WAVES AND ACOUSTICS [JEE ADVANCED PREVIOUS YEAR SOLVED PAPERS]

JEE Advanced

Single Correct Answer Type

2.

tn

A cylindrical tube, open at both ends, has a fundamental
frequency ‘f" in air. The tube is dipped vertically in water
so that half of it 1s in water. The fundamental frequency
of the air column

a. fI2 b. 3//4

e d. 2f (II'T-JEE 1981)
A transverse wave 1s described by the equation

V= VY, Sin Eﬂ'[ﬁ—i-)

The maximum particle velocity is equal to four times the
wave velocity if

.}s =N Vo

c. A=nmy, d. _
(IIT-JEE 1984)

. A tube, closed at one end and containing air, produces,

when excited, the fundamental mode of frequency 512 Hz.
[f the tube is open at both ends the fundamental frequency
that can be excited 1s (in Hz).
a. 1024 b. 512
c. 256 d. 128 (II'T-JEE 1986)
A wave represented by the equation y = a cos (kx — ax) 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. asin(kx+ar) b. asin(kx -mr)
C. —acos(kx +@r) d. -asin(kx - wr)

(IIT-JEE 1988)
An organ pipe P, closed at one end vibrating in its first
harmonic and another pipe P, open at both the ends
vibrating in 1ts third harmonic are in resonance with a
given tuning fork. The ratio of the length of P, to that of
P, 1s
a. 8/3 b. 3/8
c. 1/6 d. 1/3 (ITT-JEE 1988)
An object of specific gravity p is hung from a thin steel
wire. The fundamental frequency for transverse standing
waves in the wire is 300 Hz. The object is immersed in
water so that one half of its volume is submerged. The

new fundamental frequency in Hz is
12

(ITT-JEE 1995)
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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 1s increased to 1.5x, the speed of sound will
be

a. 1.22v b. 0.61 v

c. 1.50v d. 0.75v (IIT-JEE 1996)

An open pipe 1s suddenly closed at one end and with
the result 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. 200 Hz b. 300 Hz

c. 240 Hz d. 480 Hz (IIT-JEE 1996)

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 (speed sound = 330 m/s)

a. 409 b. 429

c. 517 d. 500 (ITT-JEE 1997)
A travelling wave in a stretched string is described by
the equation y = A sin (kx — @r). The maximum particle
velocity is

a. Aw b. wk

c. davdk d. x/i (IT'T-JEE 1997)
A string of length 0.4 m and mass 107 kg is tightly
clamped at its ends. The tension in the string is 1.6 N.
[dentical wave pulse is produced at one end at equal
intervals of time, Ar. The minimum value of Ar which
allows constructive interface between successive pulses is
a. 005s b. 0.10s

c. 0.20s d. 040s (IIT-JEE 1998)
The ratio of the speed of sound in nitrogen gas to that in
helium gas at 300 K is

a. J(2/7) b. J(1/7)
¢. (4/3)/5 d. (J6)/5

(IIT-JEE 1999)

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
m/s, the frequency registered is f5. If the speed of the sound
1s 340 m/s, then the ratio f,/f5 is

a. 18/19 b. 1/2

C. 2 d. 19/18 (IIT-JEE 2000)
Two vibrating strings of the same material but lengths 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 n,
and the other with frequency n,. The ratio n,/n, is given by
a. 2 b. 4

c. 8 d. | (LIT-JEE 2000)
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Two pulses in a stretched string whose centres 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 s. the
total energy of the pulse will be

a. zero
c. purely potential

b. purely kinetic
d. partly kinetic and partly
potential

(ITT-JEE 2000)
The ends of a stretched wire of length L are fixed at
x =0 and x = L. In one experiment, the displacement
of the wire is ¥, = A sin (m/L) sin @t and energy is
E, and in another experiment its displacement is y
¥, = Asin(2ax/L)sin 2wt and energy is E,. Then
a. E,=E, b. £, =2E,
c. E,=4E, d. E, = |6E,
(IIT-JEE 2001)

A siren placed at a railway platform is emitting sound of
frequency 5 kHz. A passenger sitting in a moving train A
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 of
train A is

a. 242/252 b. 2

c. 4 d. 6 (ITT-JEE 2002)
A sonometer wire resonates with a 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

a. 25kg b. 5 kg

c. 12.5kg d. 1725 kg (IIT-JEE 2002)
A police car, moving at 22 m/s, chases a motorcyclist.
The police man sounds his horm 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 observe any beats.

Police car Motorcyele

O O O

—p 22 m/s Stationary
176 Hz " siren
| (165 Hz)
a. 33m/s b. 22m/s c¢. zero d. 1l m/s
(II'T-JEE 2003)

. 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.

21.

22.

23.

25.
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a. 0012m
¢. 0.05m

b. 0.025m
d. 0.024 m

(IIT-JEE 2003)
A source of sound of frequency 600 Hz is placed inside
water. The speed in water is 1500 m/s and in air 1t is
300 m/s. The frequency of sound recorded by an observer
standing in air is
a. 200 Hz
c. 120 Hz

b. 3000 Hz
d. 600 Hz

(ITT-JEE 2004)
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
bmh the cases is cqual

p:
a. —-i
3 \/~ \ P:
\/p d. f\f? (IIT-JEE 2004)

In a resonate tube with tuning fork of frequency 512 Hz.
first resonance occurs at water level equal to 30.3 ¢m
and second resonance occurs at 63.7 cm. The maximum
possible error in the speed of sound is
a. 5.12cm/s b. 102.4 cm/s
c. 204.8 cnv/s d. 153.6 cm/s

(IIT-JEE 2005)
An open pipe is in resonance in 2nd harmonic with
frequency f,. Now one end of the tube is closed and
frequency 1s increased to £, such that the resonance again
occurs in nth harmonic. Choose the correct option.

4, [p

a. H=3.f:=%ﬁ b. n=3./,=—/
3 -
¢ n=5fi= 4f' =5,/ = 4f1
(IIT-JEE 2005)
A massless rod of length 4 UL L C
L 1s suspended by two
identical strings AB and
CD of equal length.
A block of mass m is ?
suspended from point O & ;i_.l L » D
such that BO is equal to Y m

‘x". Further it is observed
that the frequency of 1st h.,trmumc in AB is equal to 2nd
harmonic frequency in CD, “x" is

a. i b. ﬂ
5 5
3L L
C. _:1_ d. a (IIT-JEE 2006)

In the experiment to determine the speed of sound using
a resonance column
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a. prongs of the tuning fork are kept in a vertical plane

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

¢. in one of the two resonances observed. the length of
the resonating air column is close to the wavelength
of sound in air

3

d. in one of the two resonances observed. the length of
wavelength of sound in air (ITT-JEE 2007)
A transverse sinusoidal wave "
positive x-direction at a speed of /\p
. !
10 cm/s. The wavelength of the
snap-shot of the wave is shown in
the hgure. The velocity of point P when its displacement

the resonating air column is close to half of the
moves along a string in the
\ 1
wave 1s 0.5 m and its amplitude is ~\-/
10 cm. At a particular time ¢, the
1SS cmis

3n - 3 -

a. —{—-j m/s b —J—jll'lfﬁ
50 :
3r - Ar -
50 0

(IIT-JEE 2008)

A vibrating string of certain length / under a tension 7
resonates with a mode corresponding to the first overtone
(third harmonic) of an air column of length 75 c¢m inside
a tube closed at one end. The string also generates
4 beats per second when excited along with a tuning
fork of frequency n. Now when the tension of the string
1s shightly increased, the number of beats reduces 1o
2 per second. Assuming the velocity of sound in air to be
340 m/s, the frequency n of the tuning fork in Hz is

a. 344 b. 336

e 1113 d. 109.3 (IIT-JEE 2008)

A hollow pipe of length 0.8 m is closed at one end. At its
open end a 0.5 m long uniform string is vibrating in its
second harmonic and it resonates with the fundamental
frequency of the pipe. If the tension in the wire is 50 N
and the speed of sound is 320 ms ' . the mass of the string
IS
a. 5S¢ b. 10 g
c. 20¢g d. 40 ¢ (II'T-JEE 2010)
Two monatomic ideal gases | 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 | to that in gas 2 is given by
a. ["_T‘ B j—t
\ m. m,

ni.
EI -.f”_ll dl —"

;;;: !Il'

(ITT-JEE 2010)

A police car with a siren of frequency 8 kHz is moving with
uniform velocity 36 km/h towards a tall building which
reflects the sound waves. The speed of sound in air is 320
m/s. The frequency of the siren heard by the car driver is

33.

o

a. 8.50 kHz b. 825 kH/
¢. 7.75 kHz d. 750 KH/

(IT-JEE 2011)
A student 1s performing the experiment of resonance

column. The diameter of the column tube 15 4 ¢cm. The
trequency of the tuning fork i1s 5312 Hz. The air temperature
1s 38°C in which the speed of sound 1~ 336 m/s. The
zero of the meter scale coincides with the top end of the
resonance column tube. When the first resonance occurs,
the reading of the water level in the column is

a. 140cm b. I3.2¢m
¢. 16.4¢m d. 17.6¢cm

(IIT-JEE 2012)
A student is performing an experiment using a resonance

column and a tuning fork of frequency 244 .

