SINGLE CORRECT CHOICE TYPE
A E

Chapter,

ach of these questions has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY ONE is correct.

1.  Two sound sources emitting sound each of wavelength A~ 7. A train approaching a hill at a speed of 40 km/hour sounds
are fixed at points 4 and B. A listener moves with velocity u awhistle of frequency 580 Hz when it is at a distance of 1 km
from A4 to B. The number of beats heard by him per second is from the hill. Wind is blowing in the direction of the train
(@) 2u/h (b) wu/h () ul3h (dy 2Mu with a speed of 40 km/h. Find the frequency of the whistle

2.  If the fundamental frequency of a vibrating organ pipe is heard by an observer on the hill: (Velocity of sound in
200 Hz, then air= 1200 km/h)

(a) the first overtone is 200 Hz (@ 585Hz (b) 575Hz (c) 599Hz (d) 589Hz

(b) the first overtone may be 400 Hz 8.  Asiren placed at a railway platform is emitting sound of
(c) the first overtone is 300 Hz frequency 5kHz. A passenger sitting in a moving train 4
(d) none of the ab(?ve ' ' records a frequency of 5.5 kHz while the train approaches

3. C'alculate the velocity of sound' In a mixture of oxygen, the siren. During his return journey in a different train B be
nitrogen apd argon at 0°C. The MIXture Consists of the £gases records a frequency of 6.0 kHz while approaching the same
oxygen, nitrogen and argon in the mass ratio 2:7:1.(Given siren. The ratio of the velocity of train B to that of train 4 is
R=28.3TImol ! K~!. Ratio of specific heats of the gases are @) 242252 (b) 2 © 506 @ 116
argon 1.67, oxygen 1.4, nitrogen 1.4. The molecular weights g A ot i produced when you blow air across the top of a
of the respective gases are 40, 32 and 28.) test tube. Two students were asked about the effect of
(a) 329.5my/s (b) 219.0m/s .

122.0m/ & 3802 m/ blowing harder.
© . IS () -~ s - Student 4 : The pitch of sound would increase.
4. A listener moves towards a source with a speed of 10 ms™. ) - . .
. . Student B : The intensity of sound would increase.

If the source emits a frequency 200 Hz and velocity of sound . .

L B . (a) A iscorrect, B is wrong
in airis 332 ms™', the wavelength of the note received by the . .

. . (b) Biscorrect, 4 is wrong
listener is Both are correct
@ 1685m (b) 17lm () 1.66m (d) 2m (c) Bo

g (d) Both are wrong

5. A cylindrical hose open at both ends has a fundamental 10, Anobi ¢ i v 0 is hune hi Lwi
frequency fin air. The hose is dipped vertically in water so : Irllofj ecto specll frc gravity F;ls ung froma thin §tee Wire.
that half of it is in water. The fundamental frequency of the T ¢ uqdarpenta equency tor .trgnsverse s'tandlng waves
air column in now in thf1 vlvEre f1s 300 le. The olfgect is 1zinr¥irsed in fv:latsr ) tha;
(a) f/ 2 (b) 3/1‘/4 (C) f (d) 2}{' one nalr o .ltS VO. ume 1s submerged. € new fundamenta

. ) frequency in Hz is

6. A wave represented by the equation y = a cos (kx — ot) is

superposed with another wave to form a stationary wave
such that point x = 0 is a node. The equation for the other

wave is
(a) a sin(kx + o) (b) —a cos(kx — o)
(¢) —acos(kx + or) (d) —asin(kx — or)

~

1/2
(a) 30({MJ
2p

2p
(©) 300(—2p - ]

2 V72
300 ——
o w52

2p-1
(d) 300(—2p ]
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Two vibrating strings of the same material but length L and
2L have radii 2r and r respectively. They are stretched under
the same tension. Both the strings vibrate in their

fundamental modes, the one of length L with frequency f;

and the other with frequency f; . Theratio f/ f, is given
by

@ 2 (b4 © 8 (@1

A wave disturbance in a medium is described by

y(x,t)=0.02cos (SOEI +§) cos(10mx) where x and y are

in metre and t is in second

(@ Anodeoccursatx=0.15m

(b) Anantinode occurs atx =0.3 m

(c) The speed of wave is 5 ms~!

(d) The wavelength of wave is 0.3 m

String # 1 is connected with string # 2. The mass per unit
length in string # 1 is i, and the mass per unit length in
string # 2 is 4 |1,. The tension in the strings is 7. A travelling
wave is coming from the left. What fraction of the energy in

the incident wave goes into string # 2 ?
incident

_>
N b=41,

— |

@ 18 (b) 49 () 23 (d) 89

An open pipe is suddenly closed at one end with the result
that the frequency of third harmonic of the closed pipe is
found to be higher by 100 Hz than the fundamental
frequency of the open pipe. The fundamental frequency of
the open pipe is

(a) 200Hz (b) 300Hz

(c) 240Hz (d) 480Hz

The extension in a string, obeying Hooke’s law, is x. The
speed of sound in the stretched string is v. If the extension
in the string is increased to 1.5x, the speed of sound will be
(@) 1.22v (b) 0.61v

(c) 1.50v (d) 0.75v

The equation y = a cos? (2mnt — 27x/A) represents a wave
with :

(a) amplitude a, frequency n and wavelength A

(b) amplitude a, frequency 2n and wavelength 2 A

(c) amplitude a/2, frequency 2n and wavelength A

(d) amplitude a/2, frequency 2n and wavelength A/2

17.

18.

19.

A source emitting sound of frequency f, is moving in a
circle of radius R, having centre at the origin, with a uniform
speed = ¢/3, where ¢ = speed of sound. Find the maximum
and minimum frequencies heard by a stationary listener at
the point (R/2, 0).

6/ 6/ ) 23fy 231,
@ =57 ®) BB+
(c) %,% (d) None of these

A transverse wave in a medium is described by the equation
y=A sin’ (0t — kx). The magnitude of the maximum velocity
of particles in the medium is equal to that of the wave
velocity, if the value of 4 is

(@) A2m (b) AA4m

() AMm (d) 2Mm

A complex wave is represented by an expression of the form:

. | 2
y(f)=1. sinox + E.Sln 3wx , where 60:7 is the angular

frequency and T is the period of the wave. Which of the
following sketches best represents the wave?

W)

)

(a)

(b)

()
() a A\ /\

(9)
(d) ’ /\/\/\
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20.

A whistle giving out 450 Hz approaches a stationary
observer at a speed of 33 m/s. The frequency heard by the
observer in Hz is

27.

<~

The amplitude of a wave disturbance propagating in the

at t = 0 and

positive x—direction is given by y = 7
(a) 409 (b) 429 (c) 517 (d) 500 I+x
21. Equations of a stationary and a travelling waves are as
follows y; = a sin kx cos wt and y, = a sin (®f — kx). The y :ﬁ at ¢ = 2s, where x and y are in meter.
x°=2x
phase difference between two points x; = % and X, = ;_E Assuming that the shape of the wave disturbance does not

22.

23.

24,

25.

26.

is ¢, in the standing wave (y|) and is ¢, in travelling wave

O
(v,), then ratio E is

(@ 1 (b) 5/6 (c) 34 @ 67
A travelling wave in a stretched string is described by the
equation y = 4 sin (kx —z) The maximum particle velocity is
(a Ao b) o/k (¢) do/dk (d) x/t
The equation of plane progressive wave motion is
y = a sin2m/A (vt — x). Velocity of particle is
v dy

Y dx @ -v dx
A train moves towards a stationary observer with speed 34
m/s. The train sounds a whistle and its frequency registered
by the observer is f|. If the train's speed is reduced to 17
/s, the frequency registered is f,. If the speed of sound is
340 m/s, then the ratio f|/f, is
(a) 18/19 (b) 12 (¢ 2 (d) 1918
Three coherent sonic sources emitting sound of single
wavelength 'A' are placed on the x-axis at points

(~AN11/6,0) , (0, 0), (A/11/6,0) . The intensity

dv dy
@y v ©

reaching a point (0, 5A/6) from each source has the same

value [, . Then the resultant intensity at this point due to
the interference of the three waves will be :

(@ 61, b 71, (© 41, (d 51,

Two pulses on the same string are described by the following
wave equations

28.

29.

30.

change during the propagation, the speed of the wave is
(a 05mss (b) 1m/s (¢) 1.5m/s (d) 2m/s

A composite string is made up by joining two strings of
different masses per unit length p and 4p. The composite
string is under the same tension. A transverse wave pulse Y
= (6 mm) sin (5¢+40x), where 't'is in seconds and 'x' is in
metres, is sent along the lighter string towards the joint.
The joint is at x = 0. The equation of the wave pulse reflected
from the joint is

(a) Y=2mm)sin(5¢—40x)

(b) Y=(4mm)sin(40x—57%)

(¢) Y=—(2mm)sin(5¢t—40x)

(d) Y=2mm)sin(5¢—10x)

Two monotomic ideal gases 1 and 2 of molecular masses m,
and m, respectively are enclosed in separate containers
kept at the same temperature. The ratio of the speed of sound
in gas 1 to that in gas 2 is given by

m ny m ny
@ my, © A © @

A sound source S, emitting a particular sound frequency
can slide along a horizontal rough rod. It is tied with a string
(of total length ¢ ) that passes over a pulley. An observer O
is in a lift which is tied to the other end of the string as
shown in the figure The system is made to move with a
constant speed. Considering that ¢ is not very large, as
distance between the pulley and the source S varies from ¢
to zero, the apparaent frequency perceived by the observer

S

5 £

5 - L
V= and YV =—————5 _,

" Bx—dn? 12 (Bx+4t-6)> +2 JaN %\E
where symbols have usual meaning. Choose the incorrect N l
statement —_— l 1
(@) Pulse y; and pulse y, travel along +ve and —ve x-axis 0 E

respectively ass
(b) Atr=0.75s,ydisplacement at all points on the string is (a) first increases, then decreases
Zero (b) first decreases, then increases

(¢) Atx=1m,ydisplacementis zero for all time
(d) Energy of string is zero at = 0.75s

#

(c) continously increases
(d) continuously decreases
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31.

32.

33.

34.

3s.

Two pulses in a stretched string whose centers are initially
8 cm apart are moving towards each other as shown in the
figure. The speed of each pulse is 2 cm/s. After 2 seconds,
the total energy of the pulses will be

(a) zero

(b) purely kinetic

(c) purely potential

(d) partly kinetic and partly potential

A stationary observer receives sound wave from two tuning
forks, one of which approaches and the other recedes with
the same velocity. As this takes place, the observer hears
beats with frequency 2 Hz. What is the velocity of each
tuning fork if their oscillation frequency is v, = 680 Hz and
the velocity of sound in air is v, = 340 m/s

(a Sm/s (b) 0.5m/s

(c) 15m/s (d) 50m/s

The temperature of a mono-atomic gas in an uniform
container of length L varies linearly from 7|, to 7} as shown
in the figure. If the molecular weight of the gas is M, then
the time taken by a wave pulse in travelling from end A4 to
end B is

31y - Th)
5RM L

(c) ; {3& d L L
(\/E—\/%) SR \ 2R(T}, - Tp)

The ends of a stretched wire of length L are fixed atx =0 and
x = L. In one experiment, the displacement of the wire is
¥, = 4 sin (nx/L) sin ¢ and energy is £ and in another
experiment its displacement is y, = 4 sin (21x/L) sin 2wt and
energy is £,. Then

(@ E,=E, (b) E,=2E,

(©) E,=4E, (d E,=16E,

An object of specific gravity P is hung from a thin steel
wire. The fundamental frequency of transverse standing
waves in the wire is 300 Hz. The object is immersed in water,

2L 3& b
(@ (\/E‘*‘\/%) 5R (b)

D

36.

37.

38.

39.

