per square metre (W/m?). S

2. Pitch or Shrillness: It is that characteristic of sound by | disturbance

which we can distinguish between different sounds of the same NN .

loudness. Due to this characteristic, we can distinguish I/ ~ Time

between a man’s voice and woman’s voice of the same Wa";ti’,‘ggesfc‘.’:ng tow

loudness without seeing them. Pitch of a sound depends on the | wave

frequency of vibration. Greater the frequency of a sound, the |**}"™"°

higher will be its pitch. In other words, the faster the vibration

of the source, the higher is the frequency and hence higher is

the pitch, as shown in figure. Thus, a high pitch sound Wavgifg':g; Jfor nadhigh

corresponds to more number of compressions and rarefactions

passing through a fixed point per unit time. Low pitch sound has low frequency and high

pitch sound has high frequency.

3. Quality or Timbre: The quality or timbre of sound is that characteristic of sound which

enables us to distinguish one sound from another having the same pitch and loudness. The

pleasant sound is said to be of a rich quality. A sound of single frequency is callei a tone.
(]
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<\| The sound produced due to a mixture of several frequencies is called a note and is pleasant in
listening too. Noise is unpleasant to ear, music is pleasant to ear and is of rich quality

Speed of sound and light: The speed of sound in air is about 344 m/s at 22°C and 331 m/sec
at 0°C and the speed of light in air is 3 X 10° m/sec. Thus, speed of light is very great as
compared to the speed of sound. It is observed that in the rainy season, the flash of lightning
is seen first and the sound of thunder is heard a little later, though both are produced at the
same time in clouds. It is because of very high speed of light due to which we see the flash of
lightning first and it is because of low speed of sound that the thunder is heard a little later.
Speed of sound in different media: Sound propagates through a medium at a finite speed.
The medium can be a solid substance, a liquid or a gas. These are called material media. The
speed of sound depends on the properties of medium through which it travels. The speed of
sound in a medium depends on temperature of the medium. The speed of sound decreases
when we go from solid to gaseous state. If temperature of the medium increases, then speed
of sound also increases.

NOTE: SONIC BOOM: When the speed of any object exceeds the speed of sound, it is said
to have supersonic speed. Many objects such as some aircrafts, bullets and rockets, etc, travel
at supersonic speeds. When a sound producing source moves with a speed higher than that of
sound, it produces shock waves in air, which carry a large amount of energy. The tremendous
air pressure variations caused by the shock waves produce a loud burst of sound is known as
sonic boom. It produces untolerable loud noise which causes pain in our ears. The shock
waves produced by a supersonic aircraft have enough energy to shatter glass and can even
¢ | damage buildings.
Reflection d wave: Like light, sound can also be made to chan direction and
Ils on a hard surface. The bouncing back of sound w it strikes a
e_reflection of sound does not require a
1)< ko vl i e y surface whether it

-— Wall

— Table

(ON) at the point of incidenee,ralinlie i flich
same plane.

2. The angle of incidence (<AON) of sound _r
is equal to the angle of reflection (<NOB) of Reflection of sound
sound.

Echo: When a person shouts in a big empty hall, we first hear his original sound, after that
we hear the reflected sound of that shout. This reflected sound is an echo. An echo is nothing
but just the reflected sound. So, the repetition of sound caused by reflection of sound waves
is called an echo. The sensation of sound persists in our brain for about 0.1 s. To hear a
distinct echo, the time interval between the original sound and the reflected one must be
atleast 0.1 s. The speed of sound in air is 344 m/sec. The distance travelled by the sound in
0.1 s=speed x time =344 x 0.1 =34.4 m

So, echo will be heard, if the minimum distance between the source of sound and the obstacle
is =34.4 /2 m = 17.2 m. To hear an echo, our distance from the reflecting surface should be
atleast 17.2 m. This distance will change with the change in temperature. Echoes may be
heard more than once due to successive multiple reflections. The rolling of thunder is due to
successive reflections of sound from a number of reflecting surfaces, such as clouds and the
land.
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:f % Reverberation: The persistence of a sound in a big hail due to repeated reflections from the

