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Preface

The present book Waves and Oscillations is meant for
B.Sc. Second Year degree course for all Indian Universities.
The book has been written according to the latest syllabi
prescribed by the Swami Ramanand Teerth Marathwada
University, Nanded for B.Sc. Physics Second Yeae (CBCS)
syllabus revised.

The book contains waves, free oscillations, damped and
forced vibrations. Reverberation, Sabine’s formula,
production, detection and applications of ultrasonic’s. This
book is the pre-requisite for several advanced courses in
Physics and is necessary for understanding the knowledge
of elementary mathematics and calculus, wave theory etc.
Specially the book will helps to the B.Sc. Second Year
Physics students of university to understand concept in easy
language. Every mathematical step is solved in the
derivation.

I'm very grateful to my Physics teacher for free consultancy
in preparing the manuscripts I’m also thankful to typist and
publisher for presenting the book in present form.

Suggestions for further improvement of book are cordially

invited.
- Prashnat Gawali
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Differentiating equation (1) w.r.t. x

dy _
== acos—(Vt x)
dy_ma 2T it—
T 2 cosl(Vt X)eeunnn 3)
Put this value in equation (2)

U=V-Z2

& U=V e “@)

Particle velocity at any instant = wave velocity x slope of
displacement curve at that instant

1.2  Differential Equation of wave motion

The equation of displacement of a simple harmonic wave is
given by

y=asinZ(Vt-x) ... 1)

Differentiating equation (1) w.r.£. t

dy _ 2mav 2n _
=3 cos Vt—x) ...... 2)

Again differentiating equation (2) wr.t. ‘t’

d? 2ma . 2m 2ny
£2= X—smT(Vt-x)XT

at? A
d?y _ 4n*v?a . 27
.E;_._—i?—xSmT(Vt—x) ...... 3)
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Unit |

Waves

L1 Wave Velocity and Particle Velocity

Particle velocity (U): The individual particles don’t
travel through medium simply oscillates about its mean

Position. The instantaneous velocity of particle is called
Particle velocity.

Wave velocity (V): The velocity with which the
i ance travelled through the medium is called wave
velocity,

Relation between U & V:

The equation of displacement is given by,

—a 2
Y—asmT"(Vt_x)
Where,a=

amplitude, A = way
velocity, t =

: elength, v = wave
time

Differentiating €quation (1) w.r.¢ <
dy

e —

. 21T 27TV
~at acosT(Vt_x) Nl



Differentiating equation (1) w.r.¢. x

Y — acos 2= (Vi—x) - 2%
2 _acos= Vt—x) N
dy _2ma 31_: _ )
it T (Vt—x)...... 3)
Put this value in equation (2)

Particle velocity at any instant = wave velocity x slope of
displacement curve at that instant

1.2  Differential Equation of wave motion

The equation of displacement of a simple harmonic wave is
given by

Differentiating equation (1) w.r.z. t

dy _2nav 2

2 T2 s E(Vi-5) ...... )

Again differentiating equation @ wr.t

d?y _ 2ma . 2T 21y

Tz - g <sin (Vt-x)XT

d’y _ 4n*v?a _ . 2m;

az s (Vi-x) ®)
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Unit |

Waves

11 Wave Velocity and Particle Velocity

Particle velocity (U): The individual particles don’t
travel through medium simply oscillates about its mean

position. The instantaneous velocity of particle is called
particle velocity.

Wave velocity (V): The velocity with which the
disturbance travelled through the medium is called wave
velocity.

Relation between U & V;
The equation of displacement is given by,

y=asinZ (Vt-x) ... (1)

where, a = amplitude, ) = Wavelength, v = wave
velocity, t = time

Differentiating equation M w.re v

D acos 28 2my
-3 acosT(Vt-x)-T



Where, a = amplitude
v = Velocity of wave
t=time
x = position of the wave

Differentiating above equation w.r.t. t

d 2
d—:: —acos—(Vt —x) ==

2may
U=

N 'coszT" Vt-x)...... ¢))

U is the particle velocity.
The kinetic energy per unit volume of layer ismgiven by,

KE/volume =% x mass x (particle velocity)’

But density = mass/ lin.volume

p =m/dx
-m=p-8x...... 3)

Pu‘ftmg value of m & U from equation (1) & (3), the
€quation (2) becomes,

KE=1y x p: Ox X (T)zo cos _/'l- (Vt—X)

Total K.E. for whole length / is given by integrating above
equation,
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Differenﬁating equation (1) w.r.z. x

dx A cos 2 N = (Vt— -X)...... 4
Again differentiating equation (4) wr.£. x

d%y 2ma . 21 2
—_— — X — —_ X —
oz X sing (Vt-x) n

dzy 412a . 27
dxz—_szmT(Vt_x) oooooo (5)

Form equation (3) and (5)

Ld¥ _a d¥
dtz 'mocotoo (6)

This is the equation of differential equation of wave motion,

1.3  Energy of Plane Progressive Wave

Progressive wave: The wave which continuously travels in
a given direction.

The energy of wave is partly K.E. and partly P.E.
Mathematical treatment:

The equation of progressive wave is given by,

Y=a-sm2n/2~(Vt—x)
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~PE. =% xpv? (=2 4 )">< dx

dy _ 2ma 27
But, - T Cos (Vt—x)

2

~PE. =¥ x p v2 X 41‘[22&1 -_j.E . (Vt—X)x ox

Total P.E. is found by taking integration of above equation.
After solving we get —

2nav

P.E./volume = % pr(

The total energy/ volume is given by,
T.E.=K.E.+P.E.

Putting the equation (4) and (5)

2nav 2nav )

)+ Yap (5

T.E.=%p(

~TE.=%p (Znav )7
But, v/A = n = frequency
~T.E.= Y% p 4rn’a> x>

Where, p = density of volume

a = amplitude
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KE.=%xpx @2 [[cos’ 2 (Vt-x) bx
After solving we get,

KE.=%xpx (2 )X %

K.E./volume =% X p x (@ ) OO ()
Potentia} Engrgy:
The P.E. of layer per unit volume is given by

P.E. =work done x volume of layer (thickness)

=15 x stress x strain x éx

__ Stress
strain

But, Elasticity
Stress = Elasticity x stain
tress = B x 2
Stress =E x T
#PE. =%xExZx Ly gy

u (&

But, v= |-

il
<,
©
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~PE. =YxpVv X(Z—Z)Zx &x

dy 2na 2 \V/
_— — — t —X
But, - T Cos— ( )

n”a? 222 (Vt—x)x dx

~ P.E. ='/z><pv2><4)¥2 “€os”

Total P.E. is found by taking integration of above equation.
After solving we get ~

2nwav

P.E./volume="% x p x (—=)"...... (5)

The total energy/ volume is given by,
T.E.=K.E.+P.E.

Putting the equation (4) and (5)

5 2mav (2
“TE.=YipCEEy+Y%p ()
~TE.=%pE2)

But, viA=n= frequency
= T.E.= Y p 4n’a’ x>
Where,p = density of volume

a = amplitude
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KE.=¥%xpx(G2) I cos® 2 (Vt—x)- 8x
After solving we get,

KE. =%xpx(E2)Px %

K.E./volume="% x px GZZ)2...... (4)
Potential Energy:
The P.E. of layer per unit volume is given by

P.E. =work done x volume of layer (thickness)

= 4 x stress X strain X 8x

_ Stress
strain

But, Elasticity

Stress = Elasticity x stain

tross = B x &
Stress Exdx

~ P.E. =%XEX%X%XSx

5 (&)

But, v= |-
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Let us consider a small element PQ of displaced string
having length 8x is acted by two tensions T along the
tangents PK and QR. Let ® and ® — 8 be the angles of the
tangents to the curve at the ends of P and Q respectively. As
every T (along PK & QR) have two components (i)
Horizontal component (x-axis) (ii) Vertical component (y-
axis). The Horizontal components cancelled with each

other. The resultant component is the vertical components is
given by, -

Force = T- d*y/dx> &x ......... (1)
Where, dy/dx = Tan® = slope
ox = length of small element string
According to Newton’s 2" law
Force = mass x acceleration
But mass per unit length

S~ m=M/éx ~ M=m- §x

. azy
And acceleration = Fres

- — dzy
- force =m- &x x TR 2)

From equation (1) and (2)

d?y dzy
m-§x x - =T x 2=,
dt? T dx? ox
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n = frequency of vibration
Equation (6) is the energy of progressive wave.
1.4  Equation of Motion of Vibrating String:

When any string stretched between two fixed points
with a large tension. When plucked transverse and released
then string vibrates to and fro along the plane perpendicular
to the string. The transverse vibrations of a string have great
importance to produce musical sounds in the instruments
like guitar, violin and piano to produce music.

R
\ T
Q M- ad
"
PL
Y T
k
R °

= X

Consider the string AB is stretched between the points
having tension T. The string is plucked at the centre O and
released then it gets vibrations. It vibrates up and down, the
string brings to its original position every time is due to the

vertical component of the tension T right angles to AB. The
string gets S.H.M.
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Suppose the wave pulse travels along a stretched
string from left to right.

Consider V — velocity of wave
PQ — is the small portion of string
dx — is the length of PQ

It forms a arc of circle having centre O, such that
2POQ =06

R — Radius of the circle

M = mass of string

m = mass per unit length of string
M = m-6x

T = tension in the string

The resultant force is given by,

This force F provides the centripetal force to the portion PQ
and is given by,

. M 2
Centripetal force = TV

.........

Page| IS5



2 2y
ey & 3)

dt2 m dx?
The differential equation of wave motion is,

dzy b dZy
o=y 4)
dt? v

Where, V = Velocity of wave travelling along a string.
Comparing equation (3) and (4)
V? = T/m

v= [T ... (5)
m

Where T = Tension in the string; m = M/dx = mass
Per unit length of string.

i ibrating
Equation (5) is velocity of wave traveling along a vibrating
Stl‘ing.

