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UNIT - I

SOUND AND ULTRASONICS

SOUND

Transverse vibration of a stretched string
Expression for the velocity of transverse waves (Firsg
method)

Consider a string lying along the X axis. m is the mass per unit

length of the string. The string is kept under a tension T.

The string is slightly pulled aside OBk
‘along the Y axis and released. A o b
: * transverse wave travels along the X /|,
axis The displacements of the .
particles of tie string take place along x x + 8x

th_e Y axis.

} ~ Consider a small seglnent AB of the displaced string (Figure).
Itsjength is 5x. The tension T in the sti‘ing has the same magnitude

’evex‘ywhere". But the direction of T changes. from point to point.

The tensnons at A and B will be tangential to the string at A and B.
the tangent to the strmg at A make an angle 6 with the X-axis
onent of the tensnon at A in the Y-direction is
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F, =Tsin8=Ttan® (.. sin © = tan 8 when 8 is small}

‘But F, and F, are in opposite directions.

‘The resultant force on the segment AB=F =F, — F,
d2 :
; dx
dx?

e » dy
The mass of the segment AB is m 3x and its acceleration is e

=T

Forceon the segment AB




28

Frequency of transverse vibration of a streteheq String
Considera string of length 1, stretched under a tengjg,, ¥

l,
at its ends (figure).

Let m be the mass per unit length of the string, We pluck the
string at its mid-point. The string vibrates in a single loop €mittiy

its fundamental note. There are nodes at the fixed ends and 4,
antinode at the centre.

SRR VT

Wavelength of the stationary wave

A =27
Now \Y =nA and v = VT/m
n =/
e T
n =
2l Nl m

Laws of Transverse Vibration of Strings

L. The fundamental frequency of a strin
to the length of the string,
are constant. n o : 1/1 i

g is inversely Proportional |
When the tension and linear density
fT and m are kept constant

nl= constant.
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. * The fundamenta] frequency of a string is directly proportional

to the square root of the tension, when the length and linear
density are constant,

n e« VT if / and m are kept constant or n/NT = constant.

The fundamental frequency of a string is inversely proportional

to the square root of its linear density, when the length and
tension are constant.

ne« 1/\m if and T are constant or nVm 1S constant.

Verification of the Laws of Transverse Vibratio

n of Strings
Sonometer

Description

The apparatus is shown in figure.

A e
/ i A 55
W Y 94 -

L (€] ® S

It consists of a thin metallic wire stretched across two movable
bridges A and B on the top of a hollow, wooden sounding box (S°)
- about one metre long. One end of the wire is fixed to a peg at one
.énd, of the box. The other end of the wire passes over a smooth
fixe«d pulley (P) and carries a weight hanger W. _,The length of the
ibrating segment of the wire can be altered with the help of the
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, of the vibrating segment cap
¢

movable bridges. The lengt

measured by a scale fixed pelow {

g i ter wire. A
A suitable tension Tis applicd to the sonome - A smy))

wire A tuning fork of known frequency
nding box. The leng,

til the paper rider placed at the centre of

the vibrating segment i8 thrown off. The length of the vibrating °

segment (1) 1 measured. NOW, the frequency of the wire is the
same as the frequency 0 e experiment is repeated

with forks of different frequencies,

The results are tabulated as shown.

paper rider is placed on the
_is excited and its stem 18 presscd on the sou

of the wire is adjusted un

f the tuning fork. Th
s, keeping the tension the same,

Length of vibrating 2

P No. Frequency of
the fork (a) segment (/)

The prc?duct nl will be constant, thus verifying the first law

II Law :
il lwhe; ¥ an;l m are kept constant. It is difficult to verify
aw directly. Choose a tuning fo
g fork of fre :
wire is str e
T :n etcl;ed by a load of 2 kg. The length of the wu'e v)l,brat ’
with the fork is determined. The expenment is o
repeated

S fOl' loads of 3, 4 and
5 kg for the sam
& tab\ﬂated as shown below £ fork The readings are
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- Frequency of the fork = (Constant)

No. | Tension

Length of vibrating
(M

segment (/) T

It is found that T/ ; 1S a constant thereby verifying the law,
indirectly As n

< \T//and asn is kept the same, YT// is a constant.
I Law

n < /\'m when / and T are constant. It is difficultto v erify the

third law directly. For a convenient tension (say 3 kg). the length of
. the wire that vibrates in union witha given tuning fork is determined.

