ACOUSTIC CAMP FOR
SCHOOL CHILDREN

REG. NO.M9614

An Independent Project submitted as part fulfilment of First
Year M.Sc, (Speech and Hearing), Mysore.

All India Institute of Speech and Hearing, Mysore

May 1997



DED CATED

BUJJI,
AJAY,
ASHA,
APARNA,

KR SHNA,
ANUPANA,
PRI YANKA,

and
KUVAR



CERTI FI CATE

This is to certify that this Independent Project
entitled ACOUSTIC CAW FCR SCHOOL CHI LDREN is the bonafide
work in part fulfilnment for the degree of Master of science

(Speech and Hearing) of the student with Regi ster No. Mb614.

i
M/sor e fk/uv‘k s
May, 1997 Dr.(Mss) S Nkam
Di rector

Al India Institute of
Speech and Heari ng
M/sore 570 006.



CERTI FI CATE

This is to certify that this Independent Project
entitled ACOQUSTI C CAMP FCR SCHOOL CH LDREN has been prepared

under ny supervision and gui dance.

M/sor e A,QVIL“

May, 1997 Dr. (Mss) S N kam
Prof. & HOD Audi ol ogy
Al India Institute of

Speech and Heari ng

M/sore 570 006.



DECLARATI ON

This Independent Project entitled ACOUSTIC CAW FCR

SCHOOL CH LDREN is the result of ny own study under the
guidance of Dr. (Mss) S Nkam Prof, and HOD Audi ol ogy and
Drector, Al India Institute of Speech and Hearing, Msore
and has not been submtted earlier at any University for any

ot her diploma or degree.

M/sor e
May, 1997 Reg. No. M614



ACKNONLEDGEMENT

| amthankful Dr.(Mss) S Nkam Prof, and Director, Al
India Institute of Speech and Hearing, Msore, for allow ng
me to take up this project.

| express ny deep and sincere indebtedness to ny guide

Dr. (Mss) S Nkam Prof. & HOD-Audiolog, and Director, Al
India Institute of Speech and Hearing, Msore, for her
i nval uabl e hel p, suggestion and guidance at every phase of
this project.

M/ sincere thanks due to Manjula M am Lect urer in
Audi ol ogy, Al India Institute of Speech and Hearing, Msore
for her tinely guidance.

Thanks are also due to Aninmesh Sir, Lecturer in Audiology,
All India Institute of Speech and Hearing, Msore for his
support and suggestions.

A friend is a person who put the drawings for ny research
V\o{k, w thout you, | could not conplete this project. Thanks
a lot Binu.

Finally, I'd like to thank Raj al akshm Akka for her typing
this Independent Project and giving its final shape.



11
IV

| NTRCDUCT! ON
STALLS
CONCLUSI ON

Bl BLI OGRAPHY
APPENDI X

TABLE OG- CONTENTS

PAGE No.
1-3
4-42

44 - 45



| NTRCDUCTI ON

Many events of nature, whether the neeting of two
objects or the turbulent flowof air, radiate a tiny part of
their energy as pressure waves in the air. A snall fraction
of air that is scattered, thus we know of the event. Man's
links to the outside world through hearing seens to be the

essential "sense", the one that nmakes nman peculiarly human.

The first step of intellectual devel opment are beyond
the deaf child s reach. The sounds of |ife remain unknown.
He cannot learn to imtate nmeaningful sounds because he
cannot hear them unless heroic effects rescue him he wll
never truly master his own |anguage, wth its offspring,
speech, that gives nman his superlative capacity to

conmuni cat e.

The virtuosity of human hearing is as remarkable as its
inportance. A man can hear a nosquito buzzing outside his

wi ndow, even though the power of the sound reaching him nay

be no nore than one quadrillianth of a watt. The ear is the
organ of hearing, it has a renmarkable ability for resol ution
and perception of acoustic signals. The ear, apart from

bei ng the organ of hearing, has the organ for bal ance. The

ear consists of outer ear, mddl e ear and i nner ear, which



are sound gathering, sound conducting and sound analyzing
portions. The nerve inpulses fromthe cochlea are carried to
the auditory centers of the brain, through the auditory

pat hway, for perception of the acoustic signals.

Life is spent in a world of conpeting signals, sone of
which are at tines extrenely inportant and at other tines
ignored. A sound one does not want to attend to, can be
regarded as noise and sound a person is interested in as
signals. noise defined as an unwanted sound has been known
for along time. In the nane of technological programme,

noi se has been regarded as undesirable but a necessary by-

product .

