7.3. Laws of Transverse Vibration of Strings

There are three laws of transverse vibration of strings :
(1) The fundamental frequency is inversely proportional to the |, gthoy,

string
no

{

(2) The fundamental frequency is directly proportional to the Square roo; o
0

the stretching force or tension
noc NT

(3) The fundamental frequency is inversely proportional to the s quare |
of the mass per unit length foo;

n o<

_lir
\lm

Combining the above three laws,

T

— | =

1
o == I or n

The value of the constant k =-21-

‘ T
n=— 2
2 \/m )

o rIef g el: the diameter of the wire and d is the density of the material of the

__1_.‘/
n—'“_) (2
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n yerification of the Laws of Transverse Vibration of Strings

1
(]) n < 7 Or_ n’ =C0nsmn‘

, ter and a tuning fork of fr , .
Take a sonom s requency 256 (Fig. 7.3). Keeping a
joad of 1 k8 find the position of the two bridges when the wire isin unsioﬁ wgith

A B

e e e

H
w
Fig.7.3.
uning fork. This can be found by using a small paper rider on the
th‘:l ometer wire. Suppose the length = /1. Now, using a tuning fork of frequen-
50

(he reasonating length, keeping tension the same. Let this length be

d
cy512’ﬁ" hat I2 is half l1. Alson1 l1 =n2 5.

IS found t

1
noe g or  nl=constant

o< NT
2 n e \NT

For a tuning fork of frequency 256, find the resonating length [, for a load
(1kg If will be found that when the load is increased to 4 kg the tuning fork
2f freqt':ency 512 is in resonance with the same length of the wire 1. Here

" «/_Tg or n o \E
ni T,

I
(3) n«v};

Take (wo wires of the same material and of diameters in the ratio of 1 : 2.

Stretch the first wire with a tension of 1 kg wt. Find the rfesons.ujng length
vitha tuning fork of frequency 512. Now stretch the second wire with the same
ension of | kg and find the resonating length with a tuning fork of frequency

56.1tis found that the two lengths are equal.
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17.2. A.C. FREQUENCY MEASUREMENT USING SONOMETER

The frequency of the alternating current mains in the laboratory can be determined using a
sonometer.




D |

188 Properties of Mattg
. ; ) g omagnet
Description : A sonometer consists of a Eipatnms
thin uniform wire stretched over two bridges on a 06V
wooden box (Fig.17.4). One end of the wire is fixed Steal wire —©AC

10 a peg. The other end of the wire passes over a

u

pulley and carries a weight hanger. The length of } L ) ‘ e
the vibrating segment of the wire can be altered | p o
with the help of the movable bridges. The length of
the vibrating scgment can be measured by a scale U ‘-
fixed below the wire. Fig. 17.4

Experiment : A steel wire is mounted on a
sonometer under suitable tension. An electromagnet is excited by the low voltage ulicrnatmg Currepy
wi

nose frequency is to be determined. The electromagnet is placed just

above the sonometer wige
Th

€ wire 1s attracted twice in each cycle.

A small paper rider is placed on the wire. The length of the wire is adjusted unti] the
placed at the centre of the v

1S measured. The ex
below:

) Paper nider
ibrating segment is thrown off. The length of the vibrating segmen (/)

periment is repeated for different tensions. The readings are tabulated as shown

JT
No. Tension Length of the vibrating ;

(7 segment |

r
The mean value of _I— is found.

The mass per unit len

gth of the wire is determined by finding the mass of a given length of
the wire.

Calculation : The frequency of sonometer wire is
AT
20\m’

During both the positive peak and the negative peak of the A.C.
electromagnet. So the wire vibrates twice, for each cycle of the A.C.