15 Velocity of Transverse Wave along A String

i : 'ing
Fig.: Transverse wave in a stretched string
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Formula: frequency = No. of cycles/second

Unit: It is measured in Hertz = Hz

Example: Any machine designed with the 50Hz or 60Hz

frequency. It means the no. of cycles 50 or 60 completed in
one second.

1KHz = 1000Hz = 10°Hz = 1 Thousard
IMHz = 1000000 = 10°Hz = 1 Million
1GHz = 1000000000 = 10°Hz = 1 Billion

The frequency at which a system tends to oscillate
in the absence of any driving or damping force called
natural frequencyi, it is called the normal mode.

Exp: According research, the natural frequency of a human
body is about 7.5Hz

= An object can have one or more natural
frequencies. A system have one degree of freedom has 1

natural frequency system with 2 degree of freedom have 2
natural frequency.

Degree of freedom: The object which has free to vibrate or
vary is called degree of freedom. The lowest frequency of
vibration is called fundamental Jrequency.

V=n) V/A

=
I
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From equation (1) and (2)

2
TO = M;’ ......... 3)
arclength _ &x
But, 8 radius R
And M =m- éx
Put these values in equation (3)
5x, _ m-8xv?
@ ===
T=mV?
vi=L
m
T
V= = 4)

1.6

Frequency and Period of Vibration of String

90 1 270 0

Definition of Frequency: The number of cycles completed
in one second is called the frequency of wave

1 cycle = one upper half part + lower half part
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1.7

Que. 1
Que. 2

Que. 3
Que. 4

Que. 5

Que. 6

Que. 7

Que. 8

Que. 9

Exercises

Define wave and particle velocity.

Obtain relation between wave and particle
velocity?

Obtain the differential equation of wave motion?

Give the mathematical treatment of total energy of
plane progressive wave?

Derive the T.E. of plane progressive wave is

27r2pa2xz?

Obtain the equation of motion of velocity of
vibrating string?

Derive the expression of velocity of transverse
wave along a string? -

T . .
Prove the V = \/; velocity of transeverse wave in
string,

Explain the period and frequency of vibration in a
string.
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Ifl length ofstring aA=2] an=V/2I

Putv= /1

m
~n=1/1 ,1
m

) qumtion of fundamental frequency
Period of Vibration

Definition: 1t i the time taken by an object to complete one
%¥cle of vibration is called period or time period.

tis denoted by “T". “It is the reciprocal of frequency.”
| Formula: T=1/F

Unit; Second’
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2n
=a[2-cos — 2 ( >

Y =a[2-cos 22 . sin 2Zj

A A
Y =—2a sin 2% .0

Taking derivative of equation (3) w.r.t. to t’

dy _ . 27X . 2nvt 27y
dt ——2asm1 (sin ===

2nvt
v—‘*"‘“’ ?-sm% ...... (5)

Differentiating equation (3) w.r.t. to x

dy _ 2nx 2w 2ntvt
ox 2a cos 37 Cos N

d . .
But Ey = strain or compression

-41ma 21tx s 2nvt
A A i

Changes with respect to position (x)

ooooo

Vet-x+Vt+x . ¥t -x — ¥t—-x
_— °Sln/1 —_]

Page | 21




Unit Il
STATIONARY WAVES

21  Closed End Organ Pipe or String Fixed at Other
End:

. The displacement of particle due to incident wave is given
by,

Y, =asinZ 3 Z(Vt—x) ...... ¢))

Where, a = amplitude, A = wavelength, v = velocity
of wave in time ‘t’

Ehe displacement of particle due to reflected wave is given
Y,

Y2=-a.sin27" (Vt+5) ...... )
The esultant displacement of particle
Y=Y,+Y,
— Foeie 2 i 20
Y= [asin % (Vt—x) + (- a'sin 5 (Vt +2))]

= af(sin 2 (Vt—x) - (sin (Vt+x)]

Byt q; -
SinA — ginp = ZCOS% Smiz-£
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As strain is zero, these positions correspond to antinodes.

. 2
Assm—:-=:tl

It means 2% = 0,x 2m, ......
_A 3152
x= DA A etc

Thus, the antinodes are equidistant and separated by -;-

Changes with respect to time (#)

Case I: ssz—Oand cosT—il

Put these values in equations (3), (4), (5), & (6) we get

2
Displacement Y == 2a- sin —:{-’5

Amplitude A =2a- sin 2 T (Not dependent on time)
Velocity V=0
2nx

in &=y dma o2
Stramdx :b). cosl

Here, at these instants the displacement and strain
are maximum but V=0
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.2
Casel-'sm%=0andcosz—::-=i-l

Put these values in equations (3), (4), (5), & (6) we get

Displacement Y =0
Amplitude A=0
Velocity V=0

. dy =4ma 2ot
str: —_— .
ain cos 2

strain = maximum
So, these positions correspond to nodes.

. 271X
As, sin === 0

2
Thus, Nodes are equidistant and separated by >

: 2
Case 11; Sm?=i 1 andcos—:f=0

But thege values in equations (3), (4), (5), & (6) we get

. 2nvt
Displacement Y =+ 2a-cos -

Amplitude A=%2a t
Velocity V=% 1;_51- - sin 3—’;—”—
Strain & =

dx
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The displacement of particle due to reflected wave is given
by, o

. 2
Y2=+a-sm7"(Vt+x)

The resultant displacement of particle
Y=Y1+Y2

Y = [asin = (Vt—x)] + [a-sin = (Vt+x)]

Y=a[sin%l’-'(Vt-x)+sin3—"(Vt+x)]"
A B

But, SinA + SinB = 2sin ALB * COS '42;3

2 (Vi-x+Vt+x 27 (V- x — ¥b—x
= a[2-sin =~ -2—) 'COS—(‘*

]

. 2nvt -2
Y =a[2-sin =— - cos ;x]

A
- Zmx | o 2nVe
Y =-2a cos 7 Sim—— ... 3

Taking derivative of equation (3) w.r.t. to ‘t’ J

21rvt . 21rv

m, |

dy 2 2nx
-_— =—=2aC0S — " (CcO
dt A (
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R W i 3T
"t_oszs Tg?a

At these instants, all particles are at extreme position.

Case I1: inz—zv£=il andcosy}.—v£=0

Put these values in equations (3), (4), (5), & (6) we get

Y =0, V=0, strain=0
Assin-zfi”_t=i1

. 2mvt
oy = =T 2Ty e

At thege instants, all particles are at mean position.

I Means in one period (T) particle passes two times through
Mean positjon,

2 Open End Pipe or String Free at the Other End

: The displacement of particle due to incident wave is
Siven by,

Where, a = amplitude, A = wavelength, v = velocity
Waye in tim et
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-
Thus, Antinodes are equidistant and separated by >

. 2 271X
Case IT: sm%=:h 1 a.ndcosT=0

Put these values in equations (3), (4), (5), & (6) we get

Displacement Y=0
Amplitude A =0
Velocity V=0

.. dy _ | 4ma . i 2TV
Strain ax ~ T 3 csin=——
These positions correspond to nodes.

27x
As cos ==
21X T 3w
Itmeans — = =, = ...,
2° 2
A 31 521
Oy Sy SIS etc

Thus, the nodes are equidistant and separated by %

Changes with respect to time ®

. 2mvt
Case I: smT=0 and cos%=0

Put these values in equations (3), @, (5), & (6) we get
Displacement Y = 0

Amplitude A = 2a. cos 2% (Not dependent on time)
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But, % =V = Velocity of resultant stationary wave

__ 4mav 2nx 2ot
V= T C0S == oS ——...... 5)

Differentiating equation (3) w.r.t. to x

_d_;! =_2a—sin 2nx 27w sin 2nvt
dx A 2 a
d . .
But, Ef = strain or compression
N 4ma . 2nx . 2mut
oo Stl'aln = 2 * sSin 2 * Sin 2 e (6)

~ Changes with respect to position (x)

. 2 271X
Case I: sin==2=0and cos—==1

i A

Put these values in equations (3), (4), (3), & (6) we get

Displacement Y =+ 2a-sin 2mvt

a
Amplitude A==2a

. 4Ta 2nvt
Velocity V=+——" cos—~
. dy _
Strain —*

As strain is zero, these positions correspond to antinodes.

.2
As, sm%=0

It means 2% =0, T, 27, ...
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2.3  Investigation of Pressure and Density Changes at

Displacement Nodes & Antinodes:

Let us consider stationary wave is set up in the fluid, then

excess pressure is given by,

gY@
P=-E2 ... 1)

V = velocity and p = density
z strain/compression

In case of open end pipe strain is given by,

dy _ 4ma . 21x . 271wt 3
= o sinTesin T 3)

Putting equation (2) & (3) in equation (1) ....

P= Vzp— smz% sin?

Put, Prgx = Vip 2 o 0)
&P =Ppgc - sin 25 - sin 222

Put, Py - SiI1 - =Py oo )
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VC]Ocn;y V=42 41ta cos z—zf-

Sh’am

Here, veloclty s maximum.

“1=0, T’ T, 3T, ...... etc.
in o times
It means in one period (T) particle passes two

Ough mean position.

s 2mot 2nvt
eII; sm ) =1 and cos T=0

Pyt these values in equations (3), (4), (5), & (6) we get

. 2
Dlsplacement Y =+2a- cos ’l,:f

Amphmde A=2a cos— (independent on time)
Veloclty V=0
Strain y _y4ma 2nx
— '-"h ina 2mx
T Sin—
As, sin 20t _
@ =T 3n
1 2 ? _, oooooo
=T 3T §
t ; P gete
e e position-
Mstants, a1 particles are at exirem P
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Conclusion:

1.

2.