The experiment is repeated for three wires of different materials :

for the same tension and for the same fork. The linear density (m)
- of each wire is determined by finding the mass of about | metre of
ti:e wire. The results are tabulated as shown below

. Tension = (constant);

Frequency of the fork = (constant) ¥

'Hn. Lmear densny of the

Length of vibrating
wire (m) - :

segment ‘(l)
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It is found that /Nm is a constant, thereby verifying 4

; € th ing
law indirectly. As n « 1//Nm and as n is kept the same, 1/\1\
constant.
:‘ Example :1

Calculate the ffequency of the fundamental note of 3 String

1 m long and weighing 2 grams when stretched by a weight 0f400'

kg.
& Solution
' 1 =1 metre ;
_ 2:%.107
m o= =2 x 10 k!

I

T =400x9.8N =3920N;n="?

1 T 1
n =— =
“2/N'm 2x1
.'.Example 2

A wire gives out a fundamemal note of 256 Hz when it is under
a tensxon of 10 kg wt.

4) ‘Under what tensxon will the string emlt a frequency of ;]

Sy

would you make the ‘wire emlt a note of 768 Hz keepmg
ion at 10 kg wt? ‘ ‘
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(i) n,=256Hz; T =10kgwt;n,=512Hz; T, =2 ?

T, |

—

Tl

ok

T

A 2

10

=40 kg wt.

256 Hz ; Length of the wire = [,

N, = 768 Hz ; Length of the wire =/ ‘

2 v -

n, gl TS
Ty = o = 3
n, 12 256 12 : }
I ;
or 12 i —3——

A.C. Frequéncy Measurement using Sonometer
The frequency of the alternating current mains in the laboratory

~ can be determined using a sonometer.
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Description ‘.

A sonometer consists of a thin uniform wire stretep, :
two bridges on a wooden box (figure). One end of the Wire i r:"'ep
to a peg. The other end of the wire passes ?ver a pulley ang Car:w :
a weight hanger. The length of the vibrating segment of the Wi? :
can be altered with the help of the movable bridges. The lengy 0:;
the vibrating segment can be measured by a scale fixed bejq,, e

wire.

Experiment
A steel wire is mounted on a sonometer under suitable tensiop,

An electromagnet is excited by the low voltage _a!ternating Currep
whose frequency is to be determined. The electromagnet is placeq

Just above the sonometer wire. The wire is attracted twice in each

. cycle.

A small paper rider is placed on the wire. The length of the
wire is adjusted until the paper rider placed at the centre of the
vibrating segment is thrown off, The length of the vibrating segment
(/) is measured. The experiment is repeated for different tensions.

The readings are tabulated as shown below :

N Tension Length of vibrating
' VT/1

A1) : segment (/)
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The mean valye of NT/1 is found.

gth of wire is determined by

finding the
the wire.

Calcu.’ation

The frequency of Sonometer wire ig

"l.f‘for each cycle of the AC.

The frequency of the AC supply is given by f= /2

Hence, the frequency of AC mains is calculated.