The frequency of the A.C. supply is given by

n

» the wire 1s pulled by the

n

7k

Hence. the frequency of A.C. mains is calculated,
For brass or Copper wire

The ends of the secondary of a transformer are 1
connected to the two ends 4 and B of the wire (Fig. 17.5). .ﬂm-o-\_(_}'%
The P.D. at the ends of the transformer should be abouyt
6 volts. T he wire is set between the poles of a powerful A C
horse shoe magnet or the opposite poles of two equal bar AN
magnelts, so that the magnetic field is in a horizontal plane

D
and at right angles to the length of the wire. 8

The sonometer wire is subjected (o a load of 150 17 i \
gm. The wire is thrown into clear vibrations. The length Fig. 17.
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Deter

Jf the wire 1 adjusted by moving the bridges C and D, till a single loop is seen between them with

maximum amplitude. The distance CD is measured with a metre scale. The experiment is repeated
for loads of 200, 250, 300, 350, 400,450 and 500 gm.

The length CD 1s measured in each case.

. 1 |M
The frequency of the wire n = — 78 _
21\ m

In this arrangement, the frequency of the wire 1s equal to the frequency of the A.C. mains.



ULTRASONICS
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uman ear is sensitive to sound waves in the frequency range from 20 to 20,000 Hz. This

led audible range. Sound waves of frequency more than 20,000 Hz are called u/trasonics.
encies are beyond the audible limit.

waves also travel with the speed of sound (330 ms™).

waves exhibit the properties of audible sound waves and also show some new phenomena.
r wavelengths are small.



1110 PIRZOPLECTRIC EFFECT

[Eone pareobopposite theen of a guartz crystal in subjected 1o "'i'lnurg

prossure, the ather pait of opposite taces develops equnl and OpposIte
clecine chares on them (B TETE) The mipgn of the charpey 1y
revened when the taces are subjected (o tension fnstead ol pressure,
Phe electne charge developed in proportional (o the amount of
prossure o tenston This phenomenon s called Plezoclectrie effoct,
Fhe eltect icmeversible, e,
one pate of faces of the ervatal
across the other pai

th,u
ltanelectric field is applied acrogy
CCONACHON O expansion occury

When the two opposite faces of o quirtz crystal, their

CPUEaNIs, are subjected (o altermating voltage, the ofhe
and strams, The quartz ey

m the crysial

When the fre

I pair of opposite faces o oa o,

astic Vlhmlmn_\ are sc"‘{‘
set

quency ol the alternating voltage is equal to the

the covstal o its simple higher multiples, the erys

natural 1’requcncy of viby
I8 "“ "‘l‘ l.ll“.‘“

alis thrown into resonant vibrationg The 4

vibrations are longitudinal in nature
Considera Xecut erystal plate of thickness 7, The fundame

s
H ’
2 "

s the Young's modulus and p is the

all(m I”
Mplityg,

ntal frequency of vibration i Bivenh
/

density of the material of the crystal plate,
Example LA quare: crvstal of thickness 0.001 m

is vibrating at resonance,
fundamental frequency. Given for quartz

' Calculate y,
7.9 % 10" Nm * and p for quartz

= 2650 kg m )

| [E L [(7.9%10')
Solation, "

——= = 2,73 % 10* Hy
20\ p  2x0.001 2650 ol

Example 2. A piczoelectric X-cut quartz plate has a thickne
propagation of longitudinal sound waves along the X
frequency of the crystal,

SS of 1.5 mm. If the velocity
direction is 5760 m/s, calculate the fundamens

Solution. For the fundamental mode of vibration,

thickness

A = 2% thickness = 2 x (1.5 x 10 ) m = 3 x 10 *m
v 5760

I'requency, n :
SR A 3x10Y)

1.92 x 10° Hz

Al
11.11. PRODUCTION OF ULTRASONIC WAVES — PIEZOELECTRIC CR!’T:
METHOD

Ao . i o crvstal is subjest®
Principle. This is based on (he inverse prezoelectric effect. When a quartz crysta ,

st
L A ' % ; 2 > V'bn"m
an alternating potential difference along the electric axis, the crystal 1s set into elastic

v



4905 and Oscillations ——
r

———

_hamical axis. If the fre \ S,
. pechanic quency of the electrie T S 153
’ s1al, the vibrations will be of |a Nationg ¢
(e crystal '8 amplitude. |f o "™ *de% with the natural §
" onic frequency range, the crystal produces oy f":‘-llﬂ‘-'ng.\, B eyt : k:w,
i \ »w s\
Construction. The circuit diagram 1s shown in Fig I"l'a}vze, is in the
Quartz '
Cryslal slice ’;
-k %
(—-"vl\f\ l-g -~
Ultrasonic Tg 7 Transistor T Banery
waves EL, # C, .‘
Transformer i
Fig. 11.12

