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| Section-A

Fill in the Blanks

A travelling wave has the frequency v and the particle
displacement amplitude A. For the wave the particle velocity
amphtude is ---------- and the particle acceleration amplitude
(1983 - 2 Marks)

Sound waves of frequency 660 Hz fall normally on a perfectly
reflecting wall. The shortest distance from the wall at which
the air particles have maximum amplitude of vibration is .....
metres. (1984- 2 Marks)
Two simple harmonic motions are represented by the
equations

y; = 10sin (3nz + n/4) and ¥, = 5(sin 3z + V3 cos3n)

Their amplitudes are in the ratioof .......... (1986 - 2 Marks)

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 0f0.0075 m> . The fundamental frequency
of vibration of the wire is 260 Hz. If the suspended mass is
completely submerged in water, the fundamental frequency
(1987 - 2 Marks)

The amplitude of a wave disturbance propagating in the

positive x-direction is given by y = 5 attimes=0and

+x)

byy= m at 1 = 2 seconds, where x and y are
in metres. The shape of the wave disturbance does not
change during the propagation. The velocity of the wave is
e TS, (1990 - 2 Marks)
A cyllnder resonance tube open at both ends has
fundamental frequency F in air. Half of the length of the
tube is dipped vertically in water. The fundamental frequency
to the air columnnowis.................... (1992 - 1 Mark)
A bus is moving towards a huge wall with a velocity of
5 ms~!. 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 ms™!)
(1994 - 2 Marks)

4.

Waves

JEE Advanced/ IIT-)EE

True/False

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.
(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.
(1984- 2 Marks)
A source of sound with frequency 256 Hz is moving with a
velocity V towards 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
(1985 - 3 Marks)

MCQs with One Correct Answer

A cylindrical tube open at both ends, has a fundamental
frequency °f in air. The tube is dipped vertically in air. The
tube is dipped vertically in water so that half ofit is in water.
The fundamental frequency of the air column in now
(1981- 2 Marks)
S 3f

@3 O 3 ©F @ ¥

A wave represented by the equation y = a cos (kx — of) 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 (1988 - 1 Mark)

(@) asin(kx + of) (b) —acos(kx — or)
(¢) —acos(kx + wt) (d) —asin(kx — of)
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 (1995S)

1/2 1/2
2p-1 2p
@ 300( 2p J ® 300[29 1)

-1
o wf) o efz)

A wave disturbance in a medium is described by

y(x,t) =0.02cos (SOTCt + g) cos(10mx) where x and y are

in metre and t is in second (1995S)
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(@) Anodeoccursatx=0.15m

(b) An antinode occursatx=0.3 m

(c) The speed waveis 5 ms™!

(d) Thewave length is 0.3 m

The extension in a string, obeying Hooke’s law, is x. The

speed of sound in the stretched string is v. If the extension

in the string is increased to 1.5x, the speed of sound will be
(1996 - 2 Marks)

(@ 122v (b) 06lv (c) 1.50v (d) 0.75v
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 100Hz than the fundamental frequency
of the open pipe. The fundamental frequency of the open
pipeis (1996 - 2 Marks)
(@ 200Hz (b) 300Hz (c) 240Hz  (d) 480Hz
A travelling wave in a stretched string is described by the
equation y = 4 sin (kx —»f) The maximum particle velocity is
(1997 - 1 Mark)
(@ Ao b) o/k () do/dk (d) x/t
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 f,. If the speed of sound is
340 m/s, then theratiof,/f, is (2000S)
(@ 1819 by 12 () 2 (d) 1918
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 nodes, the one of length L with frequency v,
and the other with frequency v,. The raio v,/v, is given
by (2000S)
@ 2 (b) 4 © 8 1
Two monatomic ideal gases 1 and 2 of molecular masses m,
and m, respectively are enclosed in separate containers
kept at the same temperature. The ratio of the speed of sound

in gas 1 to that in gas 2 is given by (2000S)
m i m i
@ e O e © @

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

the total energy of the pulses will be (20018)
(@ zero
(b) purely kinetic \/

(c) purely potential Y

(d) partlykinetic and partly potential 8 cm

The ends of a stretched wire of length L are fixed atx=0and
x = L. In one experiment, the displacement of the wire is
¥, = 4 sin (mx/L) sin ot and energy is £, and in another
experiment its displacement is y, = 4 sin (2mx/L) sin 20t and

energyis E,. Then (2001S)
(@ E,=E, (b) E,=2E,
() E,=4E, (d) E,=16E,

A siren placed at a railway platform is emitting sound of
frequency S kHz. A passenger sitting in a moving train 4

14.

15.

16.

17.

18.

19.

records a frequency of 5.5 kHz while the train approaches
the siren. During his return journey in a different train B he
records a frequency of 6.0 kHz while approaching the same
siren. The ratio of the velocity of train B to that train A4 is
(@) 242252 ®) 2 (20028 )
(c) 56 @ 11/6

A sonometer wire resonates with a given tuning fork forming
standing waves with five antinodes between the two bridges
when a mass of 9 kg is suspended from the wire. When this
mass is replaced by a mass M, the wire resonates with the
same tuning fork forming three antinodes for the same
positions of the bridges. The value of M is (20028 )
(@ 25kg (b) 5kg (¢) 125kg (d) 1225kg
A police car moving at 22 m/s, chases a motorcyclist. The
police man sounds his horn at 176 Hz, while both of them
move towards a stationary siren of frequency 165 Hz.
Calculate the speed of the motorcycle, if it is given that he

does not observes any beats. (2003S)
Police Car Motorcycle
—>nms > Suomy
176 Hz (165 Hz)
@ 33m/s (b) 22m/s (c) =zero (d) 1lm/s

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 t0 0.35 m,
the same tuning fork resonates with the first overtone.
Calculate the end correction. (2003S)
(@ 0012m (b) 0025m (c) 0.05m (d) 0.024m
A pipe of length £, closed at one end is kept in a chamber
of gas of density p,. A second pipe open at both ends is
placed in a second chamber of gas of density p,. The
compressibility of both the gases is equal. Calculate the
length of the second pipe if frequency of first overtone in
both the cases is equal (2004S)

4, [p2 4, [P

(@) 3ﬂ1\1p1 ®) 3[‘\102
© m,/—fﬁ (d) m‘/—"l
1 P2

In a resonance tube with tuning fork of frequency 512 Hz,
first resonance occurs at water level equal to 30.3 cm and
second resonance occurs at 63.7 cm. The maximum possible
error in the speed of sound is (2005S)
(a) 51.2cm/s (b) 102.4cm/s
(c) 204.8cm/s (d) 153.6cm/s
An open pipe is in resonance in 2nd harmonic with
frequency f;. Now one end of the tube is closed and
frequency is increased to £, such that the resonance again
occurs in nth harmonic. Choose the correct option
(2005S)

3 5
@ n=3L=3h  ®) n=3 =7

© n=She3f @ n=Sh=3h
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A massless rod of length L is suspended by two identical
strings AB and CD of equal length. A block of mass m is
suspended from point O such that BO is equal to ‘x’. Further
it is observed that the frequency of 1st harmonic in 4B is
equal to 2nd harmonic frequencyin CD. ‘x’ is

(2006 - 3M, 1)

= A £2 C
@ 3

4L
®

3L B % 2 T s D
© — <« X

4

L
d N

In the experiment to determine the speed of sound using a

resonance column, (2007)

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

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

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

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

A transverse sinusoidal wave moves along a string in the

positive x-direction at a speed of 10 cm/s. The wavelength of

the wave is 0.5 m and its amplitude is 10 cm. Ata particular time

t, the snap—shot of the wave is shown in figure. The velocity of

point P when its displacement is S cm is — (2008)
@) %j m/s y

(b) —%j m/s p

© %i m/s \/ >

(d -%f m/s

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 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 (2008)
(@ 344 (b) 336 (¢ 1173 (d) 1093

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

25.

26.

) P-89
(@) 5grams (b) 10 grams (2010)
(c) 20grams (d) 40grams

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 (2011)
(@) 850kHz (b) 825kHz

(c) 7.75kHz (d) 7.50kHZ

A student is performing the experiment of resonance column.
The diameter of the column tube is 4 cm. The 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
tube. When the first resonance occurs, the reading of the
water level in the column is 2012)

@ 140cm (b) 152cm (c) 164em () 17.6em

1> B8 MCQs with One or More than One Correct

1.

A wave equation which gives the displacement along the

y-direction is given by y = 10~ sin (60¢ + 2x) where x and y are

in metres and ¢ is time in seconds. This represents a wave

(1982 - 3 Marks)

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

(b) ofwavelength mm

(c) offrequency30/n hertz

(d) of amplitude 10 m traveling along the negative
x-direction

A transverse wave is described by the equation

y=ypsin2n ( ft— %) . The maximum particle velocity is

equal to four times the wave velocity if  (1984- 2 Marks)

@ r=n2l ®) r=n2
(©) A=myy (d A=2my,

An air column in a pipe, which is closed at one end, will be
in resonance with a vibrating tuning fork of frequency 264
Hz if the length of the column in cmis : (1985 - 2 Marks)
(@ 3125 (b) 6250 (c) 93.75 (d) 125
A tube, closed at one end and containing air, produces,
when excited, the fundamental note of frequency 512 Hz. If
the tube is open at both ends the fundamental frequency
that can be excited is (in Hz) (1986 - 2 Marks)
(@ 1024 (b) 512 () 256 (d) 128
The displacement of particles in a string stretched in the
x-direction is represented by y. Among the following
expressions for y, those describing wave motion are :
(1987 - 2 Marks)

(@) coskx sinwt ®) k2% — 0?2
©) cos®(kx + 1) (d) cos (k22— w*?)
An organ pipe P closed at one end vibrating in its first

harmonic and another pipe P, open at ends vibrating in its
third harmonic are in resonance with a given tuning fork.

The ratio of the length of A tothat of P, is
(1988 - 2 Marks)

@ 83 ®) 38 () 16 @ 173
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Velocity of sound in air is 320 m/s. A pipe closed at one end
has a length of 1 m. Neglecting end corrections, the air
column in the pipe can resonate for sound of frequency :

(1989 - 2 Marks)
(@ 80Hz (b) 240Hz (c) 320Hz (d) 400Hz
A wave is represented by the equation

y=Asin(10mx+ 1571+ %)

where x is in meters and ¢ is in seconds. The expression

represents : (1990 - 2 Marks)

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

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

(c) awave travelling in the negative x-direction having a
wavelength 0.2 m.

(d) awave travelling in the positive x-direction having a
wavelength 0.2 m.