24

At nodes, there is maximum variation of pressure at
position or displacement nodes. B

There is minimum (zero) variation of pressure at
position or displacement antinodes.

Hence,

Position or displacement node = pressure antinodes.
Position or displacement antinodes = pressure nodes.

Distribution of Energy in a Stationary Wave

The distribution of energy in a stationary wave is not the
same as in progressive wave. The total energy in a
stationary wave is double that in a progressive wave.

As in stationary wave, one is incident and another is
reflected wave in opposite direction. These two waves
are equal but opposite, hence resultant transfer of
energy is zero.

In progressive wave, at any moment half energy is
kinetic and other half is potential.

In stationary wave, when particle moving through

their equilibrium positions. All energy is kinetic everywhere
and most of energy is near the antinodes and particle is
moving fastest. But when particle is at extreme, K.E. is zero
and all energy is potential everywhere. In the intermediate
stages it is partly in one form and partly in other form.
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. Equation (5) is Amplitude of pressure

Case I: At Antinode: Strain is zero

4y _ 0. sin 2% =

22 0> sin— 0
Equation (5) and (6) becomes

Px=0 ~P=0

; “Hence, -at antinodal points the pressure and density are
zero; it means no changes of pressure and density, remains

normal.”

Casell: At Nodes: Strain is maximum

dy __ 2nx

ie. T maximum; and .. sinT =%1
Equation (5) and (6) becomes

Here, change in pressure is maximum.
Case III: At any point
The equation (i) is given by,

- . 2mx ., 2mvt
P—Pmu’SmT'SmT ............... (7)




Putting value of equations (1) and (2)....
k/Area="Y; p of' vZdx

2nvt
k/Area=‘/zpoJ1(4n£) A cosz%-dx
l/p 16 (7“"’2 221n7t0J‘1 221tx
2
_px4x2(1tav tOP 2211'
(Zﬂ:av 2, sz Zm; oj’l 2% 32 21tx .

But 2c0s0 = 1 + c0s20
=p('m%)2 co 221:17 0]11+cos— dx
As,[.-.OP(1+cosﬂ‘--dx 14|

k/Area=p (zmw 2. cos? 222 27;” -1

(21tav 2, 2 2ot

" Areal 1

K.E. — 2Tap. 2 2 2vt -
volume - P )" cos S reeeeeeeeens 3)

K.E./volume = = maximum if cos? <2~ 27;” +]1 =T.E.

T.E. 2nav, 3

=) e @)

volume =P (
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. Analytical Treatment:

In case of open end pipe the resultant displacement

is,
_ 2nx . 2mv
Y =2a- cos T sin—

Differentiating above equation w.r.t. time ‘t’

dy:za. COSEE' cosw.zﬂ
a A2
_ 4ma 2mx 2nvt
V== oS == COS 7 .iuuinnnnnns 1)

Let, p — density of medium

dx — thickness of layer
s, — _Imass __  mass
density = volume  thickness
— mass
P~ "ax
mass=p-dx............. Q)

K.E. per unit area of layer is given by,

ak__, o
“rea /2 X mass x (velocity)

K.E. for whole wave of length ‘P’ is given by taking
integration...

Idk=gjl‘/zxmassx(v)2
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Compare equation of K.W. (3) and equation P.E. (7) and
equation T.E. (4)

Case I:
Put, cos? % =1 in equation (3)

Then K.E.=T.E.
Case II:

. 2 2myt 2
Put, smz—lm’— =] orcosz—7;—=0

~PE.=TE.
i.e. whenK.E.=0,P.E.=0 -
whenP.E.=0,K.E=0
2.5  Energy is not transferred in stationary waves

The work done of energy transferred per unit area in
a small time “dt’ is given by —

Energy transferred

= change in pressure x change in velocity x time

=PxUxdt............ (1)
But, P=P.sinZ%... ... )
U=Uscos ZZ.......... )

Putting these values in equation (1)
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. This is the average total energy per unit volume of
statlonary wave.

TE. _ 2nav,2
a==p () Q)

But TE. per unit volume of progressive wave is given by,

T.E. 2navy2
—_——=1
volume /2 ( 1 ) ............. (6)

Compare equation (5) and (6),

T.E. of stationary wave is double the T.E. of
Progressive wave hence the proof.

Byt
PE.=TE.-KE.
P.E. = equation (5) — equation (3)
- 2mav\2 27av 2, 2 2t
PE. =p( ) —p (=) c0s 3

PE. =p (2’;‘"’)2 [1-cos® Z_’i”_f]

B
"1~ cos’ = sin

= 2 . 22mvt
BB =p (7 sin' 5
“PE.=p (2. gt T e 9

a
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2.6

Que.
Que.

Que.
Que.
Que.
Que.
Que.
Que.

Que.

1

2

Exercises

Give analytical treatment of stationary wave for
closed end organ pipe?

Obtain expressions for displacement, velocity and
strain for stationary waves pipe closed af one end
and hence what are changes with respect to
position and time?

Give analytical treatment for stationary wave for
open end pipe?

Obtain expressions for stationary wave for open
end pipe? :

Prove that antinodes of displacement are the nodes
of pressure and vice versa? _
Investigate pressure and density changes at
displacement nodes and antinodes? ‘
Obtain expression for K.E. and P.E. per unit
volume for stationary wave?

Prove that average total energy of a stationary
Wwave at any instant is double that of progressive
wave, ‘

Prove mathematically energy is not transferred in
a stationary wave?
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Energy Transferred = P, sin z—ﬁit - Uy cos 3’;1 - dt

The total energy transferred for the periodic time ‘T’
is given by integrating above equation

Energy Transferred = ofr P, sin ? + Uy cos # - dt

Multiplying both sides by -

 Energy transferred _ 1 . 27t 2mvt
- _TOJTszm—)_ U, cos n dt

Multiplying and dividing by 2 in R.H.S. of equation

PyU . 2mvt 2nvt
Rate of energy = ’Z‘Txofr 2sin=—- cos —— - dt

But 2sinf - cosd = sin20

Py, . 4mvt
~ Rate of energy = ;T” oJT sml:- - dt

As,anini’;l‘-dFo

~ Rate of energy =0

Hence, the no energy is transferred, hence the proof.
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general, practically there is always some resistance to bg
overcome which is called damping.

3.2  Undamped Vibrations:

In case of simple harmonic motion the kinetic
energy of displacement ‘y’ is given by,

K.E. =% x mass x (velocity)?
d
KE.=%xmx (2)?

At the same instant the particle has potential energy —
P.E. =¥ Ky?

Where, K - restoring force per unit displacement

Then total ¢nergy =K.E. + P.E.

Fc.>r undamped vibration T.E. = constant
Differentiating equation (1) w.r.t. to time

2y
%mezz_tz.*.x/le{xzﬂ:o

dt
Dividing by m,
a2y K
d—tz + ; y= | (2)
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Unit i1l
FREE AND FORCED VIBRATIONS

3.1 Free Vibrations:

Free vibrations of the body is kind of vibration when
a force is exerted on the body only at once and the body
starts to vibrate at its natural frequency.

Example: (1) When a bob of pendulum (in vacuum) is
displaced from its mean position, it gets
simple harmonic motion. Such vibrations are
called free vibrations.

(2) Vibrations of tuning fork.

~ Free vibrations depend upon:

Dimensions of body

Elastic constant of material of which body is made.
As pendulum gets vibration, the amplitude period
are depends upon the length of pendulum and
gravity.

—t

w N

When body vibrating freely has no resistance
offered to its motion, its amplitude remains constant. In
such cases lo§s of energy is zero vibrations are also called
undamped free vibration or naturql vibrations. And the
frequency of vibration is called naturql Jrequency. But in
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* When the vibration the energy is lost or dissipated in
the form of heat within system or in surrounding
medium.

* This dissipative force due to friction is proportional to
the velocity of particle at that instant.

The differential equation for free undamped
vibration is given by —

2y

mX%+Ky=O ............. (1)

Letp - % is the dissipative force due to friction then

the differential equation for damped vibration is the
addition of dissipative force in undamped.

mx &4 Ky+p L O ?)
e A2 4 [Ey=0. 3)

This is the differential equation. The general
differential equation is —

az ,
k=0 (4)

Comparing equation (3) and (4)

2m m

2b= = b= angg2=X
m
The solution of this equation (3) is,
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This is the differential equation of undamped free
vibration. But we know,

The solution of equation (3) is given,

y = asin (ot — @)

y=asin[\l§°t—a]

The frequency of oscillation is given by,

3

f;%‘/z ............. 4

33 Damped Vibrations:

In actual practice, when the pendulum vibrates in air
medium, there are frictional forces and energy is lost in
. each vibration. So the amplitude of swing is decreases and
time increases. Finally the amplitude becomes zero or die
out. Such vibrations are called fi-ee damped vibrations.
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by pressing key. Then discharged through L and R when
key is released.

Let  Q=charge on condenser

= = d_Q
I = current —
d—t = d—tz = Rate of fall of current.

In this case force equation is replaced by voltage
equation.

%+RI+L——0
Put, 5 E ‘; tf 1= m above equation.

quf +R-224+2=9

a9

dt?

~l
P;lc

Q_

L =0
£= &-_—

Put - 2bandLC K

“24pR 2+1%Q=0

The general solution of this equation is —

Q=A. e-b+ VbZoRE)t + B e(—b—-w/az— K3)t |

Whent=0and Q=Q,




id

i

i

The general solution of equation (3) is given by,

y=A- e(-b+ VbZ+ K2)t + B- e(-b- Vaz-K2)t

And o = Vk? — b?

The frequency is given by,

!

