Sound Waves ﬂ—

Bl Exercise-1 |

w Marked Questions can be used as Revision Questions.

PART - 1: SUBJECTIVE QUESTIONS

Section (A) : Equation of sound wave, wavelength, frequency, Pressure and Displacement
amplitude

Al

A2

A 3.

A4

A 5.x

The audible frequency for a normal human being is 20 Hz to 20 kHz. Find the corresponding
wavelengths if the speed of sound in air 320 m/s

A sound wave of frequency 80 Hz is traveling with speed 320 m/s.
(a) Find the change in phase at a given position in 400 ms interval.
(b) Find the phase difference between two positions separated by 20 cm at a particular instant

A traveling sound wave is described by the equation y = 2 sin (4t — 5x) where y is measured in
centimeter, t in seconds and x in meters.

(a) Find the ratio of amplitude and wavelength of wave.

(b) Find the ratio of maximum velocity of particle to wave velocity.

The pressure at a point varies from 99980 Pa to 100020 Pa due to a simple harmonic sound wave. The
amplitude and wavelength of the wave are 5 x 10-° m and 40 cm respectively. Find the bulk modulus of air

Find the minimum and maximum wavelengths of sound in water that is in the audible range
(20 - 20000 Hz) for an average human ear. Speed of sound in water = 1500 m/s.

Section (B) : Speed of sound

B 1.

B-2. =

B 3.

B 4.

A man stands before a large wall at a distance of 100.0 m and claps his hands at regular intervals In
such way that echo of a clap merges with the next clap. If he claps 5 times during every 3 seconds, find
the velocity of sound in air.

Earthquake generate sound waves inside the earth. Unlike a gas, the earth can experience both
transverse(S) and longitudinal (P) sound waves. Typically the speed of 'S' wave is about 4 km/s and
that of P wave is 8 km/s. A seismograph records P and S waves from an earthquake. The first P wave
arrives 4 min. before the first S wave. Assuming the waves travel in straight line, the epicentre of
earthquake is at 120 n (in km). Find n .

(a) Find the speed of sound in a mixture of 1 mol of helium and 2 mol of oxygen at 27°C.
(b) If now temp. is raised by 1K from 300 K. Find the percentage change in the speed of sound in the
gaseous mixture. [Note : This can be done after studying heat.] [JEE - 1995]

A gas mixture has 24 % of Argon, 32 % of oxygen, and 44 % of CO2 by mass. Find the velocity of
sound in the gas mixture at 27 °C. Given R = 8.4 S.I. units. Molecular weight of Ar = 40, Oz = 32,
CO2 =44. yar = 5/3, yoz2 = 7/5, ycoz= 4/3. [Note : This can be done after studying heat.]

Section (C) : Intensity of sound, Decibel scale

C1l

C2nun

Two sound waves one in air and the other in fresh water are equal in intensity.

(a) Find the ratio of pressure amplitudes of the wave in water to that of the wave in air.

(b) If the pressure amplitudes of the waves are equal then what will be the ratio of the intensities of the
waves. [Vsound = 340 m/s in air & density of air = 1.25 kg/m3, Vsound = 1530 m/s in water, density of
water = 1000 kg/m3]

A point A is located at a distance r = 1.5 m from a point source of sound of frequency n = 600 Hz. The
power of the source P = 0.80 W. Neglecting the damping of the wave and assuming the velocity of
2257 kgm=: 2= 100 )

sound in air to be 340 ms~L. Find at the point A : (Use dair = O —
544 3x3.375

(&) The pressure oscillation amplitude (Ap)m.
(b) The oscillation amplitude of particles of the medium.

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Sound Waves - ﬂ—
Section (D) : Interference

D 1= Two point sound sources A and B each of power 251 W and frequency ’i_j _24m__ b
850 Hz are 1 m apart. The sources are in phase [ oo° 7
(a) Determine the phase difference between the waves emitting from A and B 1m : - ’
received by detector D as shown in figure. [
B

D 2.

D 3.

D 4.

D 5w

(b) Also determine the intensity of the resultant sound wave as recorded by
detector D. Velocity of sound = 340 m/s.

Two identical loudspeakers are located at points A & B, 2 m apart. The AL
loudspeakers are driven by the same amplifier (coherent and are in phase). A

small detector is moved out from point B along a line perpendicular to the line 2m
connecting A & B. Taking speed of sound in air as 332 m/s, find the frequency

below which there will be no position along the line BC at which destructive B o C

interference occurs.

A sound source, detector and a movable wall are arranged as shown in figure. In this arrangement
detector is detecting the maximum intensity. If the speed of sound is 330 m /s in air and frequency of
source is 660 Hz, then find the minimum distance by which the wall should be moved away from
source, so that detector detects minimum intensity.

wall

Two sources of sound, Si and Sz, emitting waves of equal wavelength 2 cm, are placed with a
separation of 3 cm between them. A detector can be moved on a line parallel to S1:S2 and at a distance
of 24 cm from it. Initially, the detector is equidistant from the two sources. Assuming that the waves
emitted by the sources are in phase, find the minimum distance through which the detector should be
shifted to detect a minimum of sound.

A sound source, detector and a cardboard are arranged as shown in
figure. The wave is reflected from the cardboard at the line of
symmetry of source and detector. Initially the path difference between
the reflected wave and the direct wave is one third of the wavelength
of sound. Find the minimum distance by which the cardboard should
be moved upwards so that both waves are in phase.

Section (E) : Reflection of sound equation of stationary waves

E 1.

E 2w

A metallic rod of length 1 m is rigidly clamped at its end points. Longitudinal stationary waves are setup
in the rod in such a way that there are six antinodes of displacement wave observed along the rod. The
amplitude of the antinode is 2 x 10 m. Write the equations of the stationary wave and the component
waves at the point 0.1 m from the one end of the rod. [Young's modulus = 7.5 x 10 N/m2,
density = 2500 kg/m?]

The equation of a longitudinal standing wave due to superposition of the progressive waves produced
by two sources of sound is s = =20 sin 10 nx sin 100 =t where s is the displacement from mean position
measured in mm, x is in meters and t is in seconds . The specific gravity of the medium is 1072, Density
of water = 108 kg/m3. Find :

(a) Wavelength, frequency and velocity of the progressive waves.

(b) Bulk modulus of the medium and the pressure amplitude.

(c) Minimum distance between pressure antinode and a displacement antinode.

(d) Intensity at the displacement nodes.
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Sound Waves - ﬂ—

Section (F) : Organ Pipes and Resonance

F1. A closed organ pipe has length ‘. The air in it is vibrating in 3 overtone with maximum amplitude
'a’. Find the amplitude at a distance of ¢ /7 from closed end of the pipe.

F 2. The speed of sound in an air column of 80 cm closed at one end is 320 m/s. Find the natural
frequencies of air column between 20 Hz and 2000 Hz.

F 3. In an organ pipe the distance between the adjacent nodes is 4 cm. Find the frequency of source if
speed of sound in air is 336 m/s

F 4. Two pipes P1 and P2 are closed and open respectively. P1 has a length of 0.3 m. Find the length of Pa, if
third harmonic of P1 is same as first harmonic of Po.

F 5. Two adjacent resonance frequencies of an open organ pipe are 1800 and 2100 Hz. Find the length of
the tube. The speed of sound in air is 330 m/s.

F 6. A closed organ pipe of length / = 100 cm is cut into two unequal pieces. The fundamental frequency of
the new closed organ pipe piece is found to be same as the frequency of first overtone of the open
organ pipe piece. Determine the length of the two pieces and the fundamental tone of the open pipe
piece. Take velocity of sound = 320 m/s.

F7. Find the number of possible natural oscillations of air column in a pipe whose frequencies lie below
fo = 1250 Hz. The length of the pipe is ¢ = 85 cm. The velocity of sound is v = 340 m/s.
Consider the two cases :
(a) The pipe is closed from one end (b) The pipe is opened from both ends.
The open ends of the pipe are assumed to be the antinodes of displacement.