[t is a base tuned oscillator circuit. A slice of quartz crystal is placed between the metal plates
(and B s0 8 to form a parallel plate capacitor with the crystal as the diclectric. This is coupled to

Lhc.c;lectronic oscillator through primary coil L, of the transformer.
Coils L, and L, of oscillator circuit are taken from the secondary of the transformer. The
collector coil L, is inductively coupled to base coil L. The coil L, and variable capacitor C, form the

wnk circuit of the oscillator,
Working. When the battery is switched on, the oscillator produces high frequency oscillations.

An oscillatory e.m.f. is induced in the coil L, due to transformer action. So the crystal is now under

high frequency alternating voltage.
The capacitance of C 1s varied so that the frequency of oscillations produced is in with
e natural frequency of the crystal. Now the crystal vibrates with large amplitude due to resonance.

Thus high power ultrasonic waves are produced.

Advantages
| Ultrasonic frequencies as high as 500 MHz can be generated.

2. The output power is very high. It is not affected by temperature and humidity.

3. It is more efficient than magnetostriction oscillator.
4 The breadth of the resonance curve is very small. So we can get a stable and constant
frequency of ultrasonic waves.

Disadvantages
1. The cost of the quartz crystal is very high.
2. Cutting and shaping the crystal is very complex.
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They have a high energy content.

Just like ordinary sound waves, ultrasonic waves get reflected, refracted and absorbed.
They show negligible diffraction due to their small wavelength. Hence they can be transmitted
over long distances without any appreciable loss of energy.

4. They produce intense heating effect when passed through a substance.

L If an arrangement is made to form stationary waves of ultrasounds in a liquid, it s

a diffraction erating. It is called an acoustic grating. » 1L serves as

law P .0
. - r



11.16. APPLICATIONS OF ULTRASONIC WAVES —
(/) Science. o ——
1. Investigation of structure of matter
We can determine the velocity of ultrasonics in liquids and gases and its varniatj

and temperature. This study gives information about a number of properties of th

its compressibility, absorption, concentration, specific heat capacity, chemical stru
of atoms in them etc.

on with freqy i
© medium gyey, ag
Cture, a”angemem

2. Study of molecular energies

The frequencies of molecular vibrations are of the same order as the ultras
ultrasonic waves are used in the study of molecular energies. They are used in
for investigating structure and properties of substances.

3. Elastic symmetries of crystals

onic vibrations. So
molecular aCouslicg

When ultrasonic waves are applied to certain crystals, they give rise to diffrac
diffraction images reveal the elastic symmetries of crystals.

(#7) Industrial Applications
1. Non-destructive testing (NDT)

Principle. Whenever there is a change in medium, the ultrasonic waves will be reflected. Since
the flaws can be detected without destroying the materials, it is called non-destructive testing.

tion images, The

Working: The pulse echo system used to determine the various flaws like cracks, holes, jr
bubbles, laminations, etc., in the specimen is shown in Fig. 11.15.

CRT
a ‘ c
.
A
A
o T Sound
2 N
Test Specimen TR
\ ‘i E
At B CRT
/
Flaw
a ¢
b
B
Flaw

Fig. 11.15
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My ol the spec imey

et olses of ultrasonic waves are lmwumlmlmlulhrnmlumlln‘mu e

e ll.' l discontimmties an thew path or from nny houndary of the
reflected "“”;,1( choesare then displayed on a cathode iy tube screen 1l
! Lo L,,} the relative size of o dise ontinuty i lerms of signil niny
g *’,J:,‘: ..l,‘u with respect o the scanning surface can be obtaine
e IOV

i

sled These Pulses
material on which they
e CRL sereen furmnishes
Mitude. The location of
d by proper calibration of the

[

(yl pime FALY
7, Ultrnsonie soldering

Uprsonie solders are used for soldermg alumimium coll capacitors, aluminium wire
LR g