(@]

Tap key

el
1

Let us consider the L (inductor), C (capacitor), R
(resistor) circuit. The condenser C is charged due to battery
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2A=Qo [1 + x/bzb— KZ]
A= % [1+ o] e (5)

Subtracting equation (3) — (4)

- bQ,
A+B-A+B=Q,- e
b
2B = Qo [1 - 7]
B[ __b
B_z[l w ............. (6)

Putting these values of A’ and ‘B’ in equation (2)

_Q b 1. (-b+ VBT
Q=1+ 2] * +

Q [1 ——b__]. e(-b~Vbr=R?)t
2 Vb2- K2

_R _ |1
But,b—zandk—JL_—C

Putting values of ‘b’ and ‘k’ in above equation,

R ~R RZ2 1
Q=& 14 ——2L . e(ﬁ"" 2z " ic)t +
2 RZ 3
2" Ic
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B-(—b — VaZ — K?)t - e(-b=Va* =K%t

Art=0,22=0
~A-(-b+ Vb%Z— K2)+B-(—b— VaZ = K®)t=0
 Ax-b+A VBT RZ+Bx-bx-B- VB2 — k=0
. _bA-bB+AVET = RZ-BVE = RZ=0
| ~b(A+B) +VbZ — K2 (A-B)=0
But, from equation A+ B =Qp
4 -bQo +VbZ — K2 (A-B)=0
vbZ = K? (A- B)=bQo

. -~ — bQo
~ (A- B) g e (C))
Adding equation (3j +(4)

A+B+A-B=Q+ 5%
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Then the discharge is non oscz’llatory“and is said to
be dead beat shown as curve ‘b’ in figure.

Case IIT: Whenm<—

The square roots are imaginary.

Then the discharge is oscillatory shown as curve ‘¢’
in figure. It is simple harmonic type. In th1s case, the natural
frequency is —

BT i R &)
WhenR =0,

f=—21 (10

S I e )

3.5 Forced Vibrations:

If some external periodic force is constantly applied
on the body, it continues to oscillate under the influence of
external forces. Such vibrations of the body are called
Jorced vibrations.

Initially, the amplitude of swing increases, then
decreases with time, becomes minimum and again
increases. This will be repeated if the external force is
constantly applied on the system. Finally the body will
vibrate with the same frequency as that of applied force.
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Special Cases:

Case I: When L

1
412 LC

- The equation (7) becomes
—Rt

Q=Qo- ezl

Then the discharge is aperiodic and critically
damped. The exponential curve is shown as ‘a’ in the

;. ﬁgure.

RZ 1
Case II: When —=> —

The square roots are real.
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When, cospt = 1; sinpt = 0 equation (5) becomes —

—mp?a-sina + ka-sino. +pap-cosa =0
» mp’a-sina — ka-sino — pap-coso. = 0

Dividing (7) by cosa

mp’a-tano. — ka-tano, — pap- ﬁx =0

tana [mp®a — ka — pap- ta;,q] =0

After simplifying,
—_hp
Tana = Y—mp?

Put, pp=A andk—mp?>=B

From equation )]

A

Sine. = VAZT T orereereerereeenenns )]

B
VATERE rrreeeerereeenenenns (10)

Dividing equation (6) by cosa —

Cosa =

mp2a+ka+pap-tana— = =0

cosx
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[he amplitude of vibration of a body is equal to the
lifference between the natural frequency and frequency of
ypplied force. If difference is small, then amplitude will be

arge.

For Forced vibration the equation is,

m;—t; +ky + u——Fsmpt .................. )

Mhere, p is the angular frequency of applied force. But,

y=asin(pt—a) .................. )

dy =ap: COS(Pt— @) ..cevvurrrnnnnnnn A3)

dzy = a 2 . 1

<z~ —apsin(pt-a)

d? 1

=PV e, @) F
|

>utting these values in equation (1)
_mp’a-sin(pt — a)+ka-sin(pt—e)+u-ap-cos(pt—e) = F-sin-pt
= -mp’a- [sinpt-cosa — cospt-sina]

+ ka-[sinpt-cosa — cospt-sina]

+ pap[cospt-cosa, + sinpt-sina] — F-sin-pt=0...... )

When, sinpt =1 .. cospt = 0
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Thus,

General solution = solution of free vibration—+ solution of
forced vibration

K =q. @~bt ., o — __F___-sin t—a
y=a-e sin (ot — o) + o e pt—a)

Here, b = w/2m

3.6 Resonance and Sharpness of Resonance:

When the frequency of periodic applied force (force
vibration) is equal to the natural frequency of the system,

then system vibrates with maximum amplitude the
phenomenon is called as Resonance.

Types:
1. Mechanical resonance
2. Acoustic resonance
3. Electromagnetic resonance
4. Nuclear Magnetic Resonance (NMR)
5. Electron Spin Resonance (ESR)
6.

Electric Resonance

Derivation of Response (R)

(4)] Equation of amplitude at Resonance:

The amplitude of forced vibration is given by,
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a-[k —mp +uptana]——-

cosa

butk-mp>=Band pp = A;
Put values of tana and cosa —

a.[B-{-Ax.;.]:uiBtE.

VAz-i- B?

a[B+—]
A%+ B2, FVAZ+B?
[ — 1= =

o PALBEE
A= A Bivart B2

i F
Do a=
"Az.i. Bz

Putting values of A and B,

e e Y (11)
m ............

Put this value of a in the equation (2)

= F .
4 = Tt Gomp S (Pt=a) coeeeernnereennnnnnns (12)

This is for forced vibration, we know for free vibration,
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_ F
Y VH2p2+ (k—mp2)2

differentiating above equation (1) w.r.£. time

dy FP
—_— - C —_— 9]
TR rerarar e os(pt—a) ............ 2)

dy

For (==
dt

)n}ax , cos(pt — a) = max. = 1

ﬂ) = FP
ae)™™ [uZpZ+ (k-mp2)?

This is velocity maximum,

_ FP
Vn]ax - \/sz_'_ (k—mp2)2 ............ (3)

KE. =% xm x V2,

1 2p2
K E - ;mF P
77 u?p2+ (k—mp?2)?

The mean square driving force per unit mass is —

(Initial force)+(Final Force)2
2

I

m
0+F2
—_ 2
m
F2
S e &)
Dividing equation (4) by equation (5)
(KE)max _ __ 3MF2P?
;‘:; H?p2+ (k—mp?)?
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F

amplltude =+ —m .................. (l)

where, p = Frictional force

p = angular frequency of forced vibration

v (Amplitude) maximum then denominator term is
- minimum. Sok—mp2=0
2

(Amplitude)max = \/E
| Mp
Putting value of p = (Amp.)pay = £

F
o ( Amp.)max = ; BN KT T T PR OPOURuns (2)

| This state of vibration of a system is called as
 Resonance.

0 (Amp-)at Resonance = E . J%

?i (i) Equation of Response

“The displacement for forced vibration s,
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2. When p = 0, then R is infinite and sharpness of
resonance is maximum.

As p frictional force increases, then sharpness of
resonance or response is decreases.

4. For curve A, p is large. For curve C, pis small.

[958}

3.7 Phase of Resonance:

———ly
<1 >1

The equation of phase of forced vibrations with reference to
the driving force is given by —

np

Tano =
@ k—mp2

Dividing numerator & denometer by ‘m’
!m

Tang = —m
——mp2
m_mp




ti
$ called as response R
S
............. (6)

p,2p2 k 2 v
{Wl]] b m2 + [Tn_- Pz]
€ maxi
l .
mum, denominator is minimum ie.~=p?
‘m

(R)max = _Pz__
1Zp?

m2

1)2 .................. (7

"

&s - (R)max =
g constant
“ Response R « 1/pt

—

G‘Res
ponse is inver '
se is inversely proportlonal to the frictional

arce ( u)”

=1 ==

>1
m——p

<1

0 ﬁg
3 p/(D iS alOn . . .
g x-axis and response R is along y-axis

s maximum and when

1
. Wh
e
N p/w = 1, then response i
creases-

1 or > 1 then response de



(Washington USA 1940 bridge collapse due to
42miles/hwind)

. A child applies the external periodic force to set the
swing to and fro. The amplitude of swing gradually
increases. When the natural frequency of swing is equal
to forced frequency by child, then resonance occurs and
swing oscillates with a large amplitude.

. In case sonometer, the paper rider on string is thrown
off, when the forced frequency of tunning fork is equal
to natural frequency of sonometer wire due to resonance
occurs and wire vibrates with maximum amplitude.

3.9 Exercises

Que. 1 What are free vibrations, factors on which it
depends?

Que. 2 Obtain equation of frequency for undamped
vibration?

Que.3 Prove o= J-—:: in case of undamped vibration?

Que. 4 Obtain differential equation of undamped
vibration? _ 7 N

Que. 5 Derive the differential equation of damped -
oscillatory motion and give its general solution.

Que. 6 Deduce the equation of charge (Q) for damped
SHM in an electrical circuit?

Que. 7 What are the conditions of discharge as aperiodic,
non oscillatory and oscillatory in a damped SHM?

Que. 8 What is mean by forced vibrations?
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At resonance P? = k/m
~ tang = o
La=n/2

It means,
p/w=1,0a=n/2
p/w>1,0>n/2
p/w<l1,a<mn/2

From the graph,

1. For values of p =0, the curve is ABCDE
2. For large values of y, the curve is along 2
3. For small values of p, the curve is along 1

38 Examples of Forced and Resonant Vibrations:

1. When soldier’s are marching or stepping OVer 2
suspension bridge, then periodic stepping vibrations are
forced to the hanging bridge, then the bridge swings
with higher amplitude. When the natural frequency of
bridge and forced frequency of marching is equal then
the resonance occurs and bridge vibrates or swings with
highest amplitude and it is dangerous to collaps€ the
bridge. So the soldier troops have ordered to Stop
marching when crossing over the hanging bridge.
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Unit IV
ACOUSTICS AND ULTRASONIC

Introduction:

Acoustics is the branch of physics that deals with
the process of generation, reception and propagation of
sound.