40.

so that one half of its volume is submerged. The new
fundamental frequency (in Hz) is

@ 300 /(1i) (b) 300 /(i)
2p 2p-1

© 3oo(i] @ 300(£]
2p

2p—-1
A sonometer wire resonates with a given tuning fork forming
standing waves with five antinodes between the two bridges
when a mass of 9 kg is suspended from the wire. When this
mass is replaced by a mass M, the wire resonates with the
same tuning fork forming three antinodes for the same
positions of the bridges. The value of M is
(& 25kg (b) Skg
(c) 12.5kg (d) 1/25kg
How many frequencies below 1 kHz of natural oscillations
of air column will be produced if a pipe of length 1 m is
closed at one end ? [velocity of sound in air is 340 m/s]
(@ 3 (b) 6
(c) 4 d 8
A sound source emits frequency of 180 Hz when moving
towards a rigid wall with speed 5 m/s and an observer is
moving away from wall with speed 5 m/s. Both source and
observer moves on a straight line which is perpendicular to
the wall. The number of beats per second heard by the
observer will be [Speed of sound = 355 m/s]
(@) 5 beats/s (b) 10 beats/s
(c) 6 beats/s (d) 8 beats/s
A police car moving at 22 m/s, chases a motorcyclist. The
police man sounds his horn at 176 Hz, while both of them
move towards a stationary siren of frequency 165 Hz.
Calculate the speed of the motorcycle, if it is given that he
does not observes any beats.

Police Car Motorcycle
—>22m/s —>V Stastii::;ry
176 Hz (165 Hz)
(a) 33m/s (b) 22m/s
(c) zero (d) 11m/s

A string of length 0.3 m and mass 102 kg is clamped at both
of its ends. The tension in the string is 1.2 N. When a pulse
travels along the string, the shape of the string is found to
be the same at times ¢ and ¢+ A¢. The minimum value of At is
(a 0.1sec (b) 0.2sec
() 0.3sec (d) 0.4sec
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41.

42.

43.

44.

45.

46.

A plane progressive simple harmonic sound wave of
angular frequency 680 rad/s moves with speed 340 m/
s in the direction which makes equal angle with each
x, y and z-axis. The phase difference (¢, — ¢,) between
the oscillations of the particle in the medium located at
the positions (V3, V3, V3) and (2V3, 2V3, 2V3) is
(assume cos 6 > 0)

(a) 2radian (b) 3radian

(¢c) 4radian (d) 6radian

A pipe of length ¢, closed at one end is kept in a chamber
of gas of density p,. A second pipe open at both ends is
placed in a second chamber of gas of density p,. The
compressibility of both the gases is equal. Calculate the
length of the second pipe if frequency of first overtone in
both the cases is equal

4, |p2 4 |p
—0 |—= by Z¢, 2L
(@ 3 l"Pl (b) 30,

© 02 @ o2
P1 P2

An organ pipe of 3.9 T m long, open at both ends is driven

to third harmonic standing wave. If the amplitude of pressure

oscillation is 1 % of mean atmospheric pressure (p, = 10°

N/m?). The maximum displacement of particle from mean
position will be [given v = velocity of sound = 200 m/s and

po = density of air 1.3 kg/m?)
(@ 25cm (b) Scm () lcem (d) 2cm
A progressive wave is travelling in a medium such that
frequency of oscillation and displacement amplitude of the
particles of the medium are fand 4 respectively. The ratio of
their acceleration, amplitude and velocity amplitude is
(@ 2nf (b) nf

2nf nf
© = @ -,
In a resonance tube with tuning fork of frequency 512 Hz,
first resonance occurs at water level equal to 30.3 cm and
second resonance occurs at 63.7 cm. The maximum possible
error in the speed of sound is
(a) 51.2cm/s (b) 102.4cm/s
(c¢) 204.8 cm/s (d) 153.6cm/s
A tube of length L, is open at both ends. A second tube of
length L, is closed at one end and open at the other end.

Both tubes have the same fundamental frequency of L 4L

vibration of air in it. What is the value of L, ? (@) 5 (b) 5
4L b) 2L 4 d = 3L L

@4, ®2A @ 5 @ © L @ L

47.

48.

49.

50.

51.

0~

In a standing wave formed as a result of reflection from a
surface, the ratio of the amplitude at an antinode to that at
node is x. The fraction of energy that is reflected is

x—l2 X 2
@ | ® |

l Bl

© x+1 @ X

An open pipe is in resonance in 2nd harmonic with
frequency f;. Now one end of the tube is closed and
frequency is increased to f, such that the resonance again
occurs in nth harmonic. Choose the correct option

@@ n=3,/ =%fi (b) n=3,/; =%fi

3 5 .
(©) ”=5,fz=zf1 (d) ”=5,f2=2f1

A string of length L is clamped at each end and vibrates in a
standing wave pattern. The wavelengths of the constituent
traveling waves cannot be

(& 3L (b) 2L (c) 2L73 (d L2

A loop of a string of mass per unit length p and radius R is
rotated about an axis passing through centre perpendicular
to the plane with an angular velocity . A small disturbance
is created in the loop having the opposite sense of rotation.
The linear speed of the disturbance for a stationary observer
is

(a) oR (b) 2mR (¢) 3mwR (d) zero

A massless rod of length L is suspended by two identical
strings AB and CD of equal length. A block of mass m is
suspended from point O such that BO is equal to ‘x’. Further
it is observed that the frequency of 1st harmonic in 4B is
equal to 2nd harmonic frequency in CD. ‘x’ is

Ll /7777777777777 C

A
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53.

54.

55.

56.

A parachutist jumps from the top of a very high tower with
a siren of frequency 800 Hz on his back. Assume his initial
velocity to be zero. After falling freely for 12s, he observes
that the frequency of sound heard by him reflected from
level ground below him is differing by 700Hz w.r.t. the original
frequency. What was the height of tower. Velocity of sound
in airis 330 m/s, and g = 10 m/s2.

(@) 511.5m. (b) 1057.5m.

(c) 757.5m. (d) 1215.5m.

There are cases when an explosion at a point 4 will be heard
at point B that is far away from 4 while in a certain region
located much closer to 4 than to B, the explosion is not
heard due to obstruction. This will be possible

N

A zoneof B
silence

(a) if air temperature increases with altitude

(b) if air temperature decreases with altitude

(c) ifairisblowing from B to 4

(d) ifairisblowing from 4 to B

In the experiment to determine the speed of sound using a

resonance column,

(a) prongs of the tuning fork are kept in a vertical plane

(b) prongs of the tuning fork are kept in a horizontal
plane

(c) in one of the two resonances observed, the length of
the resonating air column is close to the wavelength
of sound in air

(d) in one of the two resonances observed, the length of
the resonating air column is close to half of the
wavelength of sound in air

A piece of wire is cut into two pieces 4 and B, and stretched

to the same tension and mounted between two rigid walls.

Segment A4 is longer than segment B. Which of the following

quantities will always be larger for waves on 4 than for

waves on B ?

(a) Amplitude of the wave

(b) Frequency of the fundamental mode

(c) Wave velocity

(d) Wavelength of the fundamental mode

Two identical point like sound sources emitting sound in

same phase of wavelength 1m are located at points P and Q

as shown in figure. All sides of the polygon are equal and of

D

57.

58.

length 1m. The intensity of sound at M due to source P
above is /. What will be the intensity of sound at point M
when both the sources are on ?

41 by S0
(@) 41, (b) >
9
(© Zfo (d) None of these

A sound source S emitting a sound of frequency 500Hz and
receiver R of mass m are at the same point. R is performing
SHM with the help of a spring of force constant k. At a time
t = 0, R is at mean position and moving toward right as
shown in figure. At the same time, source starts moving
away from the R with an acceleration 18.75m/s2. Find the
frequency (in Hz) registered by receiver at a time ¢ = 10s.

. m 100 : S
Given that n =— and amplitude of oscillation of

TEZ
150
R= T m, v, .=300m/s.
Y
A
» X
R &
—— 00—
) m
(@) 320Hz (b) 220Hz
(c) 420Hz (d) 350Hz

Sound waves of frequency 16 kHz are emitted by two
coherent point sources of sound placed 2m apart at the
centre of a circular train track of large radius. A person riding
the train observes 2 maxima per second when the train is
running at a speed of 36 km/h. Calculate the radius of the
track. [Velocity of sound in air 320 m/s]

@ P ® Pm
' T
250

© Zm @ D
' T
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59.

60.

61.

62.

The fundamental frequency of a sonometer wire of length ¢
is n,. A bridge is now introduced at a distance of AZ (<< /)
from the centre of the wire. The lengths of wire on the two
sides of the bridge are now vibrated in their fundamental
modes. Then, the beat frequency nearly is

(@) noALl/L (b) 8nyAl/l

(©) 2n AL/l (d) ngAL/20

Two identical pulses move in opposite directions with same
uniform speeds on a stretched string. The width and kinetic
energy of each pulse is L and & respectively. At the instant
they completely overlap, the kinetic energy of the width L
of the string is

(@ & (b) 2k

(c) 4k (d) 8k

A siren placed at a railway platform is emitting sound of
frequency 5 kHz. A passenger sitting in a moving train 4
records a frequency of 5.5 kHz while the train approaches
the siren. During his return journey in a different train B he
records a frequency of 6.0 kHz while approaching the same
siren. The ratio of the velocity of train B to that train 4 is

(a) 242252 by 2
(c) 56 (d 11/6
Statement 1 : Due to the motion of listener, the frequency of

the sound waves (as received by listener) emitted by
stationary source is affected.

Statement 2 : Due to the motion of source, wavelength of
the sound waves (emitted by source) as received by
stationary listener is affected.

Statement 3 : If receiver and source both are moving, the
observed frequency must be different from the original
frequency of source.

Treat motion of source or listener always along a line joining
them for all above cases. Choose correct option.

(a) All the three statements are correct
(b) Only all three statements are wrong

(c) Only statements 1 and 2 are correct
(d) Only statements 2 and 3 are correct

&

63.

64.

65.

<0~

A thin string is held at one end and oscillated vertically, so
that y (x =0, t) = 8 sin 4t cm. Neglect the gravitational force.
The string’s density is 0.2 kg/m and its tension is 1N. The
string passes through a bath filled with 1 kg water. Due to
friction, heat is transferred to the bath. The heat transfer
efficiency is 50%. Calculate how much time (approximately)
passes before the temperature of the bath rises one degree
Kelvin.

(a) 5.2 days (b) 4.2 days

(¢) 3.2 days (d) 6.2 days

In the experiment for the determination of the speed of sound
in air using the resonance column method, the length of the
air column that resonates in the fundamental mode, with a
tuning fork is 0.1 m. When this length is changed to 0.35 m,
the same tuning fork resonates with the first overtone.
Calculate the end correction.

(@) 0.012m (b) 0.025m

() 0.05m (d) 0.024m

In the diagram below (not to scale), each of the loudspeakers
emits a continuous sound of the same frequency.

A microphone moved along the line PQ detects a series of
maximum and minimum sound intensities. Which one of the
following actions on its own, will lead to an increase in the
distance between the maxima of sound intensity ?

Loudspeaker LK]

Loudspeaker LK]

(a) Decreasing the frequency of the sound emitted by the
loudspeakers.

(b) Increasing the frequency of the sound emitted by the
loudspeakers.

(c) Increasing the separation of the loudspeakers

(d) Decreasing the distance of the loudspeakers from the
line PQ.
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COMPREHENSION TYPE
This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY
ONE is correct.

PASSAGE-1

There is a sinusoidal standing wave created in a string of n=0
length 150 cm and mass 1.5 kg tied at both ends. String has \l ‘
tension of 36 N. There are 4 nodes in the string other than the

ends. Maximum displacement of particle at a distance 35 cm 4. The frequency of sound detected by detector D, before

man jumps of the plank is

from one end is 2mm.
1.  Circular natural frequency of the wave is 332 330
@ 35,/ ®) 5570
2
(@) 20m+/10 per sec (b) 2075\/; per sec 328 p ; 330 P
© 33670 @ 33570
(¢) 20w persec (d) 2007 per sec
5.  The frequency of sound detected by detector D, after man
2. Maximum displacement of mid point of the string is jumps of the plank is
8 b) 4
@ 8mm () dmm 332 330
(© 2mm (d 1mm @ 35770 ®) 355 /0
3.  Speed of a point of string at a distance 25 cm from one end,
; :dnoi o 328 330
when the displacement of the midpoint of the string is zero © e fo ) s fo

(a) 40mmm/s (b) 80mmm/s
6.  Choose the correct plot between the frequency detected by

2 2 detector VS position of the man relative to detector.
c T, [— mm/s T, |— mm/s
(c) 40 3 (d) 80 3

frequency detected
L ————

PASSAGE-2
- (@) t /o

-_—0

A man of mass 50 kg is running on a plank of mass 150 kg
with speed of 8 m/s relative to plank as shown in the figure position of man relative to detector
(both were initially at rest and the velocity of man with respect

to ground any how remains constant). Plank is placed on

smooth horizontal surface. The man, while running whistles frequency detected
with frequency f;. A detector (D) placed on plank detects
frequency. The man jumps off with same velocity from point (b) %
D and slides on the smooth horizontal surface (Assume

coefficient of friction between man and horizontal surface is

zero]. The speed of sound in still medium is 330 m/s. position of man relative to detector

#
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frequency detected
(C) /‘ﬁ)/

position of man relative to detector

frequency detected
@ \/‘/(‘JA

position of man relative to detector

PASSAGE-3

Figure shows an arrangement of 3 masses A, B, C of mass
100 m each and 2 strings. Block B is hollow having C hung
with rope of mass m inside it. Upper string is massless.
Lower string has mass m, length L, Young’s modulus Y, and
area of cross section A. All surfaces are frictionless.