Two identical straight wires are stretched so as to produce

6 beats per second when vibrating simultaneously. On

changing the tension slightly in one of them, the beat

frequency remains unchanged. Denoting by 7;, T, the

higher and the lower initial tension in the strings, then it
could be said that while making the above changes in
tension, (1991 - 2 Marks)

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

(¢) T, was decreased (d) T, was increased
The displacement y of a particle executing periodic motion

. 1.
is given by y= 4cos? (5 t) sin(1000¢)

This expression may be considereed to be a result of the
superposition of (1992 - 2 Marks)
(@ two (b) three (c) four (d) five
A sound wave of frequency f travels horizontally to the
right. It is reflected from a large vertical plane surface moving
to left with a speed v. The speed of sound in medium is C
(1995S)
(@ Thenumber of wave striking the surface per second is

f

(c+v)
c

c(c—v)

f(c+v)

(b) The wavelength of reflected wave is

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

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

V)
the left of the reflecting surface is c%v

A string of length 0.4 m and mass 1072 kg is tightly clamped
atits ends. The tension in the string is 1.6 N. Identical wave
pulses are produced at one end at equal intervals of time,
At. The minimum value of Az which allows constructive
interference between successive pulses is(1998 - 2 Marks)
(@ 0.05s () 0.10s (c) 0.20s (d) 0.40s

13.

14.

15.

16.

17.

18.

19.

The (x, y) co-ordinates of the corners of a square plate are
0, 0), (L, 0), (L, L) and (0, L). The edges of the plate are
clamped and transverse standing waves are set up in it. If
u(x, y) denotes the displacement of the plate at the point
(x,y) at some instant of time, the possible expression(s) for
u is (are) (a = positive constant) (1998 - 2 Marks)
(@ acos(mx/2L) cos (my/2L)(b) asin (mx/L) sin (1y/L)
(¢) asin(mx/L)sin 2my/L) (d) acos (2mx/L)sin (my/L)
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 is
the speed of propagation of the wave. If @ = 10m and
v=10ms~! then A and fare givenby (1998 - 2 Marks)

(@ A=2rnx10"2m ® A=10"3m

© f=10°Hz/(2n) @ f=10* Hz

y(x, )= 0.8/[4x+5£)*+5] represents a moving pulse, where x

and y are in meter and # in second. Then

(1999 - 3 Marks)

(@) pulseis moving in +x direction

(b) in2 sitwill travel a distance of 2.5 m

(c) itsmaximum displacementis0.16 m

(d) itisa sysmmetric pulse

In a wave motion y = a sin (kx - f), y can represent

(1999 - 3 Marks)

(@) electric field (b) magnetic field

(c) displacement (d) pressure

Standing waves can be produced (1999 - 3 Marks)

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

(b) ona string clamped at one end free at the other

(c) when incident wave gets reflected from a wall

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

As a wave propagates, (1999 - 3 Marks)

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

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

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

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

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, (2009)

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

(b) the prongs ofthe tuning fork were kept in a horizontal
plane above the resonance tube

(c) theamplitude of vibration of the ends of the prongs is
typically around 1 cm

(d) thelength of the air-column at the first resonance was
somewhat shorter than 1/4th of the wavelength of the
sound in air

GP_3481
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A person blows into open-end of a long pipe. As aresult, a
high pressure pulse of air travels down the pipe.
When this pulse reaches the other end of the pipe,
(2012)
(@) a high-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, ifthe
other end of the pipe is closed.
(d) a high-pressure pulse starts travelling up the pipe, if
the other end of the pipe is closed.
A horizontal stretched string, fixed at two ends, is vibrating
in its fifth harmonic according to the equation, y(x, £)=(0.01
m) sin [(62.8 m~!)x] cos[(628 s~!)f]. Assuming = 3.14, the
correct statement(s) is (are) (JEE Adv. 2013)
(@) The number of nodes is 5
(b) Thelength ofthe stringis 0.25 m
(¢) The maximum displacement of the midpoint of the string,
from its equilibrium position is 0.01 m
(d) The fundamental frequency is 100 Hz
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 f;. An observer in the other
vehicle hears the frequency of the whistle to be f,. The
speed of sound in still air is V. The correct statement(s) is
(are) (JEE Adv. 2013)
(@) If the wind blows from the observer to the source,

(b) I% the wind blows from the source to the observer,
f,>f
2-h
(c) If the wind blows from observer to the source,
b <t
(d) If the wind blows from the source to the observer,
f, <f]
A student 1s performing an experiment using a resonance
column and a tuning fork of frequency 244 s~!. 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

(0.350+0.005) m, the gas in the tube is

(Useful information: /] 67RT = 640J'/ 2mole!/2
JI40RT = 5907 2mole /2 . The molar masses M in grams

o . flO
are given in the options. Take the values of 17 for each

gas as given there.) (JEE Adv. 2014)

(@ Neon LM 20\/:0 lOJ
(b) Nitrogen LM 28 \/ﬁ 5}

10_9)
32‘16}

(d) Argon LM 36\/72

(c) Oxygen (M =32,

17)

3)

24.

25.

One end of a taut string of length 3 m along the x-axis is fixed
atx=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)

(JEE Adv. 2014)

X 507t
Asin—cos ——
6 3

@ ()=
1007t

®) ()= Asin%cos

Snx 2507t

© ()= As1nTo

(d »(¢)=4sin 5Tmcos 250ms

Two loudspeakers M and N are located 20 m apart and emit
sound at frequencies 118 Hz and 121 Hz, respectively. A car
isinitially ata point P, 1800 m away from the midpoint Q of
the line MN and moves towards Q constantly at 60 km/hr
along the perpendicular bisector of MN. It crosses Q and
eventually reaches a point R, 1800 m away from Q. Let v(t)
represent the beat frequency measured by a person sitting
in the car at time t. Let vp , vy and vy, be the beat frequencies
measured at locations P, Q and R, respectively. The speed
of sound in air is 330 ms~!. Which of the following
statement(s) is(are) true regarding the sound heard by the
person? (JEE Adv. 2016)
@ vptvg=2y,
(b) Therate of change in beat frequency is maximum when
the car passes through Q
(¢) Theplot below represents schematically the variation
of beat frequency with time

v(t)

» t

(d) The plot below represents schematically the variation
of beat frequency with time

v(t)
V' N P
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Subjective Problems

AB is a cylinder of length 1m fitted with a thin flexible
diaphragm C at the middle and other thin flexible diaphragms
A and B at the ends. The portions AC and BC contain
hydrogen and oxygen gases respectively. The diaphragms
A and B are set into vibrations of same frequency. What is
the minimum frequency of these vibrations for which
diaphragm Cis anode? (Under the conditions of experiment

Vi, =1100m/s, Vo, =300m/s). (1978)
A C

AW o]

=
z
zZ
z
z
z
z
z
z
z
z
zZ
zZ
zZ
z
z
z
z
z
z
zZ

ALAANTARARTARMRANAAY

\

A copper wire is held at the two ends by rigid supports. At
30°C, the wire is just taut, with negligible tension. Find the
speed of transverse waves in this wire at 10°C.

Given : Young modulus of copper =1.3x10!'! N/m?.
Coefficient of linear expansion of copper =1.7x10™ °C™ "
(1979)

A tube of a certain diameter and of length 48 cm is open at
both ends. Its fundamental frequency of resonance is found
to be 320 Hz. The velocity of sound in air is 320 m/sec.
Estimate the diameter of the tube. (1980)

One end of the tube is now closed. Calculate the lowest
frequency of resonance for the tube.

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 if sound travels at a speed of
330 m/sec? (1981 - 4 Marks)

A string 25 cm long and having a mass of 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. It is 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. (1982 - 7 Marks)

A uniform rope oflength 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 ofthe pulse when it reaches the top of the rope?

(1984 - 6 Marks)
A steel wire of length 1 m, mass 0.1 kg and uniform
cross-sectional area 1076 m? is rigidly fixed at both ends.
The temperature of the wire is lowered by 20° C. If transverse
waves are set up by plucking the string in the middle,
calculate the frequency of the fundamental mode of
vibration.

Density of copper =9 x 103 kg/m3 .

Given for steel ¥ =2x10'" N/m?

o =1.21x107> per °C (1984 - 6 Marks)

10.

11.

12.

The vibrations of a string of length 60 cm fixed at both ends
are represented by the equation—

[ mx
y=4sin [E) cos (96 mt)

Where x and y are in cm and ¢ in seconds.

(1 What is the maximum displacement of a point atx=5
cm?

Where are the nodes located along the string?

What is the velocity of the particle at x = 7.5 cm at
t=0.25sec.?

Write down the equations of the component waves
whose superposition gives the above wave

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. (1986 - 8 Marks)
The following equations represent transverse waves :

21 = 4 cos (kx —ot); (1987 - 7 Marks)

(1985 - 6 Marks)

(i)
(iii)

(iv)

2y = A cos (kx+ot); z3 = A cos (ky—wt)
Identify the combination (s) of the waves which will produce
(i) standing wave (s), (ii) a wave travelling in the directon
making an angle of 45° degrees with the positive x and
positive y axes. In each case, find the positions at which the
resultant intensity is always zero.
A train approaching a hill at a speed 0of 40 km/hr sounds a
whistle of frequency 580 Hz when it is at a distance of 1 km
froma hill. A wind with a speed of 40 km/hr is blowing in the
direction of motion ofthe train Find (1988 - 5 Marks)
(i) the Frequency of the whistle as heard by an observer
on the hill,
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 =1,200 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

(i)

.5 . .
detector is o per second. The source is at the point A when

the detector is at the point B. If the source emits a continous
sound wave of frequency 340 Hz, find the maximum and the
minimum frequencies recorded by the detector.

(1990 - 7 Mark)

—6m—de—6m—
@? B C D
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The displacement of the medium in a sound wave is given
by the equation y; =4 cos (ax + bt) where 4, 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. (1991 - 4 x 2 Marks)

(@) What are the wavelength and frequency of incident
wave?

(b) Write the equation for the reflected wave.

(c) In the resultant wave formed after reflection, 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 is the direction of propagation of travelling wave?

Two radio stations broadcast their programmes at the same

amplitude 4 and at slightly different frequencies ®; and

o, respectively, where o —m, =10°Hz A4 detector
receives the signals from the two stations simultaneously.

It can only detect signals of intensity > 242 .
(1993 - 4 Marks)

(i) Find the time interval between successive maxima of

the intensity of the signal received by the detector.
@) Find the time for which the detector remains idle in

each cycle of the intensity of the signal.
A whistle emitting a sound of frequency 440 Hz is tied to a
string of 1.5m length and rotated with an angular velocity of
20 rad s~! in the horizontal plane. Calculate the range of
frequencies heard by an observer stationed at a large
distance from the whistle. (1996 - 3 Marks)
A band playing music at a frequency fis moving towards a
wall at a speed v, . Amotorist is following the band with a
speed v, . If v is the speed of sound, obtain an expression
for the beat frequency heard by the motorist.

(1997 - 5 Marks)

The air column 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 is 330 m s™'. End corrections may be
neglected. Let P, denote the mean pressure at any point in the
pipe, and AP the maximum amplitude of pressure variation.
(@) Findthe length L ofthe air column. (1998 - 8 Marks)
(b) Whatis the amplitude of pressure variation at the middle

of the column?
(c) Whatare the maximum and minimum pressures at the

open end of the pipe?
(d) Whatare the maximum and minimum pressures at the

closed end of the pipe?
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. OR has
length 2.56 m and mass 0.2 kg. The wire PQOR is under a
tension of 80 N. A sinusoidal wave-pulse of amplitude 3.5
cm is sent along the wire PQ from the end P. No power is
dissipated during the propagation of the wave-pulse.
Calculate. (1999 - 10 Marks)

19.