It was not until the technological revolution of the
past century that wunwanted sound crept into significant
portions of the |life of every resident of civilized world.
The proliferation of vehi cl es, machi nes, appliances and
aircraft has poured noi se- produci ng devi ces into t he
environment in ever increasing manner. Noi se has been
classified as insidious in our environnment, because its
effects appear slowy. In fact, the effects of noise
exposure may not becone apparent until long after exposure

has began. Noise delivered with sufficient force to the ears
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can cause irreversible damage to portions of hearing sensory
mechani sm  Concern about non-auditory effects, is increasing

since the |ast decade.

It is highly essential to protect the wears of the
i ndustrial workers by neans of control of noise |evels. One
of the nost efficient ways of hearing protection is by the
control of noise brought about by the action of engineering
controls and adm nistrative controls. |If however, it is not
possible to control noise in this way, the control of noise
can be brought about by ear protective devices. These ear
protective devices reduces the noise level at the ear to a

harm ess one if not a pleasant one.

Pur pose of the Study

Acoustics is the branch of physics that deals with
sound. The Acoustic Canp is ained at meking the concepts of
sound and its characteristics easy to understand and
remenber. The purpose of the "Acoustic Canp" is to present
in as sinple and concise a form as possible, the fundanental
principles underlying the gener ati on, transm ssion and

reception of sounds.



STALLS

Acoustics is the branch of physics that deals wth
sound. The Acoustic Canp is ained at making the concepts of
sound and its characteristics easy to understand and

r enenber .

The purpose of the "Acoustic Canp” is to present in as
sinple and concise a form as possi ble, the fundanental
principles underlying the gener ati on, transm ssion and

reception of sounds.

* Stall No.
Sound defi ned

Sound is defined as a wave notion propagated in an
elastic medium travelling in bot h | ongi t udi nal and
transverse directions, producing an auditory sensation in the

ear by the change of pressure at the ear (Audio cycl opedia).

Sound is a vibratory disturbance in a nmedium which 1is
capable of eliciting an auditory sensation in the ear. The
di sturbance is due to a body in vibration. e.g., tuning fork
vi bration, stretched rubber band that can be plucked to set

into vibration.



Experinment 1 :

Take a taperecorder and record signals such as sounds
produced by tuning fork, audioneter (pur et ones, noi se),
speech, nusical instrunments, machinery etc. in the audio
cassette. The recorded signals can be played back to have

auditory sensation in the ear.

Experi nment 2

Figl
Take a tuning fork and struck into vibrations and the
vibrating tuning fork should be kept near the external ear

which results in auditory sensation in the ear.

CGenerati on of sound

A sound producing body is always a vibrating body, in

contact wth sone nediumthat is capable of passing the
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energy to the ear. e.g. the wvibrating body may be tuning
fork, strings, drumetc. and the nediumnay be air, water or
other liquids, other gases, in addition to air even through

sol i ds.

Experinent 1

Fig 2

Take a tuning fork and struck into vibration, the
vibration tuning fork should be kept in tunbler containing
water. Wen the vibrating tuning fork is kept in the water.
W can see ripples in the water indicating generation of

sound.
Experinment 2 :
Take a bl ade and keep it at one edge of the table. (ne

end of the blade should be supported with the finger and

other end should be made free. |f, the free end of the bl ade



is nmade to vibrate by the finger, we can hear the sound

generated by the bl ade.

This establishes the fact that the sound emtting body
is avibrating one. |s the converse also true? i.e. does a
vi brating body produce sound. This is not always the case.
Anmong several conditions required for hearing, the matter of

frequency is inportant one.

1. The vibrations should be in the audible frequency range,

i.e. 20 Hz to 20,000 Hz.

2. The medium linking the generator and the receiver of sound

is another inportant factor for hearing.

3. The failure of a vibrating body to "sound" is that it

conveys too little energy to be heard.



* Stall No-2

Vi brati on

The best way to approach the subject of vibration is in
ternms of a sinple exanple. There are mny to choose from
such as the vibrating prongs of a tuning fork, an oscillating

pi ano string, a pendulumor a spring and nmass.

Experinent 1
pnsrmmml o S
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The spring and mass arrangenent.

One end of the spring is rigidly fixed and cannot nove,
and the other end is attached to the mass, say a netal bl ock.
The nmass rests on a surface, it can easily slide along. Wen
it is inits normal resting position, the pointer attached to

the mass is at ,B" on the scal e.



If the mass is noved toward point "A, the spring wll
be conpressed and will exert a force on the nass that tends
to nove it back toward its resting position. If the mass is
noved in the other direction, toward 'C, the spring will be
stretched, again, a force will act on the nass to nove it
toward rest position B. i.e. the spring excerts a "resting
force" that tends to nove the nass toward its rest position.
Because of inertia, the mass wll pass through its rest
position [Inertia is the properly which causes a body in
notion to remain in notion or a body at rest to renain at
rest] in the absence of external forces. Again the restoring

force will force the nmass to the rest position.