He is told that the air in the wbe has been replaced by

another gas (assume that the column remains filled with

the gas). If the minimum height at which resonance occurs

15 (0.350 = 0.005)m. the gas in the tube is

(Useful information: VI167RT = 640 1"~ mole '
VI4ORT =590 1" mole . The molar masses M n
10

m

grams are given in the options. Take the values of

for each gas as given there.)
| ﬁﬁ fi
M=20, |—=—
V20 10
; | o 3)
Nitrogen | M =28, .| — ==
\ V28 5)

a. Neon

=

¢. Oxygen [,\-! =33 T

10 17 ) .
— ' (JEE Advanced 2014)

Argon M = 36, ‘j—— =
~ 36 32)

Multiple Correct Answer Type

A wave equation which ives the displacement along the

v-direction is given by v = 10 " sin (607 + 2v) where x and \

are in metres and 718 time in seconds. This represents a

wave

a. travelling with a velocity of 30 m/s in the negative
v-direction

b. of wavelength 7 m

¢. of frequency 30/r Hz

d. of amplitude 10 * m travelling along the negative
x-direction. (HIT-JEE 1981)

An aircolumn in a pipe. which is closed at one end, will be

in resonance with a vibrating tuning tork of frequency 264

Hz i the length of the column incm is (Speed of sound = 330)

m/s)

a. 31.25 b. 62.50

¢c. 93.75 d. 125 (II'T-JEE 1985,



3.
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The displacement of particle in a string stretched in the
x-direction is represented by v. Among the following
expressiol® for v, those describing wave motion are

a. coskysinwt b. k'x" —-@’r’

C. cnsz(kt'-!—wr} d. cos(k x’ -0r)

(IIT-JEE 1987)

Velocity of sound in air is 320 m/s. A pipe closed at one
end has a length of | m. Neglecting end corrections. the
air column in the pipe can resonate for sound of frequency
a. 80 Hz b. 240 Hz
¢. 320 Hz d. 400 HZ (IIT-JEE 1989)
A wave is represented by the equation

: b 4
v=Asin|10xx+ 15711 + —{)

where x is in metres and 7 is in seconds. The expression

represents:

a. a wave travelling in the positive x-direction with a
velocity 1.5 m/s.

b. a wave travelling in the negative x-direction with a
velocity 1.5 m/s.

C. a wave travelling in the negative x-direction having a
wavelength 0.2 m.

d. a wave travelling in the positive v-direction having a
wavelength 0.2 m. (II'T-JEE 1990)

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. Let 7', and 7, represent the

higher and the lower initial tensions in the strings. While

making the above change in tension:

a. T, was decreased
¢. T, was increased

b. T, was increased
d. 7, was decreased
(IIT-JEE 1991)

A sound wave of frequency f travels horizontally to the
right. It is reflected from a large vertical plane surface
moving 1o left with a speed v. The speed of sound in
medium 1s ¢.

a. The number of waves striking the surface per second

: (C+v)
s f {
¥ . clce—1v)
b. The wavelength of reflected wave is —
J({Cc+v)
Ac+v)

¢. The frequency of the reflected wave is f { :
P

d. The number of beats heard by a stationary listener to
: . R i
the left of the reflecting surface is ——
gl )

(IIT-JEE 1995)

A wave disturbance in a medium is described by
(4

Y ”=U.02u05(50m+?)cm(lﬁﬁ,t ). where v and

v are in metre and / is in second.

10.

11.

13.

14.
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a. Anodeoccursatx=0.15m

b. An antinode occurs at x = 0.3 m

¢. The speed of wave i1s 5 m/s

d. The wave lengthis 0.2 m ( HIT-JEE 1995)
The (x, ¥) coordinates of the corners of a square plate
are (0, 0). (L. L) and (0, L). The edges of the plate are
clamped and transverse standing waves are set up in it. It
w(x, v) denotes the displacement of the plate at point (x.
V) at some instant of time, the possible expression(s) for
i 1s (are) (a = positive constant).

a. acos(mx/2L)cos(mv/2L)

b. asin(mx/L)sin(zv/L)
C. asin(mx/L)sin(2my/L)

d. acos(2rx/L)sin(x v/L) (ITT-JEE 1998)
A transverse sinusoidal wave of amplitude a, wavelength
A and frequency f is travelling on a stretched string. The
maximum speed of any point on the string is v/10, where
v 18 the speed of propagation of the wave. If @ = 10 * m
and v = 10 m/s. then A and f are given by

a. A=2rx10"m b. A=10"m
C. f:ﬁ}-{z d. f=]0¢ Hz
‘ 2T

(ITT-JEE 1998)
v(x, 1) =0.8/[4x + 51)* + 5] represents a moving pulse,
where x and v are in metre and 7 in second. Then
a. pulse 1s moving in +x-direction
b. in 2 s it will travel a distance of 2.5 m
¢. its maximum displacement is 0.16 m
d. itisasymmetric pulse (IIT-JEE 1999)
In a wave motion v = asintkv —@r), v can represent
a. electric field b. magnetic held
¢. displacement d. pressure

(II'T-JEE 1999)
Standing waves can be produced
a. on a string clamped at both the ends.
b. on a string clamped at one end and free at the other.
¢. when incident wave gets reflected from a wall.
d. when two identical waves with a phase difference of

7 are moving in the same direction.

(IIT-JEE 1999)
The function x = A sin“axr + B cos"ax + C sin ax cos ax
represents SHM for which of the option(s)

a. For all value of A, B and C (except C = 0)
b. A=-B,C=2B amplitude = ;3\51
¢c. A=B.C=0

d. A=B.C=2B, amplitude =| B (IIT-JEE 2006)
A student performed an experiment to measure the speed
of sound in air using resonance air-column method. Two
resonances in the air-column were obtained by lowering
the water level. The resonance with the shorter air-column
Is the first resonance and that with the longer air-column
IS the second resonance. Then,

a. the intensity of the sound heard at the first resonance

was more than that at the second resonance.



16.

17.

18.

b. the prongs of the tuning fork were kept in a horizontal
plane above the resonance tube.

¢. the amplitude of vibration of the ends of the prongs is
typically around | cm.

d. the length of the air-column at the first resonance was
somewhat shorter than 1/4th of the wavelength of the
sound in air. (II'T-JEE 2009)

A person blows into open-end of a long pipe. As a result,

a high-pressure pulse of air travels down the pipe. When

this pulse reaches the other end of the pipe.

a. ahigh-pressure pulse starts travelling up the pipe. if the
other end of the pipe is open

b. alow-pressure pulse starts travelling up the pipe. if the
other end of the pipe is open

c. alow-pressure pulse starts travelling up the pipe, if the
other end of the pipe is closed

d ahigh-pressure pulse starts travelling up the pipe, if the
other end of the pipe is closed (IIT-JEE 2012)

Two vehicles, each moving with speed 1 on the same
hornzontal straight road, are approaching each other. Wind
blows along the road with velocity w. One of these vehicles
blows a whistle of frequency f;. An observer in the other
vehicle hears the frequency of the whistle to be f;. The
speed of sound in still air i1s V. The correct statement(s)
IS (are)

a. If the wind blows from the source to the observer, f, > f,
b. [f the wind blows from the observer to the source, f; > f
c. If the wind blows from observer to the source, f; < f,
d. Ifthe wind blows from the source to the observer f, <,

(JEE Advanced 2013)
One end of a taut string of length 3 m along the x axis
1s fixed at x = 0. The speed of the waves in the string is
100 ms™'. The other end of the string is vibrating in the y
direction so that stationary waves are set up in the string.
The possible waveform(s) of these stationary waves is

(are)
e SOt
a. ¥v(1)= Asin —EC{H X
6
o o 001
b. v(r)= AsIn —-Ecusl Al
3 3
. Snx 250
c. Y)=A Sln-g—tﬂﬁ :

N 4
d. y()=Asin Txmﬁ 250m  (JEE Advanced 2014)

Linked Comprehension Type

For Problems 1-3

Waves v, = Acos(0.5x v =100m1) and v; = Acos(0.46mx —9271)
are travelling along the x-axis. (Here x is in metre and 1 is in sec-

ond)

(ITT-JEE 2006)
Find the number of times intensity is maximum in time
interval of | s.

a. 4 b. 6
c. 8 d. 10
2. The wave velocity of louder sound is
a. 100 m/s b. 192 m/s
c. 200 m/s d. 96 m/s
3. The numberof imes v, +v.=0atx=0in1sis
a. 100 b. 46
c. 192 d. 96

For Problems 4-6

Two trains A and B are moving with speeds 20 m/s and
30 m/s, respectively in the same direction on the same straight
track with B ahead of A. The engines are at the front ends. The
engine of train A blows a long whistle.

LY

_ L

[ntensity

SR >
i /: Frequency

Assume that the sound of the whistle is composed of compo-
nents 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 stll air 1s 340 m/s.

(ITT-JEE 2007)

4. The speed of sound of the whistle is
a. 340 m/s for passengers in A and 310 m/s for passengers
in B.
b. 360 m/s for passengers in A and 310 m/s for passengers
in B.
¢. 310 m/s for passengers in A and 360 m/s for passengers
in B.

d. 340 m/s for passengers in both the trains.

5. The distribution of the sound intensity of the whistle as

observed by the passengers in train A is best represented
by

Intensity
————
- -l-:_|
Intensity

>

=g L‘

4 . I e
d. / J: Frequency b, / J: Frequency
-1 1
gl - & als S ‘ e gl
= ' ' [— ' '
‘. Py - : .
C. S /: Frequency  d. f f; Frequency

6. The spread of frequency as observed by the passengers in

train B 1s
a. 310 Hz b. 330 Hz
¢. 350 Hz d. 290 H7



Matching Column Type

|. Column [ shows four systems, each of the same length L,

for producing standing waves. ‘The lowest possible natural
frequency of a system is called its fundamental frequency,
whose wavelength is denoted as 4. Match each system
with statements given in Column Il describing the nature
and wavelength of the standing waves.

Column I Column I1
i. Pipe closed at one end o
"~ | a. Longitudinal
waves
0 L
ii. Pipe open at both ends
A b. Transverse
i = waves
0 L
fii. Stretched wire clamped at |
both ends
7 = E | & 4=L
2, | E
iv. Stretched wire clamped at|
both ends and at mid-point i
] y Tk ma
40 L¥
) —-——
e. A,=4L
(ITT-JEE 2011)
Integer Answer Type
1. A 20 cm long string, having a 4 N
mass of 1.0 g, is fixed at both 7, R
20¢cm

the ends. The tension in the
string 18 0.5 N. The string 1s set into vibrations using an
external vibrator of frequency 100 Hz. Find the separation

(1in ¢cm) between the successive nodes on the string.
(IIT-JEE 2009)

. A stationary source is emitting sound at a fixed frequency
fo. which is reflected by two cars approaching the source.
The difference between the frequencies of sound reflected
from the cars 1s 1.2% of f,. What is the difference in the
speeds of the cars (in km per hour) to the nearest integer?
The cars are moving at constant speeds much smaller than
the speed of sound which is 330 ms .