20.

21.

22.

23.

(@) 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.

A 3.6 m long vertical pipe resonates with a source of

frequency212.5 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 of fall of water level in the

pipe as a function of H. If the radii of the pipe and the hole

are2 x 102 mand 1 x 10~ mrespectively, calculate the time
interval between the occurance of first two resonances.

Speed of sound in air is 340 m/s and g = 10 m/s2.

(2000 - 10 Marks)

A boat is traveling 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.

(@) What will be the frequency detected by areceiver 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.

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

water = 10° kg/m?;

Bulk modulus of the water = 2.088 x 10° Pa; Gas constant

R=8.31J/mol-K;

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

air=14) (2001 - 10 Marks)

Two narrow cylindrical pipes 4 and B have the same length.

Pipe 4 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.
(2002 - 5 Marks )

(@) If the frequency of the second harmonic of the
fundamental mode in pipe A4 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 the
pipe is closed at both ends). Find the ratio of the
fundamental frequency in pipe 4 to that in pipe B.

A tuning fork of frequency 480 Hz resonates with a tube

closed at one end of length 16 cm and diameter 5 cm in

fundamental mode. Calculate velocity of sound in air.
(2003 - 2 Marks)

A string tied between x = 0 and x = £ vibrates in fundamental

mode. The amplitude 4, tension 7 and mass per unit length

pis given. Find the total energy of the string.
(2003 - 4 Marks)

x=0 x=/
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® Topic-wise Solved Papers - PHYSICS '
24. A whistling train approaches a junction. An observer 25. A transverse harmonic disturbance is produced in a string.
standing at junction observes the frequency to be 2.2 KHz The maximum transverse velocity is 3 m/s and maximum
and 1.8 KHz of the approaching and the receding train transverse acceleration is 90 m/s2. If the wave velocity is 20
respectively. Find the speed of the train (speed of sound = m/s then find the waveform. (2005 - 4 Marks)
300m/s) (2005 - 2 Marks)

| 3 Match the Following

DIRECTIONS (Q. No. 1-2) : Each question contains statements given in two columns, which have to P aqr s t
be matched. The statements in Column-I are labelled A, B, C and D, while the statements in Column-
1l are labelled p, q, r and s. Any given statement in Column-I can have correct matching with ONE OR AlQOO00
MORE statement(s) in Column-II. The appropriate bubbles corresponding to the answers to these BlO@O@G®
questions have to be darkened as illustrated in the following example : C Qg®@ @
If'the correct matches are A-p, s and t; B-q and r; C-p and q; and D-s then the correct darkening of D @@@e @
bubbles will look like the given.
1. Each of the properties of sound listed in the column 4 primarily depends on one of the quantities in column B. Write down the
matching pairs from the two columns. (1980)
Column A Column B
A. pitch p. Waveform
B quality q. frequency
C. loudness L intensity

2. Column I 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 A, Match each system with statements given

in Column II describing the nature and wavelength of the standing waves. (2011)
Column I ColumnI1
(A) Pipe closed at one end (p) Longitudinal waves
(o] L
(B) Pipe open at both ends — (q) Transverse waves
L
(C) Stretched wire clamped at both ends oI LI ) A=L
(D) Stretched wire clamped at both ends (s) A=2L
d at mid-point t) A.=4L
and at mid-poin OI 32 IL ® A

PASSAGE -2
G Comprehension Based Questions Two trains 4 and B moving with speeds 20 m/s and 30 m/s

respectively in the same direction on the same straight track, with
PASSAGE -1 B ahead of 4. The engines are at the front ends. The engine of

Waves y, = Acos(0.5mx—100m7) andy,= Acos(0.46mx—92ns) ~ trainAblowsalong whistle.
Assume that the sound of the whistle is composed of components

are travglling along x-axis. (Here x is in m and ¢ is in second) varying in frequency from f, = 800 Hz to £, = 1120 Hz, as shown in

1. Findthe number of times intensity ismaximum in time interval  the figure. The spread in the frequency (highest frequency —
of 1 sec. (2006 — 5M, -2)  lowest frequency) is thus 320 Hz. The speed of sound in still air is
@ 4 ®» 6 (© 8 @ 10 340mys o

2.  The wave velocity of louder sound is (2006 - 5M, -2) 4. ;[};e S;Z;egi];)ffsound of the vf’hj‘ﬂeé% 10 m/s f (2007)
@ 100m/s ) 192m/s a 349 s for passengers in 4 an s for passengers
(€) 200m/s (@) 96m/s (b) 360 m/s for passengers in 4 and 310 m/s for passengers

3. Thenumber oftimesy, +y,=0atx=01n 1 secis inB
(@ 100 (b) 46 (2006 - 5M, -2) (c) 310m/s for passengers in 4 and 360 m/s for passengers
() 192 d) 9% inB

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

Get More Learning Materials Here : & m @) www.studentbro.in
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The distribution of the sound intensity of the whistle as
observed by the passengers in train A is best represented

by (2007)
@ £l i

fi f Frequency
®) £ | |

f.] f.2 Freciuency
ORI | |

f.l f:2 Frequency
@2 ] ]

f.l f.z Fre&uency
The spread of frequency as observed by the passengers in
train Bis (2007)
(@ 310Hz (b) 330Hz
(c) 350Hz (d) 290Hz

Integer Value Correct Type

A 20 cm long string, having a mass of 1.0 g, is fixed at both
the ends. The tension in the string is 0.5 N. The string is set
into vibrations using an external vibrator of frequency 100
Hz. Find the separation (in cm) between the successive
nodes on the string. (2009)
A stationary source is emitting sound at a fixed frequency
Jo» which is reflected by two cars approaching the source.
The difference between the frequencies of sound reflected
from the cars is 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™!. (2010)
When two progressive waves y; = 4 sin (2x — 6¢) and

¥,=3sin (2 X —6f— E) are superimposed, the amplitude of
2

the resultant wave is (2010)
Four harmonic waves of equal frequencies and equal

T 2
373
are superposed, the intensity of the resulting wave is nl,.
The value of n is (JEE Adv. 2015)

T
intensities / have phase angles 0, —> —~ and n. When they

Section-B

Length of a string tied to two rigid supports is 40 cm.
Maximum length (wavelength in cm) of a stationary wave
produced on it is 12002]
@ 20 (b) 80 (c) 40 (d) 120.
Tube 4 has both ends open while tube B has one end closed,
otherwise they are identical. The ratio of fundamental
frequency of tube 4 and B is 12002]
(@ 1:2 ®) 1:4 () 2:1 d) 4:1.

A tuning fork arrangement (pair) produces 4 beats/sec with
one fork of frequency 288 cps. A little wax is placed on the
unknown fork and it then produces 2 beats/sec. The
frequency of the unknown fork is 12002
(@ 286¢cps (b) 292cps (c) 294cps (d) 288 cps.
A wave y = a sin(wf—kx) on a string meets with another
wave producing a node at x = 0. Then the equation of the
unknown wave is 12002
@ y=asin(®t+kikx) (b) y=-asin(®?+ kx)

() y=asin(®t—kx) (d) y=-asin(®?-kx)

When temperature increases, the frequency of a tuning fork
(@) increases (b) decreases 12002
(c) remainssame

(d) increases or decreases depending on the material
The displacement y of a wave travelling in the x -direction is
given by

y= 1074 sin(600t -2x+ g) metres

8.

where x is expressed in metres and t in seconds. The speed
of the wave - motion, in ms™! | is [2003]
(@ 300 (b) 600 (c) 1200 (d) 200

A metal wire of linear mass density of 9.8 g/m is stretched
with a tension of 10 kg-wt between two rigid supports 1
metre apart. The wire passes at its middle point between the
poles of a permanent magnet, and it vibrates in resonance
when carrying an alternating current of frequency n. The
frequency n of the alternating source is 12003]
(@) 50Hz (b) 100Hz (c) 200Hz (d) 25Hz

A tuning fork of known frequency 256 Hz makes 5 beats per
second with the vibrating string of a piano. The beat
frequency decreases to 2 beats per second when the tension
in the piano string is slightly increased. The frequency of
the piano string before increasing the tension was
(@) 256+2Hz (b) 256-2Hz

(c) 256-5Hz (d) 256+5Hz

The displacement y of a particle in a medium can be
expressed as,

[2003]

y= 1075 sin (IOOt +20x+ %) m where tis in second and x

in meter. The speed of the wave is 12004]
(@ 20m/s (b) Sm/s
(c) 2000m/s (d) Smm/s
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When two tuning forks (fork 1 and fork 2) are sounded
simultaneously, 4 beats per second are heard. Now, some
tape is attached on the prong of the fork 2. When the
tuning forks are sounded again, 6 beats per second are
heard. Ifthe frequency of fork 1 is 200 Hz, then what was
the original frequency of fork 27 12005
(@ 202Hz (b) 200Hz (c) 204Hz (d) 196Hz
An observer moves towards a stationary source of
sound, with a velocity one-fifth of the velocity of sound.
What is the percentage increase in the apparent
frequency ? 12005]
@ 05% () zero (c) 20% d) 5%

A whistle producing sound waves of frequencies 9500 HZ
and above is approaching a stationary person with speed v
ms~!. The velocity of sound in air is 300 ms~!. If the person
can hear frequencies upto a maximum of 10,000 HZ, the
maximum value of v upto which he can hear whistleis

15 _
@ 15v2 ms™ (b) ﬁmsl 12006]
© 15ms™ (d 30ms™

A string is stretched between fixed points separated by 75.0
cm. It is observed to have resonant frequencies of 420 Hz
and 315 Hz. There are no other resonant frequencies between
these two. Then, the lowest resonant frequency for this
string is 12006]
@ 105Hz (b) 105Hz (¢) 1050Hz (d) 105Hz
A sound absorber attenuates the sound level by 20 dB. The
intensity decreases by a factor of 12007|
(@ 100 (b) 1000 (c) 10000 d 10
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 12008]
(@ 18>x (b) x>54

() 54>x>36 (d 36>x>18

A wave travelling along the x-axis is described by the
equation y(x, t) = 0.005 cos (o x — Bt). Ifthe wavelength and
the time period of the wave are 0.08 m and 2.0s, respectively,
then o and B in appropriate units are 12008|

0.08 . 20
(@) 0=2500m,B=n (b) o==—p="—

0.04 1.0 T
() o - B - (d a=12.50m,B 20
Three sound waves of equal amplitudes have frequencies
(v-1), v, (v+1). They superpose to give beats. The number
of beats produced per second will be : 12009|
@ 3 (b) 2 ) 1 d 4
A motor cycle starts from rest and accelerates along a straight
path at 2m/s?. 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 ms™!) 12009]
@ 98m () 147m (c¢) 196m (d) 49m

19.