* Stall No.3

Sound waves

The vibratory notion of the sound source is conveyed to

the ear by wave notion, usually in air.

The sound wave is a longitudinal wave, I.e. t he
particles of the nmedium in which it is propagated, nove to
and fro periodically, in the direction in which the sound is
bei ng propagated. The longitudinal wave of sound is not

easily seen as the transverse waves in a pool of water.
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Experinment 1

A pencil is attached to the tine of a tuning fork. \Wen
the tuning fork is truck into vibration, it vibrates in a
particular frequency. The pencil that is attached to the
tuning fork will vibrate to-and-fro. The to-and-fro notion
woul d be drawn by the pencil as a repeating notion, so that

the pencil's line would be drawmn on itself over and over

N, W/\v/xuﬂg

'T‘(J;ue —

agai n.

Fig 5

Illustration of |ongitudinal waves

Now, if the vibration fork is snoothly pulled across a sheet
of paper, it results in a pattern in which the to-and-fro
notions appear as a line that snoothly varies up and down; it

takes the shape of a sinusoid (anplitude vs. time).
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Experinment 2

Ei__gﬁ

Ri ppl e box experi nment

Ri pple box is a shallow box of fairly |arge dinensions
filled with water. A strong light from above.is so directed
as to throw a reflection fromthe surface of the water to a
screen or wall. As the surface of water s disturbed,
alternating patterns of light and shadow npve across the
screen. The shadows may be considered t he phase of

conpression and the light the phase of rarefaction.
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* Stall No. 4

Resonance

Resonance is a particular case of forced vibration
in which, the frequency of the applied force is equal to the
nat ural frequency of t he body. This is al so cal |l ed
synpat hetic vibrations. At resonance rapid transfer of

energy takes place resulting in |ouder or boom ng sound.

Y]

]

P

\ v

Fia-7-

In Fig. ABis a hallow glass tube wth its |lower end closed
wi th one-hol ed stopper. A narrow glass tube passes through
the hole. The Ilower end of the glass tube is converted to a
tank (R of water. The tank (R is fixed to a stand and

can be raised or | owered. A neter-scale is attached to the
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side of the tube. The tube AB and tank (R are partially
filled with water. The level of tank (R is raised, unti

the level of water in ABis near the top. A tuning fork is
excited and held above the AB. The tank (R 1is gradually
| onered. At a particular stage a loud sound is heard because

of resonance.

* Stall No. 5:

Types of vibrations : There are basically three types of

vi brations.

1. Free vibrations
2. Forced vibrations

3. Maintai ned vibrations

1. Free vibrations - results, once having set into vibration,
the sounding body is released fromthe original force
which set it into vibration. Nevert hel ess, the body
vibrates for a considerable length of tine in its natural
or resonance frequency, and then stops. Usual ly, free
vibrations do not last indefinitely, they die away. Part
of their energy is carried away by sound waves; part is

turned into heat by the bending of the vibrating body,
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part is dissipated in other ways. The |oss of nechani cal

energy shows itself by a decrease in the anmplitude of

decrease is known as danpi ng. When the
anpl i tude dies rapidly,

Vi brati on. The

danmping is |arge. When the
anplitude dies slow, danping is small.

Experi nment

Wien a coin is dropped on hard floor, the sound seens to

"ring" for a short tine. Wien the coin is dropped on a soft
‘cushion', the sound is nore like a dull that

qui ckly does
out

Followi ng figure shows the displacenent of the vibrating mass

with and wi t hout danping.
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2. Forced vibrations

Forced vibrations result when the sounding body is
conti nuously subjected to an out si de force. The body
vi brates only briefly, after the outside force is wthdrawn.
The frequency and anplitude of the sounding body is inposed
by the outside force. The vibration of the mass is |argest
when the driving frequency equals the natural frequency of
t he soundi ng body. Thi s phenonenon, whereby a soundi ng body
undergoi ng forced vibration oscil |l ates with gr eat est
anplitude for applied frequencies near its own nat ura

frequency is called resonance.

Experi ment

Fa.9.

Two tuning forks coupled together.
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When two tuning forks are coupled together and one
tuning fork is made to vibrate, at a particular frequency of

vibration the other tuning fork also vibrates.

3. Maintained vibrations result where an outside force keeps
a body vibrating wi thout inposing a frequency of its own,
i.e. the vibrations are of a frequency close to or exactly
that of free vibrations for the body. e.g. a violin

string during bow ng.