« and
ies without using any fluxes
sl

An ultrasonic soldermg iron consists of an ultrasonic generator having o tp fixed at its ond
1 ip 10 heated by an electrical heating element, The tp of the soldering iron melts solder on the
The lip 13 T

i The ultrasonic vibrator removes the aluminium oxide layer The solder thus gets fastened
gumi

the clear metal without any difficulty
i ‘

3, Ultrasonic welding

The properties of some metals change on heating, Therefore, the

g gas welding In such cases, the metal sheets are welded loge
N gas
ghtrasonic waves

y cannot be welded by clectric
ther at room temperature using

4. Ultrasonic drilling and cutting

Ultrasonics are used for making holes in very hard materials such as glass, diarmond, gems
and ceramics

5. Ultrasonics in metallurgy

lorradiate molten metals which
id o prevent the formation of core

6. Formation of alloys

The constituenty of alloys, having wide
beam of ultrasonics, Thus it i casy (o gel

1. Acoustie holograms

Surface structure
by using

are in the process of cooling, 5o as to refine

the grain size
s and to release trapped pase

5, the ultrasonic waves are used

ly different densities, can e mixe

d uniformly by a
alloys of uniform composition

s of various engineerin

g materials used for space applications ¢
acoustic holograms,

an be studied

8. Sound navigation and ranging (SONAR)
Ultrasonic waves gent from a point A travel BNC cable
Brough sea water and get reflected back from ]j‘/

the botiom of the sea (Fig, 11, 16). The reflected

':a“ae:--. arereceived at the point 3, Using a CRO),
“lime taken 1, for the ultrasonic wave to trayel

"""-.-....

o : A__B " g

the bottom of (he sea and reflected back 1o the Buniios af eea
Wirface I Cald ulated

< Probe
[1

Plezoelectric iranaducer

r_ j h Soa
Let v velocity of ultrasonic wave in the
8 waner
vl Bed of Sea
Depth of the sea 5 Fig. 11.16

k
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The same method is used for finding the distance and directi(?n of a submgrine. The change i
cy of the echo signal due to Doppler effect helps to determine the velocity of the Submaripe
' s called SONAR.

frequen '
and its direction. The whole system 1

9. Chemical applications
| Ultrasonic waves are used to form stable emulsiors of even immiscible liquids like wgye,

and oil or water and mercury. This finds an application in the preparation of phOtographic

films, face creams etc.
They are used to liquefy gels like aluminium hydroxide in the same way as they are lique-

fied by shaking.
3. They are used to coagulate fine solid or liquid particles in a gas ; for example, dust, smoke,
mist etc. Ultrasonics thus find use in collecting factory dust and purifying the air.

4. Ultrasonics act like a catalytic agent and accelerate chemical reactions. Ultrasonic waves

[

accelerate crystallisation.

(éif) Medical Applications

1. Disease treatment. Ultrasonic therapy can be used to treat diseases like bursites, abscesses,
neuralgic and rheumatic pains etc.

2. Surgical use. Kidney stones and brain tumours can be removed without shedding any blood
using ultrasonic waves. Also, any tissue in our body can be cut selectively during an operation using
ultrasonics.

3. Diagnostic use. Ultrasonics are used for detecting tumours and other defects in human body.
State of breast cancer can be identified using ultrasonics in a non-destructive manner. Also, the twins
or any defect in the growth of foetus can be identified using ultrasonics before delivery.

4. Extraction of broken teeth. Dentists use ultrasonic waves to properly extract broken teeth.

e 5. Sterilization. Ultrasonic waves can kill bacteria. Therefore, they are used for sterilising
HK.

| 6 B_"’“d flow meters. Ultrasonic Doppler blood flow meters are used to study the blood flow
velocities in blood vessels of our body.



Acoustics of buildings

The subject of physics which deals with the design
and construction of rooms or halls so as to give the best
sound effects is called acoustics of buildings or

architectural acoustics.

The acoustical properties of a room or hall have

considerable effect on the clarity and intelligibility of speech or

music produced in the hall.