20.

21.

22.

23.

24.

25.

26.

The equation of a wave on a string of linear mass density
0.04 kg m™! is given by

=0.02(m) sin 27r( L __x )
»=0.02(m) \0.04(s) 0.50(m)) |-

The tension in the string is 12010]
(@) 40N (b) 125N (¢) 05N (d) 625N

The transverse displacement y (x, f) of a wave on a string is

—(ax2 +b242 ab)xt)

given by y(x.,f)=e . This represents a:

[2011]
.. .. . b
(a) wave moving in — x direction with speed ,/;

(b) standing wave of frequency \/p

1
(c) standing wave of frequency N

(d) wave moving in + x direction speed \/%

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 is in water. The fundamental frequency of the
air-column is now : 12012]
@ f (b) f2 (© 34 @ ¥
A sonometer wire of length 1.5 m is made of steel. The tension
in it produces an elastic strain of 1%. What is the fundamental
frequency of steel if density and elasticity of steel are
7.7 x 103 kg/m3 and 2.2 x 1011 N/m? respectively ?
[JEE-Main 2013|
(@) 1885Hz (b) 1782Hz
(c) 200.5Hz (d) 770Hz
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 my/s. [JEE Main 2014]
(@ 12 by 8 (¢ 6 d) 4
A train is moving on a straight track with speed 20 ms~!. Itis
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]
(@ 18% b)) 4% (c) 6% (d 12%
A uniform string of length 20 m is suspended from a rigid
support. A short wave pulse is introduced at its lowest end.
It starts moving up the string. The time taken to reach the

supports is : |JEE Main 2016]
(takeg=10ms?)
@ 225 ) V2s (© 2nv2s (@ 2s

A pipe open at both ends has a fundamental frequency fin
air. The pipe is dipped vertically in water so that halfofitis
in water. The fundamental frequency of the air column is

now : |JEE Main 2016]
@ 2f ®) f

f o X
© 3 @ 5
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Section-A : JEE Advanced/ IIT-JEE

A 1. AQmw),AQmw) 2. 0.125m 3. 1:1 4. 240Hz 5. 0.5ms’!
6. f 7. 6Hz
B 1. F 2. T 3. F
C 1. (0 2. (¢ 3. (@ 4. (© 5 () 6. ()
7. (@ 8 @ 9. (d) 10. (b) 11. (b) 12. (¢)
13. (b) 14. (a) 15. (b) 16. (b) 17. (b) 18. (¢)
19. (d) 20. (a) 21. (a) 22. (a) 23. (a) 24. (b)
25. (@) 26. (b)
D 1. (abcd 2. (b) 3. (a,c 4. (@ 5. (¢ 6. (o)
7. (abd) 8. (b0 9. (b,0) 10. (b) 11. (a,b,c) 12. (b)
13. (b,¢) 14. (a,¢) 15. (b,c,d) 16. (ab,c,d) 17. (a,b,¢) 18. (a,c,d)
19. (a,d) 20. (b,d) 21. (b,¢) 22. (a,b) 23. (d) 24, (a,c,d) 25. (ab,c)
E 1 1650Hz 2. 70m/s 3. 333cm;163Hz 4. 8 5. 2704N
6. 0.75m/s 7. 11Hz 8. (i) 3.46 cm (ii) 0, 15, 30 (iii) zero (iv) 2sin(96nt+%] and —2sin(96nt—%]
. (2n+hn . @2n+Drn
9. 15m/s 10. (i) z, and z); 2K wheren=0,1,2, ... (ii) z, and z;; %

11.  (1)599Hz (ii) 0.935 km, 621 Hz 12. 438.7Hz, 2573 Hz

2n b
13. (a) TE, o (b) y =—0.84cos(ax — bt) (c) 1.8 Ab,0

. . + (_l)n E . . . 2n ey TC -3
(d) y=-1.64sinaxsinbt+0.2A4cos(ax +bt) | 2 |g»—Xdirection 14. (i) 0 sec. (ii) Exlo sec.

15. 4033Hzto484Hz 16, YHVm)x2vpf
VZ—Vg

15 AR
17. (a) T (b) TZO (c) equal to mean pressure (d) Ry + ARy, By —AFR 18. (a) 0.14s (b) 2.0cm, 1.5¢cm

19. _Z—tH=(l.llx10‘2)~/ﬁ ,43 sec. 20. (a) 1.007 x 105 Hz, (b) 1.03 x 105Hz 21.(a)%(b)%
n*Ta® . 3
22. 336m/s 23. a7 24. 30m/s 25. y=0.1sin 30ti5Xi¢
F 1. A->qB-op,C-or 2. A-pt;Bop,s;C—oq,5;D—>q,r
G 1 () 2. (© 3. @ 4. ©®) 5. () 6. (@)
I 1. 5§ 2. 17 3. 5§ 4, 3
Section-B : JEE Main/ AIEEE
1. (b 2. (© 3. O 4. ©®) 5. (b) 6. (@)
7. () 8. (© 9. ®) 10. (d) 1. () 12. (©)
13. (@ 14. (a) 15. (b) 16. (a) 17. (b) 18. (a)
19. (d) 20. (a) 21. (a) 22. (b) 23. (0 24. (d)
25. (a) 26. (b)
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® P-S-129
-1 N JEE Advanced/ HIT-)EE
A. Fill in the Blanks (The driver behaves 1
Since y = 4 sin (of — kx) as an observer) g
Displacement amplitude = 4 (Max displacement) Vo =5ms”! [ vgSms™!
i —> g <
i ity y=-=2= - i f the b
Particle velocity, v & A o cos (of—kx) # ('Thefg;nlaegg gy the bus
.. Velocity amplitude = 4o =2mvA [ wall behaves as source)
Particle acce(ljeratlon The frequency of sound reflected from the wall
v
Acc= —=—A4 o’ sin (ot — kx) + 342+5
dt . vi=v |20 o =200 [—] ~ 206 Hz
Acceleration (Max acc) amplitude = Aw?= 4n>v24 V-V 342-5
Frequency of beats = v'-v=6Hz.
c=VA .. k=%=%=o.5m quency v
The rarefaction will be at a distance of B. True/ False
A 05 1.  The intensity of sound at a given point is the energy per
—=—=0.125m second received by a unit area perpendicular to the direction
4 4 of propagation.
y,=10sin 3nzt+m/4) () 1 ) 2
. .. I=—pVwo 4
Y, =35sin3m+ 543 cos3nt ... (1) 2
{ NG Also intensity varies as distance from the point source as
LY, =5%2 [—sin 3mt +—COS3TCti| =10 sin (37t +7/3) 1
2 2 Toc —
The ratio of amplitudesis 10:10=1:1 r L
prudest NOTE : None of the parameters are changing in case of a
1 [50.7x8 clear night or a clear day.
yi_2 m 432 432 Therefore the intensity will remain the same.
vy 1 [832xg — V21507 =2004/507 “20Hz. 2. Speed of sound waves in water is greater than in air.
20 m 3. NOTE : If the sound reaches the observer after being
1 reflected from a stationary surface and the medium is also
As y= 5 stationary, the image of the source will become the source
(1+x) of reflected sound.
Atr=0andx=0, wegety=1. Thus in both the cases, one sound coming directly from the
Alsoatz=2andx=1,againy=1 source and the other coming after reflection will have the
The wave pulse has travelled a distance of 1m in 2 sec. same apparent frequency (Since velocity of source wr.t.
. observer is same in both the cases). Therefore no beats will
ve 3= 05ms™! be heard.
. , C. MCQs with ONE Correct Answer
In figure (i) ‘ i ] T
A - Vo Ve ; Ay oYV '
3_6 =>A=2/( o L l 1. (¢) Case(i) Here 2 R & Y .. ()
\/ v
c_¢ v R AL 1% v
and f=§‘ﬂ ] Case (if) Here =2 = N'=2( .’.f‘=f=ﬁ=f
In figur 'e (i) FoN :::: 2.  (¢) NOTE: Stationary wave is produced when two waves
- A_L = 6oy R [ — travel in opposite direction.
4 2 Fig Fia (i Now, y = a cos (kx — of) — a cos (k x + o)
gp=f-C_ 7 90 9m ¥ = 2a sin kx sin ot is equation of stationary wave
and f'= T which gives a node at x =0.
The first frequency that driver of bus hears is the original 3. @) [Inair:T=mg=plg

frequency 0f200 Hz. The second frequency that driver hears
is the frequency of sound reflected from the wall. The two
frequencies of sound heard by driver is

(@ Original frequency (200 Hz.)

(b) Frequency of sound reflected from the wall (v')

_1 |pVg .
=3\ m -0

In water : T= mg — upthrust

V Vs
= Vog = 2 pog =" (20-po)
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f(2p p 10. () KEYCONCEPT:C, = (YRT Here C,_o \f
o) Vgp /(29 Po) ) " s
2p
1/2 Crms; _ (ﬂ\
S [2-pe 2p pm] c  AlUm
msy 1
S 2p u
1/2 - 0 \—/
—300|: ] Hz
4. (9 Comparingitwith After two seconds pulses will overlap each other.
Y (x, )= A cos (ot + 1/2) cos kx NOTE : According to superposition principle the string
If kx = /2, a node occurs; will not have any distortion and will be straight.
10nx=m2 = x=0.05m Hence there will be no PE. The total energy will be
If £ x = =, an antinode occurs onlyKkinetic.
= 10m=n=>x=0.1m 12. (¢) E xA*v? where A =amplitude and v = frequency.
Also speed of wave Also ®=2nv => oV
® _50m Incase 1: Amplitude=A4 and v, =v
= % Top °™VsandA=2wk =2m/10n=0.2m Incase 2 : Amplitude =4 and v, = 2v
T E, 4%
5. () Velocity of sound by a stretched string v= ,/— ?l e =4 = E,=4E
T 1.5x
Vl \/; -v\/:-v,/ =122v 13. () Using the formula n'=n(v‘4+v)
v
6. @ F;;:'both end open VA+V 55 VB+V 6 v
et =on=2 v, 2
—/ >
w==L q T 14 @ f= ,/9g M/Mg
7»1 20 ”,—’*\\\\
For one end closed == = = M 25kg o .
0 40 NOTE : Using the formula of a vibrating string,
For third harmonic TZ =l =,= 3 p [T
e ) f= 2w\ where p = number of loops.
V2 Ay 4 - (1) In each case, the wire vibrates, in resonance with the
Given v,—v, =100 same tuning fork. Frequency of wire remains same while
From (i) and (ii) p and T change.
vg _3/4_3 nh_p L,
-2 =2 4 =22 Ty = po\[T
Vi 1 /2 2 20 u 20 M P\ = P22
On solving, we get v, =200 Hz. \/E n
d or - T
7. @ v= 7); =—docos(kx-ot) . v =Aw L p
340 10 Mxg 5 o pp=25%9 o M=25kg.
S I o Yl ol I -
w1 O 19 19 15. () f,= frequency of the police car heard by motorcyclist,
=y 340 @ A 27 /, = frequency of the siren heard by motorcyclist.
" 340 71970 m 9 20 18 330-v 330+
fi= —o - x176; f,= x165;
7 7 330-22 330
9 n and n, = —5 —-£,=0=>v=22m/s
@ m= 4Tcr pJ 2 Tcr2 p) ity A
16. @) ﬂl+x=Z or, A=4({;+x)
v 1 \/?
n=—=4— [where — =length of string] 3
A AVNm 2 (ﬂ2+x)=T or k:%(ﬂz+x)
ﬂzlezl[...mzlmasi Px,l4><length pA} v v v 3y
m engt ength 170 4 +x) 2T Ay 4l +x)
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Given v, =v,