It is study of mechanical waves in gases, liquids and
solids including topics such as vibration, sound ultrasound
and infrasound.

Acoustics looks first at the pressure levels and
frequencies in the sound wave and how the wave interacts
with the environment. This interaction can be described ag
either diffraction, interference or a reflection or a mix of
three.

The entire spectrum cab be divided into three
sections: Audio, Ultrasonic and Infrasonic. The audio range
falls between 20Hz to 20,000Hz, detected by human ear,
Ultrasonic range is higher than 20,000Hz (shorter
wavelength). It has better resolution in imaging -
technologies used as ultra sonography. The lower frequency
than 20Hz are infrasonic.

Field of Acoustics:

1. Designing of acoustical instrument
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Que. 9 Obtain the general solution for free and forced

Que.

Que.
Que.

Que.

10

11
12

13

vibrations?

What is mean by Resonance and state types of

Resonance?

Obtain equation of amplitude of resonance?
Explain Graphically the response is inversely

proportional to frictional force.

Give the examples of forced and resonant

vibrations?
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Unit IV
ACOUSTICS AND ULTRASONIC

Introduction:

Acoustics is the branch of physics that deals with
the process of generation, reception and propagation of
sound.

It is study of mechanical waves in gases, liquids and
solids including topics such as vibration, sound ultrasound
and infrasound.

Acoustics looks first at the pressure levels and
frequencies in the sound wave and how the wave interacts
with the environment. This interaction can be described as
either diffraction, interference or a reflection or a mix of
three.

The entire spectrum cab be divided into three
sections: Audio, Ultrasonic and Infrasonic. The audio range
falls between 20Hz to 20,000Hz, detected by human ear.
Ultrasonic range is higher than 20,000Hz . (shorter
wavelength). It has better resolution in imaging -
technologies used as ultra sonography. The lower frequency
than 20Hz are infrasonic.

Field of Acoustics:

1. Designing of acoustical instrument
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IS
5.

Que. 9 Obtain the general solution for free and forced
vibrations?

Que. 10 What is mean by Resonance and state types of
Resonance?

Que. 11 Obtain equation of amplitude of resonance?

Que. 12 Explain Graphically the response is inversely
proportional to frictional force.

Que. 13 Give the examples of forced and resonant
vibrations?
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2. “The reverberation time of a room is defined as the
time takes for sound to decay by 60dB.” e.g. if the
sound in a room took 10 seconds to decay from 100dB
to 40dB, the reverberation time is 10 sec. Tg.”

The reverberation time is important in defining how

a room will respond to acoustic sound. In a good auditorium
it is necessary to keep the reverberation time negligibly

small.

4.3

Let,

For clear audibility of speech, it needs —

(1) Each separate note has intensity in every part
of room.

(2) Each note dies rapidly before next note is
heard by listener.

Derivation of Reverberation Time (Sabine’s
Formula)

S1, S2, §3 ... are the absorbing surfaces in a room

aj, a, a3 ... are the absorption coefficients at reach
reflection -

S =51+ 55+ 53 ... is the total area of surfaces

a is the average value of absorption coefficient is

given by,

= 215, +azs; +azsz+t ...
S1+ Sa+S3+ ...
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2. Electro-acoustics = methods of sound production and
recording e.g. microphones, loudspeakers, amplifiers

3. Architectural acoustics: Design and construction of
building, operas, music hall, recording rooms in radio
and television broadcasting stations.

4. Musical acoustics: Design of musical instruments.

4.1 Reverberation:

“The persistence of sound after its source . has
stopped, caused by multiple reflections of the sound within
a closed space.”

The persistence of sound in a big hall due t.o
repeated reflections from walls, ceiling, floor of the hall is
called reverberation.

In big hall excessive reverberation is highly
undesirable. If reverberation is too long, then sound
" becomes blurred, distorted and confusing due to
overlapping of different sounds.

42 Reverberation time:

1. “The time gap between the initial direct note .(s?und)
and the reflected sound (note) up to the minimum
audibility level is called reverberation time.”

It depends upon (a) size of a room (b) Nature. of
material of wall and ceiling (c) Area of reflecting
surface. - ,
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i
210°=(1-a)*

Taking log of bothsides

svt
log. 10°=1log, (1 - 3)*"

6 = SVt -5
loge 107°=~="log. (1 - a)

svt_ loge106
4v  loge(1-3)

—4v  loge10®
sv  logh(1-3)

_ 4x2.303xlog10xV
vsloge(1-3)

Put v = 1120 fi/sec.

_. 2303x4x-6xXV
1120 x s loge(1-3)

_  0.05xV
- sloge(1—3)

This is the Eyring’s formula.

As 3 is usually less than 1. Take log. (1 — a) and
expand series expansion

~log. (1 —3)=[-&,—a*/2,—8%/2,—....... |
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¥asss
S

ﬁ:
5 DR8] =B cevrrarreens (1)

Let, Io=Initial intensity of sound
I, = Intensity of sound after time ‘t’
V = volume of room
v = velocity of sound
3 = at single absorption the fraction absorbed

4V/S = distance between two successive reflections
given by Jager —

~ Velocity = dist./time

4

<

V= SV =

o ol &
)

t
i . vi i SVE
~ In time ‘t’ the average number of reflection is =

The intensity of sound after time “t’ is given by —

svt

L=To(1-3a)* ... 2)
But by definition of reverberation period

If t = period of reverberation =T

X =10
Io

Put value of I,
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— __energy of sound absorbed by a surface
total sound energy incident on the surface

Sabine’s Formula: T = -li!

T = Reverberation time

K = Proportionality constant = 0.165

V = Volume of room

A = Effective absorpting surface area of walls and
materials inside the room

T = (1) Directly proportional to V

(2) Inversely proportional to A

Professor W. C. Sabine (1868-1919) of Harvard
University studied the whole subject of architectural
acoustics scientifically. It was essential to choose a standard
of absorption in terms of which the absorption by all
substances can be measured. Sabine choose 1sq.ft. of an
open window as a standard unit of absorption, since all
sound waves falling on it pass through and can be said to be
completely absorbed. This unit has been named as Sabin.

4.5 Acoustic Measurements:

Measurements of the values that describe sounds
and noises in terms of their intensities. The principal values
measured in acoustics are sound pressure, sound intensity
etc. Human ear responds to sound wave pressure. For sound
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B 00

As 3 <« 1 so the terms 3%/2, @°/2 higher terms can be
neglected.

~log. (1-3)=—2a ...putinequation 3)

0.05xV
=__——_'
—sx-a

Here in fps system k= 0.05
. . 3
If v volume of room is in m" and S Area of surface is in m?

then equation (4) becomes =

T=0265Y (o meter) .cvcovin(?)

Here constant k = 0.165

— 0165V
Za;5,

4.4  Absorption Coefficient

Absorption co-efficient (a) of any material defined
as “the ratio of energy of sound absorbed by the surface to
the total sound energy incident on the surface.”
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(1) Acoustic Intensity Level:

@

4.6

M)

LL.=101og;o I/I db

But, Iy = 10™'? watt/m?
LL.=101og;o /1072 db
LL.=10log (I x 10" db
LL. =10 [log I +10g10'?] db
LL.=10log I+ 10 [12l0og10] db
LL.=[10 log I+ 120] db

Acoustic Pressure Level:
P.L. =10 logo [P/Po]? db

But, Pp=2 x 1075 N/m?
P.L.=10log [P/2x 107°]2 db
P.L.=101log [P x 0.5 x 10%]2 db
PL.=2x10[P x 0.5 x 10°] db
P.L.=[201logP +20log 5 x 10*] db
P.L.=[20 log P + 20 x 4.699] db
P.L.=[201ogP +94] db

Conditions for Good Acoustical Design of

Auditorium:

Control of Reverberation:

e A few open windows, the entire sound energy

out serve as perfect absorbers.
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pressure measurements a standard microphone is used in air
or a hydrophone in water, ther received signal or pressures
converted into electrical signal (voltages). The sound level
meter is used for measuring various noises.

Intensity of sound is often measured as the ratio
with the standard intensity Ip. But generally the logarithmic
- scale is used for measuring acoustic intensity, acoustic
- power and acoustic pressure. It is observed acoustic
intensity corresponding to an energy 107'? watt/m® is
audible and it represents zero level of intensity or reference
intensity Io.

Intensity level (I.L.) = log;o /I,

If sound intensity is 10 times than I, then —
LL.=I/Ip=10=1 bel

LL.=1/I, = 10> =2 bel
LL.=UI,=10°=3 bel

The unit of intensity level is known as bel, named in honiur
of Alexender Graham Bell.

In practice smller unit which is 1/10 bel us used and
is known as decibel (dB).

ILL.=10 logio I/Ip db
~ 1 bel = 10db
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Speaker
Seats

The speaker is at the focus of the parabolic
reflecting surface. The seats are gradually elevated
in order to heard direct sound from source.

Floor plan should have with diverging side walls so
that sound will reach to those seats where the sound
level is not adequate.

Echelon effect:
If regular successive echo’s of sound

reaching the observer, an effect is called echelon
effect. To avoid it the stair cases are covered with
carpet for reflection of sound.

Noise:
It is due to sound received from outside,

sound of fans, air circulation in an auditorium.
= Increase double triple windows and a.c. pipes
should be covered with corks.
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e Walls covered with absorbent materials by
hanging heavy curtains, pictures and maps.

e Porous bodies by providing small capillaries
absorbs sound energy incident on them.

e By having food audience. Each person is
equivalent to about 0.5m> area of an open
window.

No cylindrical or spherical surfaces of walls and

ceiling:

There should no curved walls or corners
bounded by two walls, it gives rise to undesirable
focusing, avoid the focusing and concentration of
sound at one place.

Concave surfaces and balconies:

The sound in auditorium must be distributed
over the whole area. The domes, curved arches
should be avoided for echo’s, focusing effect and
non distribution of sound.