Properties of vibrating system

All types of vibrations have certain properties in
common. Taking the mass and spring exanple again, if the
mass is displaced from its rest position and allowed to
vibrate, it noves back and forth between two positions that
mark the extreme I|imts of its notion. The distance of the
mass from point B at any instant is called its displacenent.
The maxi mum di splacenment is called the anplitude of the
vibration. |If there 1is no energy loss during vibration, due
to friction for exanple, the maxi num displacenent of the mass

will be the sanme on both sides of its rest position.
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The novenent of the mass fromA to C and then back A is
called one cycle of oscillation. The nunber of conplete
cycles in one second is called the frequency of oscillation.

The unit of frequency is cycles per second (cps) or Hertz.

The tine taken to conplete one cycle of vibration is
the reciprocal of period. A conplete cycle of vibration
conprises of one conpression and a successive rarefaction.
The distance between two successive conpressions is one
wavel ength. A wavelength is the distance the wave travels in
one cycle of vibration of air particles. If there are'f’
cycles in one second the wave will travel a distance of 'f’
cycles in one second. Since the distance travelled in one

second is the velocity, velocity = frequency x wavel engt h.

If the frequency 1is increased, wavel ength  becones
shorter. Human ear is sensitive to the vibrations from20 Hz
to 20,000 Hz. This range of frequencies is called audible
range. Sounds below 20 Hz are called infrasonic and those
above 20,000 Hz are called ultrasonic. However sone ani nal s

(dogs) can her ultrasoni c sounds.
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Factors affecting frequency :

1. Mass : greater the mass, |ower the frequency.
2. Length : greater the length, |ower the frequency.

3. Tension : greater the tension, greater the frequency.

1 KT 1 = length
i.e. F = M = Mass
21 M T - Tension

i.e. to reduce a frequency by one-half, we have to double the
length, or multiply the nass or device the tension by four,

e.g. male and fenmal e voice.
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Usually the voice of nmale fundamental frequency is |ow
and the voice of female fundanental frequency is high. In
males the length of vocal folds is nore, mass is nore and
tension is | ess, because of this the fundanmental frequency of
male's voice is low Wereas in fenales the |ength of vocal
folds is small, mass in less and tension is nore, because of

this the fundamental frequency of fenale's voice is high.

* Stall No.6

Determ nation of frequency using stroboscope

Fig. 16 .

The stroboscope is a circular disk having a nunber of
equi space circular holes near the edges. A small plane
mrror strip is attached to the prong of the given tuning
fork. Light fromsource 'P falls on a mrror strip'M and
gets reflected. The reflected |light passes through one of

the holes of the stroboscope and is finally seen through the
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telescope T. When the fork is excited |light can pass through

the hole, only for the equilibriumposition of the fork.

Now, the stroboscope is slowy rotated and there will be
flickering of Iight- The speed of rotation is slowy
increased until flickering of light =stops and the inage is
seen stationary. That is, by the tinme the prong nakes one

oscillation, next hole occupies the position of the previous

hol e thus allow ng the continuous passage of [|ight.
If 'n" is the speed of rotation of the disc, it wll
conplete one rotation in 1/n seconds. If the disc contains

"N number of hole, for one rotation of the disk, 'N nunber

of holes will cross the field of view

The tine taken for one hole to replace the next = 1/Nn
secs. This gives the period of oscillation (T) of the fork

The frequency of the fork = 1/T = Nn Hertz.

* Stall No.7

Doppl er's effect

The Doppler's effect is the apparent change in frequency
of sound, light or radio waves caused by the relative notion

of the source, nedium or observer.
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e.g. When an approaching train blows its whistle, the pitch
of the whistle seens higher as the train cones toward
you. The pitch seens to beconme lower when the train

passes and goes away from you.

i.e. whenever sound source noves towards or away from
t he observer, the pitch of the sound as heard by the observer
is slightly different than the one emtted by the sound.
When the source and the observer are at rest or in notion in
the same direction such that the speed of both is the sane,

the pitch of the sound does not change.

* Stall No.8

Intensity

Intensity refers to the rate at which energy is given
off by the sound source, or the energy with which a sound
wave strikes an object sone distance away i.e. It is related
to how far the particles of the nedium are displaced during a

cycle and unit is dB.
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Experi nent

Take a string which 1is tightly connected to two rods
with its two edges and if we pull the string to a |onger
di stance the resulting sound will be |ouder. [f we pull the
string to a shorter distance the , resulting sound will be

softer.

As the displacenent increases intensity also increases.