F-8. 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 the minimum length of the air column
is 16 cm. If the speed of sound in air at room temperature = 61 (in m/sec.) Find n [JEE - 2003, 2/60]

F-9. A person hums in a well and finds strong resonance at frequencies 60Hz, 100Hz and 140Hz. What is
the fundamental frequency of the well? Explain ? How deep is the well ? (velocity of sound = 344m/s).

Section (G) : Beats
G 1l.» A source of sound with adjustable frequency produces 4 beats per second with a tuning fork when its
frequency is either 474 Hz. or 482 Hz. What is the frequency of the tuning fork?

G 2. Two identical piano wires have a fundamental frequency of 600 vib/sec, when kept under the same
tension. What fractional increase in the tension of one wire will lead to the occurrence of six beats per
second when both wires vibrate simultaneously.

G 3.» A metal wire of diameter 1 mm, is held on two knife edges separated by a distance of 50 cm. The
tension in the wire is 100 N. The wire vibrating in its fundamental frequency and a vibrating tuning fork
together produces 5 beats per sec. The tension in the wire is then reduced to 81 N. When the two are
excited, beats are again at the same rate. Calculate
(a) The frequency of the fork (b) The density of the material of the wire.

G 4. Astring 25 cm long fixed at both ends and having a mass of 2.5 g is under tension. A pipe closed from
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 m/s. Find tension in the string.

Section (H) : Doppler Effect
H 1.= An observer rides with a sound source of frequency f and moving with velocity v towards a large vertical
wall. Considering the velocity of sound waves as c, find :
(i) The number of waves striking the surface of wall per second
(i) The wavelength of the reflected wave
(i) The frequency of reflected wave as observed by observer.
(iv) Beat frequency heard by the observer.
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Sound Waves - ﬂ—

H 2.

H 3.

H 4.

H5.

H 6.%=.

A stationary source emits single frequency sound. A wall approaches it with velocity u = 33 cm/s. The
propagation velocity of sound in the medium is v = 330 m/s. In what way and how much, in per cent,
does the wavelength of sound change on reflection from the wall ?

A source of sonic oscillations with frequency fo = 1000 Hz moves at right angles to the wall with a
velocity u = 0.17 m/s. Two stationary receivers R1 and Rz are located on a straight line, coinciding with
the trajectory of the source, in the following succession : R1 — source — Rz — wall. Which receiver
registers the beatings and what is the beat frequency ? The velocity of sound is equal to v = 340 m/s.

A sound wave of frequency f propagating through air with a velocity C, is reflected from a surface which
is moving away from the source with a constant speed V. Find the frequency of the reflected wave,
measured by the observer at the position of the source.

Two trains move towards each other with the same speed. Speed of sound is 340 ms~. If the pitch of
the tone of the whistle of one when heard on the other changes to 9/8 times, then the speed of each

train is :
HE G W
~ <

A tuning fork P of unknown frequency gives 7 beats in 2 sec with another tuning fork Q. When Q runs
towards the wall with a speed of 5 m/s it gives 5 beats per sec with its echo. On loading wax on P it gives
5 beats per second with Q. What is the original frequency of P ? Assume speed of sound = 332 m/s.

PART -1l : ONLY ONE OPTION CORRECT TYPE

Section (A) : Equation of sound wave, wavelength, frequency, Pressure and Displacement
amplitude

Al

A 2. %

A 3.

When sound wave is refracted from air to water, which of the following will remain unchanged?
(A) wave number (B) wavelength (C) wave velocity (D) frequency

A piece of cork is floating on water in a small tank. The cork oscillates up and down vertically when
small ripples pass over the surface of water. The velocity of the ripples being 0.21 ms-1, wave length

15 mm and amplitude 5 mm, the maximum velocity of the piece of cork is (r = 27—2)

wl!
h
=>
(A) 0.44 ms™? (B) 0.24 ms? (C) 2.4 ms™ (D) 4.4 ms—

The frequency of a man’s voice is 300 Hz and its wavelength is 1 meter. If the wavelength of a child’s
voice is 1.5 m, then the frequency of the child’s voice is:
(A) 200 Hz (B) 150 Hz (C) 400 Hz (D) 350 Hz

Section (B) : Speed of sound

B 1.

A machine gun is mounted on an armored car moving with a speed of 20 ms-1. The gun can point
against the direction of motion of car. The muzzle speed of bullet is equal to speed of sound in air i.e.,
340 ms~. The time difference between bullet actually reaching and sound of firing reaching at a target
544 m away from car at the instant of firing is

4—
m/s
(A)1.2's (B)0.1s (C)1s (D)10s
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Sound Waves - ﬂ—

B 2.

B 3=

B 4.

The ratio of speed of sound in a monoatomic gas to that in water vapours at any temperature is. (when
molecular weight of gas is 40 gm/mol and for water vapours is 18 gm/mol)
(A) 0.75 (B) 0.73 (C)0.68 (D) None of these

Under similar conditions of temperature and pressure, In which of the following gases the
velocity of sound will be largest.
(A) H2 (B) N2 (C) He (D) CO2

If  vims=root mean square speed of molecules
Vay = average speed of molecules
Vmp = Most probable speed of molecules
vs =speed of sound in a gas
Then, identify the correct relation between these speeds.
(A) Vrms > Vay> Vmp > Vs (B) Vav > Vmp > Vims > Vs (C) Vmp > Vav> Vims > Vs (D) Vims > Vav > Vs > Vmp

Section (C) : Intensity of sound, Decibel scale

C1.

C2x

C3xn

A sound of intensity I is greater by 3.0103 dB from another sound of intensity 10 nW cm=2. The absolute
value of intensity of sound level T in Wm=2 is :
(A)25x 10 (B) 2 x 104 (C) 2.0 x 102 (D) 2.5 x 10

For a sound source of intensity IW/m?, corresponding sound level is Bo decibel. If the intensity is
increased to 41, new sound level becomes approximately :
(A) 2Bo dB (B) (Bo + 3)dB (C) (Bo + 6)dB (D) 4BodB

The sound intensity is 0.008 W/m? at a distance of 10 m from an isotropic point source of sound. The
power of the source is approximately :
(A) 2.5 watt (B) 0.8 watt (C) 8 watt (D) 10 watt

Section (D) : Interference

D1.

D 2.

D3=x

What happens when a sound wave interferes with another wave of same frequency and constant phase
difference ?

(A) Energy is gained

(B) Energy is lost

(C) Redistribution of energy occurs changing with time

(D) Redistribution of energy occurs not changing with time

Sound waves from a tuning fork F reach a point P by two separate routes FAP and FBP (when FBP is
greater than FAP by 12 cm there is silence at P). If the difference is 24 cm the sound becomes
maximum at P but at 36 cm there is silence again and so on. If velocity of sound in air is 330 ms-1, the
least frequency of tuning fork is :

(A) 1537 Hz (B) 1735 Hz (C) 1400 Hz (D) 1375 Hz

Sound signal is sent through a composite tube as shown in the figure. The radius of the semicircular
portion of the tube is r. Speed of sound in air is v. The source of sound is capable of giving varied
frequencies in the range of vi and vz (where v2 > vi). If n is an integer then frequency for maximum
intensity is given by :

A B

- —

</

o (D)
Tr

nv
r(n—2)

nv
r-2)n

(A) % (8)
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Sound Waves - ﬂ—

D 4.

D-5.

An interference is observed due to two coherent sources ‘A’ & ‘B’ separated by a distance 4\ along the
y-axis where A is the wavelength of the source. A detector D is moved on the positive x-axis. The
number of points on the x—axis excluding the points, x = 0 & x = o at which maximum will be observed
is —

y

B D X

(A) three (B) four (C) two (D) infinite

A person is talking in a small room and the sound intensity level is 60 dB everywhere within the room.
If there are eight people talking simultaneously in the room, what is the sound intensity level ?
(A) 60 dB (B) 69 dB (C) 74 dB (D) 81 dB

Section (E) : Reflection of sound equation of stationary waves

Elxw

When a sound wave is reflected from a wall, the phase difference between the reflected and incident
pressure wave is:
(A)O (B) © (C) n/2 (D) /4

Section (F) : Organ Pipes and Resonance

F1.