- ULTRASONIC WAVES
Introduction

When body vibrates, sounds are produced. If the fréquenéy,of :

vibration lies between 20Hz to 20,000Hz. the sound is audible to
our ear. This range is known as audible range. If the frequency of
‘wave is greater than 20,000 Hz it is not audible to our ear.
e ar‘e’.k‘nown a.s ultrasonic or Supersonic waves. ‘."Vf‘lll_elwa«fveﬁp‘ggll

Sonic waves are very small compared to audible sound. |

sound

b g



the frequency of the audible wave is 20 Hz then wavelength of&ga

audible wave A =330/20, 000 =0.165m. 5
If the frequency of the ultrasonic wave is 20,000 Hz, the

wavelength of the ultrasonic Wave X =330/20,000=0.165m,

ome birds like bats_ The

Ultrasonic waves can be detected by s

wavelength of the ultrasonic waves are very small. Hence it j
applied in many field. The sound waves whose frequency is leg;

than audible limit i.e. less than 20Hz are called infrasonics. '

Production of ultrasonic waves:
Ultrasonic waves cannot be produced in ordinary way as sound

waves are produced. In ordinary method, alternating current isgiven
to the diaphragm of a loudspeaker and sound waves are producéd.

But if a high frequency current is given to a speaker, the inductive |
effect is large in the coil. Hence current will not flow through it. :
Moreover, the diaphram of a loudspeaker cannot vibrate at sucha

; hg@ frequencies. Hence other methods are used produce ultrasonic

Ultrasonic waves can be produced in the following ways.
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Piezo - Electrie Oscillator;
This method is base

d on the phenomenon of piezo- elec
effect.

When certain crystals like quartz are
~compressed along certain axis, equal and opposite charges are
produced on the faces of the

potential difference i produced. This is known as piezo - electric
effect.

tric

stretched or

perpendicular axis. Hence an electric

The converse of this effect is also true. This principle is used
in the plezo electric oscillator. When an
applied on the opposite faces of

perpendicular axis contracts

alternating potential is
a crystal, the opposite faces in the
and then elongates. When the
frequency of the applied voltage is equal to the natural frequency
of the crystal, the crystal vibrates with maximum amplitude. This
property is used in the production of ultréasonic waves. The
alternatmg potential difference is obtained by a valve oscillator,

Construction and working:
The experimental arrangement is as shown in figure. The high
frequency alternating voltage which is applied to the crystal is
. obtained from Hartely oscillator. In Hartley oscillator, the tuned
~ circuit consists of an mductance coil L and a condenser C, in.

~ parallel. One end of the turned circuit is connected to the anode
and the other end to the grid. The cathode of the valvms connected
:to the center of the L,. The quartz crystal Q is conggﬁ,ed,laparallel




Proper bias is given to the gird using the grid leak resistance {,‘J

- R and the capacitor C_. Using a radio frequency choke, d.c,
= vo!hge is given to the anode The r.f.c. prevents the radio frequency
e current to pass the tank circuit. It by passes only the radio frequency
el currents. By adjusting the capacitance of the variable capacitor ‘
: C*,thefrequency of the oscillator is tuned to the natural frequency
& ﬂie crystal. Now the quartz, crystal is set into mechanical “
MM and ultrasonic waves are produced. By this method,
rasc 'moffrequmcy 500KHz can be produced. Frequency
W’Him be produced usmg a tourmaline crystal.
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iv. The output is very high.

It is sensitive to temperature and humidity.

Disadvantages

Cost of quartz plate is high.
ii.  Cutting and shaping of crystal are very complex.

Properties of Ultrasonic wave

I8 CThe frequency of the ultrasonic waves a greater than 20 KHz.
: 2 They are highly energetic.

3 - The spoed of ultrasonic waves depends upon their frequency.
~ If the frequency is high, the speed also is high.

- ~ Since the wavelength is very small, the diffractions effect is
~ negligible.
5 Intense ultrasonic waves have a disruptive effect on liquids

by cauéing bubbles to be formed.-

Ultrasonic waves are also reflected, refracted and absorbed o

| just like ordinary sound wave.

o _When an ultrasomc wave are passed through a hquld stationary
wave patterns are formed due to the reflection of the wave
from the other end Along the direction of propagatnon, the ;

'ty Of the liquid varles from layer to layq; In this way, a
¢ : : fffl‘act llght
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. nd hence i
y abS_Obed a g L\Lce 1t Cannol]J

ves are 6851]
]