24) ABSORPTION COEFFICIENT

When a sound wave strikes a surface, a part of its energy
« absorbed, a part of it 1s transmitted and the remaining part
s reflected

The property of the surface to convert sound energy
into other forms of energy is known as absorption.

The effectiveness of absorption of sound energy by the
surface 18 expressed as absorption coeflicient.

iﬂbnorp(ion coefficient (a) is defined as the ratio of
sound energy absorbed by its surface to that of total
sound energy incident on the surface.

Sound energy absorbed by _the surface

g .n
Total sound energy incident on the surface )

Practical definition of absorption coefficient
In order to compare the relative sound absorption of
different materials the open window is taken as standard

reference since it is a perfect sound absorber.

so because the whole of the sound energy passes

It s .
and none 1s reflected.

through the open window
Absorption coefficient of a surface is the ratio of

2
sound energy absorbed by 1 m of the surface to that absorbed

by lm’ of an open window.

2
Qound energy absorbed by 1m™ of the surface

-

2 |
oy absorbed by 1m~ of open window




Reverberation

The sound which is produced in a hall,
directions and undergo multiple reflections from t
and ceiling before it becomes inaudible (fig. 2.3).

travels in al]
he walls, floor

A listener in the room continuesly receives successive
reflections of diminishing intensity of sound (a part of sound
energy 18 lost at each reflection). Therefore, the listener hears
a ‘roll of sound’ instead of a single sharp sound.

This implies that the sound is heard continuously for short
definite time interval even after the source of sound has stopped
to emit the sound.
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Fig. 2.3 Reverberation of sound in & room

The existence or prolongation or persistence of
gound in a room (due to multiple reflections from

surfaces) even after the source of sound has stopped to
emit the sound s called reverberation.

This familiar phenomenon is experienced in vacant halls
of u new building

Reverberation Time

Definition

* The time duration for which a sound persists even
after the source of sound has stopped to emit the
sound is called reverberation time.

* It is measured as the time taken by the
fall below the minimum audibility afte
sound has stopped to emit the sound.

sound to
r source of

Standard reverberation time

* Standard reverberation time is defined as time
tuken by the sound intensity to fall one - millionth

( 10“) of its initial intensity after the sound source
has stopped to emit the sound.

* It is also defined as time taken by the sound
intensity level to reduce by 60 decibels from its



. Physics_for Gy Eng
n

initial sound intensity level after (he SOup,
sound has stopped to emit the sound. ©

i1 is initial intensity, then I intensity of sounq

[h.
the time interval corresponding to standard reverberatq, 4
Al

Q'I‘ )

!

Te

|
1e., [ = 'mﬁ
10
I _ 10
]ln

(2.6) SABINE'S FORMULA FOR REVERBERATION Ty,

Sabine derived a relation for the standard reverberati,,

time.
0.167V
IS give T = . second
It is given by S as
0.167 V
s \ :
: . 3
where V- yilume of the room or hall in m
a - Absorption coefficients of surface areas o
different materials present in the hall n
0.wW.U.
8 -~ Surface areas of the different surfaces in
2
m
Xas - Total absorption of sound ie., sum of the

product of absorption coefficients and surface
areas of the different surfaces present in the

hall in O.W.U. m 2 or sabine

It is popularly known as Sabine’s formula for
reverberation time.
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gssume that the sound energy is uniformly distributed
hall. It does not depend on frequency.

2.19

Jet us
syoughout the
! e shall calculate the rate at which the sound energy is

dent upon. the walls and hence the rate at which the sound
:?:P =1 + being absorbed.

Consider @ small element ds on a plane wall AB in the

¢ shown in fig. 2.4.

hall 8
Normal
N
] rdé " W
“rsin 0/ IR
8 A de y ©3
r
A - 0 :
s A B

Fig. 24 Sound absorption on a plane wall

It is assumed that the element ds receives sound energy.
Taking O as a mid point on ds, two semicircles are drawn with

radii r and r +dr.

Now, com}der a small shaded portion between the circles
lying between two radii r and r+dr drawn at angles 0 and
6+d§ with normal ON as shown in fig. 2.4.(a).