F 2.

F 3.

F4.x

F5x»

If A1, A2, A3 are the wavelengths of the waves giving resonance in the fundamental, first and second
overtone modes respectively in a open organ pipe, then the ratio of the wavelengths A1: A2: As, is :
A)1:2:3 B)1:3:5 (©)1:1/2:1/3 (D)1:1/3:1/5

The maximum variation of pressure in an open organ pipe of length ¢ vibrating in fundamental mode is at.
(A) ends (B) middle of pipe © % from centre (D) %L from centre
The fundamental frequency of a closed organ pipe is same as the first overtone frequency of an open

pipe. If the length of open pipe is 50 cm, the length of closed pipe is
(A)25cm (B) 12.5 cm (C) 100 cm (D) 200 cm

Two identical tubes A and B are kept in air and water respectively as shown. If the fundamental
frequency of A is fo, then the fundamental frequency of B is

1
L e

f0 fO
A5 ® 5 (©) (D) 2fo

A tube of diameter d and of length ¢ unit is open at both the ends. Its fundamental frequency of resonance
is found to be vi. The velocity of sound in air is 330 m/sec. One end of tube is now closed. The lowest

frequency of resonance of tube is now v2. Taking into consideration the end correction, -2 is

Vi
—d— I
|
T
) (L+060) @) L(+030) ) L(+060 () 1(@+030
(¢+0.3d) 2 (¢+0.6d) 2(¢+0.3d) 2 (d+0.6¢0)
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F 6.

F7.

The second overtone of an open pipe A and a closed pipe B have the same frequencies. The ratio of
fundamental frequency of A to the fundamental frequency of B is:
(A)3:5 (B)5:3 (C)5:6 (D) 6:5

A resonance tube is resonated with tuning fork of frequency 256 Hz. If the length of first and second
resonating air columns are 32 cm and 100 cm, then end correction will be
(A)1cm (B) 2cm (C©)4cm (D) 6 cm

Section (G) : Beats

G1

G2

G 3.

A sound source of frequency 512 Hz is producing 6 beats with a guitar. If the string of guitar is stretched
slightly then beat frequency decreases. The original frequency of guitar is
(A) 506 Hz (B) 512 Hz (C) 518 Hz (D) 524 Hz

The number of beats heard per second if there are three sources of sound of frequencies (n — 1), n and
(n + 1) of equal intensities sounded together is :
(A)2 (B)1 (C) 4 (D)3

A closed organ pipe and an open pipe of same length produce 4 beats when they are set into vibrations
simultaneously. If the length of each of them were twice their initial lengths, the number of beats
produced will be [Assume same mode of vibration in both cases]

(A) 2 (B) 4 ©)1 (D)8

Section (H) : Doppler Effect

H1.

H 2.

H 3.

Which of the following does not affect the apparent frequency in doppler effect ?
(A) Speed of source (B) Speed of observer
(C) Frequency of source (D) Distance between source and observer

An engine driver moving towards a wall with velocity of 50 ms=t emits a note of frequency 1.2 kHz. The
frequency of note after reflection from the wall as heard by the engine driver when speed of sound in air
is 350 msis:

(A) 1 kHz (B) 1.8 kHz (C) 1.6 kHz (D) 1.2 kHz

Source and observer both start moving simultaneously from origin, one along X-axis and the other
along Y-axis with speed of source equal to twice the speed of observer. The graph between the
apparent frequency (n') observed by observer and time t would be : (n is the frequency of the source)

n' n' n' n'

npr——m—m nNk-------------
(YIS R (B)

t

H 4.=. An observer moves on a circle as shown in fig. and a small sound source is at S. Let at v, v2, vsbe the

H-5.

frequencies heard when the observer is at A, B, and C respectively.

A
o
B
(A) v1>v2> L3 (B) vi =v2>v3 (C)vz>vs>u1 (D) v1>v3 > VL2

Two factories are sounding their sirens at 400 Hz each. A man walks from one factory towards the
other at a speed of 2 m/s. the speed of sound is 320 m/s. The number of beats heard per second by the
man is. [Olympiad 2016 stage—I]
(A) 6 (B)5 (C)25 (D) 7.5
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PART - lll : MATCH THE COLUMN

1w Match the Column:

Column-I Column-II
(A) y =4 sin (bx — 4t) + 3 cos (4t — 5x + /6) (p) Particles at every position are performing SHM
X . X . :
B) y=10cos|t———| sin (100) | t——— Equation of travelling wave
B)y ( 330j ( )( 330J (9) Eq g

(C) y =10 sin (2rx — 120t) + 10 cos (120t + 27x) (r) Equation of standing wave
(D) y =10 sin (2nx — 120 t) + 8 cos (118t — 59/30nx) (s) Equation of Beats

2.n S, O & W represent source of sound (of frequency f), observer & wall respectively. Vo, Vs, Vp, V are
velocity of observer, source, wall & sound (in still air) respectively. Vw is the velocity of wind. They are

moving as shown. Then match the following : where f; = wf
V+V, -V
Vi A
_’ :
v, ©
= &
Column-I Column-II
(A) The wavelength of the waves coming (p) (V= Vw — Vp)/fr
towards the observer from source.
(B) The wavelength of the waves incident on the wall. (a) (V- Vw — Vo) /(V — Vw — VD)
(C) The wavelength of the waves coming towards (r) (V= Vw + Vs)/f

observer from the wall.
(D) Frequency of the waves (as detected by O) (s) (V + Vw — Vs)/f
coming from wall after reflection.

3a To resonate a 1m tube closed at one end, if we use different tuning forks, we get different results. Match the
following according to result of using tuning fork of certain frequency. (Velocity of sound = 320 m/s)

Tuning fork Result
(A) 240 Hz (p) Moderate sound will be generated
(B) 320 Hz (q) Violent sound will be generated
(C) 400 Hz () Only third harmonic will be activated
(D) 500 Hz (s) Only fifth harmonic will be activated
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Bl Exercise-2 |

w Marked Questions can be used as Revision Questions.

PART -1: ONLY ONE CORRECT OPTION TYPE

1=

5n

6.2

When we clap our hands, the sound produced is best described by

(A) p = po sin (kx — ot) (B) p = po sin kx cos ot
(C) p = po cos kx sin wt (D) p = Z ponsin (knX — wnt)
Here p denotes the change in pressure from the equilibrium value.

A light pointer fixed to one prong of a tuning fork touches a vertical plate. The fork is set vibrating and
the plate is allowed to fall freely. Eight complete oscillations are counted when the plate falls through
10 cm, then the frequency of the fork is : (g = 9.8 m/s?)

(A) 65 Hz (B) 56 Hz (C) 46 Hz (D) 64 Hz

S1, Sz are two coherent sources (having initial phase difference zero) of sound located along
x-axis separated by 4\ where A is wavelength of sound emitted by them. Number of maxima located on
the elliptical boundary around it will be :

S S,
(W—>
(A) 16 (B) 12 (C) 8 (D) 4

Consider the superposition of N harmonic waves of equal amplitude and frequency. If N is a very large
number determine the resultant intensity in terms of the intensity (Io) of each component wave for the
conditions when the component waves have identical phases.

(A) NIo (B) N2Io (C) VNI, (D) Io

Two speakers A and B, placed 1m apart, each produce sound waves of frequency 1800 Hz in phase. A
detector moving parallel to line of speakers distant 2.4 m away detects a maximum intensity at O and
then at P. Speed of sound wave is :

(A) 330 ms™ (B) 360 ms (C) 350 ms™ (D) 340 ms™

In a Hall, a person receives direct sound waves from a source 120m away. He also receives wave from
the same source which reach him after being reflected from the 25m high ceiling at a point half way
between them. The two waves interfere constructively for wave length (in meters).

(A) 10, 10/2, 10/3, 10/4 (B) 20, 20/3, 20/5, 20/7,...........

(C) 30, 20, 10,............ (D) 10, 10/3, 10/5,10/7...........