Ultrasonic wa

8.
pagated t0 2 lon

pro

Applications of ultrasonics
1 submarines ete.: Since the freq“ency

ion of aircraft,
gh it can be used for the detectm

ics waves are hi
arines, icebergs; of even other comparatiyej,

ebeds .

i  Detect

of ultrason
. of aircrafts, subm
[ler objects on S€
d and it is sent throu
solid objects. The
7 receiver. From this,
sonar. ( Sound Navigation ang

High frequency Waves gy
gh water. These waves ap
reflected waves can b

sma
produce
reflected by the

detected using a quart
the objects. These ar€ called

we can identify

Ranging)

- Echometeris a slight modification of Sonar,
produced and directed towards the
ed by the bottom of the sea
rval between the

ii. Depthofthesea:
High frequency waves are
bottom of the sea. The rays reflect

are received by the receiver. The time inte
ignal and the echo can be determmed If the velocity

eml_tted si
e is known, the depth of the sea ¢ can be

of the sound wav
calculated using the relat_lon h=Vt/2.

Stgnalltng Ultrasomc waves are used for direction sngna]mg
- The narrow directional sound beam provided by the supersonic
‘waves of a relatively high frequency is used for the purpose

ii.

S

: of s:gna]mg toad distant Shlp

i

in metals: Ul_trasqmc waves be useéd to detect cracks.
continuity in metal structures. When an ultrasonic‘.wa\.fe -
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passed through 2 metal having cracks or discontinuity, they
are reflected. Rays are also reflected by the other face of the

metal. The reflected pulses received by a detector. From this,
cracks, can be detected.

. U.fe.s' in industry:

a. Ultrasonic waves are used to bore holes in glass, steel and
other alloys.

.
P
4

A
P

E from the manufacture parts of car, camera etc.

c. These are used in cleaning clothes.

d. Ultrasonic waves are used for soldreing the metals.

Chemical application:

a. Ultrasonic waves act like éatalytic agents and accelerate
chem:cal reactions.

b. It is used in the preparation of photographlc film and facc

cream etc.
c. It is also used to produce a small uniform crystals.

il Metallargwﬂl use: Many metals as Iron, lead aluminium, zinc
" etc which cannot be alloyed in their ".‘l.‘l__m can be W
‘when subje‘ctqd to llngh intensity ultrasomcm

b. These are used to remove grease, dust and metal filings
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Acoustic holography: Acoustic holography is Mainly, Ugey
study the surface structure of various engineering Compq,, "
used for space applications. This gives clear mformat;gr ;}
the micro cracks present on the surface of the SPecime;,

In Medicine: Ultrasonic is one of the tools in medical d;agn,

It is used for the study of a variety of organs in areaq likg
obsterics and gynaecology, gatroenterology, cardiolgy,
neurology, oncology, study of reticulo- endothelial systen, e‘zl

- Ultrasonic finds application in the following also.

a.

Ultrasonic waves are used as a pain reliever. The way
o

produce a smoothing massage action and relieves pain.

- Ultrasonic waves are used to restore the contracted fingers.
These are used by dentists for proper extraction of brokep

teeth. :
Ultrasonic are use in bloodless surgery. The-ultrasonic waves
are focused on a sharp instrument and the tissues are destroyed

- without any loss of blood. These are also used for brain
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. WC Sabine in 1911, studied in detail about the acoustics of 2
building. Now a half of auditorium are constructed with care about
the acoustics. The followmg are the essennal features about the
good acoustlcs. | BB By

SRRPE o

1. Every syllable or musical note should reach an adequate level
of intensity at every pomt and then die away sufficiently
_ quxckly

The q_uelity of sounds must remain unaltered.

The successive sounds of speech-must remain distinct and

: must be free from one another and from extraneous noise.

Echoes, except those required to maintain the necessary

continuity, must be avoided.

‘Undesirable concentratlon of sound at one place and regions

of poor audibility must be eliminated.

All the extraneous noises must be shut out as far as possible.

None of the subsequent reflections should complete in strength

with direct sound.