Radial length of the shaded portion =dr
Are length of the shaded portion =rdb

m— i u

Area of this shaded portion =rdo@dr
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2?0 l"IY':H 5 1o Cvil I

]“]uglnﬂ‘ |h(| Wil“'“ "IHIIH' [ !illil‘l‘d bl {14 o)
through an angle d¢ (radius of the rotuting shaded pog,, |

e

¥
rsing).

The shaded portion travels through a small dist,.,
(circumferential length) and  thus, traces out an eleg,,,
volume oV (Fig. 25)

Naormal
N

| il ruin )
| "‘"Q”"““ )

- )

1 sint) dg

ST .. SO
0
ds
Fig. 2.6

Distance travelled by this shaded portion,
i
dy = rsin 0dg

. Volume traced by the shaded portion,

dV = area x distance travelled

dV = rdOdr x rsin0d¢

dV=r 8in0 d0 dr d¢ ‘

If E is the sound energy density ie, sound energy per
unit volume, then,

Sound energy present within the elemental volume dV
=K xdV

On substituting eqn (2), we have

= Er’sin 0 dr do do (3
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2.21

This sound energy from elementa] volume

18 tmvollmg
le of 49

lly wn all directions in total solid ang
‘\'!ll-“ .

Sound energy travels the volume ¢V Per unit solid angle

_ EdV_ Er’sin0.dr do do
 4n 4n -+(4)
In this case, the solid angle subtended by the area ds at
this elemenﬁa_l_lolume dVv
ds cos 0
& 2
,.
Hence, sound energy from the elemental volume dV
towards ‘ds’ is given by
E Er° sin 0 dO dr d¢ . ds cos 0
) 4n o
= %sin()cosede d¢ dr ..(5)

Since sound energy is falling on ds from all directions,
0 changes from 0 to

n/2 and ¢ changes from 0 o 27,

Further, to get tota] soun
changes from 0 to v, where p s

ds in one second).

i gl
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Note:
Solid angle is an angle formed at the vertex of 5 Cong
ubtended at the point of intersection of two or oy,
or 8 :

planes. (Fig. 2.6)

Solid angle subtended by an area ds about any pg,,
P at a distance 7’ is given by

Normal component of area _ ds cos 6
Square of the distance e

dow =

Fig. 2.6 Solid angle

where 0 is angle between the normal to the area ds and r
(line joining the point P and the surface ds)

Total solid angle subtended by the sphere of radius r is
given by

s Surface area of the sphere 4m 2

r r

Unit for solid angle is steradian (Sr).

. Total sound energy falling on ds per second

"’2 2n v

_ Eds J' _

— Tn sin 6 cos 6 dO J‘ do 'f dr
0 0 0
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o

Pfd”/,l 7 2 4 p

i 2
, Evds 6
4

if o is tbe absarption coeflicient of the wall AB of whieh
, 3 part, then sound energy absorbed by dy in one second
s 18.8

_Evdsa
_ 4

+, Total sound energy absorbed per second o vekaeka
enclosure (entire hall)

Eviads
4

_ EvA

e e

4 .“7)

wherq’;ﬂ;zrada 18 total absorption of sound by all the surfaces
inside the hall on which sound energy is incident.

Growth and decay of sound energy

If P is sound power output, Le rate of emission of sound
energy from the source and V is the total volume of the hall
then,

Total sound energy in the hall at a given instant ‘t' = EV

where E is the sound energy density at that instant

‘. 'Rate of growth or inerease AD _enErgy PEr second
)

| _dEV) dE 8
A8 T S dt T dt

" Volume of the hall
(V) 1s constant. |
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'--..-‘H\“)f“"“
\
v ol “““_‘ O
Rate of emission Ak |
f soun crer growth ol , “l"H”l'Dllun
; mlnm Cnergy sound ene FL\ ol sound
ol o
W the xourct in the room energy by the wallg
\
Putl dk kEvA
‘ . T et |
1e., df 4 W)
dE
When steady state is reached, ke =0,