(II'T-JEE 2010)

. When two progressive waves v, =4 sin( 2y - 6/1 and

: T
Yy = 35‘“(3-" - 61 '?) superimposed. the amplitude ot

the resultant wave is (IIT-JEE 2010)

. Four harmonic waves of equal frequencies and equal

.
intensities /, have phase angles 0, % :15 and 7. When
they are superposed. the intensity of the resulting wave

1s nl,. The value of n is: (JEE Advanced 2015)

Fill in the Blanks Type

1. A travelling wave has the frequency v and the particle

displacement amplitude A. For the wave the particle
velocity amplitude is and the particle acceleration
amplitude 1s (ITT-JEE 1983)

. Sound waves of frequency 660 Hz fall normally on

pertectly reflecting wall. The shortest distance from the
wall at which the air parucles have maximum amplitude
of vibration 1s metres. (ITT-JEE 1984)

. In a sonometer wire, the tension is maintained by

suspending a 50.7 kg mass from the free end of the wire.
The suspended mass has a volume of 0.0075 m". The
fundamental frequency of vibration of the wire is 260 Hz.
If the suspended mass i1s completely submerged in water.
the fundamental frequency will become —__ Hz.

(ITT-JEE 1987)

. The amplitude of a wave disturbance propagating in the

positive x-direction is given by v = /(1 + x) at time
t=0and by v = 1/[1 + (1 —x)"]atr=2s. where x and v
are in metres. The shape of the wave disturbance does not
change during the propagation. The velocity of the wave
1S m/s. (II'T-JEE 1990)

. A cyhindrical resonance tube open at both ends has

fundamental frequency f in air. Half of the length of
the tube 1s dipped vertically in water. The fundamental
frequency to the air column now is

(II'T-JEE 1992)

. A bus 1s moving towards a huge wall with a velocity of

> m/s. The driver sounds a horn of frequency 200 Hz. The

frequency of the beats heard by a passenger of the bus will

be ____ Hz. (Speed of sound in air = 342 m/s.)
(ITT-JEE 1992)

. A plane progressive wave of frequency 25 Hz. amplitude

2.5 x 10~ m and initial phase zero propagates along the
negative x-direction with a velocity of 300 m/s. At any
instant, the phase difference between the oscillations at
two points 6 m apart along the line of propagation is
and the corresponding ampiitude difference 1s m.
(ITT-JEE 1997)




True/False Type

The ratio of the velocity of sound in hydrogen gas
(y = 7/5) to that in helium gas (y = 5/3) at the same
temperature 1s +21/5 . (IIT-JEE 1980)

. A man stands on the ground at a fixed distance from a siren

which emits sound of fixed amplitude. The man hears the
sound to be louder on a clear night than on a clear day.
(IIT-JEE 1980)
A plane wave of sound travelling in air is incident upon
a plane water surface. The angle of incidence is 60°.
Assuming Snell’s law to be valid for sound waves, it
follows that the sound wave will be refracted into water
away from the normal. (IIT-JEE 1984)

A source of sound with frequency 256 Hz is moving with
a velocity Vtowards a wall and an observer is stationary
between the source and the wall. When the observer is
between the source and the wall, he will hear beats.
(II'T-JEE 1985)

Subjective Type

1.

:ul

A tube of a certain diameter and length 48 c¢m is open at
both ends. Its fundamental frequency is found to be 320
Hz. The velocity of sound in air is 320 m/s. Estimate the
diameter of the tube. One end of the tube is now closed.
Calculate the lowest frequency of resonance for the tube.

(II'T-JEE 1980)
A source of sound of frequency 256 Hz is moving rapidly
towards wall with a velocity of 5 m/sec. How many beats
per second will be heard by the observer on source itself
if sound travels at a speed of 330 m/sec?

(IIT-JEE 1981)
A string 25 ¢m long and having a mass 2.5 gm is under
tension. A 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. Itis observed that decreasing the tension in the
string decreases beat frequency. If the speed of sound in
air is 320 m/s. find the tension in the string.

(II'T-JEE 1982)
A sonometer wire under tension of 64 Newtons vibrating
in 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 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
with which the tuning fork is moved if the speed of sound
in air is 300 m/s. (IIT-JEE 1983)
A uniform rope of length 12 m and mass 6 kg hangs
vertically from a rigid support. A block of mass 2 kg is
attached to the free end of the rope. A transverse pulse
of wavelength 0.06 m is produced at the lower end of the
rope. What is the wavelength of the pulse when it reaches
the top of the rope? (IIT-JEE 1984)

6.

s

11.

A steel wire of length | m. mass 0. | Ag and uniform cross
sectional area 10°°m" is ngidly nxed at both ends. The
temperature of wire is lowered by 20°C. If transverse
waves are set up by plucking the stnng in the middle,
calculate the frequency of the fundamental mode of
vibration. Young's module of steel = 2 = 10" N/m?,
coefficient of linear expansion of steel = 1.21 x 10~

(deg C)". (IIT-JEE 1984)
The vibrations of a string of length 60 ¢m fixed at both
ends are represented by the equation
X
yv=4 sin{]—s* J cos (96m1)

where x and v are in cm and 1 in second.
i. What is the maximum displacement at x = 5 cm?
ii. Where are the nodes located along the string?
iii. What is the velocity of the particle at x = 7.5 cm at
1=0.255s?
iv. Write down the equations of component waves whose
superposition gives the above waves.

(IIT-JEE 1985)
Two tuning forks with natural frequencies of 340 Hz each
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. Find the speed of the tuning fork. Speed
of sound = 340 nvs. (IIT-JEE 1986)
The following equations represent transverse waves:
Z) = A cos(kxy — ax). 2, = A cos(kx + ax);
2y = A cos(ky — ax)
[dentify the combination(s) of the waves which will
produce (1) standing wave (c), (ii) a wave travelling in the
direction making an angle of 45° degrees with the positive
x and positive v axes. In each case, find the positions at
which the resultant intensity is always zero.
(IIT-JEE 1987)
A train approaching a hill at a speed of 40 km/hr sounds
a whistle of frequency 580 Hz when it is at a distance
of 1 km from a hill. A wind with a speed of 40 km/hr is
blowing in the direction of motion of the train. Find
(IIT-JEE 1988)
I. the frequency of the whistle as heard by an observer
on the hill,

ii. the distance from the hill at which the echo from the

hill is heard by the driver and its frequency .
(Velocity of sound in air = 1200 km/hr)

A source of sound is moving along a circular orbit of radius
3 metres with an angular velocity of 10 rad/s. A sound
detector located far away from the source is executing
linear simple harmonic motion along the line BD with
an amplitude BC = CD = 6 metres. The frequency of
oscillation of the detector is 5/ per second. The source
is at the point A when the detector is at the point B. If the
source emits a continuous sound wave of frequency 340



12.

13.

14.

15.

16.

Hz, find the maximum and the minimum frequencies
recorded by the detector. (Speed of sound = 340 m/s)

(ITT-JEE 1990)
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The displacement of the medium in a sound wave is given
by the equation y, = A cos (ax + br) where A, a and b are
positive constants. The wave is reflected by an obstacle
situated at x = 0. The intensity of the reflected wave is
0.64 times that of the incident wave.

a. What are the wavelength and frequency of incident
wave”

b. Write the equation for the reflected wave.

¢. In the resultant wave formed after refiection, find the
maximum and minimum values of the particle speeds
in the medium.

d. Express the resultant wave as a superposition of a
standing wave and a travelling wave. What are the
positions of the antinodes of the standing wave? What
i1s the direction of propagation of travelling wave?

(II'T-JEE 1991)
Two radio stations broadcast their programmes at the
same amplitude A. and at slightly different frequencies
®, and @, respectively, where @, - , = 10" Hz. A detec-
tor receives the signals from the two stations simultane-
ously. It can emit signals only of intensity >24°.
I. Find the time intervals between successive maxima
of the intensity of the signal received by the detector.
ii. Find the time for which the detector remains idle in
each cycle of the intensity of the signal.
(IIT-JEE 1993)
A metalhc rod of length 1 m is rigidly clamped at its
midpoint. Longitudinal stationary waves are set up in
the rod in such a way that there are two nodes on either
side of the midpoint. The amplitude of an antinode is
2 x 10 m. Write the equation of motion at a point 2 cm
from the midpoint and those of constituent waves in the
rod. (Y=2x 10" N/m’ and p = 8 x 10 kg/m")
(IIT-JEE 1994)
A whistle emitting a sound of frequency 440 Hz is tied
to a sting of 1.5 m length and rotated with an angular
velocity of 20 rad s ' in the horizontal planc. Calculate
the range of frequencies heard by an observer stationed
at a large distance from the whistle. (IIT-JEE 1996)
The first overtone of an open organ pipe beats with the
first overtone of a closed organ pipe with a beat fre-
quency 2.2 Hz. The fundamental frequency of the closed
organ pipe is 110 Hz, find the lengths of the pipes. Take
velocity of sound = 330 m/s. (IIT-JEE 1997)

17.

18.

19.

20.

21.

A band plying music at a frequency fis moving tow ard- .
wall at a speed v,. A motorist is following the band with 4
speed v,. If v is the speed of sound. obtain an expression
for the beat frequency heard by the motorist.

(ITT-JEE 1997)
The air in a pipe closed at one end is made to vibrate
In its second overtone by a tuning fork of frequency
440 Hz. The speed of sound in air 330 m/s. End correc-
tion may be neglected. Let Py denotes the mean pressure
of any point in the pipe and AP, the maximum ampli-
tudes of pressure variation.

a. Find the length L of the air column.

b. What is the amplitude of pressure variation at the
middle of the column

¢. What are maximum and minimum pressures at the
open end of the pipe? (IIT-JEE 1998)
A long wire POR is made by joining two wires PQ and
OR of equal radii. PQ has length 4.8 m and mass 0.06
Kg. QR has length 2.56 m and mass 0.2 kg. The wire
PQR 1s under a tension of 80 N. A sinusoidal wave pulse
of amplitude 3.5 cm is sent along the wire PQ from the
end? No power 1s dissipated during the propagation of
the wave-pulse. Calculate

a. The time taken by the wave pulse to reach the other
end R of the wire, and

b. The amplitude of the reflected and transmitted wave
pulses after the incident wave pulse crosses the joint
Q. (IIT-JEE 1999)

A 3.6 m long vertical pipe resonates with a source

of frequency 212.5 Hz when water level is at certain

height in the pipe. Find the height of water level (from
the bottom of the pipe) at which resonance occurs.