/\

® Corp. / Reg. Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) — 324005
I Qesonance Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in
Educating for better tomorrow Toll Free : 1800 258 5555 | CIN : U80302RJ2007PLC024029



mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx

Sound Waves - ﬂ—

7. The displacement sound wave in a medium is given by the equation Y = A cos(ax + bt) where A, a and
b are positive constants. The wave is reflected by an denser obstacle situated at x = 0. The intensity of
the reflected wave is 0.64 times that of the incident wave. Mark the incorrect statement(s).

(A) the wavelength and frequency of the wave are 2n/a and b/2r respectively

(B) the amplitude of the reflected wave is 0.8 A

(C) the resultant wave formed after reflection is y = A cos(ax + bt) + [- 0.8 A cos (ax — bt)] and
Vmax (Maximum particle speed) is 1.8 bA

(D) the equation of the standing wave so formed is y = 1.8 A sin ax cos bt

8. The ratio of speed of sound in nitrogen gas to that in helium gas at 300 K is [JEE - 1999, 2/200]
(A) 217 (B) \N1/7 (C) 3 /5 (D) J6/5
9. Two monoatomic ideal gases 1 and 2 of molecular masses m1 and mz 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 [JEE (Scr) - 2000, 2/105]
m m m m
(A) /—1 (B) ,/—2 (€) = (D) —=
m, m, m; m;
10. A closed pipe resonates at its fundamental frequency of 300 Hz. Which one of the following statements
is wrong ? [REE - 1993]

(A) If the temperature rises, the fundamental frequency increases.

(B) If the pressure rises, the fundamental frequency increases.

(C) The first overtone is of frequency 900 Hz.

(D) An open pipe with the same fundamental frequency has twice the length.

11. A closed pipe and an open pipe have their first overtones identical in frequency. Their lengths are in the
ratio- [REE - 1999]
A)1:2 B)2:3 (C)3:4 (D)4:5

12. 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 - [JEE - 1996, 2]
(A) 200 Hz (B) 300 Hz (C) 240 Hz (D) 480 Hz

13. There is a set of four tuning forks, one with the lowest frequency vibrating at 550 Hz. By using any two

tuning forks at a time, the following beat frequencies are heard: 1, 2, 3, 5, 7, 8. The possible
frequencies of the other three forks are:
(A) 552, 553, 560 (B) 557, 558, 560 (C) 552, 553, 558 (D) 551, 553, 558

14. Two sound sources produce progressive waves given by y1 =12 cos 100xt and y2 = 4 cos 102xt near
the ear of an observer. When sounded together, the observer will hear
(A) 2 beats per two sound source with an intensity ratio of maximum to minimum nearly 4 : 1

(B) 1 beat per second with an intensity ratio of maximum to minimum nearly J2:1

(C) 2 beats per second with an intensity ratio of maximum to minimum nearly 9: 1
(D) 1 beat per second with an intensity ratio of maximum to minimum nearly 4 :1
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15.=

16.

17.=

18.

19.%

20.

21w

22.

A fixed source of sound emitting a certain frequency appears as fa when the observer is approaching
the source with speed v and frequency fr when the observer recedes from the source with the same
speed. The frequency of the source is

f+f f, -1 2tf
A2 B) 2 SINE; D) e
(A) = (®) =5 (C) JEf: ()fr+fa

When a train approaches a stationary observer, the apparent frequency of the whistle is n' and when
the same train recedes away from the observer, the apparent frequency is n". Then the apparent

frequency n when the observer sitting in the train is : [REE 1997, 5]
OLEESS (8)n="n"n" (Cyn= 21 yn= 21
n n -

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 observe any beats. (velocity of sound = 330 m/s)
[JEE-2003 (screening), 3/84]
(A) 33 m/s (B) 22 m/s (C) zero (D) 11 m/s

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 [JEE - 2002 (Screening), 3/90]
242 5 11

A) — B) 2 C) = D) —

(A) 55 (B) © 5 (D) E

A train moves towards a stationary observer with speed 34m/s. The train sounds a whistle and its
frequency registered by the observer is fi. If the train’s speed is reduced to 17m/s, the frequency
registered is f2. If the speed of sound is 340m/s then the ratio fi/f2 is [JEE - 2000 Screening, 1/35]
(A) 18/19 (B) 1/2 (C)2 (D) 19/18

A train blowing its whistle moves with a constant velocity v away from an observer on the ground. The
ratio of the natural frequency of the whistle to that measured by the observer is found to be 1.2. If the

train is at rest and the observer moves away from it at the same velocity, this ratio would be given by:
[JEE - 1993]
(A) 0.51 (B) 1.25 (C) 1.52 (D) 2.05

In the case of sound waves, wind is blowing from source to receiver with speed Uw. Both source and
receiver are stationary. If Ao is the original wavelength with no wind and V is speed of sound in air then
wavelength as received by the receiver is given by :

() ho (B) (V (,U] » ©) [V :/UW] X (D) [V - ] X

Two sound sources each emitting sound of wavelength A are fixed some distance apart. A listener
moves with a velocity u along the line joining the two sources. The number of beats heard by him per
second is

2u u u 2\
(A) N (B) = ©) o (D) m
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23. A source on a swing which is covering an angle 6 from the vertical is producing a frequency v. The
source is distant d from the place of support of swing. If velocity of sound is c, acceleration due to
gravity is g, then the maximum and minimum frequency heard by a listener in front of swing is

cv cv cv cv
(A) , (B) :
J2gd-c  [2gd+c J2gd(1-cos®) —c ' f2gd(1-cosH) + ¢
cv cv cv cv
©) , (D) — .
¢ —/2gd(1-cos8) ' ¢ +f2gd(1-cos6) c—+/2gd(1-sin6)  c++/2gd(1-sin6)
24, A car is approaching a railway crossing at a speed of 72 kmph. It sounds a horn, when it is 800 m

away, at 600 Hz. If velocity of sound in air is 330 ms-1, the apparent frequency as received by a man at

rest near the railway track perpendicular to the road at a distance of 600 m from the crossing is

72 kmph
~80om |
600m
(A) 653 Hz (B) 365.5 Hz (C) 630.5 Hz (D) 563.5 Hz

25.= Two identical sources moving parallel to each other at separation ' d ' are producing sounds of
frequency ' f ' and are moving with constant velocity vo. A stationary observer ' O ' is on the line of
motion of one of the sources. Then the variation of beat frequency heard by O with time is best
represented by: (as they come from large distance and go to a large distance)
JI.S1 Vo
fl
|

beat freq. —»

T
g
£
T
i}
Q

(A) (B) (D)

1
o
o

&=
®
o
o
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26. A source which is emitting sound of frequency f is initially at (— r, 0) and an observer is situated initially

at (2r, 0). If observer and source both are moving with velocities V.. =—J2vi-2Vj and

v = li + v
source \/E \/E

(A) Apparent frequency first increases, then decreases and observer observes the original frequency
once during the motion.

(B) Apparent frequency first increases, then decreases and observer observes the original frequency
twice during the motion.

(C) Apparent frequency first increases, then decreases during the motion and observer never observes
the initial frequency.

(D) Apparent frequency continuously decreases and once during the motion, observer hears the
original frequency.

J then which of the following is correct option ?

27. Two identical loudspeakers, placed close to each other inside a room, are supplied with the same
sinusoidal voltage. One can imagine a pattern around the loudspeakers with areas of increased and
decreased sound intensity alternately located. Which of the following actions will NOT change the
locations of these areas ? [Olympiad 2016 stage-I]
(A) Moving one of the speakers.

(B) Changing the amplitude of the signal voltage
(C) Changing the frequency of the signal voltage
(D) Replacing the air in the room with a different gas.