8 ‘The appropnate degree of reverberanon s
‘and in particular the high frequencies must be

"he; '.'i_:should be no Echelon effect.

e

hould be prowdﬂd T
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Acoustlcs of Building

Factors Affection the
tor that affects the accoustjy,
By

The most jmportant fac
beration time If 1
ch results in loss
Moreover the other factorg he

t is large, there is overlyy,
Piy

buildings is the rever
of clarity If it i, y
¢

sive sounds whi
ness 1S inadequate.
focusing, extraneo

small, the loud

affects are loudness, us noise, resonance et

With great absorption, the time of reverberation will be smaljg,

nd is weakened and may go below the ley

But the intensity of sou

of hearing.

m, electrically ampliﬁed loud speakers are used,
sound is focused ata pa
ke concave, spherical etc on the .

In an auditoriu
Dueto thls the intensity of
If there are focusing surface li
walls, they produce concentration of s0
Hence there will be no uniform distribution
throughout the auditorium.

rticular direction,

und ata partlcular direction,
of intensity of sound

the steps of the stair Bach

The sound waves are reflected in
me. It will produce

und wave in different ti

: step reflect the so
s is called,Echelon effect.

: undersxrable echoes T hi

reach from outside. The

d hall no. noise should
de the room and the

ke the sound received outsi
¢ are unnecessary noises. The acoustics.

o ina g00
-extraneous noises li
" und produced by fans et

bulldmgs are also affected bv resonance.




"
An auditori i
e r ‘ -
1 - tum is said to be good acoustics if the abov
: ecessary factors are reduced. e

Requisites for Good Auditorium:

. :‘3; :‘:"‘:5 i r:zfcg; :ounding boards behind the speaker and facing
e ssary sound can be produced. Large polished
: wooden rcﬂectlsng surface immediately above the speaker are also
helpful. In such an arrangement, the listener will receive the
~reflected sound after 0.05 second. Hence there will be no confusion

. in the sound intensity.

_ The reverberation time of an auditorium should be brought to
the optimum leve/. If there is no Ipygrberafio;, then the auditorium

is said to be dead auditorium. This type of auditorium can be realized
in practice by having open theaters. Music without reverberation

ts charm. So it is desirable to compl
n the other hand if the sound reverberates for
not differentiate each notes. Hence it
ation. But is should not fall

etely eliminate

loses i
reverberation. But 0
a long time, the audience can
is necessary to reduce the time reverber
bélow_a certain level.

-

time for a hall can be adjusted by providing

~ The reverberation
d in a number of ways. They aré i

stion of soun

iling, ivqlls and even backs

Arc
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3. Usinga number of curtains

4. By carpeting the floor.

5. By decorating the walls with pictures and

6. Havinga good - sized audience.

Focusing of sound gives unpleasant to the listener. Thig &
\

k

be minimized by the following method.

1. There should be no curved surfaces

2. Ceiling should be low.

3. Ornamental lamps, protruding parts etc are provided.

4. A parabaloidal reflecting surface is arranged at the focus f
the speaker. ‘

Echoes results from sound getting reflected at walls. Echog
are particularly trouble some in large halls. They can be remove]

o almost entirely by making the surfacez of the walls rough and by

in
: cWalls-outward However a paint echoes are necessar
for the enhancement of musncal effects.

Resonance ofa large hall is inversely proportlonal to the square

‘root of the volume of the hall H vo
0 ence the
| . lume should depend

BN

SR

ha"moumach Fom atsde, Thiscan
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By avoiding opening for pipes and ventilators.

Using double doors and windows with separate frames.
‘Using heavy glass in doors, windows and ventilators.
'By allotting proper places for doors and windows.

The machinery like type writers etc should be placed on
absorbent pads.

- Any engine inside the hall should be fitted on the floor with a
layer of wood.

7  The floor should be covered with carpets.

- _Absorption coefficient

 Theabsorption coefficient of a material can be defined as the
- ratio of the sound energy aborted by the surface of the material to
~that of the total sound energy incident on the surface.