~/ walls, ceiling and floor of the wall is known as reverberation. A short reverberation is
desirable in a concert hall, where music is being played, as it boosts the sound level. But
excessive reverberation is highly undesirable because sound becomes blurred, distorted and
confusing due to overlapping of different sounds. To reduce reverberation, the roof and walls
of the auditorium are generally covered with sound absorbent materials like compressed fibre
board, rough plaster or draperies. The seat materials are also selected on the basis of their
sound absorbing properties.
Uses of Multiple Reflection of Sound: The reflection of sound is used in the working of
devices such as megaphone, horns, stethoscope and sound board. These devices involve
multiple reflections of sound waves.
1. Megaphone and Horn: Megaphone is large cone shaped device used to amplify and direct
the voice of a person who speaks into it. A horn is a cone shaped instrument used for
signalling in bicycles, cars, buses, etc. When a person speaks into the narrow end of the
megaphone tube, the sound waves produced are prevented from spreading by successive
reflections from the wider end of the megaphone

[ Curved sound board

tube, hence sound of his voice can be heard over a (acts as sound reflector) Reflected
longer distance. sgupa waves
2. Stethoscope: It is a medical instrument used by
doctors to listen the sound produced within the heart Ceons

and the lungs in human body. The sound of heart g‘i;“r?a"
¢V |beats (or lungs) reaches the doctors ears by the S

s of sound waves through the Source of sound—————

(like a speaker delivering speech)

Curved sound board behind the speaker
or the stage in big hall

8
=
=
=
S
S,
(¢
=

Curved ceiling of Reflected
a big hall (acts as sound waves
sound reflector)

iling
cinema, hails
are curved;=so that sound.after. reflection reaches all
corners of the hail. Learning With Inno
Range of hearing: The average frequency range over
which the human ear is sensitive is called audible
range. The audible range of sound for human beings T in the hall
is from 20 Hz to 20,000 Hz. Children under the age of N Source of sound
5 and some animals such as dogs can hear up to (like @ musician)
25000 Hz. As people grow older, their ears become | Curved sound board behind the speaker or the
less sensitive to higher frequencies. stage in big hall

Audience
- sitting

Infrasonic Sound: The sound of frequencies lower
than 20 Hz are known as infrasonic sounds or infrasound, which cannot be heard by human
beings. Earthquakes and some animals like whales, elephants and rhinoceroses produce
infrasonic sound of frequency 5 Hz. It is observed that some animals get disturbed and start
running here and there just before the earthquakes occur. This is because earthquakes
produce low frequency infrasound before the main shock waves begin which possibly alert
the animals and they get disturbed.
Ultrasonic Sound: The sounds of frequencies higher than 20000 Hz are called ultrasonic
sounds or ultrasounds which cannot be heard by human beings. Dogs can hear ultrasonic
sounds of frequency to 50,000 Hz. This is why dogs are used for detective work by the
police. Monkeys, bats, cats, dolphins, leopard and porpoises can also hear ultrasoniciounds.
(]
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/ﬁ% Hearing Aid: This is a device used by people who are hard of hearing. It is an electronic,
battery operated device. It receives sound through a microphone which converts the sound
waves to electrical signals. These electrical signals are amplified by an amplifier. The
amplified electrical signals are given to a speaker of the hearing aid. The speaker converts the
amplified electrical signals to sound and then sends it to the ear for clear hearing.
Ultrasound and its Applications: Ultrasounds are high frequency waves. They travel in
straight line without bending around the corners. They can penetrate into matter to a large
extent. Due to these properties, ultrasound is used in industry and in hospitals for medical
purposes. Some of the important applications of ultrasound are given below:
1. In Cleaning Minute Parts of Machines: Ultrasound is used to clean parts located in hard-
to-reach-places, such as spiral tubes, odd-shaped machines and electronic components, etc.
Objects to be cleaned are placed in a cleaning solution and ultrasonic waves are sent into the
solution. Due to their high frequency, the ultrasound waves stir up the solution, hence the
particles of dust, grease and dirt vibrate too much, become loose, get detached from the
object and fall into solution. The objects, thus get thoroughly cleaned.
2. In Internal Investigation of Human Body: Ultrasound is used to investigate the internal
organs of human body such as liver, gall bladder, pancreas, kidneys, uterus and heart, etc.
Ultrasound waves can penetrate the human body and different types of tissues and get
reflected in different ways from a region where there is a change of tissue density. In this
way, ultrasound helps us to see inside the human body and to give pictures of the inner
organs by converting into electrical signals. These pictures or images are then displayed on a
¢ [ monitor or printed on a film. This technique is called ultrasonography. lz.onography is