100 m massless

: Z:

100 m

£/2

B
m,fi,y,A/

/2

)

10.

11.

Find acceleration of system

2 b 20
@ = ® 3578
() g d g2

What among the following is the closest value of velocity
of sound wave in lower string ?

(@) J100gA/ (b)

10000gA7
© 301

Wavelength corresponding to first harmonic of lower string
is

YAAL

(d) none of these

@ v by (12
(c) 2¢ d (/4
PASSAGE-4

A sound source is attached to one end A of a rod of length

¢, which is performing uniform circular motion with angular
velocity ® about the other end B.

An observer O is stationary at a distance 2 ¢ from B in the
plane of circular motion. Angle ABO at any time is

represented by 0. ¢ = 30m, Veound = 300 m/s, ® = 7 rad/s,
speed of source is << velocity of sound.

Find the least time difference between two natural (original)
frequency perceptions by O.

(a 0.8s (b) 1.2s

() 1s (d 2s

Distance traveled by the source during the time between a

least frequency perception and the immediate next highest
frequency perception by the observer.

(8 207mm (b) 30mm

() 40mm (d) 10mm

£

8. @O
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12. What will be value of 0 at an instant, when the observer
records least frequency. (Tick the closest answer)

@) w2 (b) /4
© 2n/3 @ =

PASSAGE-5

Waves y, = Acos(0.5mx —1007t7) and y,= 4 cos(0.467mx —927r)
are travelling along x-axis. (Here x is in m and ¢ is in second)

13. Find the number of times intensity is maximum in time interval

of 1 sec.
(a) 4 (b) 6
(c) 8 (d 10
14. The wave velocity of louder sound is
(@) 100m/s (b) 192m/s
(c) 200m/s (d) 96m/s
15.  The number of times y, +y, =0 atx=0in 1 sec is
(@) 100 (b) 46
(c) 192 (d) 96

PASSAGE-6

. v
A wave described by the equation y = 4 sm(ax +bt+ 3)

is reflected by an obstacle at x = 0. The intensity of the
reflected wave is 64 % of the incident wave. As a result, the
incident and reflected wave superpose to give a resultant
wave

y=—1.6 A4 sin ax sin bt + cA4 cos (bt + ax)

16. The amplitude of reflected wave is

(a 02A (b) 0.8A
() 0.6A (d 04A
17. The value of ¢ is
(@ 02 (b) 03
(c) 04 (d 06
18. The maximum particle velocity is
(@) 1.36bA (b) 1.66bA
(c) 1.8bA (d 2bA

19.

20.

21.

PASSAGE-7

Figure shows a clamped metal string of length 30cm. and
linear mass density 0.1 kg/m. Which is taut at a tension of
40N. A small rider (piece of paper) is placed on string at
point P as shown. An external vibrating tuning fork is brought
near the string and oscillations of rider are carefully observed.

30cm. N

A .P /\

10cm.

At which of the following frequencies of tuning fork, rider

will not vibrate at all
(a) % Hz (b) 50Hz
(c) 200Hz (d) None of these

At which of the following frequencies the point P on string
will have maximum oscillation amplitude among all points

on string
(a) % Hz (b) 100Hz
(c) 200Hz (d) None of these

Now if the tension in the string is made 160N, at which of
the following frequencies of tuning fork, rider will not vibrate
atall

(@) %Hz (b) 50Hz
(c) 200Hz (d) None of these

PASSAGE-8

A sinusoidal wave is propagating in negative x-direction in
a string stretched along x-axis. A particle of string at x=2m is
found at its mean position and it is moving in positive y-
direction at ¢ = 1 sec. The amplitude of the wave, the

#
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22,

23.

24,

25.

26.

27.

<0~

wavelength and the angular frequency of the wave are 0.1
meter, /2 meter and 27 rad/sec respectively.

The equation of the wave is
(@ y=0.l1sin(4n(—1)+8(x—2))

(b) y=0.1sin((t—1)—(x—2))

(©) y=0.1sin(2r(t—1)+4(x-2))

(d) None of these

The speed of particle at x =2mand ¢ =1 sec is

() 0.2mm/s (b) 0.6mm/s

(¢) 0.4mm/s d o

The instantaneous power transfer through x = 2m and
t=1.25sec, is
(a) 10J/s

(c) 2m/31/s

(b) 4n/3 Vs
@ 0

PASSAGE-9

A stationary observer is situated at A, which is at a distance
of 300m from a railway crossing O. A train moving with
constant speed 54 km/h on a straight track perpendicular to
OA passes O by blowing horn continuously. The frequency
of sound is 400 Hz. The speed of sound on that particular

day was V=300 m/s.
%
|300m
A

u=54km/hr
%
m nnHe nulHu w
When the train crosses the junction O, the frequency
observed by the observer at A approximately is
(a) 400Hz (b) 399Hz
(c) 421Hz (d) 401Hz
The distance of the train from O at the time the observer
hears actual frequency is
(a) zero (b) 15mrightof O
(c) 15mleftofO (d) 30mright of O
As the train approaches the crossing at O and crosses it,
the frequency heard by the observer at 4 will
(a) first decrease and then increase
(b) decrease continuously
(c) first increase and then decrease
(d) increase continuously

PASSAGE-10

Two trains 4 and B moving with speeds 20 m/s and 30

m/s respectively in the same direction on the same
A~

28.

29.

30.

straight track, with B ahead of 4. The engines are at the
front ends. The engine of train A4 blows a long whistle.

Assume that the sound of the whistle is composed of
components varying in frequency from f; =800 Hz to f,
= 1120 Hz, as shown in the figure. The spread in the
frequency (highest frequency — lowest frequency) is
thus 320 Hz. The speed of sound in still air is 340 m/s.

The speed of sound of the whistle is

(a) 340 m/s for passengers in 4 and 310 m/s for passengers
inB

(b) 360 m/s for passengers in 4 and 310 m/s for passengers
inB

(c) 310 m/s for passengers in 4 and 360 m/s for passengers
inB

(d) 340 m/s for passengers in both the trains

The distribution of the sound intensity of the whistle as

observed by the passengers in train 4 is best represented

by

2
2
O
@ 21 |
fi fa Frequency
2
2
[
(b) £ _
fi fa Frequency
2
2
[
© £ _ |

fi fa Frequency

(d)

Intensity

Cd

fi f; Frequency

The spread of frequency as observed by the passengers in
train B is

@ 310Hz
) 350Hz

(b) 330Hz
(d) 290Hz
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31.

PASSAGE-11

You are provided with three similar, but slightly different,

tuning forks, when 4 and B are both struck, a beat frequency

of f,p is heard. When 4 and C are both struck, a beat

frequency of f; - is heard. It was noticed that f, 5 </, ~. This

experiment is repeated after coating tuning fork 4 with a

¥ittle wax. Now it is observed that values of both f, s and f, -

increase.

Which tuning fork has the highest frequency ?

(a) 4

(b) B

(c) C

(d) The answer cannot be determined from the information
given

Which tuning fork has the middle frequency ?

(a) 4

(b) B

(c) C

(d) The answer cannot be determined from the information
given

PASSAGE-12

A uniform string of length / is fixed at both ends such that
tension 7 is produced in it. The string is excited to vibrate
with maximum displacement amplitude a,.

33. The maximum kinetic energy of the string for its fundamental
tone is
22 2
apm T aoTC T
a b
(@ a7 (b) /
22 22
agm T ayT
© = @ =
20 3¢
34. The maximum kinetic energy of the string for its first overtone
is
2 2
aOTE T aoTC T
a b
(@ a7 (b) /
2 2
aOTE T aoTC T
c d
© Y, (d) Y,

fea)

32.@®O0

3. @O0

34.@®OO
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REASONING TYPE

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), () and
(d) forits answer, out of which ONLY ONE is correct. Mark your responses from the following options:

© Statement-1is true but Statement-2is false.
(d) Statement-1isfalse but Statement-2 is true.

Both Statement-1 and Statement-2 are true and Statement-2 is the correct explanation of Statement-1.
Both Statement-1 and Statement-2 are true and Statement-2is not the correct explanationof Statement-1.

1. Statement-1: Sound travels faster in solids than gases.
Statement-2: Solids possess greater density than gases.
wavelength
2. Statement-1: Speed of wave = —g
time period
Statement-2: Wavelength is the distance between two
nearest particles in phase.
3. Statement-1:

When a beetle moves along the sand
within a few tens of centimeters of a sand
scorpion, the scorpion immediately turns
towards the beetle and dashes towards it.
When a beetle disturbs the sand, it sends
pulses along the sand's surface. One set

Statement -2 :

of pulses is longitudinal while the other
set in transverse.
Statement-1: When pressure of an ideal gas is increased,
the speed of sound in gas must increase.
Statement-2: The speed of sound in ideal gas is directly
proportional to square root of pressure of
the gas.
Statement-1: The pitch of wind instruments rises and
that of string instruments falls as an
orchestra warms up.
Statement-2: When temperature rises, speed of sound
increases but speed of wave in a string

fixed at both ends decreases.
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6. Statement-1:

Statement -2 :

7. Statement-1:

Two sound waves of same intensity in a
particular medium will have displacement
amplitude in ratio of 2 : 1 if they have
frequency in the ratio 1 : 2.

Two wave of same velocity amplitude in a
particular medium have equal intensity.
Two identical pulses travel on a string in
the opposite direction as shown. When
the pulses overlap, the entire energy is
potential.

T e e N

Statement -2 :

The velocity of any point can be found by
superposition principle

Yo =Vp

+Vp2.

8. Statement-1:

Statement -2 :

9. Statement-1:

Statement -2 :

<~

When a closed organ pipe vibrates, the
pressure of the gas at the closed end
remains constant.

In a stationary wave system, displacement
nodes are pressure antinodes, and
displacement antinodes are pressure
nodes.

When a wave propagates from a heavier
string to a lighter string amplitude of
transmitted wave must be less than the
amplitude of incident wave.

Power of incident wave is divided into
reflected and transmitted waves.

#
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7. @O

8. @O

9. @O

Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

1.  Displacement (y) of air column at position x from its mean
position at any instant is given by graph shown in the figure.
We can conclude from graph that

2. A wave equation which gives the displacement along the

y-direction is given by y=10"*sin (60¢ + 2x) where x and y are
in metres and 7 is time in seconds. This represents a wave

@

direction

travelling with a velocity of 30 m/s in the negative x

— Co (b) of wavelength Ttm
' (c) of frequency 30/m hertz
7y (d) of amplitude 10~* m traveling along the negative
Lo x-direction
‘B /\ | R 3.  Asolid s attached to the free end of a sonometer wire. The
vD \/ X wire has a frequency of 500Hz. Then the solid is immersed in
C water and it is found that the wire has a frequency of 460Hz.
v When the solid is immersed in a liquid the frequency of the
wire is 480Hz. Choose the correct options
(@) Density ofair is maximum at B (@) The specific gravity of the solid is 6.51
(b) Density ofair is minimum at D (b) The specific gravity of the liquid is 0.51
(¢) Density is maximum at D . . L
(d) Density is minimum at A (c) The specific gravity of the solid is 0.51
(d) The specific gravity of the liquid is 6.51
#a
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Velocity of sound in air is 320 m/s. Apipe closed atoneend ~ 10. A string is stretched along the x-axis. There is a transverse
has a length of 1 m. Neglecting end corrections, the air perturbation along the string :
column in the pipe can resonate for sound of frequency :
(2) 80Hz (b) 240Hz O(x,t) =4sin (E)cos (10m¢) where x is measured in
() 320Hz (d) 400Hz 3
An air column i.n a pipe, WhiCh is.closed at one end, will be centimeters and ¢ in seconds. Both waves moving towards
in resonance with a vibrating tuning fork of frequency 264 each other create this disturbance. Assume the velocities
Hz if the length of the column in cm is : and amplitudes are equal for the two waves.