Seats: For good distribution of sound, the seas are

upholstered so that absorption is approximately the

same with or without the audience.
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4.8 Piezoelectric Oscillator
Piezo electric effect:

When a mechanical compression or S5tension or
pressure is applied to some crystals like quartz, a potential
difference is developed across the crystal. This phenomenon
is known as piezo-electric effect.

Also, if the potential difference is applied across the
crystal, a mechanical pressure or compression or tension is
developed this is called inverse piezo electric effect.

e.g. slices of crystal of quartz, tourmaline and Rochellel
salts.

Principle: This based on the inverse piezo electric effect.
When a quartz crystal is subjected to an alternating
potential difference, crystal is set into electric oscillations.
If frequency of vibration of crystal is equivalent to natural
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4.7

Ultrasonic’s

The audible frequency is 20Hz to 20,000Hz. It is
audible range of humans.

“Vibrations of frequencies greater than the upper limit
of the audible range for humans i.e. greater than about
20kHz. The term sonic is applied as Ultrasonic’s.

The wavelength of ultrasonic waves are small e.g. at
room temp. f = 20,000Hz and v = 350 m/s/

.~ v=nk= A=v/n=350/20000 = 0.0175m

The frequencies lower than 20Hz are called
infirasonic.

The ultrasonic waves cannot travel through vacuum.
They undergoes reflection, refraction and absorption.
They produces the intense heat when passed through
objects.

Ultrasonic waves are sound waves i.e. longitudinal
waves that produce alternate compressions and
rarefactions.

Animals like dolphins and bats rely on ultrasound
wave to live. Bats makes the sound have ultrasonic,
these sound gets transmitted and bat receives echo,
time interval between transmitted and echo received,
as well as angle they find the distance and target.
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P=1,2,3.... etc. i.e. 1% overtone, 2" overtone
etc. respectively;

f= 1

- 2n,\fL1Cy

Advantages:

e Ultrasonic frequency as high as 500 MHz can be

generated.

e It is more efficient than the magnetostriction
oscillator.

e The output power is not affected by temperature
humidity.

e It gives stable and constant frequency.
Disadvantages:

e The cost of quartz crystal is very high.
¢ Cutting and shaping of crystal is quite complex.

4.9  Magnetostriction Oscillator

Magnetostriction is a property of ferromagnetic
materials that causes them to change their shape when
subjected to magnetic field. The effect is first identified in
1842 by James Joule. e.g. iron, nickel etc.

According to principle if ferromagnetic material in
the form of a bar, is subjected to a alternating magnetic field
produced due to oscillatory circuit. Due to longitudinal
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frequency of crystal, then ultrasonic waves are produced
with high amplitude.

Construction: the circuit diagram is shown in fig. A slice of
quartz crystal is placed between the metal plates ‘A’ and
‘B’ so as to form a parallel plate capacitor with the crystal
as dielectric. This is coupled to the electronic oscillator
through the primary coil L3 of the transformers. Coils L;
and L, are taken as the primary of transformer. The
collector coil L; is inductively coupled to base coil L. The
coil C; and variable capacitor ‘C’ forms the tank circuit of
the oscillator.

Working: When the circuit is ON, the oscillator produces
high frequency oscillations. Due to transformer action, an
emf is induced in the coil Ls. The capacitor L; is adjusted so
that oscillations produced in resonance with natural
frequency of crystal. Now crystal vibrates with larger
amplitude, ultrasonic waves are produced.

Then the frequency of vibrating crystal is given by,

Where, ! = length of the rod;
Y = Youg’s modulus or elasticity of crystal;

p = density of material of crystal;
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adjusting the capacitor so that frequency of oscillator circuit
is equal to the natural frequency of vibrating rod.

The condition of resonance is —

1 1
f== [ or f=
20+ p 2n /L, C,

Where, [ = length of the rod;

y = Youg’s modulus or elasticity of crystal;
p = density of material of crystal;
The oscillator can produce frequencies up to 3MHz only.

Advantages:

e The construction cost is low.
o They are capable for producing with fairly good
efficiency.

4.10 Detection of ultrasonic waves

They are many methods to detect the ultrasonic
waves when passing through medium (1) Kundt’s tube
method (2) Sensitive flame method (3) Thermal detectors
(4) Quartz crystal method.

[1] Kundt’s tube method: It is invented in 1866 by
German Physicist Augus Kundt. The tube is a transparent
horizontal pipe which contains a small amount of fine
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contraction and expansion of the bar, longitudinal
compression waves are produced. in the medium
surrounding the bar.

Principle: Tt is bases on the principle of magnetostriction
effect.

D.C.Source

Ultrasanics

Ultrasonics A
D) A

(G

L o Clamp L

Construction: The circuit diagram is shown in fig. A Nickel
rod is clamped in the middle between two knife edges. A
coil Ly is wound on the right hand portion of the rod. ‘C’ is
a variable capacitor, ‘L’ and ‘C,’ forms the resonant circuit
of collector tuned oscillator. Coil L, wound on the LHS of
the rod is connected in the base circuit. The coil L is used
as a feedback loop.

Working: When the circuit is ON, the L; and C, forms the
resonant circuit, the rod stars vibrating due to
magnetostriction effect. The longitudinal expansion and
contraction of rod produces the emf in the coil L,. This
induced emf is applied to the base of transistor. By
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nodes is equal to half the wavelength. If we know frequency
() then velocity of ultrasonic wave can be calculated.

[3] Thermal detectors: When ultrasonic waves pass
through 2 medium, then alternating compressions and
ra.refactions are formed. In this method, a fine platinum
Wire is used; this wire is moved through the medium. At
position of nodes, due to compressions and rarefactions,
changes in temperature takes place, so resistance of wire
changes with respect to time. It is found at the antinodes,
the temperature remains constant and resistance of wire
remains constant. This can be detected by calendar and
Garrifith’s bridge arrangement.

[4] Quartz crystal method:This method is based on
the principle of piezo electric effect. When two opposite
faces of quartz crystal is exposed to ultrasonic wave, then
the opposite charges are formed on the opposite pair of
faces. It can be detected by the electronic circuit.

4.11 Acoustic grating:

Principle: When ultrasonic waves are passed
through a liquid, the density of the liquid varies layer by
layer due to variation in pressure and hence liquid will act
as a diffraction grating, so called acoustic grating. Under
this condition, when monochromatic source of light is
passed through a acoustical grating, the light gets diffracted.
Then by using the condition for diffraction, the velocity of
ultrasonic waves can be determined.
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powder such as Lycopodium or talk or cork. At one end of

tube the source of sound and other end is blocked by a
movable piston to adjust the length of tube. When the tube
s at resonance, large sound is produced and stationary wave
is produced in the tube. At the nodes lycopodium powder
collects in the form of heaps. The average distance between
two adjacent heaps is equal to the half the wavelength. This
method can’t be used if A is very small ie. less than
millimeters. In case of liquid medium, instead of powder,
coke is used to detect the position of nodes.

_'f w5 TR _—‘*‘*——‘—‘-- r—""" I
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[2] Sensitive flame method: A narrow senSI'[l"V@
flame is moved along the medium. At the position of the
antinodes, the flame is steady. At the position of the node,
the flame flickers because there is change in pressure. In
this way positions of nodes and antinodes can be found out
in a medium. The average distance between two adjacent
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diffracted beam of light is viewed through the telescope.
The diffraction pattern consists of a central maximum and
principal maxima on either side. The direction of principal
maxima are given by the expression,

Here, n=1,2,3, ... etc. are the order
0, = angle of diffraction for n® order
A = wavelength of source

d = distance between two adjacent nodes or
antinodes

By knowing n, 6, and A the value of*d’ can be calculated,
~d=A/2 =A=2d............... 2)

If ‘N’ is the resonant frequency of piezo electric oscillator
and ‘V” velocity of ultrasonic wave is given by—
V=Ni...... put this value in equation (2)

Thus velocity of ultrasonic waves through liquids and gases

can be measured at various temperatures by using above
equation.
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Construction & Working:

The liquid is taken in a glass cell. The piezo electric
crystal (Quartz) is fixed at one side of the wall inside the
cell and ultrasonic waves are generated. The waves
travelling from the crystal get reflected by the reflector
placed at the opposite wall. The reflected wave gets
superimposed  with the incident waves producing
longitudinal standing wave pattern called acoustic grating.

This arrangement is suitable for the measurement of
wavelength and velocity of ultrasonic waves in a medium as
shown in figure.

The acoustic grating is mounted on the prism table
of spectrometer. A parallel beam of sodium light from the
colimeter is normally incident on the acoustic grating. The
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e The instrument calibrated to show the depth of sea is
called fathometer or echo-meter.

e A fish-finder or sounder is an instrument used to

locate fish underwater sound energy.

e Fathom is a unit of length in the imperial measuring
mechanically the depth of water beneath a ship.

2] Medical applications:

(a) Neuralgic pain: Ultrasonic waves are useful for
relieving neuralgic pain. The affected portion of the
body is exposed to ultrasonic waves; it produces a
soothing massage action and relieves pain.

(b) Broken teeth: Ultrasonic waves are used by dentists
for the proper extraction of broken teeth.
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4.12 Applications of Ultrasonic Waves

[1] Measurement of depth of the sea:

The piezo electric quartz oscillator is used for this
purpose. Quartz crystal itself acts as a transmitter and
receiver of the ultrasonic waves. The ultrasonic waves are
transmitted towards bed of the sea and then these waves are
reflected back from the bed and echo is detected by the
quartz crystal itself. The time interval between the emitted
signal and the reflected echo is determined with the help of

oscillograph.

Then V = velocity of sound through sea water

Time =t
Then depth of sea (h) is given by,

Velocity = depth/ time

V =2h/t

~h=vt/2

This information is typically used for navigation
purposes.

e This method is also used to detect the presence and
depth of submarines, rocks etc. from surface of
water.
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can also be destroyed by applying the ultrasonic
waves.