T

I

: used for thi ination of foetus during pregnancy to detect any g abnormalities,
0 which action to rectify the abnormalities. Ultras’ scanner is
: an inst o |detect abnormalitie h_as stones in the gall bladder
1)< ko vl and ki asound is also used

for| di . This technique is
echoca ed in the kidneys
into fin i ent gets relief from
pain.
3. In Industries: Ultrasolnd as nsed g'n\Miltlhr)I iay deterting flaws, (cracks, etc.) in metal
blocks without damaging them. Metal blocks are used in the construction of big structures
like bridges, machines and scientific equipment, etc. If there are some cracks and flaws in the

metal blocks, which are invisible from outside reduces Defoct or flaw _ Ulrasound
the strength of the structure. These can be detected by | Ulrasound _ (acrack)  detectors
. - . i

using ultrasound. This is based on the fact that an internal |_,__\ . /[ :J)ﬁ_

crack (or hole) does not allow ultrasound to pass through |—- ‘; -

it. It reflects the ultrasound. Ultrasound waves are |, :j:jg [:}——

allowed to pass through one face of metal block (to be T —
. —>- S

tested) and detectors are placed on the opposite face of S—

the metal block to detect the transmitted ultrasound Metal block

waves. If there is even a small defect, the ultrasound waves gets reflected back indicating the
presence of the flaw or defect. Ultrasound reflected from a part of block, which shows that
this metal block has a flaw or defect (like a crack) inside it. Ordinary sound waves cannot be
used for detecting the flaws in metal blocks because they will bend around the corners of the
defective location and therefore enter the detector.

Use of Ultrasonic Waves by Bats: Bats search out prey and fly in dark night by emitting and
detecting reflections of ‘ultrasonic waves. The method used by some animals like bats,
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E%f tortoises and dolphins. The method used by some animals like bats, tortoises and dolphins to

) locate the objects by hearing the echoes of their ultrasonic squeaks is known as echolocation.
Bats emit high frequency or high pitched ultrasonic squeaks while flying and listen to the
echoes produced by reflection of their squeaks from the obstacles or prey in their path. From
the time taken by the echo to be heard, bats can determine the distance of the obstacle or prey
and can avoid the obstacle by changing the direction or catch the prey. However, certain
moths can hear the high frequency ultrasonic squeaks of a bat and can know where the bat is
flying nearby and are able to escape from being captured.
SONAR: The word SONAR stands for Sound Navigation And Ranging. Sonar is an
apparatus used to find the depth of a sea or to locate the underwater things like shoals of fish,
shipwrecks and enemy submarines. It uses
ultrasonic waves to measure the distance,
direction and speed of underwater objects.
SONAR consists of two parts:
1. atransmitter (for emitting ultrasonic waves)
2. areceiver (for detecting ultrasonic waves)
3. asshown in figure.
The transmitter produces and transmits ultrasonic
wav. These waves travel down the sea-water
towards the bottom of the sea. When the
ultrasonic sound pulse strikes t bottom of the sea, it is reflected back in the form of echo aid