Steady-state energy density 1s denoted as E | anq i

expressed as

E vA
» ... B T
e

4P
Em i vA

Dividing equation (9) by V, we have

dE EvA P

dE _r (10

dt T TV )
N

v A2 A
Substituting flV = o, eqn (10) is written as

— + Ea = —

dE 4P 1
dt UA [ o

|

on both sides of the equation, we get

[QE i Patzfll’otem
dt VA

SI&

Multiplying with ¢

d (E m) 4Po o™
VA
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Integrating on both sides, we obtain

{
I%(Eem) 1 j‘ 4P:;:a =%q eat |i_.'J‘ew:

4Pq o™
VA « + K

e [®e
| BTSN, |

at
Ee =

E?at _ 4P em

..(11)
T K

where K is a constant of int

egration. The valye of K is
determined by considering the b

oundary conditions.

i \x,\

G;';w_th of Sound Energy

emit sound at ¢t = ang E-=
e  —

Applying this condition to equation (11), we get

0
0 4P
e "
H K - —4P “ \ ..(12)
\ 7 — VA :
1]
Using eqn (12) in eqn (11), we get
of 4P o1 4P
Ee = m? = oEA
i 4p o Lo o 4P
UA M A

E - 4P 4P.P—ort

A~ bA°
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E = gl
E=E '
@ E = i’i is the maximum sound energy densy,
" o, ]

The equation (13' represents the growth of sound enery
density E with time ¢ A graph is plotted between sound enery
density and tume (f). It 13 a nsing exponential curve as show,
in fig. 2.7 This indicates that E increases with f, and wh,,

t 5o, E=E_
~
Growth
Eé’ _______________________________
u
Energy ()| |
dmdtyi '/ E=E_(1-¢%9
P

a

time (t) S

Fig. 2.7. Growth of sound with time

Decay of Sound Energy

Assume that when sound energy has reached its steady
‘maximum value) state E_, source of sound is cut off.

Then, the rate of emission of sound energy

P=0
Eqn (11) 1s written as  E.*' -

Substituting the boundary conditions



A-_g__ogil,'.@__ 2.27
E=E, at t=0 and P=0 in equation (11), we get
0
Eme =0+ K
K = Em ..(14)
From eqns (11) and (14), we get
EgUf = Em
E
E = —Ur—n’- — E e—uf
P m
E=E ¢* ..(15)

Equation (15) represents the decay of sound energy density

with time after the source is cut off. A graph is plotted between

an exponentially decreasing

Energy (E)
density

Em

108

|
:
T

time (t)

Fig. 2.8 Decay of sound with time

Expression for reverberation time

We know that standard reverberation time 7T is the

time taken by the sound to fall of ijts intensity to

one-millionth of its initial value after the source is cut
off,
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Mow the sound energy density before oy off
4| p

44

At standard reverberation time, it reduces to

E

m

L
10°

I E P
| Wince K is proportional w 1, — = —— = 107
lm Eﬂ‘l i

Hernce, to calculate T,

"

we put £ = -1—‘;—:. = Em 10—6

and (=T ineqn(15)

-6 -aT
E 10  =E_ e
-aT i
e "1 =10
2'17":106

Toking log on both sides, we have
logeeqT = log, 10°
al =6 log,10 = 6 x 2.3026 x log ;10

T 6r2,3326x1

. vA
Bubstituting v = % we get
_ 6x2.3026 x 1
s, 1
4V

T

& 6 x 2.3026 x 4V
VA
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2.29
Frimiiarye

{ we have T = 330 % A

| e, Reverberation Time = |T' = OQ‘Z‘V CAte

This equation is in agreement with the experimental values
| puained by Sabine.

ANNA UNIVERSITY SOLVED PROBLEMS

Problem 2.3
’;A cinema hall has a volume of 7500 m’. The total

\sbsorption in the hall is 825 O.W.U. m2. What should be

the reverberation time? [A.U. Dec 2010}

{
L

(iven data

Total absorption Las=8250W Um'

Volume of the hall V=7500m
Solution

Reverberation time 7T = 0.167V

Yas
Substituting the given values, we have

" 0.167 ~ 7500 = 1.52 second
825