Factors affecting intensity

The intensity of a sound is inversely proportional to
the square of the distance fromits source. As the distance
between the receiver and source increases intensity decreases

and vi ce-versa.
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e.g. soft sound - rustling of |eaves
noder at e sound - speech
| oud sound - lions roar, dog barking

Sound quality

The princi pal determnant of sound quality 1is the

relative anplitudes of the fundanental and the harnonics.

The quality of sound depends on the particular partials,
distribution of the partials and their relation to the
fundanental and to each other, intensity - absolute and
relative to each ot her and to the fundanental, phase

relationships of partial and the fundanental.

* Stall No.9

Vel ocity of sound

Sound is not transmtted instantaneously, It takes tinme
for a sound wave to travel fromits source to the [|istener.
The speed at which sound is propagated is known as velocity.
Vel ocity is the distance which a sound wave travels through a

given nediumin a single unit of tine (i.e. M/sec.).
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Different media (gas, liquid, solid) transmt sounds at
different velocities, depending on the density and volune
velocity of the given medium velocity of very loud sound
decreases at great distances. Sound travels faster in solids
than in liquids than in gases. All the sounds regardl ess of

pitch, travel through the air at the same velocity.

e.g. we can hear the sound of the approaching trains _
through the tracks even when the train is at a |onger
di stance and the train is not visible. This is not possible
through air i.e. we cannot hear the sound through air when

the train is comng froma |onger distance.

For each degree centigrade rise in tenperature, the
velocity increases by about 0.6 nt/sec. (For each degree
Fahrenheit rise, the wvelocity i ncreases by about 1.09

ft/sec).

Vel ocity of sound in nts/sec.

In air at O degree centigrade 331.5

In air at 22.2 degree centigrade is 344.65

In distilled water at 31 degree centigrade is 1500.
sea water at 13 degree centigrade is 1492.3

In copper at 20 degree centigrade is 3560.

In cast steal at 20 degree centigrade is 4990.

N o o~ W DNk
=]

In lead (high density, low elasticity) is 1229.
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An insufficiently elastic and excessively dense materi al
cannot transmt sound at high speed for it does not passes
sufficient elastic recovery; and, is too massive to take part

in rapidly alternating to-and-fro manner.

El asticity

Vel ocity =
Density

Rising tenperature of air decreases the density wthout

affecting its elasticity, hence speed of sound in warmair is

hi gher than in cold air [2 ft/sec for each centigrade rise

(0.6 nt/sec/degree centigrade]

In a gas, speed of sound is independent of its pressure,
since a change in pressure affects both elasticity and
density in the sane. The drop in the speed of sound at high
el evations is due to only low tenperature, not to |ow

pressure.

* Stall No. 10

St andi ng waves

When two waves of the same frequency and amplitude

travelling in opposite directions are superimposed on each
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other, the resulting wave so fornmed is a standing wave. This
wave does not appear to be noving. |In a standing wave, the
particles of the nedium at different places vibrate in the
same manner, i.e. particles of the nediumat certain points
remain stationary - nodes. On the other hand, the particles
of the nmedium at sone other points of the nmediumvibrate with
maxi mum di spl acement - anti nodes. The distance between the
two adj acent nodes and antinodes is equal to the half of the

wavel engt h.

FIG 12

Vi brations in pipes

A pipe of uniform cross-section encloses a colum of
air, when |ongitudinal sound wave is set up at its open end,
it travels in the air inside the tube and gets reflected at

the other end. At the open end, as the particles of air are
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free to nove, an antinode will be formed. At the closed end,
as the particles of air are not free to nove, a node wll be
formed. As a result, longitudinal stationary waves are set

up in the nmedium with a npde at the closed end and an

antinode at the open end.

&« QYERTONES —> &~ OVERTO NES —>
I |
I 1
Le Iyq, Ls 34/4 ;_.:%L - My L :.As/1 L= ;%_
Si npl est node of vibration Fundanent al frequency
Frequency of Fundanent al Frequency of Fundanenta
and overtone and overtone
(1:3:5 (odd nul tiples) 1:2:3 (integral nultiples)
Fig-13.

* Stall No.11

Absorption and reflection of sound

When sound waves travel outwards from a sound source,
the waves encounter all kinds of obstacles and in certain

conditions, they may be reflected from those obstacl es.
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e.g. Echoes <comng back froma hillside or a building.
The shouted word or a handclap wll travel outwards fromthe
source and each perhaps, a distant hillside, there the sound
waves wWill be reflected and after an interval arrive back at
our ears. If there are several such obstacles in the path of
the sound. W my hear two or three echoes, which wll
arrive back at different tines because the obstacles are at
different distances and the sounds have to travel these and
back at the speed of 340 nt/sec. The echo is nmuch fainter
than the original sound as the energy is being used up in

noving air particles between the source and the hill.
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Properties of sound waves

The properties of sound waves are reflection,

refraction, interference, diffraction, scattering.