28. The frequency of the sound produced by a siren increases from 400 Hz to 1200 Hz while its amplitude

remains the same. Therefore, the ratio of the intensity of the 1200 Hz wave to that of the 400 Hz wave

is [Olympiad 2016 stage-I]
A)1:1 B)3:1 (©1:9 (D)9:1

29._ A whistle whose air column is open at both ends has a fundamental frequency 500 Hz. The whistle is
dipped in water such that half of it remains out of water. What will be the fundamental frequency now ?
(speed of sound in air is 340 ms1) [Olympiad (State-1) 2017]
(A) 250 Hz (B) 125 Hz (C) 500 Hz (D) 1000 Hz

30._ A man stands at rest in front of a large wall. A sound source of frequency 400 Hz is placed between him
and the wall. The source is now moved towards the wall at a speed of 1 m/s. The number of beats
heard per second will be (speed of sound in air is 345 m/s) [Olympiad (State-1) 2017]
(A) 0.8 (B) 0.58 (C)1.16 (D) 2.32

PART - Il : SINGLE AND DOUBLE VALUE INTEGER TYPE

1ln The temperature of air in a 900 m long tunnel varies linearly from 100 K at one end to 900 K at other
end. If the speed of sound in air at 400 K is 360 m/s then time taken by sound to cross the tunnel is K
second. Find 2K ?

2.n At certain instant the shape of a simple train of plane wave is y = 12 sin % (x and y are in cm.). The

velocity of the wave propagation is 100 cm/s in a positive direction away from the origin. The equation

giving the shape of the wave 0.25s later is y = 12 sin (g—x—gj .Findaxb
a
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B
3 S
2. i
O
<+«—1000 A—>
S,
A

Two coherent sources Si1 and Sz (in phase with each other) are placed at a distance of 2A as shown
where M\ is wavelength of sound. A detector moves on line A B parallel to S: Se. If detector detects

maximum intensity at finite distance from O at 6 = (Ej . Find n
n
4, Two coherent sources are placed at the corners of a rectangular track of sides B e
3 m & 4 m. The source S: lags Sz by phase angle 7. A detector is moved along I T
path ABC. Then find: 7 3
The ratio of total number of minima detected on line AB to the total number of A&~ i

minima on line BC is % (in lowest form). Find P.Q [Velocity of sound = 330 m/s; S,
Frequency of sources S1 and Sz = 165 Hz ]

5. A man standing infront of a mountain beats a drum at regular intervals. The drumming rate is gradually
increased and he finds that the echo is not heard distinctly when the rate becomes 40 per minute. He
then moves near to the mountain by 90m and finds that the echo is again not heard when the drumming
rate becomes 60 per minute. If the distance (in metre) between the mountain and the initial position of
the man is x, Find x/10. [JEE 1974]

6. Loudness of sound from an isotropic point source at a distance of 10m is 20dB. If the distance at which
it is not heard is 10X in meters find K.

7. The equation of a longitudinal stationary wave in a metal rod is given by, y = 0.002 sin %X sin 1000 mtt,

where x & y are in cm and t is in seconds. If maximum change in pressure (the maximum tensile stress)

at the point x = 2cm is %xlO‘sdyne/cmZ, Find n. Given young's modulus of the material is

3 dynes/cm?.
8n

8.» A standing wave & = a sin kx.cos ot is maintained in a homogeneous rod with cross-sectional area S
and density p. If the total mechanical-energy confined between the sections corresponding to the

adjacent displacement nodes is 1 nSpw’a?/k Find p.
p

9. The two pipes are submerged in sea water, arranged as shown in figure. Pipe A with length La=1.5m
and one open end, contains a small sound source that sets up the standing wave with the second
lowest resonant frequency of that pipe. Sound from pipe A sets up resonance in pipe B, which has both
ends open. The resonance is at the second lowest resonant frequency of pipe B. The length of the pipe

B in metersis :
La Le

A B
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10.

11x=

12.

13.

14.

15.

16.=

17.

18.

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 Ma. Pipe B is open at one end and closed at the other end, and
is filled with a diatomic gas of molar mass Mgs. Both gases are at the same temperature. Given the
frequency of 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. Now If the open end of pipe B is also closed (so that
the pipe is closed at both ends). The ratio of the fundamental frequency in pipe A to that in pipe B equal
to p/q (in lowest form). Find pq

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 first overtone.
Calculate the end correction (in mm). [JEE- 2003 (Screening), 3/84]

When a tuning fork vibrates with 1.0 m or 1.05 m long wire (both in same mode), 5 beats per second
are produced in each case. If the frequency of the tuning fork is 5f (in Hz) find f. [REE - 1998]

A train moving towards a tunnel in a huge mountain with a speed of 12 m/s sounds its whistle. Sound is
reflected from the mountain. If the driver hears 6 beats per second & speed of sound in air is
332 m/s, the frequency of the whistle is

S is source R is receiver. R and S are at rest. Frequency of sound from S is f. The beat frequency

registered by R is ﬂ Find k. Given, velocity of sound is v.
V+u

—>u
(const.)

[HTTTTTTTITIT

A source S emitting sound of 300 Hz is fixed on block A which S D

is attached to the free end of a spring Sa as shown in figure. W‘il Ijm

The detector D fixed on block B attached to free end of spring S x B S

Se detects this sound. The blocks A and B are simultaneously A :
displaced towards each other through a distance of 2.0m and then left to vibrate. If the product of
maximum and minimum frequencies of sound detected by D is K x 104 (sec™). Find K. Given the
vibrational frequencies of each block is 5/x Hz. speed of sound in air = 300 m/s [REE - 2001]

Two vehicles A and B are moving towards each other with same speed u = 25m/s. They blow horns of
the same frequency f = 550 Hz. Wind is blowing at speed w = 20 m/s in the direction of motion of A.
The driver of vehicle A hears the sound of horn blown by vehicle B and the sound of horn of his own
vehicle after reflection from the vehicle B. If difference of wavelength of both sounds received by A is

g . Find P. Velocity of sound is = 320 m/s.

A source of sound revolving in a circle of radius 5 m is emitting a signal of frequency 320 Hz.

. . T . . .
It completes one revolution in > seconds. If the difference between maximum and minimum

frequencies of the signal heard at a point 30 m from the centre of the circle = 27—5P. Find P. (Given
speed of sound = 300 ms™)] [REE - 2000 Mains, 3]

A source of sonic oscillations with frequency vo = 1700 Hz and a receiver are located on the same
normal to a wall. Both the source and the receiver are stationary, and the wall recedes from the source
with velocity u = 6.0 m/s. Find the beat frequency (in Hz) registered by the receiver. The velocity of
sound is equal to v = 340 m/s.
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PART -1l : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE

1=

2.3

5»n

RN

In a wave motion y = a sin (kx — wt), y can represent : [JEE - 1999, 3/200]
(A) electric field (B) magnetic field (C) displacement (D) z pressure change

Which one of the following statements is incorrect for stable interference to occur between two waves?
(A) The waves must have the same wave length [REE - 1993]
(B) The waves must have a constant phase difference

(C) The waves must be transverse only

(D) The waves must have equal amplitudes.

S:1 and Sz are two sources of sound emitting sine waves. The two sources are in phase. The sound
emitted by the two sources interfere at point F. The waves of wavelength :

®<—2m—® 4m ®

S, S, F

(A) 1 m will result in constructive interference  (B) - m will result in constructive interference

(C) 2m will result in destructive interference (D) 4m will result in destructive interference

Two monochromatic sources of electromagnetic wave, P and Q emit waves of wavelength 2 = 20 m
and separated by 5m as shown. A, B and C are three points where interference of these waves is
observed. If phase of a wave generated by P is ahead of wave generated by Q by n/2 then (given
intensity of both waves is I) :

[

c

B P Q A

C is symmetrical with respect to P and Q
(A) phase difference of these waves at B is 180°
(B) intensities at A,B and C are in the ratio 2 : 0 : 1 respectively.
(C) intensities at A,B and C are in the ratio 1 : 2 : O respectively.
(D) phase difference at A is 0°.

The energy per unit area associated with a progressive sound wave will be doubled if :
(A) the amplitude of the wave is doubled

(B) the amplitude of the wave is increased by 50%

(C) the amplitude of the wave is increased by 41%

(D) the frequency of the wave is increased by 41%

As a wave propagates : [JEE - 1999, 3/200]

(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 power of the spherical wave over the spherical surface centered at the source remains
constant at all times .