Neglect end correction. Now, the pipe is filled to a height

H (= 3.6 m). A small hole is drilled very close to its bottom

and water is allowed to leak. Obtain an expression for the

rate ol fall of water level in the pipe as a function of H. If

the radii of the pipe and the hole are 2 x 107 m and | x

107" m respectively. calculate the time interval between

the occurrence of first two resonances. (Speed of sound

in air is 340 m/s and g = 10 m/s°). (II'T-JEE 2000)

A boat is travelling in a river with a speed 10 m/s along

the stream flowing with a speed 2 m/s. From this boat, a

sound transmitter is lowered into the river through a rigid

support. The wavelength of the sound emitted from the
transmitter inside the water is 14.45 mm. Assume that
attenuation of sound in water and air is negligible.

a. What will be the frequency detected by a receiver kept
inside the river downstream??

b. The transmitter and the receiver are now pulled up
into air. The air is blowing with a speed 5 m/s in the
direction opposite the river stream. Determine the
frequency of the sound detected by the receiver.



22.

(Temperature of the air and water = 20°C; Density of

river water = 10° l(glrn3 » Bulk modulus of the water =

2.088 x 10” Pa; Gas constant R = 8.31 J/mol-K; Mean

molecular mass of air = 28.8 x 10~ kg/mol; C,/C for

air=1.4) (IIT-JEE 2001)
Two narrow cylindrical pipes A and B have the same
length. Pipe A is open at both ends and is filled with a
monoatomic gas of molar mass M,. Pipe B is open at
one end and closed at the other end and is filled with a
diatomic gas of molar mass M. Both gases are at the
same temperature.

a. If the frequency to the second harmonic of the
fundamental mode in pipe A is equal to the frequency
of the third harmonic of the fundamental mode in pipe
B; determine the value of M, /M.

b. Now the open end of pipe B is also closed (so that
pipe B is closed at both ends). Find the ratio of the
fundamental frequency in pipe A to that in pipe B.

(IIT-JEE 2002)

23.

In a resonance tube experiment to determine the speed
of sound in air, a pipe of diameter 5 cm is used. The air
column in pipe resonates with a tuning fork of frequency
480 Hz, when minimum length of air column in 16 cm.
Find the speed of sound in air at room temperature.

(IIT-JEE 2003)
A string tied between x = 0 and x = [ vibrates in funda-
mental mode. The amplitude A. tension T and mass per
unit length 4 is given. Find the total energy of the string.

(IIT-JEE 2003)
A whistling train approaches a junction. An observer
standing at junction observes the frequency to be 2.2 KHz
and 1.8 KHz of the approaching and the receding train
respectively. Find the speed of the train (speed of sound
= 300 m/s). (ITT-JEE 2005)
A transverse harmonic disturbance is produced in a
string. The maximum transverse velocity is 3 m/s and the
maximum transverse acceleration is 90 m/s’. If the wave
velocity is 20 m/s, then find the waveform.

(IT-JEE 2005)
ANSWER KEY
JEE Advanced Linked Comprehension Type

Single Correct Answer Type ; :‘ 2. c. 3. a. 4. b. S a

l. c 2. b. 3. a. 4. c. 8. e '

6. a. 7. a. 8. a. 9. d. 10. a. Matching Column Type

11. b. 12. b. 13. d. 14. d. 15. b. 1. i.—a,e.;ii.-a.,d.; iii.-b.,d.;iv. - b., .

16. c. 7. b 18. d. 19. b. 20. b. [n[egerAnl“rgr T}rpe

21- 'd. 22- b 23.- E 24- d. 251 ﬂ. l. (5} 2. (?} 3. (5) 4. (3)

26. a. 27. a. 28. a 29. b. 30. b. Fill in the Blank

3.a 32.b 334 Lo - s Type

- T 1. A2nv) 2. 0.125m 3. 240 Hz
Multiple Correct Answers Type 4. —0.5 m/s 5. f 6. 6 Hz

1. a,b,c,d. 2. a,c. 3. a.¢c 7.0

4. a, b, d. S: bie 6. b, d.

7. ab.c. 8. ab.c.d. 9. b.c. NeEar Lype

10. ac. 11. b.c. d. 12. a,b,c.d. 1. False 2. False 3. True 4. False
13. ab.c. 14. b, d. 15. a,d. Subjective Type

16. b, d. 17. a, b. 18. a, c,d. 1. 63.27 Hz 2.8 3.27.04 N

4. 0.75 m/s 5.0.12m 6.11 Hz
7. (i) 2¥3cm (i) x =0, 15 cm, 30 cm, etc.. (iii) zero

(1v) }',=25in(%-96m) and y2=25in(%+96m]

1.5 m/s

. () z,and z); x=(2n + 1)-2% where n =0, 1, £2.... etc.

(i) z, and 2,; x—y=(2n+1)= where n =0, +1, £2....
elc. k



10.
11.

12.

13.
14.

1S.

(1) 599 Hz (1) 0.902 km, 621 Hz

485.7 Hz, 257.3 Hz

(a) 2% and 2
a 2

(b) y, =-0.8 A cos (ax + br)

(c) 1.8 Ab, zero

(d)y=-1.6 Asinaxsin bt + 0.2 A cos (ax + bt)

Antinodes are at x =

Travelling wave 1s propagating in negative x-dircction.

-

n+

(_ I.)"-

2

(1)6.28 x 10 s (ii) 1.57 x 107 s

y =2 x 107 sin (0.17) sin (250007 1),
y; = 107 sin (250007 1 - 57 x),
y, = 107 sin (250007 1 + 57 x)

403.3 Hz to 484 Hz.

=

3

a

16.

17.

18.

19.
20.

21,
22,

26.

99.3 cm, 100.6 cm
2v, (1' + v )

2 .
(=

AP,
(a) 93.75 cm (b) T_;" ()P, =P, =P,

f

(@)0.14s(b)A,=15cm A, =2cm

3I2m.24m, 1.6m, 0.8 m, ~d ={l.llx10':)\/§.435

dt
(2) 1.007 x 10° Hz (b) 1.03 x 10° Hz

400 3
2 bl b} et
(a) ( 2

23. 336 m/s

ﬁ

n'Ta’
4l
v=(0.1 m)sin [(30 rad/s)t + (1.5m™") x + ¢]

25- 1'T = 30 WS



HINTS AND SOLUTIONS

JEE Advanced

Single Correct Answer Type

l.c. CaselHere A/2=1

2.b. v=ypSin l}r[.ﬁ—i]

A=
Now, v= fx A
V Vv 4
f‘g‘é‘; (1)

Case I Here A'/4=1/2

A'=2

Now, v=f'xA'
P y
e

A

& 1.
E‘} =[_\'ﬂcﬂ53n(ﬁ-%”x 2nf

=[ﬁ] =W X2T/S
i | T J

Given that the maximum particle velocity is equal to four times
the wave velocity (¢ = f4).

VoX2mf=4fxA

= Ty
A=

’

J.a. A4 =](Fundamental mode). A =4/l.c=vA

Given, A /2 = |
Fundamental mode.

. Stationary wave is produced when two waves travel in opposite

directions. Now.

v=acosiky =@r)—acos(kx + wr)

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

5.c. Given

6. a.

7. a.

8. a.

9.d.

\ RIS l
e
4/, 2. [,

O | o

We know that

f=a =

l
20\m

Inair, T=mg = pVg

f=| Vg (1)
2\ m

In water, T = mg - upthrusi

V v
=Vpg-pug=—(2p-pa)
Therefore,

"..-"'
o frm—y-4

2! m

_ | Jv;p (2p=Pu) _ 300/ 221 |
20N m 2p 2p

"' Pw =1 glec and from Eq. (1)

According to Hooke's law, F, =< x [Restoring force F, =T,
tension of spring|
Velocity of sound by a stretched string

T

v=[—

m

where m 1s the mass per unit length

v f ' ’T* [1.5x
1.‘| — — " _— uF — — .22 [}
X = 2y =) = ) \‘ . ] \

For both ends open, fundamental frequency
21‘ - ! >

-
an"
=
-
=

Y, = _{l — .f-_ .
=172 )
For one end closed the third harmonic
34,
1}.‘- =] =b IJL«: = “E
4
5 i C (i)
A 4/

Given vy = v, =100

From Egs. (1) and (ii)

vV 3/4 _ E
v /2 2
On solving, we get v, = 200 Hz
v 330
a = =5 Z
/ f[r- v, ] 450[330—33] e



10.a. V= j—: = —Aw cos(kx —@r)

Vi = A

I1. b. Velocity of wave: = i =J L =8 m/s

m \102/04

The wave will be in same phase after travelling a distancne of
20=2x04=08m.

And constructive interference will take place. So time At

m=ﬂ'3=0'3=0.105
v K
12.. ON: _ _“&:ng\/i
(C)He M, 28 7
13.d. n, =n, s — lﬁﬂn
340-34 9
340 20
n- = = e
340-17 19
Bi_3ods. 17
n, 9 20 18

[ ]

14.d. =1l; JL;_,J

15.b. After 2 s, tubes will overlap each other. According to
superposition principle. the string will not have any distortion

and will be straight. Hence. there " ' W
will be no PE. The total energy will —
be kinetic.

16. c. We know that E e A°\*, where A = amplitude and v = frequency.
Also, w=2mv=we= v
Incase I: Amplitude = A and v, = v
In case 2: Amplitude = A and v, = 2v

E, = -“’4:1'::

- = = ..=4 =}£:=4E1
E'| Alf

17. b. V.+V 55

—
—_—

v s
ﬂ+v_b
vV s
p
Solve to get —£ -
v,

IS.a.f—-E 25-3 Mg:-M-"-'Sk
¥ ,u—.'!! u B

19. b. f, = frequency of the police car heard by motorcyclist,
f> = frequency of the siren heard by motorcyclist.

