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Chapter - Waves

Topic-1: Basic of Mechanical Waves, Progressive and Stationary Waves

&) 1 MCQs with One Correct Answer

1.

4.

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. At a particular
time t, the snap-shot of the wave is shown in figure. The

velocity of point P when its displacement is 5 cmis—  [2008]
(a) :J_530_ch m/s A
Bt %
50 $
(c) -5—301371 m/s
(d) —ﬁf m/s
50

Two monatomic ideal gases 1 and 2 of molecular masses
m, and m, respectivelyare 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]
L 2. s il B
I e L N S N L

A travelling wave in a stretched string is described by the
equation y= 4 sin (kx—w¢) The maximum particle velocity

is [1997 - 1 Mark]
(a) Aw b) w/k

(c) do/dk (d x/t

The amplitude of a wave disturbance propagating in the

positive x-direction is given by y = attimet=0

(14 x)?

and by y = at ¢t = 2 seconds, where x and

[+ (x-D?]
y are in metres. The shape of the wave disturbance does
not change during the propagation. The velocity of the
WAVES .............. II/S, [1990 - 2 Marks]

5.

A travelling wave has the frequency n and the particle
displacement amplitude 4. For the wave the particle
velocity amplitude is ----—---- and the particle acceleration
amplitude is —-----—-- :

[1983 - 2 Marks]

\;;gj 6 MOQs with One or More than One Correct Answer

6.

9.

A block M hangs vertically at the bottom end of a uniform
rope of constant mass per unit length. The top end of the
rope is attached to a fixed rigid supportat O. A transverse
wave pulse (Pulse 1) of wavelength 2., is produced at point
O on the rope. The pulse takes time T, toreach point A.
Ifthe wave pulse of wavelength } is produced at point A
(Pulse 2) without disturbing the position of M it takes time
T to reach point O. Which of the following options is/
are correct? [Adv. 2017]
(8 ThetimeT, 5=Tq,
(b) The velocities of the two pulses
(Pulse 1 and Pulse 2) are the same
at the midpoint of rope

(c) The wavelength of Pulse 1

becomes longer when it reaches
point A

(d) The velocity of any pulse along the rope is
independent of its frequency and wavelength

As a wave propagates, {1999 - 3 Marks]

(a) thewave 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.

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

[1999 - 3 Marks]

(a) electric field (b) magnetic field

(c) displacement (d) pressure

ylx, ©)= 0.8/[4x+5¢)*+5] represents a moving pulse, where

x and y are in meter and ¢ in second. Then [1999 -3 Marks]|
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(a) pulseismoving in -+ x direction

(b) in2sitwill travel a distance of 2.5 m

(c) itsmaximumdisplacementis0.16m

(d) itisasysmmetric pulse

A transverse sinusoidal wave of amplitude a, wavelength
2 and frequency fis 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 a = 10~ m and
y=10ms", then A and fare given by [1998 -2 Marks]

@ r=27x10"7m ®) x=10"m
© f=10°Hz/(2m) @ f=10* Hz
A wave is represented by the equation

T
y=Asin(10mx+15n1+ g)

where x is in meters and 1 is in seconds. The expression
represents : [1990 - 2 Marks]|

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

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

12.

13.

A99

(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.

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]
(b) k2x2 -—(5321‘2

© cos®(kr+ot) (d) cos (k2% - @)

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 m

(¢) of frequency 30/ hertz

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

(a) coskx sinwit

Topic-2: Vibration of String and Organ Pipe

I MCQs with One (Inmact Answer

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
18 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]

(a) 14.0cm (b) 152em (c) 164cm(d) 17.6cm

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 harmenic and it resonates with the fundamental
frequency ofthe pipe. Ifthe tension in the wire is 50 N and
the speed of sound is 320 ms~, the mass of the string is
(a) 5grams (b) 10 grams j2010]
(c) 20grams (d) 40grams
In the experiment to determine the speed of sound using
aresonance column, [2007]
(a) prongsofthe 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 tothe wavelength of sound inair
(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 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 BOis equal o *x’. Further it
is observed that the frequency of 1st harmonic in AB is equal to
2nd harmeonic frequency in CD. ‘x” is [2006 - 3M, 1]

&
@
g
®

3L
©. .5
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@ 5

An open pipe is in resonance in 2nd harmonic with
frequency f,. Now one end of the tube is closed and
frequency is increased to f, such that the resonance again
occurs in nth harmonic. Choose the correct option  [2005S]

3
@ n=3 fi=—h

S
4 (by n=3, fz’zfl

3 : T
fQ. n=3& =2k (d) ”=5»J'2=1f1
In a resonance tube with tuning fork of frequency 512 Hz,
first resonance occurs at water level equal to 30.3 em and
second resonance occurs at 63.7 cm. The maximum
possible error in the speed of sound is [20058]
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8.