At the closed end of an organ pipe :
(A) the displacement is zero (B) the displacement amplitude is maximum
(C) the pressure amplitude is zero (D) the pressure amplitude is maximum

A cylindrical tube, open at one end and closed at the other, is in acoustic unison (resonance) with an
external source of sound of single frequency held at the open end of the tube, in its fundamental note.
Then :

(A) the displacement wave from the source gets reflected with a phase change of = at the closed end
(B) the pressure wave from the source get reflected without a phase change at the closed end

(C) the wave reflected from the closed end again gets reflected at the open end

(D) the wave reflected from the closed end does not suffer reflection at the open end
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9= The effect of making a hole exactly at (1/39) of the length of the pipe from its closed end is such that
(A) its fundamental frequency is an octave higher than the open pipe of same length
(B) its fundamental frequency is thrice of that before making a hole
(C) the fundamental frequency is 3/2 time of that before making a hole
(D) the fundamental alone is changed while the harmonics expressed as ratio of fundamentals remain

the same
10. It is desired to increase the fundamental resonance frequency in a tube which is closed at one end.
This can be achieved by [REE - 2000]
(A) replacing the air in the tube by hydrogen gas (B) increasing the length of the tube
(C) decreasing the length of the tube (D) opening the closed end of the tube

11.= In aresonance tube experiment, a closed organ pipe of length 120 cm is used. Initially it is completely
filled with water. It is vibrated with tuning fork of frequency 340 Hz. To achieve resonance the water
level is lowered then (given vair = 340 m/sec., neglect end correction) :
(A) minimum length of water column to have the resonance is 45 cm.
(B) the distance between two successive nodes is 50 cm.
(C) the maximum length of water column to create the resonance is 95 cm.
(D) the distance between two successive nodes is 25 cm.

12.= Two narrow organ pipes, one open (length ¢1) and the other closed (length ¢2) are sounded in their
respective fundamental modes. The beat frequency heard is 5 Hz. If now the pipes are sounded in their

first overtones, then also the beat frequency heard is 5 Hz. Then:
/, 1 1

[/, @
(A) 7,72 (B) 71 (C)Z_Z (D)

@le\
n
6\|<\
i
1
wW|N

2

13.=  Two identical straight wires are stretched so as to produce 6 beats/sec. when vibrating simultaneously.
n changing the tension slightly in one of them' the beat frequency remains unchanged. Denoting by
T1, T2, the higher & the lower initial tensions in the strings, then it could be said that while making the
above changes in tension: [JEE 1991, 2]
(A) T2 was decreased (B) T2was increased (C) T:was increased (D) T1 was decreased

14. A source and an observer are at rest w.r.t ground. Which of the following quantities will remain same, if
wind blows from source to observer ?
(A) Frequency (B) speed of sound (C) wavelength (D) Time period

15.= A girl stops singing a pure note. She is surprised to hear an echo of higher frequency, i.e., a higher
musical pitch. Then :
(A) there could be some warm air between the girl and the reflecting surface
(B) there could be two identical fixed reflecting surfaces, one half a wavelength of the sound wave away
from the other
(C) the girl could be moving towards a fixed reflector
(D) the reflector could be moving towards the girl

16*. A sound wave of frequency v travels horizontally to the right. It is reflected from a large vertical plane

surface moving to left with a speed u. The speed of sound in medium is c. [JEE - 1995]
(A) The number of waves striking the surface per second is w v
(B) The wavelength of reflected wave is clc-u
v(C +U)
(C) The frequency of the reflected wave as observed by the stationary observer is v EC - u;
c—u

(D) The number of beats heard by a stationary listener to the left of the reflecting surface is v
c-u
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17.

18.

19.

20.=

In the figure shown an observer O: floats (static) on water surface with S
ears in air while another observer Oz is moving upwards with constant V. = Y
velocity V1 = V/5 in water. The source moves down with constant velocity ST g

Vs = V/5 and emits sound of frequency 'f'. The velocity of sound in air is V
and that in water is 4V. For the situation shown in figure :

. Y, O1 g
(A) The wavelength of the sound received by O: is = _-_-_--ﬁ_ -------------------------
(B) The wavelength of the sound received by Oy is V/f Sy, < Y
. . 21f O - > - - -
C) The frequency of the sound received by Oz is — gl V> wigiolplelololylotolulutel
(C) The frequency yOzis — AR
. .16V
(D) The wavelength of the sound received by Oz is =

A tuning fork is vibrating with constant frequency and amplitude. If the air is heated without changing
pressure the following quantities will increase.
(A) Wavelength (B) Frequency (C) Velocity (D) Time period

Two sound waves move in the same direction in the same medium. The pressure amplitude of the
waves are equal but the wavelength of the first wave is double that of the second. Let the average
power transmitted across a cross section by the two wave be P:1 and P2 and their displacement
amplitudes be s: and sz then

(A)Pi/P2=1 (B) P1/P2 =2 (C) si/s2=1/2 (D) si/s2 = 2/1

Two tuning forks A & B produce notes of frequencies 256 Hz & 262 Hz respectively. An unknown note
sounded at the same time with A produces beats. When the same note is sounded with B, beat
frequency is twice as large. The unknown frequency could be:

(A) 268 Hz (B) 250 Hz (C) 260 Hz (D) 258 Hz

PART - IV : COMPREHENSION

Comprehension-1

1w

2.5

CR-V

In an organ pipe (may be closed or open) of 99 cm length standing wave is setup, whose equation is
given by longitudinal displacement & = (0.1 mm) cos :—g (y + 1 cm) cos 2r(400) t where y is measured

from the top of the tube in centimeters and t in second. Here 1 cm is the end correction.

The upper end and the lower end of the tube are respectively:
(A) open — closed (B) closed — open (C) open —open (D) closed — closed

The air column is vibrating in
(A) First overtone (B) Second overtone  (C) Third harmonic (D) Fundamental mode

Equation of the standing wave in terms of excess pressure is (Bulk modulus of air B =5 x 105 N/m?)

(A) Pex = (125 tN/m?) sin g—g (y + 1 cm) cos 2r(400t)
(B) Pex = (125 n N/m?) cos 2i—g(y + 1 cm) sin 27(400t)
(C) Pex = (225 nN/m?) sin % (y +1 cm) cos 2n(200t)

(D) Pex = (225 nN/m?) cos g—g (y + 1 cm) sin 2x(200t)
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4x Assume end correction approximately equals to (0.3) x (diameter of tube), estimate the approximate number of
moles of air present inside the tube (Assume tube is at NTP, and at NTP, 22.4 litre contains 1 mole)
10n 10x 10m 10x
A o B) ©) o0 D) ———
36x22.4 18x22.4 72x22.4 60x22.4
Comprehension-2
An Indian submarine is moving in “Arab Sagar” with a constant velocity. To detect enemy it sends out
sonar waves which travel with velocity 1050 m/s in water. Initially the waves are getting reflected from a
fixed island and the reflected waves are coming back to submarine. The frequency of reflected waves
are detected by the submarine and found to be 10% greater than the sent waves.

Sonar waves

submarine &
K — kK — Kk — kK — k-

Fixed
Island
Now an enemy ship comes in front, due to which the frequency of reflected waves detected by

submarine becomes 21% greater than the sent waves.

5. The speed of Indian submarine is
(A) 10 m/sec (B) 50 m/sec (C) 100 m/sec (D) 20 m/sec.
6. The velocity of enemy ship should be :
(A) 50 m/sec. toward Indian submarine. (B) 50 m/sec. away from Indian submarine.
(C) 100 m/sec. toward Indian submarine. (D) 100 m/sec. away from Indian submarine.
7. If the wavelength received by enemy ship is A’ and wavelength of reflected waves received by

submarine is A”” then [i‘—) equals

(A) 1 (B) 1.1 (C)1.2 (D) 2
8. Bulk modulus of sea water should be approximately (pwater = 1000 kg/m3)
(A) 108 N/m2 (B) 10° N/m? (C) 10%° N/m2 (D) 10t N/m?2

* Marked Questions may have more than one correct option.
w Marked Questions can be used as Revision Questions.