330+ v

. = X 165
J: 330

330-v
= x
330-22

H=£=0 = v=22m/s

20l'b'l .
o
Y
4 $ ,=035m
' [, +e
[,=0.lm LS T |
v |v M I A
A
f;+.l’=:‘- =&A.=4{f|+.«t'}
A 4
!1 —_—— A=_ !1 ‘
(/; +x) ™ 3(.+r)
v V
Vv, = =
A 4l +x)
b= v 3y
g Ay Al + x)

Given v, = v,
v o 3y
4, +x) 4l +x)

21. d. The frequency is a characteristic of source. It is independent of the
medium. Hence, the correct option is (d).
22. b. Frequency of first overtone in closed pipe,

= = x=0025m

-~ (i)
4., \ p
Frequency of the first overtone in open pipe,
B 4 i
Ir'=_l' s ‘JI=_"I ﬂ (“}
L\ p 3 Yp

23. c. For first the resonance [, +¢ = ;l

But v=f4
; v=fa(l, +e)
; (i)
= | 4+ = —
) TE af
For the second resonance
3A
!I * P = —
4

4
= [ =(]
} f-.,‘(:""—'}
3y (n)
— l, 4+e = —
2 af
From Eqgs. (1) and (ii), we get
P=2f(f2-!|)
ﬁv=2f(zﬂ;+ﬁf|]'
=2x512x(0.1 +0.1)cm/s
= 204.8 cm/s
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+ Y ; g

Voo W e S ST e
ﬂ=I=T + I >

4
A= - nth harmonic

Vv ny ("]
il R

Here n is an odd number

n
ﬁ=3ﬂ

From Egs. (1) and (ii), we get
For the first resonance

n=S§,

5
f:=3f-

Given f, > f,

25. a. Frequency of the first harmonic of

| [T

T — | c—

20N m

Frequency of the 2nd harmonic of

CD=-I D
IN m

Given that the two frequencies are equal.

1Mo 1 [To T _

AN IN m : =

= Typ=4Tp (1)

A G
LU Y

N[
HA A L
E y | M Agp=
lu E : iﬁf.
5 HiNT, /I
1k Teo '
.ﬂl—_ _“
B > D
4>
4 >
For rotational equilibrium of massless rod taking torque about
point O,
T.'Iﬂ' XX= Trﬂ {L -X) ﬁi}

Solveto get x= :

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

27. a. Particle velocity, vp = - v (slope of v-x graph)
Here, v = +ve, as the wave is travelling in positive direction.
Slope at P is negative. )
Therefore, velocity of particle is in negative y (or j ) direction.
28. a. With increase in tension, frequency of vibrating string will
increase. Since the number of beats are decreasing, therefore
frequency of vibrating string or the third harmonic frequency
of closed pipe should be less than the frequency of tuning fork

by 4.

Therefore, frequency of tuning fork = third harmonic fre-
quency of closed pipe + 4

=3[—"-]+4=3( Y ]+4=344 Hz
4/ 4x0.75
v 2 320 1[50
29.b. —= L = =

L, 2 \u 4x08 05V u
= u=1/50
Mass of string,

|
m= ul =Ex0.5=ﬂ.ﬂl kg=10g

30. b. We know that

C = (ﬂ)
M

m

LT
e

320
3L a. Seddia = L = 320—10 X8 kHz
_30+10 320
ft*'lﬂ'\'ﬂi = 310 reflected x_a-i—d

=851 kHz = 8.5 kHz

36 km/h
__) ;
= 36 x5/18 = 10 km/h
2 Vo
4(l+¢)
V
= [+e=—
af



V

= |=—-¢
4f
Heree=(06)r=(06)(2)=1.2cm
3 2
So f=3_6xl{] -1.2=152cm
4x512
33. d. For minimum height, ‘i‘ =e
A

2 =0.356 £ 0,005 or 4 =1.400 £ 0,020
v= fA = 244(1.4000 £ 0.020)
=  v=(341.6+488)"

>

1.-—\/ YRT JIOD}'RT:-::I{]

Mx10 M

For monoatomic y= 1.67
v=vI167RT 1#3

For neon (monoatomic): 640 x liﬂ =448 ms™!

7
For argon (monoatomic): 640 x 1—5 =340 ms™'

For diatomic y= 14
v= VI40RT - ||~
M
2

For nitrogen (diatomic): 590 x E =384ms”’

For oxygen (diatomic): 590 x % = 351.875ms™'

Hence possible answer s (d).

Multiple Correct Answer Type

l.a,,b.,,c.,d.v= 10 *5in(60r + 2x). Com paring the given equation with
the standard wave equation travelling in negative x-direction,
y=asin(ax + kx)
We get amplitude a = 10 m

Also, =60
30
2nf=60 = f=— Hz
K
Also, k=2
)
==:_E—-=.'.' = A=rm
A
We know that
3
1-:fk=£mr=30m!s
i

2. a., ¢. The wavelengths possible in an air column in a pipe which has
one closed end is

.
(2n+1)

2n+1

as 1t is in resonance with a vibrating tuning fork of frequency
264 Hz

!,_3301{2:1-#]]
- 264 x4

For n=0./1=0315m=31.25¢m

For n=1.1=09375m=93.75¢cm

3. a., ¢. For wave motion, the differential equation is

'y W) 3y
— =| constant —; -
ot- k= ) ox-
81_1* 2 a]_‘-‘ :
or ~ =V = (1)
ot* ox-
The wave motion is characterized by the two conditions viz.
fix,n=fix,t+ 7T (11)
fix.n=Ax. +A. 1) (i1i)

Hence option (a) and (c) represent correct answer.
4. a., b., d. In general we can write for a closed end pipe

‘_=:In—h{' > ———
4
wheren=1,2.3.... g
¢ 3¢ 5c M, PO
ERTAFTAEE < Im >
= 80, 240, 400.. .

S.b,c.y=Asin(l0mx = 151 + w/3)
The standard equation of a wave travelling in X-direction is

[

. b g
V= As.m! ; (v + .t‘l+l¢}j|

o

. [ 2rv 2m ]
= v= AsIn i+ X+¢
A A
Comparing it with the given equation we find

2y
—_ = | St

and =|0x

IS5 |
v=——X-=|.5m/s
2 5

6. b, d. 7, and T, are the higher and lowest tensions initially. Now,

frequency = Jiension.

Therefore, frequency produced in wire with tension 7, is
higher and that with tension 7, is lower. If we lower the tension
T, then beat frequency will increase. Therefore, the tension 7,
is decreased. If tension has to be increased, then tension 7,
should be increased.

7.a., b., c. Moving plane is like a moving observer. Therefore, number
of waves encountered by moving plane

ESEY

V ¢




Frequency of reflected wave,

W T+
=)
V==V, C—=V
Wavelength of reflected wave,
V . L1l =YV
i fi fle#v

P IT
Number of beats heard = f, - f = 2vf
c—-V

8.a., b, c.,d.Itis given that v(x, 1) = 0.02 cos(50m + m2)cos(107x)

= A cns(mr + %quskr

Node occurs when ky = %.3;- elc.
= 10ax = f._.:;f_
2 2
= x=005m,0.15m option (a)

Anitnode occurs when kx = 1, 2. 3relc.
= 10 x=nm 21 3melc.

= 1x=0Im0.02m,03m option (b)
Speed of the wave is given by
V= = = S0 =Sm/s ﬂpliﬂﬂ (C)
k107
Wavelength is given by
2t n I '
= — =| — =02 |
A T [SJm 0.2m option (d)

9. b., ¢. 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 (c¢) predict these
displacements correctly. This is because sin 0 = 0.

10. a., c. For a transverse sinusoidal wave travelling on a string, the
maximum velocity is aw. Also, the maximum velocity is

LA TE—
10 10
aw=1 =210 x2xf =1
1 10’
= =  —
L= o 2y T2

The velocity v=fA

A=
11. b,, c., d. Given,

0.8 0.8

y= — = w
. 4 5 2 2
LX) 3 Iﬁ[.r+§r] +5

(1)

We know that equation of moving pulse is
y=flx+vi) (11)
On comparing Eqgs. (i) and (ii), we get

5 2.5
v=—m/s=— m/s
4 2

Wave will travel a distance of 2.5 m in 2 s.

12.a., b, c., d.

The wavemotion y = a sin (kx — ax) represents
(a) electric field in electromagnetic wave

(b) magnetic field in electromagnetic wave
(c) displacement in sound wave

(d) pressure in sound wave.

Hence all the four options are correct.

13. a., b,, c. Standing waves are produced by the superposition of two
of two identical waves travelling in opposite direction.
Option (d) is accordingly not correct.

Option (a). (b) and (¢) are correct

14.b.,d.ForA=-Band C=2B
X=Bcos2ax + B sin 2ax = ﬁﬂﬁiﬂ[!m:+%]

This is equation of SHM of amplitude 2B8.

IfA=Band C=B.then X =B + Bsin 2ax
This is also equation of SHM about the point X = B. Function
oscillates between X = 0 and X = 2B with amplitude B.

15. a., d.

(a) Intensity of the fundamental is 3
more than that of the overtones.
Therefore the 1" resonance was
having more intensity.

(b) The prongs should not be in the
horizontal position but vertical |- o
over the resonance tube.

(c) The amplitude of vibrations are
very small to be observed.

(d) The antinodes are formed always
a hittle above the open end of the
lube.

This is called end correction.
This effect will be there for overtones also.
“.  Length of the air column is less than A/4.

16. b., d. At open end phase of pressure wave charge by 7 so
compression returns as rarefraction. While at closed end phase
of pressure wave does not change so compression return as
compression.

17. a., b. If wind blows from source to observer
V+w+u ]

fg=f,[

V+w=-=u

When wind blows from observer towards source

f= I[V—w+u]

V-w-u
In both cases, f- > f,.
18. a, ¢, d.
node antinode
e
x=0 xﬁj

The fixed end is a node while the free end is an antinode.
Therefore, at x = 0 is a node and at x = 3 m is an antinode.
Possible modes of vanation are

L=(n+n2 wheren=0,1.2,3, ...
4



4] 12 6. a. For the passengers in train B, observer is receding with velocity

or A= e n el (. L=3m (given) 30 m/s and source is approaching with velocity 20 m/s.