! ¢ Jare sensed by the detector. The detector converts the ultrasonic waves i ctrical signals
: which are iately interpreted. The distance of the object that refle e sound wave
10 cangbe ¢alc ing the speed of sound wave in water and the time upral between
: transmissio i e 1nd. ) e th of the sea. Let the
1)< ko vl time in ‘t’ and the speed of

trasound is, then

the depth of the sea
\ ubmarlne ice-= bergs sunk ) etc.

Q2. A submarine produces:the-ultrasesiic waves of velocity 1500 m/sec in water. The officer
receives signal after 50 s bfeeiissibn &f Wiidsbnicwa ey, Firdthe. distance of object which is
present at the bottom of sea. [ 37.5 km]
Q3. Using the SONAR, sound waves are emitted at the surface of water, which after being
reflected from bottom of water, are detected. If the time interval from the emission to the
detection of the sound waves is 4 s. Calculate the depth of the water. (Speed of sound in
water is 1450 m/sec). [2900 km)]
Q4. In a submarine, equipped with a SONAR, the time interval from the emission to the
detection of the sound pulse is found to be 77 s. What is the distance of enemy submarine?
[Speed of sound in water is 1450 m/sec]. [55825 m]
HUMAN EAR: The ears are the sense organs which helps us in hearing sound. It allows us
to convert pressure variations in air with audible frequencies into electric signals which travel
to the brain via auditory nerve. The ear consists of three compartments: Outer ear, Middle ear
and Inner ear.

1. Outer Ear: The part of ear which we see outside the head is outer ear. It consists of a broad
part pinna and about 3 cm long passage ear canal. At the end of ear canal, a thin, elastic and
circular membrane, eardrum is present, which is also called tympanum or tympanic
membrane.

2. Middle Ear: contains three small bones- hammer, anvil and stirr up, which are connected
with each other. One end of hammer is touching the eardrum Iﬁthe free end of .rr up is
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touched to oval-window of inner ear. The lower part of middle ear has a narrow tube called
eustachian tube going to the throat. It ensures that the air pressure inside the middle ear is the
N /‘ same as that on the outside.

4 3. Inner Ear: has a coiled tube, cochlea. One side of cochlea is connected to middle ear
through elastic membrane over the oval window. A liquid is filled in cochlea, which contains
nerve cells that are sensitive to sound. The other side of cochlea is connected to auditory
nerve going into the brain.

Working of Human Ear: Pinna collects the sound waves from the surroundings. These
collected sound waves pass through the ear canal (auditory canal) and fall on the eardrum.
Since, sound waves are longitudinal waves, these waves consist of compressions (high
pressure regions) and rarefactions (low pressure regions).

When a compression of the medium reaches the eardrum, the pressure on the outside of the
membrane (eardrum) increases and forces the eardrum inward. Similarly, when the
rarefaction of sound wave falls on the eardrum, the pressure on the outside of the membrane
(eardrum) decreases and it moves outward. In this way, when sound waves fall on the
eardrum, it starts vibrating back and forth rapidly.

These vibrations are amplified several times by the three bones (hammer, anvil and stirr up)
in the middle ear and then passes to the liquid in the cochlea. Due to this, the liquid in the
cochlea begins to vibrate and the pressure variations are turned into electrical signals by the
cochlea. These electrical signals are carried by auditory nerve to the brain. The brain
interprets them as sound and we get the sensation of hearing.

Structure of Human Ear .
Pinna IR
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Hammer

Anvil

& Stirr up
_______ Oval window
Auditory nerve

¢ Cochlea
( Tympanic membrane
or eardrum

\ Auditory canal
\— Eustachian tube

{ 1 11 i
* Outer ear Middle Inner
ear ear

Auditory parts of human ear
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