10.

11.

12.

(a) 51.2cm/s (b) 102.4cm/s
(c) 204.8cm/s (d) 153.6cm/s

A pipe of length /,, closed at one end iskept ina 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]

iy Tl S T L P2 @y g, [BL
T O T O

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 ]
(a) 25kg (b) S5kg
(c) 125kg (d)1/25kg

Two vibrating strings of the same material but lengths L
and 2L have radii 2r and rrespectively. 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 [20008]
(@ 2 (b) 4
© 8 d 1

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 pipe is [1996 - 2 Marks]|
(a) 200Hz (b) 300Hz

(c) 240Hz (d) 480Hz

A wave disturbance in a medium is described by

»(x,t) = 0.02 cos [5 Ot + g—) cos(10mx) wherexand yare

in metre and t is in second [19955]
(a) Anodeoccursatx=0.15m

(b) Anantinode occursatx=0.3 m

(¢) The speed waveis 5 ms™!

(d) Thewavelengthis 0.3 m

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 —— 300 ———
(@) ({ 2 J (b) Zp—l]

2p-1
o nf

13.

14.

15.

16.

17.
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20.

Physics
A wave represented by the equation y =a cos (kx — ot) is
superposed with another wave to form a stationary wave

such that point x = 0 is a node. The equation for the other
wave is [1988 - 1 Mark]

(a) asin(kx + of) (b) — a cos(kx — of)

() —a cos(kx + o) (d) —asin(kx — wt)

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 of it is in
water. The fundamental frequency of the air column in

now [1981- 2 Marks; Similar JEE Main 2016]
B
L o % o0r @

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 to that of A is

[1988 - 2 Marks]
(a) 873 (b) 3/8
(c) 1/6 d) 173
A tube, closed at one end and containing air, produces,
when excited, the fundamental note of frequency 512 Hz.
Ifthe tube is open at both ends the fundamental frequency
that can be excited is (in Hz) [1986 - 2 Marks]

(@) 1024 (b) 512 (c) 25 (d 128

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 cm is :

[1985 - 2 Marks]
(€) 93.75

(@ 3125 (b) 6250 (d) 125

A string of length 1 m and mass 2 10~ kg is under tension
T. When the string vibrates, two successive harmonics are
found to occur at frequencies 750 Hz and 1000 Hz. The
value of tension T is Newton. [Adv. 2023]
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]

3

A stationary tuning fork is in resonance with an air column
in a pipe. Ifthe tuning fork is moved with a speed of 2 ms~
l'in front of the open end of the pipe and parallel to it, the
length of the pipe should be changed for the resonance to
occur with the moving tuning fork. If the speed of sound
in air is 320 ms~!, the smallest value of the percentage
change required in the length of the pipe is .
[Adv. 2020]
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21. A cylinder 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 column NOW IS ....coveveevevnrenns [1992 - 1 Mark]

22. In a sonometer wire, the tension is maintained by
suspending a 50.7 kg mass from the free end of the wire.

The suspended mass has a volume of 0.0075 m>, The
fundamental frequency of vibration of the wire is 260 Hz. If
the suspended mass is completely submerged in water,
the fundamental frequency will become............. Hz.

{1987 - 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]

23.

24. Two uniform strings of mass per unit length pand 4, and
length L and 2L, respectively, are joined at point O, and
tied at two fixed ends P and Q, as shown in the figure. The
strings are under a uniform tension T. If we define the

f 3

frequency vﬂ:wg_l!j\/i’ which of the following
1]

statement(s) is(are) correct? [Adv. 2024]

O 4u

Pt Q
P L-——-u——'zL——a--

(a) With a node at O, the minimum frequency of vibration
of the composite string is v,.

(b) With an antinode at O, the minimum frequency of
vibration of the composite string is 2v,.

(c) When the composite string vibrates at the minimum
frequency with a node at O, it has 6 nodes, including
the end nodes.

(d) No vibrational mode with an antinode at O is possible
for the composite string.

25. 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 em. Which of the following statements is (are)

true?
[Adv. 2017]
(a) The speed of sound determined from this experiment
is 332 ms~!