A 12/(2n+1) 6 340-20
n (2n+1)50n -
= vk =1002n + 1) X = £ =1120( 2297303 _ 1085 B2
6 3 340 - 20
:i: :ajf} stationary wave equation y = A sin kx - cos ox Therefore, spread of frequency, £ ~f" =310 Hz
)= Asin X cos 2 Matching Column Type
) l. . —>a,e;ii.—a.,d.,; iii. > b, d.; iv. - b., c.
Forn=2
. dnx 250xt i. Sound waves are longitudinal waves
)= Asin —-g-ms
A
/ .
Forn=7 T=L » A =4L
yr)=A sin?cus 250xt ii. Sound waves are longitudinal waves
) A

<=L » j,=2L

Linked Comprehension Type :

iii. String waves are transverse waves
For Problems 1-3

l.a.,2.¢c.,3. a.
1. a. Number of maxima in | s is called the beat frequency. Hence,

'y
T’=L 2> 4 =2L

I

iv. String waves are transverse waves

h=hL-1
2 24
=wa-2"n=4Hz —L=7 =/, =L
2n 2R 2
2. ¢. Speed of wave,
Integer Answer Type
(7))
] 1. (5)
1007 Rnx T
&= =) ! r= |— =10
‘ 0.5~ or 0467 00 mis L U s
3- a. Al I='ﬂ. _\r'-":}'l +_'F: v IO
=24 ¢c0s 96 mcos 4 m A=?=ﬁ=lﬂcm
Frequency of cos (96 ar) function is 48 Hz and that of cos (4 m) _ _
function is 2 Hz. In | s, cos function becomes zero at 2f times, Distance between the successive nodes = A/2 = S em

where f is the frequency. Therefore, first function will become
zero at 96 umes and the second at 4 times. But second will not
overlap with the first. Hence, net y will become zero 100 times in

2.(7) ;s - s €TV where cis speed of sound
."“ fl'il

.

c—v

:fﬂ{‘ : d 2'{6{1

ls. = df = V= -dv=——dv (1)
(c—v) ({C=V¥)" ¢
For Problems 4—6 _ 1.2
4.b.5. 2.6 a. Given df =5 /o

4. b. vg, =340 + 20 = 360 m/s

From Egs. (i) and (ii) dv = 2 m/s = 7 kmvh.

S.a. For the passengers in train A, there is no relative motion 3 ©9) 2
between source and observer, as both are moving with velocity 5
20 m/s. Therefore, there is no change in observed frequencies 3
and correspondingly there is no change in their intensities.
Therefore, the correct option is (a). y ——

Two waves have phase difference n/2.



4. (3) Using phasor method of superposition,

Resultant amplitude A =2A,cos 30° = A, J3

As o< A°
Resultant intensity = 3/,

Fill in the Blanks Type

1. If y= Asin(wr - kx), displacement amplitude = A
(Maximum displacement)
Particle velocity,
v = ﬁ = Aw cos(@r - kx)
dr
Therefore, velocity amplitude = Aw = A(27v)
(Maximum velocity)
Particle acceleration,
dl' y T
Acc =—=-Aw" sin(wT -XxX)
dt
Therefore, acceleration (maximum acceleration) amplitude =
Aw’ = AQnvy

2. c=VvA
¢ 330
==—=—=().5
v 660 m
The antinode will be at a distance of

A 05

—=—=0.1

g 0.125m

wire
When 50.7 kg mass is suspended for fundamental mode A = 2/
q
T LT (i)
V m

when mass is submerged in water, new tension
T, = weight - upthrust
=50.7g-0.0075x 1000 x g =43.2 ¢

o Va3 X 2= Vrqu;;tg {i”
m

On dividing Eqgs. (1) and (1), we get

Vs #43.2 ’43.3
Vy 50.7 - 50.7
=260 = 240 Hz

4. Let the wave velocity is v towards nght.
(Displacement at r =0, x = x)
= [Displacement at r=2 s, x = x + v(2)]

= 2 2
l+x° 14+(1+x+2v)

=3 v=-05m's

The negative sign indicates that wave is travelling towards left.
5. InFig. (i)

iz!::-,l:ﬂ
2
c_ €
I=31
In Fig. (1)
i=i=:wl'=21"
4 2

From Figs. (i) and (i),

e._¢ .,
f=2=5=7

: AT

(1) (i1)

6. The first frequency the driver of bus hears is the original
frequency 200 Hz. The second frequency the driver hears
1s the frequency of sound reflected from the wall. The two
frequencies of sound heard by the driver are

i. Onginal frequency (200 Hz)
il. Frequency of sound reflected from the wall (v')

(The driver behaves
as an obscrver)
V.=5 m/s
V,=5m/s 44—

———»
(The image of the bus

formed by the wall
behaves as source)

The frequency of sound reflected from the wall

; i+ Uy
" = "
-,

342+5
342-5

vi= 200[ ]= 205.93 Hz



. Frequency of beats
=V -v=205.93-200=593=6 Hz
7. u=300m/s and n=25
=Z=""c2m
n 25
For a path difference of A, the phase difference is 2.
For a path difference of 6 m, the phase difference is

2T x6
A

The amplitude is the same at both points, hence amplitude
difference is zero.

True/False Type

1. False,

— fyRT
wond M

v _ 7 Mu. _ JOTS2  [42
Vi 1”’;th|& (5!3}!4 25

2. False. The intensity of sound at a given point is the energy per
second received by a unit area perpendicular to the direction of
propagation.

=1 rad

I 5 %
f=:;ﬂ'/ﬂr.4‘

Also intensity varies as distance from the point source as / = lﬂ.

2
None of the parameters are changing in case of a clear night

or a clear day. Therefore the intensity will remain the same.
3. True. Speed of sound waves in water is greater than that in air.
So water is rare medium for sound waves.

4. False. If the sound reaches the observer after being reflected
from a stationary surface and the medium is also stationary, the
image of the source will become the source of reflected sound.
Thus, in both the cases, one sound coming directly from the
source and the other coming after reflection will have the same
frequency (since velocity of source w.r.t. observer is same in
both the cases). Therefore, no beats will be heard.

Subjective Type

1. In case of vibration in air column, the antinodes at the open
end(s) are located at a small distance outside the open end. This
small distance is known as end correction.

The value of end correction
e =0.3d. where d is the diameter
of the tube.
In case of a tube open at both
ends, the effective length of the
air column.

O« ! >
>

= I's=[+2ewherce=03d * I
Fundamental fm;:;ncy* in this case f, = j
=3 320 = = |
2! + 2e) > | "
[+ 2e = I O« { .

2

.48 + 2(0.3d) =

o | —

= d=1/30m=333m
Now one end is closed, the effective length of the tube

I"'=1l+e
v v
Jo=3r = 4l +e)
DO T L Y T
4(48 + 0.3 x3.33)
v
v -'l—-;—- Direction of sound
e 3 Acoustic image
(Observer) e (Source)
Vo=5 mis :__"f:
=
. =,
If the second reaches the observer after being reflected from a
stationary surface and the medium is also stationary, the image
of the source in the reflecting surface will become the source
of the reflected sound.
: V=
V=1
=256 220 | _ 564
330-5
. Number of beats/sec = Beat frequency = 264 — 256 = 8.
3.
- 25 cm B
- A, »
0
A A
A4 /=40 cm
v v

For first overtone of string
Linear mass density of the string = Mass of string per unit

25x107°
length = =0.01 kg/m
g 0.5 g/

" -

e [
/= %\/:-.- - u.l:z.s \/0.;1

Fundamental frequency of closed organ

(1)

%=U.4=lf =1.6m
v=fAr
c 320
= === =200 H.
Ir Ar 1.6 ‘

(1)
In this case 8 beats/second is heard. The beat frequency
decreases with the decreasing tension. This means that beat
frequency decreases with decreasing f.. This means that beat
trequency is given by the expression. f,_,, = f, - fy

R —"

W
0.25V0.01




T
,’—-— =208%0.25=52
=3 0.01

— T=001%x52"=27.04 N

4. Linear mass density of sonometer wire

_m _0.00]
/ 0.1
Velocity of wave

T [
o Ly L e
J; 0.01 :

For fundamental frequency
Also, %=D.l =A=0.2

=0.01 kg/m

80
.._=____ H
f 1 00 400 Hz

Since tuning forks is in resonance, therefore frequency of
tuning fork is 400 Hz. The observer is hearing one beat per
second when the tuning fork is moved away with a constant

speed v.
Direction of sound

Fundamental mode
of vibration

-----
Y .'--""'1-
- -

-
— -
------------

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

Using f’'= IDI:J_:I = Lf!?_
v=(=v.)| v+,
, 400 x 300
k= 300 + v,
Since the beat frequency is | and as the tuning fork is going

away from the observer, its apparent frequency should be
399 Hz.

399 = 0 SO
300 + v,
= y,= el =0.752 m/s
399
. The velocity of wave in string is given by v= ! where T is
7,

the tension and u is the mass per unit length.
Since the tension in the string will increase as we move up the
string (as the string has mass), therefore the velocity will also
increase U is the same as the rope is uniform

(6 + Z)g

mp = vaaumn
Smcc frequency remains the same

Aron = 2 Agopom = 2 X 0.06 = 0.12 m

6. The frequency of the wire in fundamental mode

| T
Jo=21 (;J

When temperature of wire is changed, the tension developed
T=YAx(A6) and
mass per unit length u = Ap

P | [maae)
O 2r M

Here we are given / = I m, ¥ =2 x 10" N/m’
a=1.21x 107 per deg

M _0.1kg

AB=20°C, u= =0.1 kg/m
Area A=10"m’
P J(Zx 10" x107°x 1.21x 107 x 20
Bl 0.1
= |1 vib/sec
. The given equation for standing waves in the string is
y = 4sin [%)cc}s (96m) (1)
1. The amplitude of the waves is given by
X
A=4sin— i
sin s (1)
Therefore, the maximum displacement or amplitude at
x=5cmis
A= 45"11:_:(5 -MmE
15 3
V3

=45inﬁeﬂ=4x—;=2J§=2x|.731=3.4@4 cm

—

1. The position of zero displacement or nodes are given by

Sin ﬂ—-g or E_m (where r=0,1, 2. 3,...)