[31 Detection of Cracks of Flaws in Metals:

If there is any hidden crack in metal structure it acts
as a good reflector for ultrasonic waves and the cracks can
be detected.

[4] Heating effects:

When ultrasonic beam is passed through substance,
it gets heated.

[S] Mechanical effects:

Ultrasonic drills are used to bore holes in steel and
other metals or their alloys. It is used to cleaning cloths
specially woolen and silken fibers.

e They are used for dispersing fog at airports.
¢ Cleaning the objects such as parts of watches.

[6] Formation of alloys:

Alloys of uniform composition are obtained by
applying an ultrasonic beam.

7 Chemical effect:

(a) Ultrasonic waves act like catalytic agents and
accelerate chemical reactions.
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(c) Bloodless surgery: Ultrasonic waves are focused on
a sharp instrument and the tissues are destroyed
without any loss of blood. Highly focused is used in
neurosurgery, it is only method for producing
trackless damage deep in the brain.

(d) Sonography (Ultrasonography): It is imaging
techniques used to visualize body structures
including muscles, joints, vessels and internal
organs. It is effective for imaging soft tissues of the
body used to examine a baby in pregnant women
and the brain and hips in infants.

m\-.. Kl,ﬁq&},

It is used to locate the exact position of an
eye tumor and its removal and give normal
vision to the patient.

(e) Used in the treatment of mental patients, such as
electric shock, psychotherapy.

(f) Sterilization: Ultrasonic waves destroy the
organism, bacteria and used in the sterilization
of water and milk. Extra red blood corpuscles
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¢ Prof. Harridge of London experiments on bats how

4.13

they can avoid obstacles while flying in complete
darkness.

During flight they produce ultrasonic waves in a
series of pulses and receives reflected wave from
object and interprets the time between transmitted
and received signals and distance is estimated, bats
are used 50,000Hz frequency. :

Exercises

State the field of acoustics.

What is Reverberation and on which factors does
it depend?

Define Reverberation time and on which factors
does it depend?

Derive Sabine’s reverberation time formula?
What is absorption coefficient?

What is acoustic measurement and obtains the
equation of acoustic Intensity and Pressure
Intensity level?

State the conditions of good acoustical design of
auditorium.

What is ultrasonics? Explain in brief.
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(b) Iodine is liberated from a solution of potassium
iodide and sulphur from hydrogen sulphide.

(c) As water and oil are immiscible. An emulsion of
water and oil is obtained when mixture is
exposed to ultrasonic waves. Also water and
mercury emulsion can be prepared.

(8] Soldering:

Aluminum can’t be soldered by ordinary soldering
method. To solder aluminum, ultrasonic waves are used in
addition to electrical soldering.

91 Enemy of lower life:

When some lower life animals like rat, frogs, fish
etc. are e_xposed to ultrasonic waves they become lame.

[10] Ultrasonic waves are used for determination of may
parameters like specific heat, compressibility, absorption
coefficients, concentration, atomicity of molecules,
chemical structure, elastic Symmetry of crystal etc.

[11] Ultrasonic in Nature:

Ultrasonic waves can be responded by the dog to
call the dog. A whistle (ultrasonic wave) can be used. So it

will not annoy the neighbors with any noise. In America
ultrasonic’s are used to scare away the birds.
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MCQ -EXERCISES

. What is the change of phase if a wave is reflected from a

denser medium?

(@) 3= ® O

= (d) 2=

. The differential equation of a wave motion is ........

a2y d 2y dzy 2

@gE=V"3= ®) ==V
azy dzy

© 3==5= (d) None

. A wave of the form A cos(wt + =) is added to a string
carrying a wave of the form A cos(wt). What is the equation
of resulting wave?

(@ O (b) 2A coswt
(c) A cos(wt+ 7/2) (d) None
. The elasticity of material medium is ......
. stress
(a) stress x strain ®) prerm
(c) stress® x strain (d) None -

. The velocity of the wave through the medium of elasticity
(E) and dens1ty ()is.......

(@ V=\E" (b) V=4EZ.p2

© v=J§; @v=[

. The total energy of progressive wave is ......
(a) TE.=KE.+P.E. (L T.E.=K.E.-PE.
(¢) TE.=KE./PE. dTE. =0
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Que.9 What is peizo electric effect? Describe

Que.

Que.

Que.

Que.
Que.

10

11

12

13
14

construction, working of piezo electric oscillator.

What is magnetostriction effect? Describe
construction, working of magnetostriction
oscillator.

Explain how the velocity of ultrasonic wave is
determined by using acoustic grating.

Explain the construction and working of acoustic
grating?

State any five applications of ultrasonic waves.

Describe briefly the applications of ultrasonic
waves.
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14. The frequency is measured by ......

(a) second (b) cycles/second

(c) Hertz (d) Both (b) and (c)
15. One Mega Hertz is the ......

(a) 10°Hz (b) 10°Hz

(c) 10°Hz (d) 10°Hz

16. The frequency at which a system tends to oscillate in the
absence of any driving or damping force is called.....
(a) Fundamental frequency (b) Forced frequency

(c) Natural frequency (d) None

17. 1GHz=.......... Hz
(@ 10° (b) 10°
(c) 10° (d) 10?

18. According to research, the average natural frequency of a
human body is about ......
(a) 1Hz (b) 100 Hz
(c) 7.5Hz (d)2.5 Hz

19. In stationary waves, the strain is maximum at ...... '
(a) Antinodes (b) Nodes
(c) Both (a) and (b)(d) None

20. The antinodes are those positions where the strain is. ..
(a) Zero (b) Minimum
(c) Maximum (d) None

21. What will be the wave velocity, if radar gives 54 waves/min
and wavelength 10m?
(2) 4m/s (b) 6 m/s
(c) 9m/s (d)5m/s
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10.

- 12,

11.

13.

The equation of total energy of progressive wave through
medium having density (p), amplitude (a) and frequency (n)
is......

(a) T.E.=2npy (b) T.E. = 47°p™’

(c) T.E.=27pn’ (d) Zero

When a string is stretched and is plucked at centre and
released then it vibrates ...... to the length of string.

(a) parallel (b) perpendicular

(c) Both (a) & (b) (d) None

In the above situation the resultant component of vibration is

(a) vertical (b) horizontal
(c) Both (a) & (b) (d) None

The rate of change of displacement of the particle give the

------

(a) force (b) velocity
(¢) acceleration (d) momentum

The square rate of change of displacement of the particle
gives the ......

(a) momentum force (b) force

(c) velocity (d) acceleration

The equation of centripetal force is ......

(a) F=mv/R (b) F=mv*

(c) F=ma (d) F=mv*R

The number of cycles/vibrations completed by the particle in
one second is called .......

(a) period (b) frequency

(c) velocity (d) None
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28. The rate of fall of current in damped SHM elecmcal circuit is

(2) dQ/dt (b) dl/dt
(c) dv/dt (d) None

29. In damped vibration if 4—1'2- =T then discharge is......
(a) Critically damped (b) Oscillatory
(c) Normal (d) None

30. In damped vibration, if i then discharge is......
(@) Critically damped (b) Oscillatory
(c) Normal (d) None

31. The higher frequency of sound than 20,000Hz are . ...
(a) Infrasonic (b) Ultrasonic
(c) Both (2) & (b) (d) None

32. The production of ultrasonic wave by peizo-electric oscillator
is based on the principle......
(a) peizo electric effect (b) photo electric effect
(c) Crompton effect (d) none

33. By using piezo electric oscillator ultrasonic frequency as high
as ...... Hz can be obtained

(@) 5x10° (b) 5 x 10°
(c) 5x10° (d) 5 x 10%°
34, In Acoustic grating arrangement, velocity of ultrasonic wave
is given by......
(a) v=Nd (b) Nd/2
(©) N4d (d) 2Nd
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22,

23.

25.

26.

27.

In a transverse wave angle between particle velocity and
wave velocity is ......

(a) Zero (b) n/4

(c) n2 d=n

The stationary waves of frequency 300 Hz are formed in a
medium in which the velocity of sound is 1200m/s. The
distance between a node and neighboring antinode is...

(a Im (b) 2m
(¢) 3m (d) 4m
. When stationary wave is formed, then is frequency is... .'

(2) Same as that of individual waves i
(b) Twice that of individual waves

(c) Half that of individual waves j
(d) Zero

Regarding as open organ pipe, which statement is correct?
(a) Both ends are pressure antinodes

(b) Both ends are displacement nodes

(c) Both ends are pressure nodes

(d) None

When body vibrates with free vibrations then its frequency is
called

_(a) Fundamental frequency (b) Resonance

(c) Forced (d) Natural frequency

When body vibrates having frictional forces and energy is
lost and amplitude die out, vibrations are called ........

(a) free damped vibration (b) undamped vibration

(c) forced vibration (d) None
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42.

45.

46.

47.

:I'he relation between particle velocity (U), wave velocity (v)
is......
—ux —vx
(a)\; dex (b)U—an;
©) Z=Uv (d) none

(@ V=T -m ®V= %

(o) V= \E (d) none

In stationary waves, when strain is zero then positions
corresponds to ......

(a) Antinodes (b) Nodes

(c) Both (a) & (b) (d) None

In stationary waves, the distance between successive Nodes
is ......

@2 (b) M2

(©) 22 (D A3

In one periodic time (T), particle passes ...... times through
mean postion.

(a1 (b) 2

() 3 (d4

A node point in a stationary wave, the amplitude of the
particle is...

(a) Maximum (b) Normal

(c) Zero (d) None
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35.

36.

37.

38.

39.

" 40.

41.

Production of ultrasonic waves by magnetostriction oscillator
is based on principle of......