(1) Reflection :

VWen sound waves travel outwards from a sound source,
the waves encounter all kinds of obstacles and in certain
conditions, they may Dbe reflected from these obstracles.
These reflected sounds after an interval arrive back our ear.

These are known as echoes or reflections.

(2) Refraction :

When a sound travelling in one nmedium falls on another

medium it gets refracted.

(3) Diffraction :

Bending of sound over the edges of obstacl es IS
diffraction. The region behind the obstacle when sound is

absent is called "acoustic shadow'.



30

(4) Interference :

Wen two or nore waves of sane frequency and anplitude
travelling in the sanme direction are superposed on each other
t he phenonenon of interference takes place. VWhen, in sane
phase, the two sound waves neet each other, they reinforce.
Wen two waves of opposite phase neet each other they cancel

each ot her.

* Stall No.12

Rever berati on

"Echo’ is used where there is a tinme interval between
the outgoing and the returning sound. The sanme phenonenon of
reflection occurs in ordinary roons and in concert halls
where di stances are conparatively short and there is usually
overl ap between the outgoing and the reflected sound, this is
referred to as "reverberation". The amount of reverberation
can be nodified. An enpty roomis nuch nore reverberant than
a furnished room i.e. the furnition nust be taking up or

absor bi ng sound energy, leaving nmuch less to be reflected.

A sound wave is reflected if the obstacle is larger than

the wave length and will tend to be absorbed if it is small.
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This accounts in part for the materials wused in acoustic
treatnent of roons, the object of which is generally sound
absorption; perforated panels, rough textured and porous
surfaces present effectively nmany small obstacles to sound
waves and al so increase the actual area interposed in their
path and thus providing sound absorption over a wde range

of frequenci es.

Sinplified diagram of sound waves passi ng objects

SN
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Fi g, 15

a) bject larger than the wavel ength; nost of the wave is
refl ected.

N

OBIECT.
Fig. b

b) bject nuch snmaller than the wavel ength; nost of the wave
passes the object.
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T RIgT 17

c) Object close in size to the wavel ength; sound shadow is
produced beyond the object.

The sound persists on eardrum for a period of [/10th of a

second. Any sound which cones as reflection to ears after

|/10th of a second travels a distance of about 34 nts.

Therefore to hear echo, the barrier should be at Ileast a

di stance of 17 nts.

The open space can be <considered to be an infinite

medi um and hence no reflection of sound takes place in it.

In a closed hall, a sound produced at one place gets
reflected at different places in the hall. There wll Dbe
effects of reverberation, echoes, f ocussi ng of sound,

unwant ed resonance, unwanted interference and unwanted noi se.
These defects nmust be avoided for good acoustics. CGood

acoustics aid in enjoying nusic and construction of lecture
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hall or auditorium hence requires nore than just a ceiling

and four wall s.

* Stall No.13
Lombard effect

The | onbard effect is based on the fact that we nonitor
t he | oudness of our own voice through the sense of hearing.
If we are speaking in a noisy environnment, unconsciously
increase the intensity of our voice to conpensate for the
maski ng effect of the noise. Thus we observe fluctuations
in the intensity of voice as the level of the masking noise

is increased or decreased. This is called |onbard effect.

Experi ment

When the noise is presented through the earphones of the
audi oneter and asking the person to read passage or a text
by nmonitoring the VU nmeter. W can identify the increasing
in intensity of voice when the noise level is high and no

change in intensity of voice in the absence of noise.
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* Stall No. 14

Occl usion effect

We can hear sounds through two nmodes of conduction
(1) Air-conduction (sound waves - eardrum m ddle ear -inner

ear -auditory pathway - auditory centers in brain).

(2) Bone-conduction (sound waves - mastoid bone - inner ear

-auditory pathway - auditory centers in the brain).

VWen the ears (the cartilaginous part of ear canal) are
covered or occluded during bone conduction of sound, there is
an increase in Intensity of sound delivered by bone
conduction to the inner ear. This phenomenon of increased
| oudness of a bone-conducted tone when the outer ear is

tightly covered or occluded is known as occlusion effect.

Experi ment

Place a vibrating tuning fork on the mastoid, close the
ear canal, you can perceive the increase in |loudness of the
vibrating tuning fork (unless you have a conductive hearing
| oss). The occlusion effect is more in low frequencies and

reduces at higher frequencies.
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Anot her exanpl e:

When the subject's ear is occluded and asking himto say
a vowel (with nore energy in |low frequency) and in the sane
way a sibilant /s/ (with nore energy in high frequency). W

can identify change in quality for vowel than the sibilant.