31.25 b) 62.50
@ ®) Choose the correct options
(c) 93.75 (d) 125 . .
In a resonance-column experiment to measure the velocity (2) amplitude of each waves is 2cm.
of sound, the first resonance is obtained at a length /, and (b) velocity of each waves is 40cm/sec
the second resonance at a length /,. Then which of the (c) distance between two adjacent junctions is 2cm.
following is (are) incorrect (d) distance between two adjacent junctions is 3cm.
(@ (£, >3 11. A transverse sinusoidal wave of amplitude a, wavelength A
(b) ¢, =3¢ and frequency f is travelling on a stretched string. The

0 <30 maximum speed of any point on the string is v/10, where v is
© £ ! the speed of propagation of the wave. If « = 10°m and
(d) May be any of the above, depending on the frequency v=10ms", then A and fare given by

of the tuning fork used
A wave pulse moving to the right along the x-axis is (@ A=2mx10"m ®) A=10"m

2.0 103 —104
represented by the wave function y (x, ) = W, (© f=10"Hz/(2m) (d f=10" Hz
x-3. +
12.  y(x, )= 0.8/[4x+5¢)*+5] represents a moving pulse, where x

where x and y are in centimeters and ¢ is in seconds. (The
maximum pulse height is defined as maximum displacement
along y-axis). Then

(a) The maximum pulse height is decreasing with time

(b) The maximum pulse height is constant with time

(c) The speed of the pulse is 3.0 cm/s

(d) The speed of the pulse is 0.33 cm/s

Standing waves can be produced

(a) on a string clamped at both the ends.

(b) on a string clamped at one end free at the other

(c) when incident wave gets reflected from a wall

(d) when two identical waves with a phase difference of t
are moving in the same direction

As a wave propagates,

(a) the wave intensity remains constant for a plane wave

(b) the wave intensity decreases as the inverse of the
distance from the source for a spherical wave

(c) the wave intensity decreases as the inverse square of
the distance from the source for a spherical wave

(d) total intensity of the spherical wave over the spherical
surface centred at the source remains constant at all
times.

#

13.

and y are in meter and ¢ in second. Then

(a) pulse is moving in + x direction

(b) in2sitwill travel a distance of 2.5 m

(c) its maximum displacementis 0.16 m

(d) itisasysmmetric pulse

A metallicrod of length 1m is rigidily clamped at its midpoint.
Longitudinal stationary waves are set up in the rod in such

away that there are two nodes on either side of the midpoint.
The amplitude of an antinode is 2 x 10~%m.

(Young’s modulus =2x 10 !Nm2 and density = 8000kg m )
Choose the correct options

() The equation of motion at a point 2cm. from the
midpoint is y =2 x 1070 sin 57x cos 25 x 103 nz

(b) The equation of one of the constituent waves in the
rod is y; = (1 x 1070) sin (Smx — 25 x 103 1z)

(c) The equation of one of the constituent waves in the
rod is (1 x 1079) sin (5mx + 25 x 103 1t7)

(d) The equation of motion at a point 2cm. from the
midpoint is y =2 x 1070 sin 107mx cos 25 x 103 muz

4. @O
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5. @O
2.0
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14.

15.

Two identical straight wires are stretched so as to produce
6 beats per second when vibrating simultaneously. On
changing the tension slightly in one of them, the beat
frequency remains unchanged. Denoting by 7;, 7, the

higher and the lower initial tension in the strings, then it
could be said that while making the above changes in
tension,

(@) T, was decreased (b) T, was increased

(¢) T, was decreased (d) T, was increased

The (x, y) co-ordinates of the corners of a square plate are
(0, 0), (L, 0), (L, L) and (0, L). The edges of the plate are
clamped and transverse standing waves are set up in it. If
u(x, y) denotes the displacement of the plate at the point
(x, y) at some instant of time, the possible expression(s) for
u is (are) (a = positive constant)

(@) acos (mx/2L) cos (my/2L)

(b) a sin (mx/L) sin (my/L)

(c) asin (mx/L) sin (2my/L)

(d) acos (2nx/L) sin (my/L)

In a standing wave on a string rigidly fixed at both ends.

(a) all the particles must be at their positiveextremes
simultaneously once in half of the time period

17.

18.

9~

(b) all the particles must be at their positive extremes
simultaneously once in a time period

(c) in one time period all the particles are simultaneously
at rest twice

(d) all the particles are never at rest simultaneously
In a wave motion y = a sin (kx - ®z), y can represent
(a) electric field

(c) displacement

(b) magnetic field
(d) pressure

A sound wave of frequency f travels horizontally to the
right. It is reflected from a large vertical plane surface moving
to left with a speed v. The speed of sound in medium is ¢

(a) The number of wave striking the surface per second is

(c+v)
c

A

- cle—v)
(b) The wavelength of reflected wave is —f (c+v)
(c+v)

(c) The frequency of the reflected wave is f )
c—v

(d) The number of beats heard by a stationary listener to

the left of the reflecting surface is
c—v
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MATRIX-MATCH TYPE

Each question contains statements given in two columns, which have to be matched. The
statements in Column-I are labeled A, B, C and D, while the statements in Column-II are
labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the
answers to these questions have to be darkened as illustrated in the following example:

If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct

darkening of bubbles will look like the given.

P ar s t

V0600
®OOGO®
®OOOO
OO0

o ow»

Match the column
Column I

(A) Graphical representation of pressure variation in
both end open organ pipe.

,,,,,,

.