(a) magnetostriction effect (b) peizo electric effect

(c) photo electric effect (d) none

In acoustic measurement, 10gimic scale used for
measurement is called ......

(a) Kelvin’s scale (b) degree scale

(c) decibel scale (d) none

10 decibels (db)

(a) 10 bel (b)100 bel

(©) 1bel (d) 0.1 bel

The reverberation in auditorium can be improved by using
the surfaces with ...... absorption coefficient.

(a) high (b) low

(c) zero (d) none

For improvement of reverberation, the curved walls and
corners bounded by two walls should be avoided to avoid.

(a) dead spaces (b) bad look

(c) corners (d) none

When lower life animals are exposed by ultrasonic’s the
effect on their body is......

(a) .good (b) helps to increase life

(c) dangerous (d) nothing

The relation between wave velocity (v), frequency () and
wavelength () is......

@v=ni ®)v=n/A

©v=n (d) v=mp?
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55. The frequency of oscillation is given by —

(a)f=l/2n‘]—§- (b)f=2n\/§ .

(c) f=2xn J% (d) none
56. In free damped vibrations, amplitude of swing decreases and
finally become......
(a) maximum (b) very high
(c) zero (d) can’t say
57. In LCR circuit the current is given by......
—de _a=
@I=% ®)I==—
() I=Qt (d) None

58. In damped vibration, the discharge is aperiodic and critically

damped if
RZ 1
@ =>1c

RZ _1
b) 3z <1ic
RZ _ 1
© ="1c
(d) none
2
59. In damped vibration, when -;17 < L—ic- then discharge is......
(a) Non oscillatory (b) Oscillatory
(c) Aperiodic (d) Normal
60. In stationary wave, the rate of transfer of energy is
(a) maximum (b) double
(c) minimum (d) zero
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48. At Antinode points, the amplitude of the particle is...

(a) Maximum (b) Normal
- (c) Zero (d) None

49. At Nades, the change in pressure is......
(@) Zero (b) Minimum
(¢) Maximum (d) None

50. In case of stationary wave, the total energy at any instant is
...... that of progressive wave.
(a) double (b) single
(¢) equal (d) triple

51. When body vibrating freely has no resistance offered to its
motion, its amplitude remains......

(a) Zero (b) Maximum
(c) Minimum (d) Constant

52. InS.HM. the K.E. is given by .......
(@) ¥axm x v? (b) 2mv?

mv? m?y2
© = D=
_ . 53. The differential equation of undamped free vibration
’ dy - a2y
@E+ay=0 ®) 7 +ay=0
2y

© 5= oy =0 (d) None

54. In case of S.H.M. the value of > (angular velocity) is
(a) K'm (b) m/K
(c) K¥m (d) K/m
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68.

69.

70.

71.

72.

73.

74.

Acoustics of an auditorium can be improved by —

(a) Hanging heavy curtains

(b) Having picture and maps
(c) Having few open widows

(d) All above

Persistence of sound even after the source has stopped is

known as
(a) Resonance
(c) Ultrasonic

(b) Absorption coefficient

(d) Reverberation

In stationary waves, the distance between successive node is
1.2cm then the distance between successive antinode is......

(al2cm
(c) 1.0cm

(b) 0.8cm
(d) 0.6cm

The acoustics branch of physics is deals with the......

(a) Generation of sound
(c) Propagation of sound

(b) Reception
(d) All above

The limits of human audibility is.......

(a) 20 Hz to 20 KHz

(b) Lower 20 Hz

(c) Greater 20 KHz(d) All above

The sound waves of ultrasonic have the frequency...

(a) less than 20,000 Hz (b) greater than 20,000 Hz
(c) 20 Hz to 20 KHz (d) None
Magnetostriction oscillator produces the ...... waves
(a) Micro (b) Ultrasonic

(c) Cosmic (d) None
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61.

62.

63.

65.

66.

67.

When some external periodic force is constantly applied on a
body, it continues to oscillate under its influence; such
vibrations are called......

(a) free vibrations (b) forced vibrations

(c) resonance (d) normal vibrations
Resonance is the special case of......

(a) free damped vibration (b) free undamped vibration
(c) forced vibration (d) none

The existence of damping can......

(a) decreases in amplitude (b) increases in amplitude
(c) maintain constant amplitude (d) none of above

. Atresonance, amplitude of oscillation is......

(a) zero (b) minimum
(c) Inbetween zero and maximum (d) maximum

Aperiodic motion s also called as.......
(a) Dead beat (b) Critically damped motion
(¢) Oscillatory motion (d) None of above

In peizo electric oscillator, the fundamental frequency is.....
wF=5 ®r=1 [

~(e) F;ZTP \/E (d) none
i’iezo 'electric property is more pronounced found in crystal
?if) Quartz (b) Tourmaline
(c¢) Rochellel salt (d) In all above
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82.

83.

84.

8s.

II;a winding (spring) watch, the energy is stored in the form
o ,

(a) kinetic energy (b) potential energy

(c) electrical energy (d) none of above

The ...... vibrations taking place in the diaphargon of a o
microphone

(a) free (b) damped

(c) forced (d) electrical

In case of sustained forced oscillations the amplitude.......
(a) decreases (b) increases

(c) remains constant (d) can’t say

Amplitude of vibrations remain constant in case of

(i) free vibrations
(ii) damped vibrations
(iii) maintained vibrations

(iv) forced vibrations
(@ (@, (i), (iv) (b) (i), iii)
(©) (), (), (iii) (d) (i), (iv)
86. When sound wave travels from air to water ....... remains
constant
(a) wavelength (b) velocity _
(c¢) frequency (d) intensity
87. The energy in superposition of waves is.......
(a) lost (b) increase
(c) remains same (d) none
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75.

76.

77.

78.

79.

80.

81.

The ultrasonic waves production method was developed by a
(a) Pierce (b) Newton

(c) Langevin (d) Eienstein

Velocity of ultrasonic waves can be measured by using......
(a) acoustic grating (b) sonometer

(c) rheostat (d) screw gauge

The time that the sound takes to fall in intensity by 60
decibels or to one millionth (10°) to its original intensity
after the source is stopped called......

(a) period of oscillation (b) period of pendulum

(c) period of reverberation (d) None

The equation of period or reverberation is

- 0.05V _ 05V
( ) }:ais (b) T= Ya;sg

0.05v2
() T= Yo (d) None
Absorption coefficient can be determined by the method
(a) simple pendulum (b) Reverberation chamber
(c) sonometer (d) acoustic grating
Ultrasonic waves are the type of
(a) light waves (b) Radiations
(c) sound waves (d) electromagnetic waves
The phase of particle in S.HM is w2 then......
(a) velocity (b) acceleration
(c) restoring force (d) displacement
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(a) None magnetic resonance

(b) Nuclear memory reader

(c¢) Nuclear magnetic red

(d) Nuclear magnetic resonance N
97. In ultra sonography instrument the frequency is used

(a) Audio (b) Infrasonic

(c) Microwave (d) Ultrasonic
98. For a good auditorium it is necessary to keep the

reverberation time

(a) Very high (b) Small

(c) Zero (d) can’t say
99. Architectural acoustic has been studied by the...

(a) Prof. W.C. Sabine (b) Prof. Narlikar

(c) Kirchhoff (d) Newtone
100. Echelon effect in cause of sound is related to

(a) reflection (b) polarization

(c) echo (d) photo electric effect

Answer Key:

I(c) | M(d) [21(c) [3I(b) {4I(a) [5I(d) | BI(b) [ T1(d) | 8I(d) [ (c)
2(a) [12(d) | 72(c) | 32(a) | 42(b) | 52(a) | B2(c) | 72(a) | B2(b) | 92 (d)
3(a) {13(b) | 23(a) | 33(c) | 43(c) | 53 (b) | B3(a) [ 73(b) | B3(c) | 93 (a)
A(b) [14(d) [24(a) [34(d) | 44(a) | S4(d) [ BA(d) [ 74(b) [ BA(c) | 94 (b)
a(d) | 15(c) | 25(c) | 35(a) | 45(b) | S5(b) | BS (k) | 75(c) | 85(a) | 95 (a) |
B(a) | IB(a) | 26(d) | 3G (c) | 46(b) | 56(c) | BR(a) | 7B (a) | BB (c) | 96 (d)
T(c) [I7(c) [27(a) | 37(c) [ 47(c) | 57(a) | B7(d) | T7(c) | 87(c) | 97 (d)
8(b) | 18(c) | 28(b) | 3B(a) | 48(a) | 58(c) | 6B(d) | 78(a) | B8(a) | 98 (b)
9(z) | 19(b) | 29(a) | 33(a) | 49(c) | 58 (b) | BA(d) | 79(b) | 8(a) | 99 (a)
I0(b) | 20(a) | 30(b) | 40(c) | S0(a) | BO(d) [ 70(c) | BO(c) | 80(a) | I0O(C)
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88.

89.

90.

91.

92.

93.
94.

95.

96.

With the increase of temperature, the frequency of the organ

pipe
(a) increase (b) decreases
(¢) remains constant (d) can’t say

Node points of stationary wave is separated by a
distance........

(a) A2 (b) A

(c) 302 (d) 2a

Antinode points of stationary wave is separated by a distance
(@ M2 ®2A

(c) 32 (d) 2A

Nodes are those points of medium when stationary wave is
travelling at which the strain is.......

(a) zero (b) minimum

(c) maximum (d) variable

Free vibrations are depends upon

(a) time (b) direction

(c) place - , (d) dimension

In general practically ....... Are does not exists

(a) free vibrations (b) forced vibrations

(c) resonance (d) none

The angular velocity (o) is given by.......

(a) 2=T (b) 2=f

(c) 2nT* (d) 2nf

The amplitude of vibration of a body is equal to the ......
between the natural frequency and applied force frequency

(a) Difference (b) Addition
(c) Multiplication (d) None
NMR can be read as
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