Sound energy absorbed by the
surface i

Co-efficient of absorption =

Total sound energy incident on
the surface '

All sound waves falling on an open windows pass th’r‘ougin. So

‘an open windows can be assumed to be haves as a perfect absorber

fsound. Hence the unit area of an open windows is taken as a
-standard unit of absorption.

g g :
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¥,
R
&

;

Thus the absorption co-efficient of a material jg defi,

ratio of the sound energy absorbed by certain area of the S:Qt;“
to that of an open window of the same area. The abs, ff‘w

nasqiwrt:‘% ;
T

coefficient is measured in open window unit Writte
sapiens.

Absorption coefficient of a surface is also de

reciprocal of its which absorbs the same sound ene
by an unit area of an open window.

\

Tt )

fineq as
¢

"/ Measurement of absorption coefficient:
The absorption coefficient can be

determination of reverberation time. When th
s M—,_,n». - o .
 the reverberation time measured. Let it b

measured by the
ere is no absorbjng

e T, by applying Sabine’, v
Vi e -3-.._ = 225, : -(1)
LR T, SR  0.16Volume.

- g ‘- _ Now the alisorbing material is put inside the room and the
- reverberation time is measured. Letitbe T,
e U
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When a sound is produced in a building, it lasts too long after
its produwon It reaches the listener a number of times. The listener
receives the direct sound from the source and also the reflected
sound. Hence the intensity of sound decreases continuously. After
some time, the intensity of sound decreases below the audible limit

L and then the sound disappears below the audible limit and then the
sound disappears. This is called reverberation.

Reverberation Time |

The reverberation time is defined as the time taken for the
_ sound to fall below the minimum audibility measured from the instant
~ when the source stopped sounding.

~ Sabine, using an organ pipe of frequency 512 Hz found that its
. sound became inaudible when its intensity fall to one millionth of its
~ intensity _]l.lSt before stopping the organ pipe. The time : taken for the

st

intensity of sound wave to be reduced to one mllhonth of its initial

et

value is called the reverberation time.

The reverberation time depends upon the size of ﬁgm 5
‘ofthcsoundmduponthekmdofmusic ' ‘
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Sabine’s formula
The relation between reverberation time, volume of the
area of the surface and it absorption coefficient is called Sabiy

an

formula.

Let a,,a, a,, etc be the absorption co-efficient at each reﬂeCt
of the surface S S,, S,, etc in a room. Then the average Value
of

the absorption co-efficient is given by a is given by

asS + 21282 # a3S3 R

a =
S +8S,+8S,
Z 2a,S,
a =
, S
Or YaS, =4S — &‘)

‘Where S is the total area of the surface.

J

: By statistical method Jager two showed that the sound travels

an average distance 4V/S between two successive reflections

o, e SRR S AT

where V is the volume of the hall and S is the total area of the
surface. If vis is the velocnty of sound ‘wave, the time taken between
two successnve reﬂecttons is 4V/ Sv. Therefore the average number

‘ »of reﬂectron in tnme tis Svt /4V

\t a smgle reﬂectlon a ls the fractxon absorbed and (l-a) is b
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I, = (1 —aymnv -@)

According to the definition of reverberation time, when is equal
- toreverberation time T,

1, =10¢
" Then from equation (2)
10-6 = (1 _'a)sw/w

Taking logarithms on both sides

SvT

: :::I_}og.l()," ‘ = log (1 —2)

4V
Svlog (1 — )

e T = log,10°x

. .
0—6
2.3026 log,,! Sv log (1 —a)

2 |

| 2'.3.026 (-6) x 4V - G -_ 3)
= Bex ol 20 i
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.

2.3026 (=6) x 4V
S(-a) \¢

If the velocity of sound v = 340m/s.
2.3026 (-6) x 4V 0.16V

—
=

S(-8) s Sa

But Sa= Ya S, the total absorfing power

0.165V
ZalSl

-(5)

‘ b
ion (5) gives the Sabine’s reverberation formula 1;:

to the volume of the hall.
: toﬂlc area of the walls.