Obturation effect

The bone conduction hearing is enhanced if the ear canal
is occluded at the cartilagi nous portion. However, there is
no enhancement of bone conducted hearing if the occlusion is
at the bony portion of the ear canal. This is <called as

obturation effect.

* Stall No. 15

Speech Banana

Speech is an acoustic signal. 1In being so, it has
certain characteristics. This can be understood by studying
t he speech banana. The vowels are lower in frequency and
higher in intensity (vowels are nore intense but carry |ess
information). \Wereas the low intense consonants are nore

i nformati on hearing el enents.
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Tones and noi se

Tones are made up of sounds which have periodic

vi brations. Misical sound is one which produces pleasing

sensation on the ears.

it ﬁv%

Time

Fig - i8.
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Sounds which do not have regularity of vibration, which have
no periodicity and no identifiable pitch are «classified as
noi ses or conpl ex sounds. Noi se gives an unpl easant

sensation to the ears.

f 3
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Fig 19
Noi se has har nf ul effects not only on the ear but on

physi ol ogy and psychol ogy of the person. Hence the effect of
noi se should be controlled by use of ear protective devices.
The avail abl e ear protective devi ces are ear pl ugs,

seminserts, ear nuffs, hel nets.
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* Stall No. 17
Beat s

Wen two  waves of slightly differing frequencies
travelling in the sane direction are superinposed on each
other the intensity of the resultant sound at any point,
alternately rises and falls nany tines in one second. This
regul ar waxi ng and wanning of the intensity of sound 1is
beats. The nunber of beats is equal to the frequency
difference of the two waves. This phenonenon is nmade use of

I n tuning nusical instrunents.

Experi ment

Fig 20 TWO TUNING _'- S blt'—' SAME FREQ.

Two tuning f are fixed to a hard ce. To one of
the tuning fork, a rubber band is wound. Wen the forks are
set to vibrations, because of change in mass of the. fork A

beats can be heard.
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* Stall No. 18

St er eophoni ¢ sound

The sounds we normally hear are stereophonic. This
because we have two ears. The sound signals reaching one ear
are normally slightly different from those reaching the
other. These differences are discernable by the brain.
St ereophoni ¢ sound gives a nore natural effect on account of
the ear's ability to detect the direction as well as the
intensity of sounds. The listener feels as if he is actually

present at the perfornmance.

* Stall No. 19

Signal to noise ratio

Signal is the sound which is of interest to a person.
Noi se is an unwanted sound. A schematic representation of

signal -to-noise ratio.

——
L . 2

Box E .

Box 1. - Bex 2.

Fig 21
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All three boxes <carry a signal. 1st box carries only the
signal; 2nd one contains noise along with the signal. Since
the noise is not too great, the signal is still quite easily

discernible. The 3rd box contains nore noise and nearly

obliterater the signal (masking).

Experi ment

Take a taperecorder and record speech in the absence of
any noise, in the presence of less noise level and in the
presence of nore noise. So we can easily understand the
speech which was recorded in the absence of noise. When
there is less noise we can understand to some extent and in
the final condition we cannot understand the speech at all

because of maski ng.

* Stall No. 20

Physi ol ogy of hearing

The ear is the organ of hearing, it has a remarkable
ability for resolution and perception of acoustic signals.
The ear, apart from being the organ of hearing, has the organ
for balance. The ear consists of outer ear, mddle ear and
inner ear, which are sound gathering, sound conducting and

sound anal yzi ng portions. The nerve inpul ses from the
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cochlea are carried to the auditory, centers of the brain,

through the auditory pathway, for perception of the acoustic

si gnal s.

§. The hearing nerve sends electrical
impulses to the brain. The brain interprets
the signals as sound.

L\

v,

.

e
s

. Sound waves trave! from the environment
throgh the ouler ear o the eardrum.
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4. Vibration of the oval window |-
disturbs the fluids in the
cochiea. Tie moving fluid

o L ataAl
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2. Sound waves cause the eardrurmn and three
tiny bonss in the middle earto vibrate.

causes the thousands of
micrascopic hair celis inthe
cochieaovibrale. The hair  |!
celis change the mechanical |;
vibwations into electrical
B energy which stimuiates the

" 3. Themiddie ear bones are attached 02 2 hearing nerve.

tliny membrane called the oval window,

Thve ovat window is the entrance lo the ]
snail-shaped cochlea, or inner gar, When
the bones vibrate, the oval window moves
with lhem.