15

=x=15r = x=0,015cm,0.30cm, ...
ui. Differenuiating Eq. (1) with respect to . we get velocity of
particle
d
di = 4 %967 -.m( ‘T: )qin{%m}

Substituting x=7.5cm and r = 0.25 s.

: 5
u=-384nr sm(ﬂ’:; )sin('}ﬁx x0.25)

= —384sin(7/2)sin(24x) =0

iv. Using the relation
2sinA cos B=sin (A + B) + sin (A - B)
Equation (i) may be expressed as

y=2 [sin{% - {96nr]}+ 2 sin{f—; - (%m}ﬂ

_qu{%+%m]+ 2"““['——9‘611'!} =hT¥

Therefore, the component waves are given by

15
and >

Yy = —7h|n(%m + ﬂ)
15

¥ —’am(ﬂ —96#'!]




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

observer willbe f = jﬂ(—r——] (1)
V= U
Direction of sound 2 Direction of sound
from source 2 y from source |
— Vg——
b i
LﬂJ S B o
Y
T. l"‘ll' T
Source 2 Observer Source |
The apparent trequency from tuning fork 7, as heard by the
observer will be f:=f;]( d ) (1)
v+ u

Given that beat frequencyis 3, f, - f, =3

v v
fﬂ[ r-—u)-'f“[:'*i-_l;]_ﬁ

.. 2f,
9.i. If two progressive waves having the same amplitude and time
penod. but traveling in opposite direction with same velocity
supernimpose, the produce standing waves.
The following two equations qualify the above cnitenia and
hence produce standing wave
2 =A cos (kx - ax)
> =A cos (kx — ax)
The resultant wave 1s : =2, + 2,
=  I=Acos (kyx— an)+ A cos (kx + wx)
Hence. - = 2A cos kx cos ax
The resultant intensity will be zero when 24 cos kx =0

(2n+ 1)
=y Ccos kx = cos < o

2n+1
= kx = b4
2
2n+ 1)z
=3 y= ™ ) wheren=20.1. 2. ... (1)

ii. The equations of transverse waves
z, =Acos (kx — ax)
Zy=A cos (kv - @)
Combine to produce a wave traveling in the direction making
an angle of 45° with the positive 1 and positive vy axes.
The resultant wave: = = 2, + 2,
7z =A cos (kx-wr)+ A cos (kv = wi)

K(x=v) _[ki:r + V) -—ZH‘I}
: COS

—-— -

The resultant intensity will be zero when

k'._ ; k.t_ b
2A cos A ”=(I==cua ( "!=0
k(x=v) 2n+l
= = n
2 2
(2n+1)
=> (x—¥)=

k

10.i. The frequency of the whistle as heard by observer on the hill

LR ) = -I

J Hfu[“"""..l' v |

.
_sg0| —20*30 | _ 599 H;
1200 + 40 - 40

ii. Let echo from the hill i1s heard by the dniver at B which 1s at
a distance x from the hill. The sound was produced when the
source was at a distance | km from hill.

.

‘r-
A B 4 B < 1
- ".I & v |
H
. W
| km

i —

Hall

The time taken by the driver to reach from A to B

=X :

The time taken by the echo to reach from hill
=0 usg
I X
[y = -+
(1200 + 40) (1200 - 40)

(1)

where 1,,; = time taken by sound from A to H with velocity
(1200 + 40)
g = ime taken by sound from H to B with velocity (1200 -
40)
From (1) and (n) 1, =1,

| = I 3
= —= .

40 (1200+40) (1200 -40)

Which gives x =0.902 m
The frequency of echo as heard by the driver can be calculated
by considering that the source is the acoustic image.

| | - Hill
leﬁ‘t"ﬂ“ of wind Direcnon of sound

l.I
\,'.‘+_
’ A
<+
H | Acoustic image
Sourc

Y e
___Sm[il-ﬂ{] 40) + 40

=621 Hz
(1200 = 40) - 40

11. The angular frequency of the detector

2nf = ZH( 2 ] = |0 rad/s
/4

The angular frequency of the detector source is equal. hence
their time periods will also be the same.



=> When the detector is at C moving towards D, the source is at = -Ab|sin ax cos bt + cos ax sin br + 0.8 sin ax

A" moving left wards, In this situation that the frequency heard cos br — 0.8 cos ax sin b1|
IS minimum v, = =Ab[1.8 sin ax cos br + 0.2 cos ax sin bi]
| A’ The maximum velocity will occur when sintax) = | and cos br
‘s = | under these condition cos ax =0 and sin br =0
Yy S gl = 1.8Aband IV | =0
o - o d. v=|[Acos (ax+ br))-]0.8 A cos (ax - br)]
B C D = [0.8 A cos (ax + br) + 0.2 A cos (ax + br)] - [0.8 A cos
(ax — br)]
A" =[0.8 A cos (ax + br) + 0.8 A cos (ax + br)] + 0.2 A cos
S —_— (ax + br)
f'= f.;,[r . }] = fu{r] 3 Hin"(m: +bt) + (ax - br)}
Velocity of source v = @A = 60 m/s =0.84 : :
YR SRR - ° . J(ax+bt)—(ax—bt)
Velocity of detector v, = Rw = 30 m/s SIn =
9 (340 - 60) “ | ) '
== = 340 x (3407 30) = 257.3Hz 0.2 A cos (ax + b))
Again when the detector 1s at C moving towards B, the source = I ﬂ_j SIS - Eﬂtﬁlﬂr "o
1s at A” moving rightwards. In this situation that the frequency where (-1.6 A sin ax sin br) is the equation of a standing wave
heard 1s maximum and 0.2 A cos (ax + br) is the equation of traveling wave.

Antinodes of the standing waves are the positions where the
displacement amplitude 1s maximum.

1.e.., sinax=l= ﬁin[m’r +(=1)" %]

[ l—l_}”]n
= x=|n+ -

2 a

X9

< [v=(-v,) v+, The equation of a traveling wave is 0.2 A cos (ax + bt). This is
f= fuL v | o :”] the equation of traveling wave moving in -X direction.
’ : 13.i. Letthe signal waves be given by
- f'= 3{340+60)-435TH? vy =Asin 2rayt, v, =A sin 2wyt
T (3a0-30 T A iat i |
12. a. The standard equation of a plane progressive wave is The resultant disturbance is given by
9 i N— = : in 2
T cns(' .I'+3ﬂ'ﬂ'} V=Y, +V,=ASIn ?er,f+Ajsm Ta!
u (i) =24 sin 2H@ @) 27 (0, ~ )
The given is equation is v,= A cos (ax+br) (i1) 2 2
) p)
Comparing with (1) we get ZsasisZ = 2A cos (W, = W) sin 27 (e -;m;}r
A a
b Let w, =w a»=w+Aw

and 21rf=b=f=j—

Therefore, , + @, =2w
y = 2A cos M@, = w))r sSin2wax
Thus, the resultant disturbance has amplitude 2A cos M@, -
W)
For maxima: cos ma, - o) == 1

b. Since the wave reflects by an obstacle. it will suffer a phase dif-
ference of m. The intensity of the reflected wave 1s 0.64 umes
of the incident wave.

Intensity of incident wave / o< A

Intensity of rcl'lefffcd wave /' = {}.?14! = ["ec A™ or ma,-won=rnr=01273
= 064] <« A" = 0.64A" =< A” 5 | R
— A= ().8BA f = = (). R e
Hence the equation of resultant wave will be S Ak i B AL
v, =0.8 Acos(ax - bt + 1) ==0.8 A cos(ax + br)  (iii) Clearly time interval between successive maxima
¢. The resultant wave equation can be found by superposition T 10" s
principle ®.--w 10
y=E=yv +v= A cos (ax + br) + [-US A cos (ax + b”] (1v) ii. The resultant in[cngi[y 1S givcn b}'
The particle velocity can be found by differentiating (1v) equa- | = A,: + Af + 2A A, cos O
tion When = 0. intensity is maximum /[, = 4A°
dv | | When A = /2. intensity / = 24°
v, = e —Absin(ax + br) = 0.8 Ab sin(ax - br) When A = 1. intensity /,, =0

. |

. W - p H. = 2A°
= —Ab [sin (ax + bt) + 0.8 Ab sin(ax - b1)| hen A =32, intensity [ = 24



14.

15.

When A =27, intensity /= 4A°
The detector remaining idle from 6 = /2 to 32/2 or in each half
cycle. Hence the required time

As found in case of strings, in case of rods also the clamped
point behaves as a node while the free end antinode. The situa-
tion 1s shown in the figure.

x=10

x=Ln

xX=L

Because the distance between two consecutive nodes is (A/2)
while between a node and antinode is A/4. hence

A Al 2x |
"”‘[E]”[E]‘L w AR

Further, it is given that
Y=2x10""N/m* and p=8x10"kg/m'

- 1
o =J‘“'°‘ = 5000 m/s
p 8x10

Hence, from v = nA,

Now if incident and reflected waves along the rod are
vi=Asin(ex -kx) and yv,=Asin(wr+kx+ @)
The resultant wave will be
V=¥ +v;=A[sin (@ - kx) + sin (ax + kx + @)]

= Eﬂcnﬁ(kt+£]sin(mr+ﬂ]
2 2

Because there 1s an antinode at the free end of the rod. hence
amplitude i1s maximum at x = 0. So
cns( kx0+ 4

5

]= Maximum=1 e, ¢=0

And
2x10° m (given)

|

Amar = 24

y=2x10°coskxsinwr

2oXx
A

Putting values of A and n, we get

y=2X I{}"“cus[ ]sin{b‘rnn

v=2x10 ° cosSxxsin 250001

Now, because for a point 2 cm from the midpoint x = (0.50 =
0.02). hence

v=2x10"cos51(0.5+0.02)sin 2500071

The speed of whistle

v=rw=15x20=30ms"

16.

ve=ra=30m/s A

T N: 20 rad/s
‘%

long distance 0
——————— e e —— |

" . vz

When the source is instantaneously at the position A, then the
frequency heard by the observer will be

, v 330
= =44 = *
f f“[‘._‘. ] 0{330_30] 484 Hz

 §

When the source is instantaneously at the position B, then the
frequency heard by the observer will be

v 330
"= fo| —— |=440 = 403.3 Hz
SR e

Hence the range of frequencies heard by the observer is 403.3
Hz to 484 Hz.