f i AR !
ol || /g 035m=l, | ‘.’ z:[x
\ / ( \
7 \ 1
v oS
v __ ¥ =0.025
O A rx) Ay rx) B TTOOeM
17. () Frequency of first overtone in closed pipe,
v |P .
v=—[|— )
40\ p
Frequency of first overtone in open pipe,
., 1 |P (i)
v =0 .11
ALY
From equation (i) and (ii)
= (2 = ifl &
3\,
18. (©) | f \ K
\\ /, l] +e N V) 4
__fv’ ~ hL+e
e 3 b
For first resonance For second resonance
3
li+e=— ly+e=—
1 2 4
But v=viA
4
vEva(ly te) = fte=Y @)
3 4y
v=va({1+e) = ﬂl+e=4l ...(ii)
\Y
Subtracting (i) and (i),
V=2V(€2—ﬂl) AV=2V(A62 +AL71)
=2x512%(0.1+ 0.1) cm/s=204.8 cm/s
19. @
) o< : : > ’ ™ harmonic
— ) > «—/ >
A={
_y_ Y ~
A3 -0
v ny ..
i - )

Get More Learning Materials Here : I

Here n is a odd number. From (i) and (ii)

5
5= %fl , For first resonance, n=5, f, = Zfl

. 1 |Typ
20. (@) Frequency ofIstharmonic of AB= 2\ m
. 1 Tep
Frequency of 2nd harmonic of CD = N
Given that the two frequencies are equal.
1 |Typ _1 ,TCD Tp _
—. = == > —==T
20N m (' m 4 P
= T=4Tg, - (@)
A B
LTI
3| F Aop =L
For rotational equilibrium of massless rod, taking torque
about point O.
T,pxx=Tep(L—x) .. (1)
For translational equilibrium,
T+ Top=mg ... (iit)
On solving, (i) and (iii), we get
_mg _4mg
Teo=75 L= 75~
Substituting these values in (ii), we get
L
%xx=%(L—x) = x= 5
21. (@) Asshown in the figure, the fringes of the tuning fork

arekeptin a vertical plane.

OA

22. (a) Since the wave is sinusoidal moving in positive x-axis
the point will move parallel to y-axis therefore options
(c) and (d) are ruled out. As the wave moves forward in
positive X-direction, the point should move upwards
1.. in the positive Y-direction. Therefore correct option
isa.

23. (@) The frequency (v) produced by the air column is
given by

A = M
Xy=v vV=—
A

37
Also, e =(=75cm=0.75m
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B 4x0.75 3403

vV =

A 3 = 4%075 =340Hz

.. The frequency of vibrating string = 340. Since this
string produces 4 beats/sec with a tuning fork of
frequency n therefore n = 340 + 4 or n =340 —4. With
increase in tension, the frequency produced by string
increases. As the beats/sec decreases therefore n =
340+4=344Hz.

24. (b) Frequency of 2nd harmonic of string = Fundamental
frequency produced in the pipe

05m ... S

. 1[50 320
05\ 4x08
s u=0.02kgm™!

The mass of the string = ./,
v+

=0.02x0.5kg=10g
vO
%5 @ f= f[v—vj

Here v=320 m/s (given)

5
Vo= V= 36x§ =10m/s

o

f'=s[M]=8x§zs.skHz
320-10 31

26. (b) Considering the end correction [e= 0.3 D], we get
Lie=> =r1=2
e=y = 17
336x100 v
=———-03x4 = v A=—
5l2xa o 1S2em [ u}

D. MCQs with ONE or MORE THAN ONE Correct

1.  (ab,c,d)y=10"*sin (60¢+2x)
Comparing the given equation with the standard wave
equation travelling in negative x-direction
y=asin (0t +kx)
we get amplitude a= 10m

30
Also,0=60rad/s .. 2nf=60 = f= ?Hz

Also, k=2 = %:2 = A=Tm

30
Weknowthatv=f7»=?><ﬂ:=30m/s

. x

2. y=yosm2n[ft—x}

% =[y0 cos2n(ft—%ﬂx2nf

Get More Learning Materials Here : I
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or, [%]max =y x2nf

Given that the maximum particle velocity is equal to four
times the wave velocity (c =fx A)

YoX2f=4(fxR) - A= %

(a,c) The wavelengths possible in an air column in a pipe
which has one closed end is

A So,c=vVA

T @Qn+)

300=264 x ot
v =264 Hz as it is in resonance with a vibrating turning fork
of frequency 264 Hz.

/= 330x(2n+1)

264 x4
Forn=1, ¢=03125m=31.25cm

Forn=2, ¢1=0.9375 m=93.75cm

@ [~
——» —— —»
A = ( (Fundamental mode) A =40
4
%: ¢ (Fundamental mode) =20
c c .
v=—=—=512Hz (given
4l (given)
c ¢ c
'=—=—=2| —| =2x512=1024Hz.
and V=m0 (412) *s12=10
(a,c) For wave motion, the differential equation is
2. 2\ A2
a—; = Lconstant w_zJ 6_;1
ot k“) ox
2 2
or a—g):vza—;) (1)
ot ox

NOTE : The wave motion is characterized by the two
conditions

f(xt)=f(x,t+7) ..(i)
f(x,0)=f(x+2r1) ....(1i1)

A%
LIJ v, = 4—[1 for first harmonic

f:I:;:\_,::I:I::\_,/:I?I(:. LIJ v,= 237‘; for third harmonic
I« IR >
A N
40, 20, 6, 6
v vy
(@abd) .. v= ﬂ’ﬂ’ﬂ’““ =80, 240,400....
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8. (be)y=Asin(10mx+15m+mw/3) o o u(x,y)=0atx=L,y=L
The standard equation of a wave travelling in — X direction

o u(x,y)#0atx=0,y=0
is y=4sin [T(W +x)+ (¢)] Option (b):

v 2m u(x,y)=0atx=0,y=0[.sin0=0]
= y=Asin [Tt+7x+¢] u(x, y)=0atx=L,y=L[.sint=0]
Comparing it with the given equation, we find Option (c) :

2nv

T=15n and%zl% u(x,y)=0atx=0,y=0[.sin0=0]

u(x,y)=0atx=L,y=L[.sinn=0,sin2n=0]

1 157 1 .
= A==02m andv=2—n><g=l.5m/s Option (d)
LT T u(x,y)=0at y=0,y=L["sin0=0,sinm = 0]
9. (b,c)As,f=%\/£ s foedT u(x,y)#0at x=0,x= L[ cos0=1,cos2n =1]
. 14. (a,0)
Giventhat 7} > T, Lo h> NOTE : For a transverse sinusodial wave travelling on a
tring, th i locity i .
Initially beat frequency (f1 - f 2) =6. Stfing, themaximum ve oc‘llty lsli)c)
The beat frequency remains unchanged which is possible But maximum velocity is 010 1m/s
when f) increases and f; decreases. Thus 7, increases and © an=1 = 103 x2mv=1
T, decreases. 3
1 10
[ L) . 2t = y=————>=—-—Hz
10. () y=4cos 5) sin (1000£)=2 | 2cos EsmlOOOt mx107  2m
=2 [cos ¢+ 1] sin 1000z Coae¥o 10 r10?m
=2 cos ¢ sin 1000z + 2 sin 1000 h v 10°/2n
= sin 1000¢ + sin 999¢+2 sin 1000¢ 0.8 0.8
15. (bc,d)y= = ()
+ 2 2
11. (a,b, c¢) Frequency ofreflected wave is /" = f(i :] (4x+50)7 +5 l6[x + S t] +5
- 4
= Beatfreq =f"—/f= 2V . We know that equation of moving pulse is
c-1 y=f(x+vt) -(2)
Wavelength of reflected wave = i,, = de-v) On comparing (1) and (2), we get
S fle+v) 5 1 25
12. () KEY CONCEPT : The time required for constructive vEgms o =ms
interference equal to the time period of a wave pulse. So, the wave will travel a distance of 2.5 m in 2 sec.
For a string frequency f— 1 \/E = 08 4
2Nm (4x+50)* +5
Time period, 7 =2¢ \/% At
) x=0,t=0,y=%=0.l6m
mass 10 —25%10°2 5 X %
F=16N, m= length 04 X -, maximum displacement is 0.16 m
The graph for the given equation is drawn. This is symmetric
D .
about y-axis.
T =2x04 22007 01 sec. e .
16 16. (a,b,c,d) In the wave motion y = a(kx —wt), y can represent
13. (b,c) Due to the clamping of electric and magnetic fields in electromagnetic waves and
the square plate at the edges, displacement and pressure in sound waves.
its displacements along the x Y 17. (a,b,c) Standing waves are produced by two similar waves
and y axes will individually be I I superposing while travelling in opposite direction.
zero at the edges. Only (g, 1) R (L L) This can happen in case (a), (b) and (c).
the choices (b) and (c) 18. (ac,d)Fora p{ane wave, intensity (energy crossing per unit
predict these displacements aBr eta fper unli[ltlme)lls cons(ar;t atall p{nn’g{. ¢ f
correctly. This is because ) ut for a spherical wave, intensity at a distance r from a
sin 0=0. X oint source of power (P), is given by /=
Option () - 0,0 (L0 P P anr?
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19.

20.

21.

'k
The fundamental frequency = % = 0)7 =20Hz
22. (ab) Source Observer
S > < )
P ¥ 25.
Casel: Wind blows from observer tosource £y >
£ _f (V-w)+u
27 VZw)—u
Case : Wind blows fromsource to observer
f,=f (V+W)+u f2 >fl
271 (Viw)-u
(a) and (b) are correct options
23. (d) Here, v=—r RT xl:>v=v><4l

Get More Learning Materials Here : I

1
o« —
= 1 2
But the total intensity of the spherical wave over the
spherical surface centered at the source remains constant
at all times.
i Je

1
NOTE : For line source [ >

(a,d) Lo
Atsecond resonance the length of air column [} (|,
is more as compared to first resonance. Now, [ %
longer the length of air column, more is the
absorption of energy and lesser is the
intensity of sound heard.

As shown in the figure, the length of the air column at the

. 1
first resonance is somewhat shorter than Zth of the

wavelength of the sound in air due to end correction.

A

A
C —
+e—4 C——4—e

(b, d)

When sound pulse is reflected through a rigid boundary
(closed end of a pipe), no phase change occurs between the
incident and reflected pulse i.e., a high pressure pulse is
reflected as a high pressure pulse.