-
““““““
~~~~~~~

(B) Graphical representation of pressure variation in
one end closed organ pipe.

Column IT

(p) Maximum kinetic energy at B

(@) Maximum potential energy at B



(C) Snapshot of string fixed at both ends (r) Maximum particle velocity at B

A B

(D) Snapshot of a string fixed at one end and (s) Maximum particle acceleration at B
connected to a smooth massless ring that is

constrained to move vertically.

VW
B (Extreme
position)
2. Each of the properties of sound listed in the column A primarily depends on one of the quantities in column B. Write down the
matching pairs from the two columns.
Column A Column B
(A) pitch p.  Waveform
(B) quality q. frequency
(C) loudness r.  intensity

3. A small pulse travelling with speed v in a string is shown at ¢ = 0, moving towards free end. Select the shape of string from column
II at moments shown in column I. Match the columns

L2
=0 v x=L
fixed ends<<L free end
I3
Column I Column IT
(A) t=% ) i /N b
2L
® == @ i Ny
© == 0 i —
., pars 2. P Aqr 3 P qr s
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NUMERIC/INTEGER ANSWER TYPE

X Y Z

The answer to each of the questions is either numeric (eg. 304, 40, 3010, 3 etc.) 00 00 00
or a fraction (2/3,23/7) or adecimal (2.35,0.546). (0I01010! §(OI010XO) } (OX0X0XC)

. . . . (@) [0)(6] (0] §Gl 0] [)[C)§ ©)(@] 6] ©]
The appropriate bubbles below the respective question numbers in the [DIO[D]D] [DIDIOID] [OIDDID)
response grid have to be darkened. %%%% A %% %%%%
For example, if the correct answers to question X, Y & Z are 6092, 5/4 & 6.36 [@Q|R[O®]| [DIBIAIG] OIG|®|@
respectively then the correct darkening of bubbles will look like the %888 © @g% 888%
following. OIOIDID] IDIOIOIO [DIDIOIO
Forsingle digitinteger answer darken the extremeright bubble only.

An observer standing at sea coast observes 54 waves
reaching the coast per minute. If the wavelength of the waves

two bridges be placed so that the fundamental frequencies
of the three segments are in the ratio of 1 : 3 : 15 ?

is 10m, find the velocity (in m/s). 7. AB is a cylinder of length 1m fitted with a thin flexible
Determine the change in volume (in cc) of 6 litres of alcohol diaphram C at middle and two other thin flexible diaphram 4
if the pressure is decreased from 200 cm of Hg to 75 cm. and B at the ends. The portions AC and BC contain
[velocity of sound in alcohol is 1280 m/s, density of alcohol hydrogen and oxygen gases respectively. The diaphrams
=0.81 gm/cc, density of Hg=13.6 gm/cc and g = 9.81 m/s?]. A and B are set into vibrations of the same frequency. What
Speed of sound in air is 332 m/s at NTP. What will be the is the minimum frequency (in Hz) of these vibrations for
speed of sound (in m/s) in hydrogen at NTP if the density of which diaphram V is a node? Under the condition of the
hydrogen at NTP is (1/16) that of air ? experiment the velocity of sound in hydrogen is 1100 m/s
A uniform rope of length 12m and mass 6 kg hangs from a and oxygen 300 m/s.

rigid support. Ablock of mass 2 kg is attached to the freeend 8. A column of air and a tuning fork produce 4 beats per second
of the rope. A transverse pulse of wavelength 0.06 m is when sounded together. The tuning fork gives the lower
produced at the lower end of the rope. What is the wavelength note. The temperature of air is 15°C. When the temperature
(in m) of the pulse when it reaches the top of the rope ? falls to 10°C, the two produce 3 beats per second. Find the
A source emitting sound of frequency 180 Hz is placed in frequency (in Hz) of the fork.

front of a wall at a distance of 2 m from it. A detectorisalso 9. A string of length 25 cm and mass 2.5 g is under tension. A

placed in front of the wall at some distance from it. Find the
minimum distance (in m) between the source and the detector
for which the detector detects a maximum of sound. Speed of
sound in air =360 m/s

The length of a wire between the two ends of a sonometer is
105cm. What is the sum (in cm) of the distances where the

pipe closed at one end is 40 cm long. When the string is set
vibrating in its first overtone and the air in the pipe in its
fundamental frequency, 8 beats per second are heard. It is
observed that decreasing the tension in the string decreases
the beat frequency. If the speed of sound in air is 320 ms™,
find the tension (in newton) in the string.

£
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10.

A train approaching a hill at a speed of 40km/hr sounds a
whistle of frequency 580 Hz when it is at a distance of 1km
from a hill. A wind with a speed of 40km/hr is blowing in the
direction of motion of the train. Find the frequency (in Hz) of
the whistle as heard by an observer on the hill.(velocity of
sound in air = 1200 km/hr)

15.

now moved away from the vibrating wire with a constant
speed and an observer standing near the sonometer hears
one beat per second. Calculate the speed (in m/s) with
which the tuning fork is moved if the speed of sound in air
is 300 m/s.

A steel wire of length 1 m, mass 0.1 kg and uniform cross-

11. S, and S, are two coherent current sources of radiations sectional area 107° m? is rigidly fixed at both ends. The
separated by distance 100.25 A, where A is the wavelength of temperature of the wire is lowered by 20° C. If transverse
radiation. S, leads S, in phase by 11/2. 4 and B are two points waves are set up by plucking the string in the middle,
on the line joining S| and S, as shown in figure. calculate the frequency (in Hz) of the fundamental mode of
The ratio of amplitudes of source S, and S, is 1 : 2. vibration.

S g 16. Two tuning forks with natural frequencies of 340 Hz each
_ﬁ '1 .2 tz_ move relative to a stationary observer. One fork moves away
|‘ >| from the observer, while the other moves towards him at the
same speed. The observer hears beats of frequency 3 Hz.
100.25% Find the speed (in m/s) of the tuning fork.
Find the ratio of intensity at 4 to that at B. 17. A tuning fork of frequency 480 Hz resonates with a tube

12. In a car race sound signals emitted by the two cars are closed at one end of length 16 cm and diameter 5 cm in
detected by the detector on the straight track at the end fundamental mode. Calculate velocity (in m/s) of sound
point of the race. Frequency observed are 330 Hz and 360 Hz in air.
and the original frequency is 300 Hz of both cars. Raceends  18. A whistling train approaches a junction. An observer
with the separation of 100m between the cars. Assume both standing at junction observes the frequency to be 2.2 kHz
cars move with constant velocity and velocity of sound is and 1.8 kHz of the approaching and the receding train
330 m/s. Find the time (in second) taken by winning car. respectively. Find the speed (in m/s) of the train (speed of

13.. A copper wire is held at the two ends by rigid supports. At sound =300 m/s).
30°C, the wire is just tant, with negligible tension. Findthe 19, In aresonance tube experiment to determine speed of sound,
speed (in m/s) of transverse waves in this wire at 10°C. air column in the pipe is made to resonate with a given

14. A sonometer wire under tension of 64 newton vibrating in tuning fork of frequency 480 Hz. The diameter of the pipe is

its fundamental mode is in resonance with a vibrating tuning
fork. The vibrating portion of the sonometer wire has a length
of 10 cm and a mass of 1 gm. The vibrating tuning fork is

5 cm and it is open at one end. The smallest resonating
length is observed to be 16 cm. Calculate the speed of sound
(in m/s) from the given experimental data.
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SINGLE CORRECT CHOICE TYPE

1 (a) 11 (d) 21 (d) 31 (b) 41 (d) 51 (a) 61 (b)
2 (b) 12 (c) 22 (a) 32 (b). 42 (b) 52 (b) 62 (c)
3 (a) 13 (d) 23 (d) 33 (a) 43 (a) 53 (a) 63 (b)
4 (b) 14 (a) 24 (d) 34 (c) 44 (a) 54 (a) 64 (b)
5 (c) 15 (a) 25 (b) 35 (a) 45 (c) 55 (d) 65 (a)
6 (©). 16 (d) 26 (d) 36 (a) 46 (c) 56 (c)
7 (c) 17 (a) 27 (a) 37 (a) 47 (c) 57 (d)
8 (b) 18 (b) 28 (c) 38 (a) 48 (d) 58 (a)
9 (b) 19 (b) 29 (b) 39 (b) 49 (a) 59 (b)
10 (a) 20 (d) 30 (d) 40 (a) 50 (d) 60 (c)
COMPREHENSION TYPE
1 (c) 7 (b) 13 (a) 19 (c) 25 (d) 31 (©)
2 (b) 8 (b) 14 (c) 20 (d) 26 (b) 32 (b)
3 (a) 9 (a) 15 (d) 21 (c) 27 (b) 33 (a)
4 (a) 10 (a) 16 (b) 22 (c) 28 (b) 34 (b)
5 (c) 11 (c); 17 (a). 23 (a). 29 (a).
6 (a) 12 (a) 18 (©) 24 (d) 30 (a)
REASONING TYPE
1 (b) 3 (a) 5 (a) 7 (a) 9 (d).
2 (@) 4 (d) 6 (a) 8 (d)
IEIE MULTIPLE CORRECT CHOICE TYPE
1 (a,b). 5 (a,c) 9 (a,c,d) 13 (a,b,c) 17 | (a,b,c,d)
2 (a,b,c,d) 6 (a,b,d) | 10 (a,b,d) | 14 (b,c) 18 (b)
3 (a,b) 7 (b, ¢) 11 (a,c) 15 (b.,c)
4 (a,b,d) 8 (abe) | 12 | (bed) | 16 (b, ¢).
IEIE MATRIX-MATCH TYPE
1. A-q; Bq; C-q; D-s 2. A-q; B-p; Cr 3. A-p;B-s; Cr
IEIE NUMERIC/INTEGER ANSWER TYPE
1 9 2 0.75 3 1328 4 0.12 5 3
6 175 7 1650 8 110 9 27 10 600
11 0.11 12 4 13 70 14 | 0.075| 15 11
16 1.5 17 336 18 30 19 336




SINGLE CORRECT CHOICE TYPE

1. (@

_

4 observer = B
N > X

Vy VB
The observed frequency from A4,

V(v —u
N ()

Vs

The observed frequency from B,

V(v +u
g, Y00
VS
\% 2u
- Number of beats = vp ~ vy =2.—u=~~

Vs

A vibrating organ pipe can be closed or open. For a closed
organ pipe fundamental frequency

f.=—=200Hz

3
Its first overtone = 4—‘; =3f, =600Hz

For an open organ pipe, fundamental frequency

f,= — =200Hz

2y
Its first overtone = ST 2 f, =400Hz

The relation for the velocity of sound in a gas
YRT
Y

Considering the mixture of gas while all the constituents
of the mixture occupy the same volume their masses vary.
Let m,, my, m, be the fractions of masses of the
respective gases and M), My, M, be their respective
molecular weights. Now the velocity of sound in the
mixture can be given by the relation,

1/2
vzm[Y](‘)/Imo+YNmN+YAmA:|

0 My M,
1/2
1.4><— 1.4><l 167><i
— |83%273 10+ 10 19
32x107 28x107°  40x10”

=[8.3x273x1000 (8.75x 103 +35x 1073
+4.175 x 1073112
=[8.3 x273 x47.92512=329.5 m/s

4.

b

©

©

(©

)

b)

The apparent frequency heard by the listener

- 332-10
n’= n| L0 —200( j—l94HZ
v 332

v
but n'=—
"7
So, wavelength of the note received by the listener
v _332
=— =1.71m
A n 194

Frequency of the open organ pipe n =f.
Initial length of the pipe =/

/
Final length = 5
We know that frequency of open organ pipe is

v
"o
and when it is dipped in water, it behaves as a closed end
pipe

v —
4, a2 2

Stationary wave is produced when two waves travel in
opposite direction.

Now, y = a cos (kx — ®f) — a cos (kx + wf)

y =2a sin kx sin oz is equation of stationary wave which
gives a node at x = 0.

The air is blowing in the direction of train i.e., in the
direction of motion of sound. The frequency of sound
heard by observer

. Its frequency f, = =f

(v+w)—vy
(v+w)—v
Here,v=580Hz
v+w=1200+40= 1240 km/h
v. =40 km/h
v,=0

1240-0

So, V' = 580(—
1240 -40

) =599Hz

V+vy

fa- (fa— 1)

A forv, =

(f5—1)

. v+vy
fBzTBf,or Vg =

\|<

v _fp—f _60-5_ 1

_—:2
vy fu-f 55-5 05

Pitch is related with frequency (f) = v/A = const. But
intensity is related with particle energy which increases.



10. (a)

1. @

12. (¢)

13. @

_ T,
fﬁzz ’

m

Inair:T=mg=pVg

1 |pVe