Let /, and /, be lengths of open organ pipe and closed organ
pipe respectively.

. ; Voo
First overtone of open organ pipe = 2n, = 2 x T
- | i

?
First overtone of closed organ pipe = 3n, =3 x —

. : v 3y :
According to question, — - — = =22 (1)

l, 4l
As n, 1s the fundamental frequency of closed organ pipe

ll

ﬂ':'—'_

4/
' 330
f:= 1 - =075 m
4n. 4x110
From Eq. (1),
LYY
l [
T
—=3n.122
l

Taking positive sign

Y =3%110+22 =332
i
V 330

_ s - 13'1 ~m= 0993 m=993cm

/

Taking negative sign
%=3n; ~22=3x110-22=3278
i
' 330
s 2 2 = 1.006 m = 100.6 ¢cm
3278 3278



17.

18. a.

Motorist receives two sound waves one directly from the sound
source and other reflected from the fixed wall. Let the apparent
frequencies of these two waves as received by motorist are f
and f” respectively.

For Direct Sound: The apparent frequency received by motor-
ist.

Direction of sound

Fixed
wall

Vv
f [—H—J (i)
0
For reflected sound: The frequency of reflected sound as
heard by the motorist can be calculated by considering that the
source 1s the acoustic image.
Direction of sound
Fixed 4 _
wall = V4 Acoustic image of source

(11)

Hence, beat frequency as heard by the motorist

’ v+ ¥
Af=f"~f =[ - ’"]f

v+,

v

V= l'b

It AT '

. ¥
“ _‘}r}

or Af= f

The fundamental frequency of the closed organ pipe = 1/4/.
In closed organ pipe only odd harmonics are present.
Second overtone of pipe = 51/4L
Given 5v/4L = 440
On solving. we get
' 5x%33 5
= L =2= J =~I- m=0.9375m=93.75 ¢m
4x440 4x440 16

The equation of variation of pressure amplitude at any distance
x from the node is

AP = AP, cos kx

Pressure vanation i1s maximum at a node and minimum (zero)
at antinode.

—

C.

19.

Distance of centre C from N. 15 /8

2n y A _ AP, m_ .lﬁ,
A 8 4 V2
At antinode, the pressure variation is minimum (zero), therefore
at antinode pressure remains equal to P, (always).
Therefore, at antinode P, = P, = P,
Given that m, = 0.06 kg, m, = 0.2 kg
Let m’ be the mass per unit length then

m', =0.0125 kg/m, m’, = 0.078125 kg/m
Wire PQR is under a tension of 80 N = T,. A sinusoidal wave
pulse 1s sent from P.

AP = AP, cos

v, = velocity of wave on PQ

=Jz = —BU =80 m/s
m, VD.OIE.‘:

v, = velocity of wave on QR

r T 80
= |— = =32 m/s
ms \/G.WBIZS °

Total time taken for wave pulse to reach from Pto R

5 PQ+QR=(4_*§+2*56J5=0.06+0.03=u.14s

Amplitude of reflected wave: A, = [u? — ]A,
v; + v,
32-80
= 3S=-1.
(32 " 30) +

A, 1s —ve, so reflected wave is inverted
Amplitude of transmitted wave:

21": ] —( 2)(32

- 35=2
3z+ao] s

V; Ty

Let [, be the length of air column corresponding to the funda-
mental frequency.

1.6
¥V [-==e

=%0r).=4!ﬂ

ly
4

Also v=fA
11

Hence f — —
fo Py

Then %:3:2_5

0
— d = 340 = 04 m
4(212.5) 4(212.5)

or lo



21.

In closed pipe only odd harmonics are obtained. Now let L 5.
Iy, lg, etc., be the lengths corresponding to the 3rd harmonic.
Sth harmonic, 7th harmonic etc. Then

3rd harmonic; 3(ﬁ]=212.5=&f,= 1.2 m
|

‘Il-

J=212.s=::=z.0m

Sth harmonic; 5(

1_

. 3

7th harmonic; 7| —— [=212.5=/,=28m
4:'3) |
. A
9th harmonic; 9| — [=212.5=1/,=3.6m
al,

or heights of water level are (3.6 -0.4)m, (3.6 - 1.2) m, (3.6 -
20)mand (3.6 - 2.8) m.

Therefore heights of water level are 3.2 m. 24m. 24m. 1.6 m
and 0.8 m from bottom.

Let A and a be the arca of cross-sections of the pipe and hole
respectively.

Then A=x(2x107)Y=126x10"m™

and a=m(10")"=3.14%10"%m"
Velocity of efflux. v, = \[2gH
Continuity equation at top of the tube and orifice

a\/2gH = A[:ﬂJ
dr

Therefore rate of fall of water level in the pipe,

(:‘.{‘_)._.im

dt A
Substituting the values, we get
- 3 B
dH _ 3.14 x IU'_J 1.1'!2}: 0< H
di 126x10
= '—::5:{1*1 1x10°WH
'

Between first two resonances, the water level falls from 3.2 m
to 2.4 m.

gt | !
%:—].ilxlﬂ':drza.‘j:?%=-ll.llxIO':'gdr

= 2[V2.4 - E]=—[l.llx10"21-r==r=435cc.

Situation 1.
Speed of sound inside the water

9
v___\/E:\/zms?m 1445 e
p 10

The frequency of sound inside the water

.. =10°Hz

5
A 1445x107°

In this case the medium through which the sound is travel-
ing is also in motion. So we will use the relation of Doppler's
formula

i " l'_ ;
Apparent frequency f'=f|i“ T m ‘“] (1)
(Vv )—v,

A% —» i, =10nvs

A=

Direction of sound

s —» n

Sound transmeter Receiver

Ve =2mus, vy =0, v, = 10 m/s

The frequency detected by a receiver
445+ 2 -

f, _ IO:_ | g 0

1445+ 2 -10

]:l.mnmf‘m

b. Situation 2. In air
lYRT

C=,/——= 344 m/s
\ M

Again applying equation (1)
344 -5 -
f = m‘ﬁ[ 0

=1.03x 10" Hz
344 -5-10

22.a. If L is the length of cach pipe A and B. then fundamental

frequency of pipe A (open at both ends)

Pipe B Pipe A Pipe B

A A 2

/ A

— 1, _

'y (a) Vy N

n,= Y73 ng= I3 (b)

o r'
n, = E}T

Fundamental frequency of pipe B (closed at one end)

Ny = —
e 4L

o L
Given 2n, = 3n,

v, 4
:._——
Vg 4
~_ [74RT, . YaRTg
But TN M T e,
GivenT, =T,
For monoatomic get
5
]’t':f"

For diatomic get

Is=

Lh|

v _ .’{?_-t_ﬂ:f_g.}
Va V?a‘ M,

(1)

(1)

(111)



5/ M,
(715) M,

= ,IE e (iv)
21 M, v

From Eqgs. (111) and (iv)

BH, _
21 M,

M, (4) 25 400
x-......—l..._._

M, 21 189

& | w

3

. When pipe B is closed at both ends, fundamental frequency of
pipe B becomes

"F
"ﬂ= 2l 5 ('l!']
2L

Using Egs. (1), (111) and (v), we get

n, Va 3

Ng Vg 4

. Fundamental frequency of air column closed at one end 1s

Vv Vv
© 4A(l+e) 4(1+0.3D)

n

Givenn =480 Hz, D=5cm=5x10"m
[=16em=16x 107 m
v=4n(l+0.3D)
=4x480[16x 1077+ 0.3 x5 x 107°) m/s
=4 %480 % 17.5x 107 m/s = 336 m/s

. Here !=% or A=2l

2 1L | B o S &

-
- = -

| ——— = A 2——p]
2 2n =«
Since Jc=—"E i T

A 20 |

The amplitude of vibration at a distance x from x = 0 given by
A =a sin kx
Mechanical energy at x of length dx is

a9 | . l
4E = %{dm)ﬂ'm‘ - ;{pixh{a sinkx)"(2x )"
= znzpf:azsin: kx dx

But v= /4 .'.fz-j:::-f‘= =—=

. Total energy of the stnng

I 3 T/ L . |
E=JdE=In21r,u4Fa sin” | r Jdx
_JrzTu:
Y

25. Let the speed of the train be v,

Case I: The train is approaching

Let f, be the natural frequency of the whistle. Using Doppler’s
effect relation

Apparent frequency

il
Vs =¥y

where v, = Speed of sound = 300 m/s (given)
f=2.2KHz = 2200 Hz (given)

=

_-pT

2200:@[3 (i)

Case II: The train is receding

f"=fﬁ[ . ]
Vs = Vr

Here. " = 1.8 KHz = 1800 Hz (given)

300 i
]300=f0[3m \ ] (1)
T

Dividing (i) and (i1)

_ 2200 _ 300 y 300 + v,
1800 300-v, 300

11 _ 300 + vy

9 300-v

= 3300- 11y, =2700 -9,

=5 600 = 20v, = v, =30 m/s

The wave form of a transverse harmonic disturbance v = a
sin{ax = kx + @)

Given vy, =aw=3 m/s (1)
Ay = 0 =90 m/s’ (ii)
Velocity of wave v =20 m/s (111)

aw® 90

g () by (1) p—
=> @ = 30 rad/s (iv)

Substituting the value of win (1) we get
a= 2 =0.Im (V)
30
Y W 2 .

Now k=:£=f-= Hf=m=30=£ (vi)

From (iv), (v) and (vi) the wave form is

3
y=ﬂ.lsin[30:i';.ri¢]

v = (0.1 m)sin[(30 rad/s)r £ (1.5 m")x + 0]