When a sound pulse is reflected from open end of a pipe, a
phase change of a radian occurs between the incident and
the reflected pulse. A high pressure pulse is reflected as a
low pressure pulse.

(b,0)

y=1[0.01 sin (62.8x)] cos (628 t).

SO OO

e A 1
Length of string =5 x 7= 5 x2—0 =0.25m 24

2r
—=62.8
e

The midpoint M is an antinode and has the maximum
displacement=0.01 m

4 \Mx103 4l
= v=336.7m/sto346.5m/s

Topic-wise Solved Papers - PHYSICS

For monatomic gasy=1.67

- [ RT =\/100yRTx\/E
Mx1073
= JI67RT \/7 640\/7

For Neon M =20 and ,/20 10

7
- v=640x— = —1
. 10 448 ms

.. (a)isincorrect
10 _ 17

For Argon M =36, 36 32

Lv= 640><3——340ms

.. (d) is the correct option.
For diatomic gasy=1.4

10 10
=+/140RT,|— =590, /—
WM M

/10 9

For Oxygen 3216

9
V= 590><E=331.87 ms™!

.. (¢) is incorrect

/ 10 3
For Ni
or Nitrogen 28 5

V= 590><§=354 ms~!

.. (b) isincorrect

. (a,c,d)

Clearlyin the given situation a displacement node is present
at x = 0 and a displacement antinode is present at x = 3 m.

Therefore,y=0atx=0and y=* 4 atx=3m.

The velocity v= % =100 ms™".

a, ¢ and d are the correct options which satisfy the above
conditions.

(ab, )
V,C0S Qz‘eivc
118Hz, v 121Hz
R
vp =121_118=[M}
v
vg=121-118=3

GP_3481
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Vi =(121_113)[w}
\4

. Vp+Vg =2vy = (4) is correct option
In general when the car is passing through A

V+V,.cosa
[ " ()]
dv v.sina | |dv| . .
Lo —=-3 ——| ismax when sina =1
da v do
ie, a=90°(atQ)
= (b) is correct option.
F : ﬂ:&(_sina)d_a -
rom (1) i v i ... ()
Iso tana. _10 sec? OLd—OL——Eﬁ
Also R 7 2 dt
do _ -10v
dt x?sec’o - ()
From (ii) & (iit)
dv v, . —10v 30V, sina
——=-=Esinax| 5——— |= 55
dt v x“sec”a) x“sec”a
dv _ 30y.sina

L —= =0.3v,sin’ a =000
©dt (10cota)? sec’ o ¢ -Ata=90

v
—=max

dt
.. (c) is the correct option

E. Subjective Problems

1.  Itis given that Cacts as a node. This implies that at 4 and B
antinodes are formed. Again it is given that the frequencies

are same.
p, harmonic p, harmonic
H, 0,
Antinode Node Antinode
A C
< 0.5m > 0.5m ——
Y V) D Y 3
= —X =—=X o —=—=—
a” P T T, T

or, l1p, =3p,

This means that the third harmonic in AC is equal to 11th
harmonicin CB.

Now, the fundamental frequency in AC

v 1100

=—=——=550Hz
40 4x0.5
and the fundamental frequency in CB
“h2 30 ssom,
40 4x0.5

Frequency in AC=3 x 550 = 1650 Hz
and frequencyin CB=11 x 150= 1650 Hz
2. (@) Using the formula ofthe coefficient of linear expansion
of wire, Al = Lo AO We get

F =YA0A6

Speed of transverse wave is given by

y = \/E [where m = mass per unit length = % = Ap}
m

~ \/YAOLAG ~ \/YOLAE)
Ap P

_\/1.3x1011 x1.7%107 x 20

: = 70m/s
9x10
Tube open at both ends :
% 320
@ v=3@+06D) 327 2(048+06xD)

0.48+0.6D=05 = 0.6D=0.02

= D= 0;())2 x100cm=3.33cm
Tube closed at one end :
b A 3 320
4(+03D) 4(0.48+0.3x0.033)
~ 163Hz
Vo =5m/s Vo=5m/s
—— «—e
S I
(Observer) (Source)

NOTE : If the sound 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.

Vv'= v[c—vo}
c—Vg

vy V, are + ve if they are directed from source to the observer
and — ve if they are directed from observer to source.

Vv'=256 [M} =264 Hz
330-5
.. Beat frequency =264 —256 =8
\ |
! ! 40cm=!
A4 [N ]
|¢—25cm ——————p \ '
l— 2 > Voo
« - Neo 77T = \\ II
A‘ ______ N _ ’A \‘ /
N v
First Overtone
2.5x1073
Mass of string per unit length = 22X 0.0l kg/m

0.25
1T 1 T .
Frequency, v, = m 025V 001 @)

Fundamental frequency

%=O.4 = A=16m

c 320

V= E= ﬁ =200Hz ...(ll)
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Given that 8 beats/second are heard. The beat frequency
decreases with the decreasing tension. This means that beat
frequency decreases with decreasing v_. So beat frequency
is given by the expression.

V= \/S - VT

L‘/ T 2200 = 7=27.04N
0.25V0.01 = 1=

KEY CONCEPT : The velocity of wave on the string is
given by the formula

8=

T
V=4 —
m

where T 'is the tension and m 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 of
wave will also increase. ( is the same as the rope is uniform)

Vi _ ﬂ _ ’2 x 9.8 _ l .
%) T 2 8x9.8 2 -
Since frequency remains the same

S Ay =20,=2%0.06=0.12m
KEY CONCEPT : Using the formula of the coefficient of

Vy= 2v1

linear expansion,
Al=LlaxAD
Also, y=3tes _TA _T/A 0 yiane
strain AL/l aA®

The frequency of the fundamental mode of vibration.

_L\/Z_L Y40 AQ
Vo 2%\m 2

B l\/2><1011x10_6><1.21><10_5><20
~ 2xl1 0.1

=11Hz

(1) Here amplitude, A =4 sin [71[;)
Atx=5m

A= 4sm[ 155] 4x0.866=3.46cm
(i) Nodes are the position where 4 =0

. [ mx .
sm(—] =0=sinnn
15

n=0,1,2

x=15n

where x=15cm,30cm,60cm, ....

@) y= 4sm[ T ) cos(96m¢)

dy ( x) .
=~ =4s] —
% sin T [ 967 sin (96 Ttf)]

Atx=7.5cm,t=025cm

. (nx75 .
y= 4sm( s ][—96nsm(96n><0.25)]

10.

Topic-wise Solved Papers - PHYSICS
. T .
= 4sin (5] [-967sin (247m)] =0

(iv) y= 4sin (’l‘—;‘] cos[96 7]

—2[2s1n(n )cos(96nt)}

15

=2 sin[96m+ﬁ)—sin(96m—ﬂ)
15 15

= 2sin(96ﬂ:t+ﬂ) —2sin(96nt—ﬂ]
15 15

=Vt
where y, =2 sin (96m+71[—;c)

and y,=-2sin (96nt—rlt—;cj

The apparent frequency from tuning fork 7' as heard by the
observer will be

o

T Observer

S XV i
] P .. ()
¢ = velocity of sound
v = velocity of turning fork
The apparent frequency from tuning fork 7, as heard by the
observer will be

C

v, = XV (1
2 c+v (@)

Given V= V,=3

where

1 1 cXVx2v
cxXvV ———|F3 o 3=
c—V c+vVv ct—-v
. CXVX2V
Since, v<<c¢ 3=
c
_ 3X34OX340=1.5m/s
340x340x2

() KEY CONCEPT : When two progressive waves having
same amplitude and period, but travelling in opposite
direction with same velocity superimpose, we get standing
waves.
The following two equations qualify the above criteria and
hence produce standing wave

z,=A cos (kx— o)

zy =4 cos (kx+ wt)
The resultant wave is given by z=z, + z,
= z=Acos (kx—wt)+ A cos (kx+ of)

=24 cos k x cos wt
The resultant intensity will be zero when

24coskx=0

= cos kx =cos @n

GP_3481
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2n+1 (2n+Dmn 4, Q= 10radss
=> kx= T X=—F7"
2k
wheren=0,1,2, ...
(i) The transverse waves 4 6m  6m
5 -
z; = A cos (kx — ot) 4 B C D
z3= A cos (ky—ot)
Combine to produce a wave travelling in the direction making
an angle of 45° with the positive x and positive y axes. 4,

11.

12.

Get More Learning Materials Here : I

The resultant wave is given by z =z, + z,
z=A cos (kx— ot) + A4 cos (ky — )

= z=2A4cos (x—zy) cos[k(x+y)_2wt]

2
The resultant intensity will be zero when
2Acos—k(x_y) =0 cos—k(x_y) =0
2 2
- 2n+1
o kG-y) _2n4l (x_y)=( )

2 k
(1) The frequency of the whistle as heard by observer on the
hill
< x———Pp

w=n v+vm ° PY
VHV, —Vq A B

<4+—lkm——»
Hill

1200+ 40
1200+40-40

(i) Letecho from the hill is heard by the driver at B which
is at a distance x from the hill.
The time taken by the driver to reach from 4 to B

=580[ }=599 Hz

1-x .
t= 20 @)
The time taken by the echo to reach from hill
L=Unt g
P S (ii)
2 (1200+40) (1200-40)

where ¢, = time taken by sound from 4 to H with velocity
(1200 +40)
1,5 = time taken by sound from / to B with velocity 1200 -40
From (i) and (ii)
1-x 1 N x

40 1200+40 1200-40

H=t, =

= x=0935km

The frequency of echo as heard by the driver can be
calculated by considering that the source is the acoustic
image.

|: (V—Vm) +vs ]
n" = n _— =
(v—vm)—vo
20 (1200-40)+40
(1200-40)-40
The angular frequency of the detector = 2ntv

}=621Hz

=2ﬂ:><£=10rad/s

T
The angular frequency of the detector matches with that of
the source.

13.

= When the detector is at C moving towards D, the source
is at A, moving leftwards. It is in this situation that the
frequency heard is minimum

Ve | Y2V | Z3405 34060 _ossay,
ViV, (340+30)

Again when the detector is at C moving towards B, the
source is at A; moving rightward. It is in this situation that
the frequency heard is maximum.

Wy VHVo | _ 340 (340+60)

V-V (340-30)

(@ KEY CONCEPT : Use the equation of a plane
progressive wave which is as follows.