- = 20N m
In water : T =mg — upthrust

.. ()

V Ve
=g~ Pog =7g(2p—pm)

:L Vep (2p—Py)

2\ m 2p
£: 2p_pu)
5\ 2

2p-p 1/2
o)
P
2p-1 1/2
=300|——| Hz
2p
1 T
Fundamental frequency f=— |—
20\

h_ b o
~ 1 - 0\ 1y (since tension is same)

_2L | w7
L\ -4r%p

(since the wires are of same material)

=1
Comparing it with
v (x, 1) = A cos (0t + 1/2) cos kx
If k x = m/2, a node occurs;
10tx=m/2 = x=0.05m
If £ x = m, an antinode occurs
10mx=m = x=0.1 m
Also speed of wave

o 50
= %" 1om =5m/s and
A=2n/k =2m/10mr=0.2 m

2 2
E; 4; Vi+n

E
Therefore, Et =8/9

1

14. (a) Fundamental frequency of openpipeis f, = .

15. (a)

16. @

17. (a)

Third harmonic of the closed pipe f. = 3(

% %
i :3—=—+100
Given VARRY, or

According to Hooke's law Fj, o< x

[Restoring Force /7, = T, tension of spring]

v

4/

<~

20

)

Y —200 Hz
20

[T
Velocity of sound by a stretched string v= ,/—
m

where m is the mass per unit length

 veedT

Hence v < \/T

% T
OI',—'Z e
% T
T' 1.5x
orv=v,|—=v,[—=122v
T x

y=acos? (2mnt _2T7tx) can be written as

1+ cos 2{2nnt - 2;:)6}

2

a a [ 4nx:|
— —+—cos| 4ntnt ———
2 2

=a

A

Comparing with standard equation of harmonic wave

y =4 cos (0t —x), we get

a
A= 3 o = 47n =27f, where f=2n
Alsok= 2= 2T 2T

ORI Ty A T
For f'to be greatest, 6 should be minimum A ABC, using
the rule
sin (90°—-0) _sino 050 = sin o

R/2 R

o

R

For 6 minimum sin o should be max. = o =90°

=0=060°



18. ()

19. ()

20. (d)

21. @)

c ,
. approach velocity = | 3 cos 60 =

¢ 6/o
fmax=f0 c =7
c——
6
N
602K g0
¢ 6/o
and fmin:fO c :T
C+g

The equation of the given transverse wave is given by
the displacement of the particle y.
y=A sin® (ot — kx)

Velocity of the particle, % =2Awsin (0f — kx)

Maximum velocity =24®

But the velocity of th _ e _2m
u eVeOClyO € wave = k 27’[/7\,
) 1 A A
P LIS
I240="", kK 21 4m

Draw a sketch graph showing the two terms and use the
principle of superposition to find the final waveform.

W(f) —Resultant
v, =033 m/s
o—> )
v 0
S (Observer)
(Source)
\ A\
V=V
[V — Vg :|

=450 i =500Hz
330-33
x; and x, are in successive loops of stationary waves.

so, ¢; =T

and<1>2=1<(Ax)=1<(3—"—1)=7—":ﬁ=é
%k 3k) 6 0, 7

22. (@) v= %= —Awcos (kx — mt)

23. @

Vinax = A®

Velocity of particle

d 27 21

d—J; =acos {T(W_X)} Tv ...... (1)

Slope of curve,

By equation (1) and (2)
dy/dt  dy  dy
dviax ~ 7V g i
340 10
24. =y = — fo;
@ /=m0 345 /0
340 20
_, 340 20 .
AT T 19
A_10 19 19
£ 9720 18

25. (b) AB=

26. (d)

AD* +BD* =)= AC
So sound reaching from B and C will be in same phase
Now 4D =5A\/6

2n _5An 10w
A6 6 3

BimeD C

A=(24)2 +(4) +2x24x Axcos(n/3).

=N5A2 4247 =41 15T

A travelling wave equation y = f'(x £ v¢)
At t=0.75s,

5

y=—
' Bx-3)2+2

-5

C(Bx-3)7+2

Y=y, Ty, =0 for any value of x
Atx=1m,

hy)

5 y =5
o —— . 2 = ——
(3-41)>+2 (4t-3)*+2
y=y; +y,=0, for any value of «.
Att=0.75s,y =0 for all xi.e. string is in its natural length
hence its elastic potential energy is zero but kinetic energy
is not zero.

Interference of waves does not destroy energy, it remains
conserved.

N



-

27 At 1=0, y=— Iy
‘(a) t= ) 1+

— =X

or x=
XZ

1
1+ (x—1)°

1
y: =

At t=2s, 2
24+ x°=2x

-y 1-y

or (X—l)z — or x=1+ =X,
y

.. Speed of the wave
_ & _ x2 _.xl 1
L—t, 2-

4p
\/7 vy = ,/ —_
: an medium is denser

The wave reflected from the denser medium has
phase change of m.

—05m/s

28. (0)

— =
— 1
v Vv
= A4 =22"Tx6=2__ x6=-2mm
V2t 24,
2

= eq” of reflected wave pulse is
Y=—(2mm) sin (5¢—40x)

_ |[¥RT 1.
29. ) C. = (7) Here C, o '
Coms) _ (ﬂ)
Crm52 m
30. (@ v, = speed of sound
—u
0
( v—usin® J
n=ny| ———
v—ucosB lu

As 6 varies from zero to 90°, n decreases continuously.

_\J—/\_

31. (b)

After two seconds pulses will overlap each other.
According to superposition principle the string will not
have any distortion and will be straight.
Hence there will be no P.E. The total energy will be only
kinetic.

32. (b) Beats are produced due to the difference in apparent
frequency of the two tuning forks.

dx
«— X —» <
RT 5RT
Bo@ C= o=
M, 3M, A B

T
<« L

\ &

34. (0)

35. (a)

36. (@ f,=

or

T; -1,
dx=Cdt= SR T0+(L O)xdt
3M, L
2L

E o A%v? where 4 = amplitude and v = frequency.
Also O=21V = ®ocV
Incase1: Amplitude=A4 andv, =V

In case 2 : Amplitude =4 and v, =2v

E, A%v3
E 4]
E,=4E,
The expression for fundamental frequency is

=4

1T
Y
Inair, 7= mg:(Vp)g

Vpg
Y]

When the Ob_] ect is half immersed in water
T'= mg — upthrust

=Vpg—(V/2)p,g=V/12)g(2p-py)
The new fundamental frequency is

Vg
'—L L’—i 7(2p_pw)
2\ 20 P
Vi 2P =Pw iz 300 /(1oL |y
v 2p 2p
S Pg_3 |Mg
20\ p 20N\

M=25kg
Using the formula of a vibrating string,

;[T
YR\ where p = number of loops.

In each case, the wire vibrates, in resonance with the
same tuning fork. Frequency of wire remains same while
p and T change.

/T1 §23 /Tz
—= or p T = T
2€ 20\ 1 PN = P22

_2171
n p

ngzé or
9xg 3

_ 5X5x9
3x3

or M=25kg.



37. @) L=(2n+1)% and v=o- = v=(Qn+D8sHz A:103><—3.49n
3rx4x10" x1.3
38. @ =0.025m=2.5cm
4. @ v, =(2nNA
< = i = 21 4

Smax — (2mf)

a.

Frequency heard by observer directly coming from

<
=4
5

355-5 45. (c \ i
source = x180 =175 Hz. © '\ / T N /
5 \ 4 ll e N N2 ’ .
N N +
J, — frequency heard by observer after reflection = + o |? ¢
. —— C
= 353 X 3553 x180 =180 Hz — —— | \ /
355-5 355 = AR
f,~f,=5Hz = ——
39. (b) f,= frequency of the police car heard by motorcyclist, = F—— —
f, = frequency of the siren heard by motorcyclist. = = —
fi= 333300—_2\}2 x176; f, = 3304y x165; For first resonance For second resonance
v fi=h=0=v=22ms el+e=§ ew%
T _
40. (a) v=\/:—6m/s But v=v\
K 4 3
v=v=(l, +e) = £2+e:_v
. 2x0.3 3 4y
SA= 6 =0.1sec (1)
41. @ y(r,t) =Asin(ot—%.7) o v=va(Li+e) N g1+e:4_‘;
~ 2m - ~ LT ... (ii)
k= T(COS o +cosBj +cos k) = ﬁ(l +j+h) Subtracting (i) and (ii),
0, ~0,=2(3)=6rad. v=2v(ly = 4)
42. (b) Frequency of first overtone in closed pipe, S AV=2V (AL, +ALY)
3y [P =2x512x(0.1+ 0.1)cm/s
v= RIS (D) =204.8 cm/s
1VP1 46. (¢) Fundamental frequency for a tube open at both ends, v,

Frequency of first overtone in open pipe,
1 [P ’

vi=— — . i) 2L

L\ P2

From equation (i) and (ii)

4, [

3 \p2

43. (@) y(x, ) =A sin ©f cos kx [Assuming =0 =y =0]

= €2=

5
P(x) = BS_z =+kBA sin wt cos kx

Fundamental frequency for a tube closed at one end,

B
[B is Bulk modulus of elasticity, v = p—]
0 . 14

T
2
4L,

2n

3mv2pg A
=Tp°v2A= ™ Po

L

P

max vl = vz



A+ 4 A -
47. () —2=x; e ! ; Energy o< 42
2
x—1
= -
x+1
48. (d) =
:<: : > n™ harmonic
—— > N
A=t
_y_Y
h AL
()
40
7\‘ = —
n
_y_m
/o A4
... (10)
Here n is a odd number. From (i) and (ii)
n
h=7h
5
For first resonance, n=>5, f, = Zfl
49. (a) Cannot be greater than 2L.
For fundamental case (M2 =L)
) . do
50. d) dm.®*R=2Tsin EX
=
52. (b)

51. (a)

de
pRdO w?R= 2T >

[T
= pe?R2=T= v, = |—=Vo’R’ =0R
u

also speed of string is R

.. The velocity of disturbance w.r.t. ground
=WR-0R=0

Frequency of Ist harmonic of AB

_ 1 T
20\ m

1
Frequency of 2nd harmonic of CD = A m

Given that the two frequencies are equal.

Tcp

1 /TAB _1 Tep
20\ m /N m

Tup _
4 ~CD
Typ=4Tqp 0
A B
LI
hep =1
D

For rotational equilibrium of massless rod, taking torque
about point O.

T pg*x=Tep(L—x) ... (11)
For translational equilibrium,
T+ Top=mg .. (iii)

On solving, (i) and (iii), we get

lg.
IC —?’
lg
l —T

Substituting these values in (ii), we get

amg
5
4x=L—x

><x=%(L—x)

X= _

5
Let the sound observed by the parachutist at 7, = 12s be
produced at ;5. Velocity of source at the instant of sound
= gt, and velocity of observer at the instant of observing
same sound = gf,. Hence the relation between apparent
frequency f ' and original frequency f will be

f,=f(v+gt0].

v—gf

A A
(1/2) gt?
2 \4
(1/2) gty +
Y h
Incident Reflected
sound sound
\4 v




53. (a)

54. (a)

55. @)

56. (c)

57. @

Here /=800 Hz, g= 10 nv/s?, =330 nv/s, £, = 12s and
£'=800+700= 1500 Hz
Putting these, we get, ¢, = 9s

Now the distance travelled by sound in (¢, — #,) sec is

1 5
+| h——gt
( 2g1)

Putting the values, we get, 2= 1057.5m.

N—_——

1
vty —t)) = (h—zgtg

This concept is same as that of mirage i.e. total internal
reflection of sound wave due to varying density of air of
atmosphere.

As shown in the figure, the prongs of the tuning fork are
kept in a vertical plane.

OA

A
For fundamental mode, = 2= L,A=2L

High L assures high A.
Wave from P reaches M in same phase as originated
wave from Q also reaches M in same phase as originated

Hence both are in same phase at M and thus constructive
interference takes place.

2
z:qzwg)z:@mgj %,

Time period of oscillation of R

T=2n\/E=2n><l—0=20s
k o

Atatime ¢ = 10s, R will be at mean position and moving
along negative x-axis.

vp=Ao=15m/s
The second which is received at £ = 10s, is emitted at

l:[OS.

1
Eatg =v(10-1¢y)

1
= E><18.75t§ =300 (10—1y) =, =8s

58. (a)

59. (b)

v,=ar=18.75x8=150 m/s

, 300+15
PERWEUHT

)= 350 Hz
300+150

The wavelength of the sound wave in air is

=20 5%102m.

T 16x10°

\ 4

The positions of maxima on the circumference of the
circular track will be given by

dsin 0 =nA
When d is the separation between the sources and 0 is

the angular position of n maximum as shown in the
figure

2s5in0=n(2x102) = sin6=——
100

Since sin 0 lies between 0 and 1 there are 400 maxima on
the entire circle.

These 400 maxima will be heard by the person in the time
t= 400 =200s
2

5
Speed of the train= 36 km/h = 36XE= 10m/s

From the obtained values so far we get length of the
track

£=(10m/s) (200s) =2000m

) 2000 1000
So radius of the track = 7=T

y n = v P v
o= s N T aw2=A TP 202+ A0)

20°

Beat frequency = n; — n,

1 1
V[Z—ZM_£+2M]



60. (¢)

[(z +2A0) (0 — ZM)]
=V
02 — 402

L, AM_8Av _8Al,
02 —4n? 020 ‘

The velocity profile of each elementary section of the
pulse is shown in figure 1 and figure 2.

When both the pulses completely overlap, the velocity
profiles of both the pulses in overlap region are identical.
By superposition, velocity of each elementary section
doubles. Therefore, KE of each section becomes four
times. Hence the K.E. in the complete width of overlap
becomes four times.

pulse moving
towards right

elementary =~ ——>
section ( pulse moving
kY towards left
Ve‘Iocity
vector of
elementary
sec}ion
L 11” mT”
rl v Velocity “ v Velocity
profile profile
Figure-1 Figure-2
. ' Vy +v
61. (b) Usingthe formula n'=n
v
vet+tv 5.5 dVB+V_6
y 5 My
= B _,
V4
v+, Vv, )
62 (c '= ; f1=
o ro{E28)r L io(125),
Vv ViV
= S, A= :
V+Vs ’ f
V,, = velocity of listener, V' = velocity of source.
Butif ¥, =V, thenf'=f
Thus statement-3 is not always correct.
63. (b) The wave resulting from the oscillation of the end of the

string is defined by :

y(x,t)= 8sin (4t - \/%4x] cm

Using eq. (1), we can immediately write : @ =4s!

64. (b)

or,

The wave power is :

dy dy 2 2
P:Fyvy:—Ta—xngmkA cos” (wt —kx) .....(2)

The average power over a period is :

= 1 1
P= EkaA2 = 3 nw? 4%y
&
the energy density

where v =— is the wave velocity. Note that eq. (3) was

k
derived from the known result that the average over a

1
whole period of cos? x is 3 Substitution of the numerical

values yield P = 0.0229 J/s

The power transferred to the bath, P, is

P=05P=0.01145J/s

The temperature difference caused by the heat transfer