PART - | : JEE (ADVANCED) / IT-JEE PROBLEMS (PREVIOUS YEARS)

Paragraph for Question Nos. 1to 3
Two plane harmonic sound waves are expressed by the equations. [JEE' 2006, 5 x 3 = 15 /184]
yi(X, t) = A cos (0.5 nx — 100 nt)
y2(X, t) = A cos (0.46 nx — 92 nt)
(All parameters are in MKS) :

N
J

1. How many times does an observer hear maximum intensity in one second ?
(A) 4 (B) 10 (C)6 (D) 8

2= What is the speed of the sound ?

(A) 200 m/s (B) 180 m/s (C) 192 m/s (D) 96 m/s
3. At x = 0 how many times y1 + y2 is zero in one second ?
(A) 192 (B) 48 (C) 100 (D) 96
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7.5

8.*m.

Paragraph for Question Nos. 4t0 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 engines of train A blows
a long whistle. [JEE' 2007, 4 x 3 =12 /81]
A

Intensity

1L

f, f, frequency
Assume that the sound of the whistle is composed of components varying in frequency from f1 = 800 Hz
to f2 = 1120 Hz, as shown in the figure. The spread in the frequency (highest frequency — lowest
frequency) is 320 Hz. The speed of sound in still air is 340 m/s. [JEE' 2007, 4 x 3 =12 /81]

»

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
(C) 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

The distribution of the sound intensity of the whistle as observed by the passengers in train A is best
represented by

A
2 2
‘@ ‘©
(A g B) 5
f, f, frequency f, f, frequency
A
2 2
£ £
©€) 5 (D) 5
£ | £ |
f. f, frequency f, f, frequency

The spread of frequency as observed by the passengers in train B is
(A) 310 Hz (B) 330 Hz (C) 350 Hz (D) 290 Hz

A vibrating string of certain length ¢ under a tension T resonates with a mode corresponding to the first
overtone (third harmonic) of an air column of length 75 cm 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 is slightly increased the number of beats reduces to 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 [JEE' 2008, 3/163 ]
(A) 344 (B) 336 (C)117.3 (D) 109.3

A student performed the 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, [JEE' 2009, 4/160, -1]

(A) the intensity of the sound heard at the first resonance was more than that at the second resonance

(B) the prongs of the tuning fork were kept in a horizontal plane above the resonance tube

(C) the amplitude of vibration of the ends of the prongs is typically around 1 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. [JEE' 2009, 4/160, —-1]
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9.1

10.

11.

12.

13*.

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 is 1.2% of fo. 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 ms1. [JEE' 2010, 3/163]

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™1, the mass of the string is : [JEE' 2010, 5/163, -2]
(A) 5 grams (B) 10 grams (C) 20 grams (D) 40 grams

A police car with a siren of frequency 8 kHz is moving with uniform velocity 36 km/hr 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 [JEE' 2011, 3/160, —-1]
(A) 8.50 kHz (B) 8.25 kHz (C) 7.75 kHz (D) 7.50 kHz

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 Ar. Match each system with statements given in Column Il describing the nature and

wavelength of the standing waves. [JEE' 2011, 8/160]
Column | Column I

(A) Pipe closed at one end (p) Longitudinal waves
0 L

(B) Pipe open at both ends (q) Transverse waves
0 L

(C) Stretched wire clamped at both ends (ni=L

S0 LB
(D) Stretched wire clamped at both ends (s) r=2L
and at mid-point

§ \|/ E t) Ar=4L
R - Y

L/2

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. [IT-JEE-2012, Paper-1; 4/70]
(A) a high-pressure pulse starts traveling up the pipe, if the other end of the pipe is open.

(B) a low-pressure pulse starts traveling up the pipe, if the other end of the pipe is open.

(C) a low-pressure pulse starts traveling up the pipe, if the other end of the pipe is closed.

(D) a high-pressure pulse starts traveling up the pipe, if the other end of the pipe is closed.
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14.

15% =

16.=

17. =

18

19.

20*,

A student is performing the experiment of Resonance Column. The diameter of the column tube is 4cm.
The distance frequency of the tuning fork is 512 Hz. The air temperature is 38°C in which the speed of
sound is 336 m/s. The zero of the meter scale coincides with the top end of the Resonance column.
When first resonance occurs, the reading of the water level in the column is

[IT-JEE-2012, Paper-2; 3/66, —1]
(A) 14.0 (B) 15.2 (C)16.4 (D) 17.6

Two vehicles, each moving with speed u on the same horizontal straight road, are approaching each
other. Wind blows along the road with velocity w. One of these vehicles blows a whistle of frequency fi.
An observer in the other vehicle hears the frequency of the whistle to be f2. The speed of sound in still
air is V. The correct statement(s) is (are) : [JEE (Advanced) 2013, P-2, 3/60, -1]
(A) If the wind blows from the observer to the source, f2 > fi.

(B) If the wind blows from the source to the observer, f2 > fi.

(C) If the wind blows from the observer to the source, f2 < fi.

(D) If the wind blows from the source to the observer, f2 < fi.

A student is performing an experiment using a resonance column and a tuning fork of frequency
244s-1, He is told that the air in the tube has been replaced by another gas (assume that the column
remains filled with the gas). If the minimum height at which resonance occurs is (0.35010.005)m, the
gas in the tube is [JEE (Advanced) 2014, P-1, 3/60]

(Useful information) : [167RT =640j"?> mole™"?; 140RT =590j"> mole™”?. The molar masses M

in grams are given in the options. Take the value of ‘;ﬁ for each gas as given there.)

10 7 \ 10 3
A) Neon (M =20, ,|—=— B) Nitrogen (M =28, ,|— =—
(A) ( ‘fzo 10) (B) gen ( > 5)
10 9 10 17
C)Oxygen(M =32, ,|— =— D) Argon (M =36, ,|[— =—
(C) Oxygen ( T 16) (D) Argon ( ,f% 32)

. . . . 2
Four harmonic waves of equal frequencies and equal intensities Io have phase angles 0, g , ?n and .

When they are superposed, the intensity of the resulting wave is nlo. The value of nis :
[JEE (Advanced) 2015 ; P-2,4/88]

A stationary source emits sound of frequency fo = 492 Hz. The sound is reflected by a large car
approaching the source with a speed of 2ms=!. The reflected signal is received by the source and
superposed with the original. What will be the beat frequency of the resulting signal in Hz ? (Given that
the speed of sound in air is 330 ms~! and the car reflects the sound at the frequency it has received).
[JEE (Advanced) 2017 ; P-1, 3/61]

Two men are walking along a horizontal straight line in the same direction. The man in front walks at a
speed 1.0 ms™! and the man behind walks at a speed 2.0 ms™. A third man is standing at a height
12 m above the same horizontal line such that all three men are in a vertical plane. The two walking
men are blowing identical whistles which emit a sound of frequency 1430 Hz. The speed of sound in air
is 330 ms1. At the instant, when the moving men are 10 m apart, the stationary man is equidistant from
them. The frequency of beats in Hz, heard by the stationary man at this instant, is .

[JEE (Advanced) 2018 ; P-1, 3/60]

In an experiment to measure the speed of sound by a resonating air column, a tuning fork of frequency
500 Hz is used. The length of the air column is varied by changing the level of water in the resonance
tube. Two successive resonances are heard at air columns of length 50.7 cm and 83.9 cm. Which of
the following statements is (are) true ? [JEE (Advanced) 2018 ; P-2, 3/60, -2]
(A) The speed of sound determined from this experiment is 332 ms!

(B) The end correction in this experiment is 0.9 cm

(C) The wavelength of the sound wave is 66.4 cm

(D) The resonance at 50.7 cm corresponds to the fundamental harmonic
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PART - Il : JEE (MAIN) / AIEEE PROBLEMS (PREVIOUS YEARS)

2.3

4.5

6.

10.