=438.7Hz

y=Acos (%x+2nvt)

The given equation is
¥, =4 cos (ax + br)

) 27 2n
On comparing, we get o =q = A= P
Also, 2nv=5
= V= E

(b) Since the wave is reflected by an obstacle, it will suffer
a phase difference of m. The intensity of the reflected wave
15 0.64 times of the incident wave.
Intensity of original wave I oc A2
Intensity of reflected wave /'=0.64 1
= ['cA? = 0.641c4?
= 064420 A4? = A'c0.84
So the equation of resultant wave becomes
¥,=0.84 cos (ax— bt +m)=—0.8 4 cos (ax — bt)
(¢) KEY CONCEPT : Theresultant wave equation can be
found by superposition principle
YEyty,
= A cos (ax + bt) + [ 0.8 4 cos (ax — bt)]
The particle velocity can be found by differentiating the
above equation
_ @

v= E=—Ab sin (ax + bt)— 0.8 Ab sin (ax — br)

=— Ab [sin (ax + bt) + 0.8 sin (ax — br)]
=— Ab [sin axcos bt + cos ax sin bt
+ 0.8 sin ax cos bt — 0.8 cos ax sin bf]

v=—Ab [1.8 sin ax cos bt + 0.2 cos ax sin bt]
The maximum velocity will occur when sin ax = 1 and
cos bt = 1 under these condition cos ax = 0 and sin bt =0

[ Viax| = 1.8 4b
Also, [v,; [=0
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d) y=[A4cos(ax+ bt)]—[0.8 4 cos (ax— bt)]
=[0.8 4 cos (ax+ bt)+ 0.2 A cos (ax + bt)]
—[0.8 4 cos (ax— bt)]
=[0.8 4 cos (ax + br)—0.8 4 cos (ax— bt)]
+0.2 4 cos (ax + br)]

=08 A[—Z sin {(““b’);(ax—bt)}

. —(ax—b
Sm{(aﬁbt)z(ax t)H 0.2 4 cos (ax + bi)]

= y=-1.6 4sin axsin bt+ 0.2 A cos (ax + bt)

where (— 1.6 4 sin ax sin bf) is the equation of a standing
wave and 0.2 4 cos (ax + bf) is the equation of travelling
wave.

The wave is travelling in —x direction.

NOTE : Antinodes of the standing waves are the positions
where the amplitude is maximum,

ie, sinax=1=sin [nn: +(=" g}

Let the two radio waves be represented by the equations
y =Asin2nv ¢
Yy =Asin2mv,t
The equation of resultant wave according to superposition
principle
Y=y, ty,=Asin2nv t+Asin 2nv,t
=A[sin 2 v, ¢+ sin 27nv,f]
(2rvy +2mvy)e cos (2mvy +2 2nvy )t
=2A4sinm(v;+V,) tcosT(V;—V,)¢
where the amplitude 4' =24 cos t (v, —v,) ¢
Now, intensity oc (Amplitude)?
= JocA?
Toc 442 cosn (v, —v,) ¢t
The intensity will be maximum when
cosm (v, - vy t=1
or, cosTm(v,—v,)t=1
o, m(V,—V,)t=nn

=4 x2sin

W —®y) 2nm
= —( 1 2t =nn or, t=
2 01— 0y
Time interval between two maxima
2nm 2(n—-Nn 2n 2n
or, - I, =38
0 —Wy; Op—0 01—y 10

Time interval between two successive maximas is
21 x 1073 sec

(i) For the detector to sense the radio waves, the resultant
intensity > 242

Resultant amplitude > /2 4
or, 2Acosm(v;—Vy)t2~24

1 (0 —wy) ] 1
or, CosT(V;—Vy)t=— or, A Sad B Pty DL
(vi—v2) 7 cos[ }

2 I°%
- t
The detector lies idle when the values of cos [—(ml 20)2) }

1
1s between 0 and E

W — 0y . T T
(@ —0)t is between — and —
2 4
t dr T
= andt,= ————
' op-o 2 2oy -wy)
The time gap =¢, - ¢,
T T T

S omo; 20 -0) 20 -0))

= Ex10_3 sec
2

15. The whistle which is emitting sound is being rotated in a
circle.
V=ro=30m/s
> AT <

/ r=/1.5m \

\ =90rad”! : =
N ® 2i0rad / A5

AN 1 7/

N 1 //

~~ "
B \ A
=30m/s

r=1.5m (given); ®=20rads™' (given)
We know that

v=ro=1.5x20=30ms"!
When the source is instantaneously at the position 4, then
the frequency heard by the observer will be

v= vl — =440[ 330 }=484Hz
Vv, 330-30

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

V'= v — =440[i}=403.3ﬂz
V+ Vg 330+30

Hence the range of frequencies heard by the observer is
403.3 Hz to484 Hz.

16. KEY CONCEPT : Motorist will listen 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 /"' respectively.
For Direct Sound : V, will be positive as it moves towards
the source and tries to increase the apparent frequency. 7,
will be taken positive as it move away from the observer and
hence tries to decrease the apparent frequency value.

v+,
f= ()

V+Vb
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18. (a) Mass per unit length of PQ
f _006,
Q Reflected | m= 48 g/m
&» wave Fixed
Vi — Wall o 0.06 kg 0.2 kg

P 48 m Q 25m R

© 5 . 0.2
Mass per unit length of OR, m, = —— kg/m

For reflected sound : 2.56

For sound waves moving towards stationary observer (i.e.
wall), frequency of sound as heard by wall

fi— V=1V

After reflection of sound waves having frequency f; fixed
wall acts as a stationary source of frequency f; for the moving
observer i.e. motorist. As direction of motion of motorist is
opposite to direction of sound waves, hence frequency /"
of reflected sound waves as received by the motorist is

f"

Hence, beat frequency as heard by the motorist

v

=v+vmf1=v+vmf e

v V=V

(v+v, _v+vm\

A — '_ —
f f f L V- Vb v+ Vb
vy (v+v, ) f
o, Af= (2 ';)
v - Vb
(a) For second overtone as shown,
Sh_, L, 4
4 S
Also, V=VA
4/ 15
= 330=440x — = (=—m
S 16
«— >
(Pressure (Pressure antinode)
node) or
dlst?rll%cdement displacement node
antinode 1 MID POINT *=0
Pressure variation x=x Pressure variation
1S Z€ro 1S max or mn

(b) KEY CONCEPT : At any position x, the pressure is
given by
AP = AP, cos kx cos ot

Here amplitude 4 = AP cos kx = AP, cos %x

15 15

For x=2x—l6=3_2m

(mid point)

am _ 1S]_AR
(330/440) 32| 2

(c) Atopen end of pipe, pressure is always same i.e. equal

Amplitude = AP, cos {

to mean pressure . AP=0, B, = Fuin = R
(d) At the closed end :

Maximum Pressure = Py+AP,
Minimum Pressure = P,—-AP,

19.

Velocity of wave in PQ is

— L— L—Soms_l ..T_80N :
Vi~ A TN006/438 [+ T=80 N given]

Velocity of wave in QR is

m, \02/236

Time taken for the wave toreach from Pto R

(b) When the wave which initiates from P reaches Q
(a denser medium) then it is partly reflected and partly
transmitted.

In this case the amplitude of reflected wave

= (VZ _VI\A. (1)
Vy +V;
where 4,= amplitude of incident wave.
Also amplitude of transmitted wave is
_ ( 2V2 \
£ LVI +Vvy
From (i), (i1)
Therefore, 4,=2cmand 4,=—1.5 cm.
Speed of sound, v= 340 m/s.

Let £, be the length of air column corresponding to the

4; (i)

fundamental frequency. Then
2 225
40,
to= v __ 340 —04m
4(212.5) 4(212.5)
NOTE : In closed pipe only odd harmonics are obtained.

or

Now, let {;, {5, {3, {4, etc. be the lengths corresponding
to the 3rd harmonic, 5th harmonic, 7th harmonic etc. Then

(v
3LEJ =2125= (;=12m;

((v)
SLEJ =2125= (,=20m

7(&] =212.5 = (;=2.8m;

(v)
9LEJ =2125= (4,=3.6m
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1.6m . 20m o
0.8m 2.8m

N
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, 2.4 m, 1.6 m and
0.8m.
Let 4 and a be the area of cross-sections of the pipe and
hole respectively. Then

A= (2x102)>=126 x 10> m2
and a=n(103)2=3.14 x 10°m?2

Velocity of efflux, v= +/2gH
Continuity equation at 1 and 2 gives,
-dH

a\2gH =A (_dt )
Therefore, rate of fall of water level in the pipe,

—dH ) a
— | =—42gH
( ar )~ aVE
Substituting the values, we get

_ -6
dH _3.14x10 3 xi0xH
da  126x10"

= ‘Z—f’=(1‘11 < 10)VH

Between first two resonances, the water level falls from
32mto24m.

A 1x102d

JH

24 dH =) t
= [y, gy =110 )jodt

= 2N24-32]=—-(1.1x107%)¢

= t~43second

KEY CONCEPT : The question is based on Doppler's effect
where the medium through which the sound is travelling is
also in motion.

By Doppler's formula

| ctvinEvg

v_v[c+vmi—vs} -~

NOTE : Sign convention for ¥V, isas follows :

If medium is moving from s to O then + ve and vice versa.
Similarly v, and v_are positive if these are directed from Sto
O and vice versa.

(a) Situation 1.

h— i
aptngling gy Sy gy ey e, g N
T T e T T T 0

—_—_—_—_Qr aﬂsn_ntt_er)_________ (Receiver)

: . B [2.088x10°
Velocity of sound in water ¢ = ; = T

c=1445m/s; v =+2m/s; v,=0; v,=10m/s

v v| 2384270 | o g0
1445+2-10
c 1445
Now,v=+=—————=105Hz
A 14.45x10

v'=1.007 x 10°Hz
() Situation 2.

. /y RT
= [ =344m/s
Inair ¢ M

Applying formula (1)
344-5-0
'=v|— =L 10°Hz
v[344-5—10] 0310
21. (a) Secondharmonic in pipe 4 is
2(vg),=2|—|=—[*—
(vo), [26] o\ My
Third harmonic in pipe B is
v 3 |ygRT
3()p=3| 771777 -
40 40\ My
Given v, = vp
1 [y4RT _ 3 |vpRT
O M, A\ My
i ﬂJ_Ax(i]z _5/3,16 _ 400
O My yp \3 7/579 189
4 B
Gas (Monoatomic) Gas (Diatomic)
M, Mpg
—1 » —I >
Now, Mz Y_Axﬂzz
vo)p vy Mp 4
22. KEY CONCEPT : In the fundamental mode
A v
£+0.6r)=—=— = =
( r) rRpY: = v=4f (L +0.67) =336m/s.
A orrzap Since fo 2E_2R_T
23. Herec=50rk 20 Since, k 7» Y.
The amplitude of vibration at a distance x from x=0 is given

by A=asinkx
Mechanical energy at x of length dx is

dE= %(dm)A2 o’ = %(,udx)(a sink x)* (2mv)?