AQ to a substance with heat capacity C is

1 1
AT =—AQ=—(PAt
cA0=;(PA)

C=1k cal/°K

In our case : {AT=1°K

Therefore, At=3.6x 10°s=4.2 day
fl +x= &
4

A=4(l, +x)

30
i ==
(Ly+x) 4

7»=%(€2+x)

\'% \%

A 3v

Given V=V,



65. (a)

\ 1
L N ¢
Ol |\, A 035m=l, | 7 |hL+x I:H """"""""""""""
\ ! [ T [ I S S x
\ , // \\ ....... 1
\ / / N S R
\\ II |\ I| d “:-._*Ax — ’%\,
v \ 7 Xy e
[ — p— \ <t
— = | N m """"
— ——| I Y 22T e
— = ] ) D P
or v _ 3v - Ax<d =nA<d
T4l +x) 4Ly +x)
d d
n<— or n<|—|f
or, x=0.025m A v
_ g
OF My =~ -

by decreasing f, number of maxima will decrease, thus,
their separation will increases.

COMPREHENSION TYPE

1. (c); 2.(b); 3.(a)

\F 36
v= —=\/— —6m/s
U 1

21y
0= o 207 per sec.

~
o

20lmg 201g
130 em \A=60cm 30lm 301
4.(a); 5.(c); 6.(a)
Let velocity of plank is v and velocity of man is (v — 8) y= \/Z _ fﬂ
0=50x(v-8)+150v p m
v=2m/s -
fi= .frequen(gt(t)lf soluﬁi detected by detector D before man 10. (a); 11. (c_); 12. (a)
Juinps oft e pia Original frequencies will be produced, when AB lies along
_330+2 . 332 BO. So time difference
=330-67 3247
T 20 2x30
J, = frequency of sound detected by detector D after man =———=1- =0.8s
jump off the plank © v 300
Least and highest frequency perceptions will be as shown
_330-2 fo= ﬁf in the figure.
“330+67° 3367 Distance traveled

7.(b); 8.(b); 9.(2) 20w =2
3 =3t= m



<~

Wave velocity is same because it depends on the medium in

lowest which the wave is travelling.

Now, at x=0,

Y1+, =(A4cos 107e) + (4 cos 92 ) =0
........................... = cos 100 it =—cos 92 ¢ = cos (— 92 Tf)
=cos [2n+ 1)m—-92 1t

B 2n+1
192

highest

Additional 0 in the time that sound takes to reach from A 1
whent=0,n= 5 and when =1,

to O.
NG
(2 20 n= 2952
2
0'=0—=
v = net amplitude is zero for n = 96 times (the nearest

X 3X30—£n answer).
©300 10 16. (b) [oc A
=0.1732xn -+ Intensity of reflected wave is 64% of incident wave

A, =08A.

. T
17. (@) y;= Asin(ax+bt+-)=4 cos (ax+ br)
e' 900 2
/3 and y,=-0.8 4 cos (ax— bt)
Y
o s y=y,+y.=—1.6 Asinaxsin bt +0.2 4 cos (ax + bt)

c=0.2.

e=e'+§=[%+£]n d
18. (0 (—y) =1.8bA.
=0.50657 dt Jmax
13.@); 14.(0); 15.(d) 19.(0); 20. (d); 21. (¢)

The equations are y, = 4 cos (0.5 nx — 100 7¢) and
¥, =4 cos (0.46 Tx — 92 1f) represents two progressive wave

travelling in the same direction with slight difference in the T m
frequency. This will give the phenomenon of beats. V= \/E =, /a =20m/s

Comparing it with the equation

Wave velocity in string is

y =4 cos (kx — o1), we get Fundamental frequency of string oscillations is
®, =100 = 2rf, =100t = f, =50 Hz and
v 20 100
21 ny=—=—=—Hz
K1:0.5n=>k—=0.5n = A, =4m 2¢ 06 3

1 . . . . .
Thus string will be in resonance with a turning fork of

® frequency,
Wave velocity = A, f; =200 m/s [Alternatively use v = X ]
®,=927 = 21, =92 = f,=46 Hz ny = %HZ,?HZ,IOOHZ,@HZ, .....
Therefore beat frequency =, — f, =4 Hz and
Here rider will not oscillate at all only if it is at a node of
K,=0.467 = 2n =0.46m = A= 200 stationary wave in all other cases of resonance and non-
2 46 resonance. It will vibrate at the frequency of turning fork. At
a distance ¢/3 from one end node will appear at 3™, 6, 9th or
Wave velocity = — x46 =200 m/s similar higher harmonics i.c. at frequencies 100Hz, 200Hz, .....

If string is divided in odd no. of segments, these segments



22,

23.

24.

25.

26.

27.
28.

29.

can never resonate simultaneously, hence at the location of
rider, antinode is never obtained at any frequency.
(¢) The equation of wave moving in negative x-direction,
assuming origin of position at x = 2 and origin of time
(i.e. initial time) at =1 sec.
y=0.1sin (27t + 4x)
Shifting the origin of position to left by 2m, that is, to x
=0. Also shifting the origin of time backwards by 1 sec,
that is to = 0 sec.
y=0.1sin(2r(t—1)+4(x—-2))
(@ As given the particle at x = 2 is at mean position at
t=1 sec.
o Its velocity v=0A4 =21 x 0.1 =0.2m m/s.
(d Time period of oscillation
_2m_2m

=—=1sec.
o 2n

Hence, t = 1.25 sec, that is, at 7/4 seconds after t = 1
second, the particle is at rest at extreme position.
Hence instantaneous power at x =2 at ¢ = 1.25 sec. is
Zero.

(d The sound heard by observer must have been emitted
sometime earlier at B so that by the sound reached at
A, train also reacted at O.

BO _u
B4 v

15 1

ZCOSGZﬁ—%

The observed frequency

Vv
f=h————
v—ucosO
— 400 300 1 =400><3;)0
300—-15x— 300—-—
20 4
-1
_400(1 ! ) H B <
-— z
400 N

— 400 (1+L)HZ =401 Hz
400 )

(b) There will be no Doppler effect when sound is emitted
at 0. By the time sound reaches 4, the train will travel

S=15x1=15m.

(b) Decrease continuously

() The speed of sound depends on the frame of reference
of the observer.

(@) Since all the passengers in train 4 are moving with a
velocity of 20 m/s therefore the distribution of sound

intensity of the whistle by the passengers in train 4 is

uniform.

- 40— 1

30. @ v'=vy |0 =SOO[M:|=8OO><3—

v—v, 340-20 32
viz vy | Y200 | S 120x 2L

V=V 32

31 31

"_y'=(1120— 2 =320x— =310Hz,
V"=V =(1120-800) < - % z

31. (c), 32. (b)

Coating tuning fork 4 will decrease its frequency, beat
frequency increases means f > f, and f~> f

Given (fp—f) <(fe—1p)
Tc>1s>ly
33. (a), 34. (b)
When a string oscillates, nodes are produced at its ends. In
case of fundamental tone, it vibrates in single loop. Hence,
wavelength of fundamental tone, A, =2/ and in case of first

overtone it vibrates in two loops as shown in figure. Hence
wavelength of first overtone is A, = /.

(Fundamental tone)

NN
N~~~

(First overtone)

When stationary performs SHM and displacement amplitude
at a point distant x from one end is given by

) (anJ
a=aysin| —
A

where a;, is maximum displacement amplitude which occurs
at antinode. Since, tension in string is 7, therefore, velocity

/T
of transverse wave is given by v = ,/— where m is mass
m

per unit length of string.



WavES

REASONING TYPE

1.

Fundamental tone : Since, frequency is n = -, therefore,

7\‘ >

frequency of fundamental tone of the string,

1 |T
n0=2_£ —_—

Considering an elemental length dx of string at a distance x
from left end, its mass = m dx.

1
Its oscillation energy = E(m dx) a* (ZTmO)2

2.2
= Gt Tsin2 (Z_Ttx) dx
202 20

*. Total oscillation energy of the string

aon T_[ ( ) aénzT
0 4/

Since, maximum kinetic energy of a particle performing SHM
is equal to its oscillation energy, therefore, maximum kinetic

<~

agﬂ:2T

energy of the string in its fundamental tone =

. 1 |T
First overtone : Frequency, n; = Y2z

7\,1 I \Nm

Considering an elemental length dx of string at a distance
from left end, its mass = m dx.

1 . 2mx
Its oscillation energy = E(mdx)aé sin’ (7) (2mny )?

2242
T %° aOTsin2 (Z_nx) dx
02 ¢

-. Total oscillation energy of the string

wm2ldT (2
LKLY NI (_nx)dx
2oy U

or maximum kinetic energy of string in its overtone

_ aOTCZT
l

() Sound travels faster in solids than gases. It is because
the elasticity of solid is more than that of gases. Solids
posses greater density than gases. Though density
has effect on the velocity of sound in the medium as
follows

1

Voo —

o

In case of solid, its elasticity far exceeds that of gas so
its effect far exceeds the effect of density.

(@ Since wavelength is distance between two nearest
particles in phase and time period is time required by a
wave to cover this distance.

So, speed of wave = vx./awe—len.gﬂl

time period

(@) When beetle moves along the sand it sends two sets
of pulses, one longitudinal and the other transverse.
Scorpion has the capacity to intercept the waves. By
getting a sense of time interval between receipt of these
two waves, it can determine the distance of bettle also.

(d Iftemperature of gas is constant change in pressure will
not effect the speed of sound. Hence statement-1 is false.

(@) Pitch is related to frequency and f =%

(@) Statement1: Joc A% and 1 ocf2

h_ [i) (LJ _ (z) .
I %0 /2 1
Statement 2 : Velocity amplitude : Aw o< Ji
therefore if velocity amplitude is same then intensity
will also be same.

(@ Both pulses overlap each other, as they are travelling

is opposite directions.

dy d
-. Using relation —vd—i = % =V,

We see that velocity of all particle is zero.
Net energy is potential.

(d) Closed end is pressure antinode therefore pressure is
not constant. Statement 2 is true.

T
@ A==

Hy>py, = A4,>4;
*. Statement 1 is false.



@E MULTIPLE CORRECT CHOICE TYPE

2.

3.

(a,b,c,d)

(a,b)

The displacement of air column to the right of B is
negative (i.e. towards B) while displacement of air
column to the left of B is positive (i.e., towards B)

so density is maximum at B, similarly density is 4 (ab,d)
minimum at D.
y=10"*sin (60¢+ 2x)
Comparing the given equation with the standard
wave equation travelling in negative x-direction
y=asin (0t + k x)
we get amplitude = 10"*m
Also, ®= 60 rad/s
~. 2nf=60
30
=—Hz
= ==
Also, k=2
= 2—n =2
* 5. (a9
. (ac
= A=Tm
30
We know that v =fA = ;Xﬂ: =30 m/s
The solid in air, in water and in liquid have three
different weights due to the buoyancy.
Let its weight in air be |, that in water be ¥, and
that in liquid be ;.
o 1T
The frequency of the wire is given by f= ——,[—
2L \'m
and in the present case /= a constant x JT
or, T'=kf> (kis a constant)
Now, W, =k(500)%, W, =k (460)%, W, =k (480)
From the principle of Archimedes we have the
specific gravity of solid 6. (a,b,d)
_ Weightofsolidinair W
~ Loss of weight in water W —=w,
k (500)°
"k (500)% —k (460)°
__ S00% 250000 _ 7. (b9
5002 —460> 38400
Specific gravity of liquid
_ Loss of weight of solid in liquid
Loss of weight of solid in water
8. b.c
_ k (500)% — k (480)° (@)
k (500)% — k (460)°

500% — 4807
= =05]
5002 — 460

In general, we can write for a closed end pipe that

S D eren=1,2,3
=, Wheren=1,23,...
A 4/

2n—-1)—=0= A=
@n=D 2n-1)

¢ 3¢ 5c
V=TT e

4040 410
=80,240,400....

The wavelengths possible in an air column in a
pipe which has one closed end is

4w
© (2n+1)

So,c=VA

300=264 x

2n+1
v =264 Hz as it is in resonance with a vibrating
turning fork of frequency 264 Hz.
330x(2n+1)
T 264x4
Forn=1, y=0.3125m=31.25cm
Forn=2, y=0.9375 m=93.75cm

A — wavelength
8 — end correction

7L+8 ly =ﬁ+6
4 4
or, fz :3(£1—8)+6 = 3/1_28

The maximum pulse height is 2.0 cm. when
x—3.0t=0. It is constant.
Speed of the pulse

coefficient of ¢
=——F—=3.0cm/s
coefficient of x

Standing waves are produced by two similar waves
superposing while travelling in opposite direction.
This can happen in case (a), (b) and (c).



9.

10.

(a,c,d)

(a,b,d)

For a plane wave, intensity (energy crossing per
unit area per unit time) is constant at all points.

But for a spherical wave, intensity at a distance r
from a point source of power (P), energy
transmitted per unit area per unit time is given by

/ P
4nr2
J 1
= [o<c —
r2

But the total intensity of the spherical wave over
the spherical surface centered at the source
remains constant at all times.

1
For line source [ o< —
B
If we use the trigonometric identity,

+ —
sinx +siny =2 sin (yzx)cos(yzx) (D)

The transverse perturbation can be decomposed
into two transverse waves which move in different

directions :