A whistle producing sound waves of frequencies 9500 Hz and above is approaching a stationary person with
speed v ms-1. The velocity of sound in air is 300 ms-1. If the person can hear frequencies upto a maximum of

10,000 Hz, the maximum value of v upto which he can hear the whistle is: [AIEEE 2006, 3/180]
(1) 30 ms1 2 15\5 ms-1 3 % ms-1 (4) 15 ms1
2

A sound absorber attenuates the sound level by 20 dB. The intensity decreases by a factor of :
[AIEEE 2007, 3/120, -1]

(1) 1000 (2) 10000 (3) 10 (4) 100

The speed of sound in oxygen (Oz) at a certain temperature is 460 ms-. The speed of sound in helium
(He) at the same temperature will be (assume both gases to be ideal) : [AIEEE 2008, 3/105, -1]
(1) 500 mst (2) 650 ms (3) 330 ms (4) 460 ms

While measuring the speed of sound by performing a resonance column experiment, a student gets the first
resonance condition at a column length of 18 cm during winter. Repeating the same experiment during summer,
she measures the column length to be x cm for the second resonance. Then [AIEEE 2008, 3/105, -1]
(1) x> 54 (2) 54 > x > 36 (3)36 >x>18 (4) 18 > x

A motor cycle starts from rest and accelerates along a straight path at 2 m/s2. At the starting point of the
motor cycle there is a stationary electric siren. How far has the motor cycle gone when the driver hears
the frequency of the siren at 94% of its value when the motor cycle was at rest? (Speed of
sound = 330 ms1) [AIEEE 2009, 4/144]
(1) 98 m (2) 147 m (3) 196 m (4)49 m

A pipe of length 85 cm is closed from one end. Find the number of possible natural oscillations of air
column in the pipe whose frequencies lie below 1250 Hz. The velocity of sound in air is 340 m/s.

[JEE (Main) 2014, 4/120, -1]
(1) 12 (2) 8 (3)6 (4) 4

A train is moving on a straight track with speed 20 ms=2. It is blowing its whistle at the frequency of
1000 Hz. The percentage change in the frequency heard by a person standing near the track as the
train passes him is (speed of sound = 320 ms?) close to : [JEE (Main) 2015; 4/120, -1]
(1) 6% (2) 12% (3) 18% (4) 24%

A pipe open at both ends has fundamental frequency f in air. The pipe is dipped vertically in water so that
half of it is in water. The fundamental frequency of the air column is now : [JEE(Main) 2016; 4/120, —-1]

3f f
@D - (2) 2f Qf )5

An observer is moving with half the speed of light towards stationary microwave source emitting waves
at frequency 10GHz. What is the frequency of the microwave measured by the observer ? (speed of
light = 3 x 108ms) [JEE (Main) 2017 ; 4/120, -1]
(1) 15.3 GHz (2) 10.1 GHz (3) 12.1 GHz (4) 17.3 GHz

A granite rod of 60 cm length is clamped at its middle point and is set into longitudinal vibrations. The
density of granite is 2.7 x 10% kg/m® and its Young's modulus is 9.27 x 10 Pa. What will be the
fundamental frequency of the longitudinal vibrations ? [JEE (Main) 2018; 4/120, -1]
(1) 10kHz (2)7.5kHz (3) 5kHz (4) 2.5kHz
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Sound Waves -
Bl Answers
EXERCISE-1 E-2. (a)f=50Hz, A=0.2m, v=10ms
(b) Pm=62.8 Nm2 = 20nr Nm-2, B = 100Nm2
PART - | (c) M4 =0.05m
A-1. 16 mm, 16 m Section (F) :
A-2. (a)2nfAt=64n (b) X _ P12
v 10 F-2. 100 (2n+1)Hzwheren=0,1,2,3, ..., 9
A3 (a) kA _ 1 (b) KA = 1 F-3. 4.2kHz F-4.  20cm
2 201 10 F-5. 55cm
5 -
Aq  Ph _ 8X10° F-6. 20,80 cm, 200 Hz
2nS, T v . I
F-7. (@) va = — (2n + 1); six oscillations
A-5. 7.5cm, 75 m 4/
Section (B) : (b) va = 216 (n + 1), also six oscillations.
1000
B-1 T3 m/g E Heren=0,1,2, ...
1 F-8. 56
B-3.  (a) ~ 400 Sy (®) 6 % F-9.  fundamental frequency n = 20 Hz, depth of
B-4. V=303.5m/s the well = 4.3
Section (C) : Section (G) :
P G-1. 478H G-2. 2%
C-1. (@ =60 (b) P10 z 0
P, P, 3600 40
G-3. (a) 95Hz (b) —x10° kg/m3
C-2. (a) 5Nm=, (b) 3 um I
Section (D) : G-4. 27.0400 N
D-1. (@n Section (H) :
2
(0) 1= (I, =ls ) = (25/312)° H1 () fr=—C
cC—-V
B-:. 23 Hz D-3. 125cmD-4. 8.5cm . (X -[E) . (Xj . (C_Vj
oeoaom £) () % f
Section (E) :
_ ingr—g © HV
E-1. y(X, t) =2x1076 sin 6xx cos (6 ﬁn x 103%t+0) (iii) C—V
atx=0.1
6n (V) foear = F—2Y
¥(0.1, ) = 2x10-sin - cos(6 30 7x10° t+6) et Iy
y1 (X, 1) =1x107 sin(6rnx+ 6 /30 1 x10% + 01) H2. decreases by 2u 1=02%
V+Uu
y2 (X, t) =1x10- sin(6mx — 6/30 7t x103t + 0)
atx=0.1 H-3.  Ru, foeat=2fo vu/ (V2 — u?) =~ 2hu =1.0Hz
\"
. brn
= -6 i 3 _
y1(0.1, t) =1x10-6 sin( o 6 /30 103+ 0) Ha STV W5 20mis
C+V
y2(0.1, t) =1x10-5sin( f—g — 6+/30 1 x10% + 02) H-6. 160 Hz
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Sound Waves -

PART -1l PART -1l
Section (A): 1.  (ABCD) 2. (CD) 3. (ABD)
AL (B A2 (A A3 A . (ABD) 5. (CD) 6.  (ACD)
Section (B): 7. (AD) 8. (ABC) 9. (BD)
B1L. (B8 B2 (A B3 A 10.  (ACD) 11.  (ABC) 12.  (BC)
B4. (A

13. (BD) 14. (AD) 15.  (CD)
Section (C) : 16. (ABC) 17. (ACD) 18. (AC)
cCi. (B C2 () <C3 (D) 19. (AD) 20.  (BD)
Section (D) :
D1. (D) D2 (D) D3. (B PART - IV
D4. (A D-5. (B) 1. (A) 2. (B) 3. (A)
Section (E) : 4. (A) 5 (B) 6. (A
ELl (A 7. (B) 8. (B)
Section (F) :
F1. (C) F2. (B) F3. (B) EXERCISE-3
F4. (C) F5 (C) F6. (B PART - |
F7. (B . A 2 (A 3 (©
Section (G) : 4. B 5 (A) 6 A)
Gl1 (A G2 (B G3 (A Zb. E’Sg 2'1. &?) ok /
SECtIOﬂ (H) . 2. (A) - p1t ’ (B) i SN (C) —-q,s, (D) -q,r
Hi (O H2 (© H3 (@8 13. (BD) 14. (B) 15. (AB)
19. 500 20. (AC)

PART - llI PART - Il
1. (A)>p,q;B)—>0a,s;(C)—>r; (D) —>sq 1. 4 2. 4 3. [BONUS]
2. (A0 (@) > () () > (1) ) - (@) - U
3. A)—>q,r;B)—>p;(C)—>q,s;(D)—>p 10. ©)

EXERCISE-2

PART - |
1. (D) 2. (B) 3. (A)
4. (B) 5. (B) 6. (A)
7. (D) 8. (C) 9. (B)
10. (B8 11. () 12. (A
13. (D) 14. (D) 15. (A)
6. (C) 17. (B) 18. (B)
19. (D) 20. (B) 21. (B)
22.  (A) 23. (C) 24. (C)
25. (C) 26. (D) 27. (B)
28. (D) 29. (C) 30. (D)

PART -1l
1. 5 2, 20 3. 6
4. 6 5, 27 6. 2
7. 8 8. 4 9. 2
10. 12 11 25  12. 41
13. 80  14. 2 15. 9
6. 73 17. 12 18. 59
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