GP_3481
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= 2m?puv2a? sin? kx dx A-pt; B-ps; C-q,s; D-g,r
Butv=vA (A) Pipe closed at one end
2 W duced are longitudinal (sound waves)

v vi T/p aves pro g

T wv={T/n > >

A A2 40? [ ] Ay s < L ———————

dE=21u T—/zua2 sin? {[n] x}dx 4 [

¢ AAEAL 1 >

Total energy of the string

B it 2T/p2.2[nx]
E—jdE—IO2n u4€2a sin . dx
_ n*Ta®
4¢
24. Let the speed of the train be v,
While the train is approaching
Let v be the actual frequency of the whistle. Then

v'=v vs

Vs —Vr
where v = Speed of sound = 300 m/s (given)
v'=2.2KHz.=2200 Hz(given)
B 300 )
2200=v —300_VT )]
While the train is receding
vs
Vs + vr
Here, v'=1.8 KHz = 1800 Hz (given)
300 .. (1)
300+ vy
Dividing (i) and (ii)
2200 _ 300 N 300+ vr
1800 300—vp 300

V"= V

1800= v

disturbance is
y= asin(ot+kx=d)

Givenv,, =an=3m/s ..()
A, = ao?=90m/s? .. (i)
Velocity of wave v=20 m/s ... (i)
Dividing (ii) by (i)
2
@ . 20 = o=30rad/s ...(iv)
am
Substituting the value of ® in (i), we get
3
a=£=0.lm (V)
2 2 30 3
Now k= =""=2=2222 (i)

A oviv v 20 2
From (iv), (v) and (vi) the wave form is

3
y=0.1sin [30¢£ Ex:bd)]

F. Match the Following

1. (A) Pitch q. frequency
B) quality p. waveform
(C) loudness L  intensity

Get More Learning Materials Here : I

= vp=30m/s
25. KEY CONCEPT : The wave form of a transverse harmonic

(p, t) are correct matching 4
(B) Pipe open at both ends
waves produced are longitudinal (sound waves)

S =21 < A >
(p, s) are correct matching. 2~
(c) Stretched wire clamped at both ends
Waves produced are transverse in nature. (waves on string)

o, ,ﬂf::;::::::::::::::::::::::::::::::::;»E

oo A=2L
(g, s) are correct matching.
(D) Stretched wave clamped at both ends & mid point
Waves produced are transverse in nature (waves on string)

Ae=L ;f _________________________________________

(g, r) are correct matching.

G. Comprehension Based Questions

1. (a) 2. (¢) 3.

The equations are y; = 4 cos (0.5 nx — 100 n¢) and
¥, = A cos (0.46 x — 92 mr) represents two progressive wave
travelling in the same direction with slight difference in the
frequency. This will give the phenomenon of beats.
Comparing it with the equation

y= A cos (kx — wf), we get

;=100 = 2nf, =100 = f, =50 Hzand

K,=05nt= i—ﬂ::O‘Sn = A =4m
1

Wave velocity = A,f, = 200 m/s [Alternatively usev= % ]
®,=92nt = 21tf2=921t :f2=46Hz
Therefore beat frequency = f, — f, =4 Hz and

200

2n
= R —— .4 = —
K,=046n = » 0 61t:>7\,2 6

x46=200m/s

NOTE : Wave velocity is same because it depends on the
medium in which the wave is travelling.
Now, atx=0,

Y1 Ty, =(Acos 10 mt) + (4 cos 92 ) =0

. 200
Wave velocity = 16
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ps142 ¢
= cos 100 it =—cos 92 7t = cos (— 92 nr)
= cos [(2n+1)m—92 p= 2t
=cos[2n+ )n-92 1t = = 192 2.

whenr=0,n= —% andwhenrt=1, n= % =952
= net amplitude is zero for n = 96 times (the nearest
answer).
4. () The speed of sound depends on the frame of reference
of the observer.
5. (@) Since all the passengers in train 4 are moving with a
velocity of 20 m/s therefore the distribution of sound
intensity of the whistle by the passengers in train 4 is

uniform.
6 @ v=v |2 =800[340_30} 800 x 1
V- 340-20 32
31
"= =1120x —
v Vz[v v} 32
31
v'-v'=(1120- 80())><——320 3—2=310Hz.
I. Integer Value Correct Type
1. Weknowthat,v=\/Z = 2%5=10m/s
u 10°/0.2
The wavelength of the wave established 4.
A=Y= 0 im=10cm
£ 100

The distance between two successive nodes

| IEEZ I JEE Main/ GIEEE

1. (@) Thiswill happen for fundamental mode of vibration as
shown in the figure. S,and S,are rigid support
Here % =40 . A=80cm
<—— 40ecm ——>
2. (c) KEY CONCEPT : The fundamental frequency for
v
closed organ pipe is given by VL = m and
.. v
For open organ pipe is given by Vg = 2
S _v 4 2
v, 2 v 1

3. () A tuning fork produces 4 beats/sec with another tuning

fork of frequency 288 cps. From this information we 6.

can conclude that the frequency of unknown fork is
288 + 4 cps or 288 —4 cpsi.e. 292 cps or 284 cps. When
a little wax is placed on the unknown fork, it produces

Get More Learning Materials Here : I

GP_3481

Topic-wise Solved Papers - PHYSICS

Let v be the speed of sound and v, and f; the speed and
frequency of car.

The frequency of sound reflected by the car is

v+ v,
Dlﬂ'erentlatmg the above equation w.r.t. v, ,we get
, (v v,)
d f _ s
dvc 0 (V - vc)2
Cdff 2v 2v
"y, %{w_%f}=ﬁ 2 (v <)
.‘.ﬁxmo:zxdvc
S v
2xd
0.012= =27 - dv,=0.198m/s ~ Tkm/h

Resultant amplitude, 4= \/ AZ + A2 + 24,4, cos §

=\/42 +3? +2x4x3xcos§ =V16+9+0=5

6)) y=%[sin0+sin§+sin23—n+sinn]

y=41o [i‘*i} V3.1,

I=y*=3l, = n=3

2 beats/sec. When a little wax is placed on the unknown
fork, its frequency decreases and simultaneously the
beat frequency decreases confirming that the frequency
of the unknown fork is 292 cps.

() To form a node there should be superposition of this
wave with the reflected wave. The reflected wave
should travel in opposite direction with a phase change
of . The equation of the reflected wave will be
y=asin (ot+kx +m)
= y=-—asin (ot + kx)

() KEY CONCEPT : The frequency of a tuning fork is
given by the expression

o m2k \/z
aW3n?\p

As temperature increases, { increases and therefore f
decreases.

=107*si (600t—2 +E)
@ Y sin X 3
But y = Asin(ot—kx +¢)

On comparing we get ®=600; k=2
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_0_80_ 300 et
k 2
KEY CONCEPT : For a string vibrating between two

rigid support, the fundamental frequency is given by

n=_ T /10x98 _ 50z
2x1 9.8x1073

As the strmg is vibrating in resonance to a.c of
frequency n, therefore both the frequencies are same.
A tuning fork of frequency 256 Hz makes 5 beats/
second with the vibrating string of a piano. Therefore
the frequency of the vibrating string of piano is
(256 £ 5)Hz e either 261Hz or 251 Hz. When the tension
in the piano string increases, its frequency will
increases. Now since the beat frequency decreases,
we can conclude that the frequency of piano string is
251Hz

From equation given,
o 100
»=100 andk20,vk 20 m/s
No. of beats heard when fork 2 is sounded with fork 1

=An=4

Now we know that if on loading (attaching tape) an
unknown fork, the beat frequency increases (from 4 to
6 in this case) then the frequency of the unknown fork
2 is given by,

n=ny—An =200-4=196 Hz

S RS

6.0-n _6-5 100=20%
5 n 5

-V

vi=v| — :10000:9500{ 300}
V-V 300

—300—v=300x0.95 = v = 300 - 285 = 15 ms™!
v
Given ;_Z= 315 and (n+l)§=420

n+1 420
—_— ==

n 315

n=3

Hence 3x— =315 = — =105 Hz
20 20

Lowest resonant frequency is when n =1
Therefore lowest resonant ﬁequency =105 Hz

We have, LI_IOIOgL_J L2‘1010gL J

- L-L,=101log LI_I) —lOlog{I—2J
0 0

or, AL—lOlog( xl—} or, AL—lOlogL—J

Iy I

15.

16

17.

18.

19.

)

)

@

or, 20=1010g(11—1} or, 2=log(II—1)
2 2

or, I—=102 o, I, =— Il .
I, 100

= Intensity decreases by a factor 100.

For first resonant length v = (in winter)

4(1
For second resonant length

v
4><18

_3vt_3v (in summer) " —_ Al
405,  4x

4x18 4xx

. x=3><18><L . x=54xlcm
v v

V' >v because velocity of light is greater in summer as

compared to winter (v o /T)

. x>54cm

y(x,t) =0.005 cos (ax —Bt) (Given)
Comparing it with the standard equation of wave
y(x,t) =a cos (kx —ot) we get

k=a and o=

T 2n

—=Q =
7» and T B
27 2n
. a—w—%n and B= 5 =7

Maximum number of beats=(v +1)—(v —=1)=2
u=0 a=2ms Vo
Electric s Motor
siren cycle

2

Vi, —u 2-2a5 > v =2x2%xs . Vm=2\/;

According to Doppler’s effect

0‘%:{@

330 } = 5=9801m

. t X
=0.02 2 -
Y (m)sm[ ”( 0.04(s)j 0‘50(m)]
But y = asin(wt — kx)
2n 1
004 = " " 004 z
k=2 —2=05m
0.50

- velocity, v=yi =25x0.5m/s=12.5m/s
Velocity on a string is given by
T

v=_,]— .

L o T= v2 xp=(12.52x0.04=625N
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20. (a) Given wave equation is y(x,f) = e(—ax2+bt2+2JE xt) - (212)—8 15) ><j'40 <1250
. X
_ W) +(Wbry +2Vaxbr] _ e-(JEx+JEz)2 = m-1<125~6
( v 320
b
e B 24. d f1=f{ } Jx ootz
_o\ \f ) @ o 300
. . = et
It is a function of type y = f (x + vr) v 320
b H=f =fx %H
= Speed of wave = J: Vs
a
21. (@) The fundamental frequency of open tube (Q -1 J x100 = (ﬂ - l) 100 =12%
v
Vo = % ... 25. (a) We know that velocity in string is given by
That of closed pipe T
PP V=)o D
v n
Ve = il ... (1)
¢ here m  massof string
W =—= -
" 1 lengthof string
According to the problem I, =
Thetension T = %x XXg (1)
Thus v, = b / 2 — >V ¢ .. (i)
From equations (i) and (iii) From (a) and (b)

Thus, v, = f (" vg=f is given)

22. () Fundamental frequency,

{ 14
m x2dx =\/gdt jx_l/zdx—\/gjdt
T 20\/; 2ﬂ\/ _\/7 =7 0 0

{ 20
241 = t Lt=2[—=2[—=242
Also, Y = T T YAl f= L YM (Y Vi =ex \/; V10 &
AN A { 2®
. AL . . 26. (b) d d
Putting the value of 6,7, pandyineq™ (i) we get, T T
[ {
210
S=\7*3 or, f~1782Hz

ine = - (a) (b)
23. (c) Lengthofpipe=85 cm=0.85m

Frequency of oscillations of air column in closed organ
equency g The fundamental frequencyin case (a)is f = %

pipe is given by,

[= (2n-Do The fundamental frequency in case (b) is
4L v u

r22nhe g I =402 2"
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