0y (x,7) = Asin (kx — t)
0, (x,t) = Asin (kx + ot)

Since 24 =4, we immediately obtain 4 =2cm. The

velocity of each wave is

V= Q_ 10m =40 cm/s
k m/3

The distance between two adjacent junctions can

be derived from the condition sin (kx ) =0, which

leads to:

kx=nm, n=0,1,2,........

T
of X=—n=—n
k 2

The wavelength can be calculated by considering
the given ¢ (x, #) :

_2_n_ 21
Tk m/3

Therefore, the distance between two adjacent
junctions

(n=1)is: £:%=3cm.

11. (a0

12. (bed)

<~

For a transverse sinusodial wave travelling on a
string, the maximum velocity is a®.
10

. N
But maximum velocity is — = —
10 10

=1m/s

Lam=1

= 103 x2nv=1

1 103
[ £
=V 2mx107  2m

The velocity v = VA

10
10° /2¢

e~ =21x10%m
v

0.8

T (4x+502 +5

0.8
s P
16[x+4t] +5 (1)

We know that equation of moving pulse is

y=f(x+vf) (2
On comparing (1) and (2), we get

5 1 25 _
_ 2ms = 1

So, the wave will travel a distance of 2.5 min 2 sec.

0.8
(4x+ St)2 +5

0.8
At x=0,t=0,y=?=0.l6m

.. maximum displacement is 0.16 m

Ya

3 4

The graph for the given equation is drawn. This is
symmetric about y-axis.



13. (a,b,c¢) The equation of standing wave can be written as

14. (b))

15. (o)

y =24 sin kx cos ot

21 21y
where k= — and @ = ——

A A

The standing wave is obtained by adding the
equation of two identical progressive waves
travelling in opposite directions

y1 =4 sin (kx — of), y, =4 sin (kx + )

In the present problem the length L of the rod =1
metre.

ie., L= & orA= Emetre .
2 5

N~

Velocity of longitudinal wave is given by

2x1071!

V= Zz =5x10"ms~!
N 8000
2 _
=—T|:=2—ﬂ:=5nmetre1
A 2/5
3
2 2 1 _
w:£2M2(25x103n)51
A 2/5 16.

Hence, equation of standing wave is
y=2x 1079 sin 5x cos 25 x 103 1
Equations of component waves are
¥ =(1 % 1075) sin (Stx — 25 x 10° 1tf)
¥, =(1x107%) sin (Smx +25 x 10° 1tf)

LT 17.

As, f=—,—
s, | 2\ n

o foedT

Giventhat 7} > T, 18.

S h>h
Initially beat frequency ( - f2) =0.

The beat frequency remains unchanged which is
possible when f, increases and f; decreases. Thus
T, increases and T, decreases.

Due to the clamping of the square plate at the
edges, its displacements along the x and y axes
will individually be zero at the edges.

Only the choices (b) and (¢)

redict these displacements
Icjorrectly. This ?s because (0, L) R Q(L.L)
sin0=0.
Option (a) :
P

(b,

(ab,cd)

b)

u(x,y)=0atx=L,y=1L 0.0) Z.0)

u(x,y)#Oatsz,yzO
Option (b) :

u(x,y)=0atx=0,y=0[.sin0=0]

u(x,y)=0atx=L,y=L[. sinn=0]
Option (¢) :

u(x,y)=0atx=0,y=0[.sin0=0]

u(x,y)=0atx=L,y=L[.sint=0,sin2n=0]
Option (d) :

u(x,y)=0at y=0,y=L[.sin0=0,sinw=0]

u(x,y)#0at x=0,x=L[ cos0=1,cos2m=1]
y=2A sin kx . sin ot.

d .
Vy & 2 Asin kx.cos o¢
dt

v, :O:>t:T/4,3T/4(T:2—n)
0

Hence, all the particles will be at rest at 7/4 and

3774, 1.e., two times in one time period.

In the wave motion y= a(kx— (x)t), y can

represent electric and magnetic fields in
electromagnetic waves and displacement and
pressure in sound waves.

For such a case, we may consider that the observer
is standing along the stationary surface. Then

etV
-2

. ctv
Frequency of reflected wave is /" = f( )

c—V

2v
= Beatfreq. =f"—f= 1
c—
_cle—-v)

<
S Sletv)

Wavelength of reflected wave =



WavES

EE MATRIX-MATCH TYPE

1. A-q; B-q; C-q; D-s A-p; B-s; C-r
(A) and (B) B is displacement node L
=a=0,v=0and £ =0 and deformation maximum = At ¢ = =, pulse position will be same as at =0 but v
PE max. ) v o )
(D) B is displacement antinode will be in opposite direction (not inverted).
=a=max,KE=0,PE=0,V=0 2L
2 A-q; B-p; C-r At t = —, pulse position will be same as at 1 = 0 but
. ’ 9 \4
(A) Pltch q. frequency inverted due to reflection at rigid end.
(B) quality p.- waveform
(©) loudness L Intensity At t= 3L , inverted moving towards fix end.
14
I
NUMERIC/INTEGER ANSWER TYPE
1. 9
As 54 waves reaches the shore per minute or v,=v,. X Pair —332 % \/E =1328 m/s
\ Pr 1
.54 9
S=%0"10 H2 0.12
And as wavelength of waves is 10 m Tension at the lower end, T; = 2g N,
9 Tension at the upper end, T, = 8gN
v=/A= 10 *x10=9mjs If v, and v, are the speeds at the lower and the upper ends,
2. 0.75 respectively, then
For propagation of sound in liquid v [ \/g _,
v=J(B/p), ie, B=vp v T 2
AP AP Further, if A; and A, are the wavelength at the lower and
But by definition B=—V-— = V—— =V, ) ) )
AV AV the upper ends, respectively, then, since the frequency is
V(=AP) constant,
Le., AV= 7
pv M,
Here AP=H,pg—H,pg=(75-200)x 13.6x 981 Moom
=-1.667 x 10° dynes/cm?
or A, =2%;=2x0.06=0.12m
(6x10%)(1.667x10°)
So AV= 5~ =0.75ce 3
0.81><(1.280><105 ) The situation is shown in figure. Suppose the detector is
placed at a distance of x metre from the sources. The wave
3. 1328 ) L received from the source after reflection from the wall has
The velocity of sound in air is given by
5 traveled a distance of 2[(2)2 +x2/ 4]1 /2 metre. The difference
Y
v A—
p

In terms of density and pressure

vi P_wa — Pair [asP = ]
Vair pH Pair pH ar i

1/2
2
between the two waves is A = 2[(2)2 + XT} — x  metre.

Constructive interference will take place when A = A, 24, ...



The minimum distance x for a maximum corresponds to
A=A ...

The wavelength is A = v 360 ml/s =2m
v 180s

2 1/2 s
Thus, by (i), 2[(2)2 HT} —x=2T7

1/2 1
2
x
or |:4+T] =1+— \ 4
x2 x? P
or 44+ —=1+—+x or 3=x
4 4

Thus, the detector should be placed at a distance of 3m from
the sources. Note that there is no abrupt phase change.
175

From the law of length of stretched string, we have
n by =nyl, = nyly

Heren,:n,:ny=1:3:15

LHim_ 3 4L _m 15
- gz ”ll l and f:; l’ll l
/ /

0, ==L 0, =—L
253 and {3 s

The total length of the wire is 105 cm
Therefore, £, + £, +£,=105

I 214,
orl +— +-—=1050r —— =105

3 15 15
105x15 ) 4 75 4
= 15 :750m..€2:?:?:250m;€3:g
15,
T35 M

Hence the bridge should be placed at 75 cm and (75 + 25)
=100 cm from one end.

-. Required sum=75+100=175 cm

1650

As diaphram C is a node, A and B will be antinode (as in an
organ pipe either both ends are antinode or one end node
and the other antinode), i.e., each part will behave as closed
end organ pipe so that

vy 100
Jn= 31, " %05 “

g =0 230 sy
and  N0T 4, T axos POz

As the two fundamental frequencies are different, the system
will vibrate with a common frequency f such that

ny o Jo 150 3

e A P T

i.e., the third harmonic of hydrogen and 11th harmonic of
oxygen or 6th harmonic of hydrogen and 22nd harmonic of
oxygen will have same frequency. So the minimum common
frequency

f=3%x550=1650 Hz
110
Let the frequency of the tuning fork be n Hz
Then frequency of air column at 15°C=n+4
Frequency of air column at 10°C=n+3
According to v = nA, we have

vis=(n+4Aand v, = (n+3)A

Vis n+4

Vip n+3

The speed of sound is directly proportional to the square-
root of the absolute temperature.

. Vls _ 15+273 _ &
", V107273 V283
n+4  [288 (1+ 5 )“2 R S
— = — = _ - = X
n+3 \283 23) T T a3

5
—_ 1 + —
283 566
L5 +3=113 =110 H
n+3 566 o nToT R mnm R
27
. 1 |T
n (fundamental frequency of the string) = 2\m

or n=—t | -T _ooyr
2x0.25\1072

¢
The fundamental frequency of a closed pipe 7'= I

n'= ﬂ =200Hz
4x0.40

The frequency of the first overtone of the string
= 2n=40\T
Since there are 8 beats/second, 2n—n'=0 or 40/ —200 =8

Since on decreasing the tension, the beat frequency
decreases,

2n is definitely greater than n'.

40T —=200=8 or T=27N



600 13..

10.

11.

12.

According to Doppler's effect, the apparent frequency when
both source and observer move along the same direction is
v+w)—v,

n= (v+w)—v,

, (v+w)
e V+w-—vg n
Given v = 1200 km/hr, w = 40 km/hr, v, = 40 km/hr. and
n=580Hz

, 1200+ 40
7 (1200 + 40) - 40

Velocity of observer v, =0

% 580=599.33 Hz=600 Hz

0.11 14.

For interference at 4 : S, is behind of §; by a distance of

A
100A + 1 (equal to phase difference 70/2).

Further §, lags S, by m/2. Hence the waves from S| and §,

interference at A with a phase difference of
200.5t+0.5nt=201 t="m.

Hence the net amplitude at 4 is 2a —a=a

For interference at B : S, is ahead of S by a distance of

A T
100A + 1 (equal to phase difference B ).

i
Further S, lags S| by 7 Hence the waves from S, and S,

interference at B with a phase difference of
200.57-0.5t=200T=0".
Hence the net amplitude at 4 is 2a + a =3a .

1, aY 1
Hence| — |=|— | === 0.11
Ip 3a 9

4
Let the velocities of car 1 and car 2 be v; m/s and v, m/s
. Apparent frequencies of sound emitted by car 1 and car 2
as detected at end point are

v v

R H=1h

h=rh

v—V V=V,

330

= 330=300 _330
33

; 360 =300
33

! )

Wyt

\ 4

A 5
} ® i
4 «—> B
100m
= v, =30m/s and v, =100 m/s
The distance between both the cars just when the
2nd car reaches point B (as shown in figure is)

100m = vyt — vt = t = 4 sec

70

Thermal stress = YOL.AO
=13x101x1.7x10°5x20=44.2 % 10°

a= L= T
P\ NaaL /e
B f l _ |Thermalstress
dA density
7
_ 4.42><130 ~ 70m/s
V 9x%x10

0.075
Mass per unit length of sonometer wire,

m _ 0.001
p=—=-"——=0.01kg/m

ol
V_F: 4 _ 5 _gxi00
K Vo1 001
A

Also, E=0.1 = A=0.2

v 8x100

A
Since tuning fork is in resonance, therefore, frequency of
tuning fork is 4 Hz. The observer is hearing one beat per
second when the tuning fork is moved away with a constant

speed b.

=4000Hz

-

10cm

\
v/

The frequency of tuning fork as heard by the observer
standing stationary near sonometer wire can be found with
the help of Doppler effect.

v'= v|:c_v0:|=L vy=0m/s
C+VS C+VS

4000 %300

YT 7300+ v,

Since the beat frequency is 1 and as the tuning fork is going
away from the observer, its apparent frequency is (normal
frequency — 1)



=4000—-1=3999

3099 4000 x 300
300+

s

= 3999 x300+3999 v =4000 x 300
= v,=0.075 m/s

15. 11
Al =loxX AT
Also. 7= stress B T/A
50, 17 strain Al
T (¢ T / T
A Al A (oAT Ao AT
T=YAoAT

The frequency of the fundamental mode of vibration.
1T 1 |[YAoAT
T 2Nm 2N m

1\/2><10“><10‘6><1.21><10‘5><20

~2xl1 0.1
=11Hz
16. 1.5
The apparent frequency from tuning fork 7' as heard by the
observer will be

% % %
T Observer r

c

v, = X v ()

cC—V

The apparent frequency from tuning fork 7', as heard by the

observer will be
4 % ()
v, = v .. (i

2 c+v

Givenv, -v,=3

|: 1 1 :l c+v—c+v
cxXvy - =3=cv|———-—
c—v c+v 2 -2

3 cXVX2v
= 3=—5—
2 +v?
Since, y<<c
cXVX2v
3:—2
c

17.

18.

19.

3xc?
> v=—T =
cXVX2
o SX340x340 o e
340x340x2
336
+0.6m k=
4 4Af
= Vv=4f(/+0.6r)=336m/s.
30

Let v be the actual frequency of the whistle. By Doppler's
effect

Vs
Vs =Vt

r—

vV =y

where v, = Speed of sound = 300 m/s (given)
v'=2.2kHz=220Hz(given)
2200= 300 i
=y 300—v, ..()
WHILE THE TRAIN IS RECEDING

Vs

WUESY
Vg + Vi

Here,v'=1.8 kHz= 1800 Hz (given)

300
300 +v,

Dividing (i) and (ii)
2200 300 o 300 +v,
1800 300—v, 300

1800= v ... (i)

11 300+v,
9 300-v,

3300 11v,=2700=9y,
600=20v,

v, =30 m/s

U

L

336

The smallest resonating length /;, corresponds to the
fundamental mode. The diameter D, of the pipe is not very
small compared to the resonating length /;. So one should

account for the end correction which is generally taken to
be in the range of 0.29 D to D/3. Taking the end correction to
be 0.3 D.

A
0y +0.3D=Z; where A is the wavelength of the

fundamental mode. Then A= 70 cm and the velocity of
sound = 336 m/s

S