Flg- 22
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Steps in hearing

1. Sound waves travel from the environnment through the outer
ear to the drum

2. Sound waves causes the ear drum and three tiny bones in
the mddle ear to vibrate.

3. The mddle ear bones are attached to a tiny nenbrane
called the oval wndow. The oval wi ndow is the entrance
to the snail shaped cochlea, or inner ear. \Wen the bones
vi brate, the oval w ndow noves with them

4. Vibration of the oval wi ndow disturbs the fluids in the
cochlea. The noving fluid causes the t housands of
m croscopic hair <cells in the <cochlea to vibrate. The
hair cells change the nechanical energy which stinulates
t he hearing nerve.

5. The hearing nerve sends electrical inpulses if the brain.

The brain interprets the signals as sound.
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CONCLUSI ON

Acoustics is the branch of physics that deals wth
sound. The acoustic canp is ained at making the concepts of
sound and its characteristics easy to understand and

renenber.
Pur pose

The purpose of the "Acoustic Camp" s to present in a
sinple and concise a form as possi ble, the fundanenta
principles underlying the generation, transm ssi on and

reception of sounds.

Hope this wll be an effective aid for the beginners to
have know edge regardi ng t he f undanent al principles
underlying the generation, transm ssion and reception of

sound.

Future directions

* The teaching aid can be utilized by nmass nedia services eg.
Tel evi si on net wor ks.

* The teaching aid can be recorded in slide cum tape nethod
and enpl oyed in school education prograns.

* The teaching aid can be translated into rmany |ndian
| anguages.



44

B Bl GdAPHY
Askill, J (1979). Chpater 3: Wave Mdtion, In Physics of
Musi cal Sounds (Edn.1),7-16. Van Nostrand Conpany, New YorKk.
Askill, J. (1979). Chapter 4: Properties of sound waves, In

Physi cs of Muscical Sounds (Edn.1), 17-26. Van Nostrand
Conmpany, New Yor k.

Askill J. (1979). Chapter 15 : Wave notion and Ripple tank
I n Physics of Misical Sounds (Edn. 1), 306-308 Van Nostrand
Comany, New YorKk.

Askill, J. (1979). Chapter 2: Basic physical qualities, In
Physi cs of Musi cal Sounds (Edn. 1), 1-6. Van Nostrand
Conpany, New York.

Dwiant, J.H (1969). Anatom c and physiologic correl ates of
effects of noise on hearing, In Li psconmb, Noi se and
Audi ol ogy, (Edn. 1), 109-142. University Park Press

Bal ti nore.

Gerald, J T (1975). Physiology or hearing, In Principles of

Anat oy and physi oi ogy. (2nd Edn.). 385-389. Harper and Row
Publ i shers, New Yor k.

Harford E R (1916). Industrial Audiology, In Lipsconb,

Noi se and audi ol ogy, (Edn. 1), 299-328. Uni versity Par k
Press, Baltinore.

Kent, R D, and Read, C (1995) El ementary Physics of
Sounds, In The Acoustic Analysis of Speech. 215-224. \hurr
Publ i shers, U K

Martin F.N (1994). Sound and its measur ement , In
ltroduction to Audiology, (5th Edn.), 16-26. Prentice Hall,
Engl ewood QA iffs, New Jersy.

Martin F.N (1994). Bone conducti on audi onetry, In
introduction to Audiology, (5th Edn.), 80-84. Prentice Hall
Engl ewood Ciffs, New Jersy.

Mel nich, W (1992). I ndustri al hearing conservation. In
Kat z, Handbook of dinical Audiology, (4th Edn.), 534 552.
WIllianms and WI kins, Baltinore.



45

Li pscomb, D.M, Taylor, A.C. (Ed.) (1978). Noise control.
Handbook of Principles and Practice. Van Nastrand Roi nhol d
Conpany, New Yor K.

Newby, H A (1992) . The physics of sound, In Audiology, (5th
Edn.), 5-24. University Park Press, New York.

Yost, AW (1994). An Introduction to Hear i ng, I n
Fundanental s of Hearing, 20-25. Academ ¢ Press, San Diego,
New Yor k.

Srinivasan, M N. (1991) . A Text book of Sound. H mal aya
Publ i shi ng House, Bonbay.



A

o

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

APPENDI X
List of materials
Audi 0 cassette
Taperecorder with two speakers
Tuni ng fork
Coupl ed tuning forks
Audi oneter with speech audi onetry provision
Audi oneter wi th bone conduction provision
Pitch pipes
pen pi pe
A osed pi pe
Sononet er
Tel escope with battery
Bel |
Hal | ow netal rods
Violin
Pendul um
Lanp
d ass tray
d ass tank
Bl ade
Ear protective devices

P ng Pong bal |