(b) Theend correction in this experimentis 0.9 cm

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

(d) The resonance at 50.7 e¢m corresponds to the
fundamental harmonic

Al01

26. One end of a taut string of length 3 m along the x-axis is
fixed at x =0, The speed of the waves in the string is 100
ms~!. The other end of the string is vibrating in the y-
direction so that stationary waves are set up in the string.
The possible waveform (s) of these stationary waves is(are)

X 50mt

(a) y(f) = Asin—6—cos [Adv. 2014]
®  y(¢)= Asin = cos i
3 3
250mt

© y()= Asins?mcos

8
(d) y(£]=Asm—;Ecos250m

27. A horizontal stretched string, fixed at two ends, is vibrating
in its fifth harmonic according to the equation, y(x, t) =
(0.01 m) sin [(62.8 m")x] cos[(628 s')r]. Assuming n=3.14,
the correct statement(s) is (are) [Adv. 2013]
(a) The number of nodes is 5

(b) Thelength ofthe string is 0.25 m

(c) The maximum displacement of the midpoint of the

string, from its equilibrium position is 0.01 m
(d) Thefundamental frequency is 100 Hz
Standing waves can be produced [1999 - 3 Marks|

(a) on astring 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
7 are moving in the same direction

29. The (x, y) co-ordinates of the corners ofa 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 (me/2L) cos (my/2L)

(b) asin (7x/L)sin (7y/L)
(c) asin (mx/L)sin (2my/L)
(d) acos(2mx/L)sin (/L)

30. 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]

(b) 240Hz

(d) 400Hz

28.

(ay 80Hz
(c) 320Hz

) v Mateh theBollowing R

31. A musical instrument is made using four different metal
strings 1, 2, 3 and 4 with mass per unit length y, 2p,3p and
4y urespectively. The instrument is played by vibrating
the strings by varying the free length in between the range
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32.

33.

L,and 2L It is found that in string-1 () at free length L,

and tension 7 the fundamental mode frequency is f;.
List-I gives the above four strings while list-II lists the

magnitude of some quantity. [Ady. 2019]
List-1 List-11
(D String-1 (u) (P) 1
(I String-2 (2 p) Q) 12
() String-3 (3 u) ® 12
(IV) String-4 (4 u) S 1/
(T) 3/16
L) 1116

Ifthe tension in each string is 7, the correct match for the

highest fundamental frequency in /] units will be,

(@ [-QI-PIHN->RIV->ST

(b)) [-5QU->S,IMI->RIV-SP

() I-5PII-RII-S,IV-Q

d I>PI->QII=TIVoS

A musical instrument is made using four different metal

strings 1, 2, 3 and 4 with mass per unit length 1, 2pt . 3pand

4 respectively. The instrument is played by vibrating

the strings by varying the free length in between the range

L, and 2L . It is found that in string-1 (u) at free length L

and tension 7, the fundamental mode frequency is f.
[Adv. 2019]

List-I gives the above four strings while list-II lists the
magnitude of some quantity.

List-I List-11
(D)  String-1 () ® 1
(I) String-2(2 ) Q 12
(I) String-3 (3 p) ® V2
(IV) String-4 (4 ) ® V3
(T) 3/16
U 116
The length of the strings 1, 2, 3 and 4 are kept fixed at L,
%,%, and %, respectively. Strings 1, 2, 3, and 4

are vibrated at their 1%, 3%, 5% and 14" harmonics,
respectively such that all the strings have same frequency.
The correct match for the tension in the four strings in the
units of 7, will be

(a) I5TI-Q, IR IV-U

(b) I-P,I—-Q, MI-T, IV->U

(c) I[5PII=0Q, >R, IVST

(d) I—=PII-R II->T,IVoU

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 4. Match each system
with statements given in Column IT describing the nature
and wavelength of the standing waves. [2011]

/—'? i kS -'-"".."-‘:-“ R T e
Z) 10 ; Fradu st
34. A transverse harmonic disturbance is produced in a string.

35,

36.

3%

38.

~ Physics
Column 1 Column II

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

 PREp———— ]
Pipe open at both ends (q) Transverse waves

(B)

o L
Stretched wire clamped (r) A =L
at both ends

©

o] L

Stretched wire clamped (s) A, =2L
at both ends and at

mid-point

D)

The maximum transverse velocity is 3 m/s and maximum
transverse acceleration is 90 m/s?. If the wave velocity is
20 m/s then find the waveform. [2005 -4 Marks]
A string tied between x = 0 and x = / vibrates in fundamental
mode. The amplitude A4, tension T"and mass per unit length
u is given. Find the total energy of the string.

[2003 - 4 Marks]

x=0 =¥
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]
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 |
(a) If the frequency of the second harmonic of the
fundamental mode in pipe 4 is equal to the frequency
of the third harmonic of the fundamental mode in
pipe B, determine the value of M /M.
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 3.6 m long vertical pipe resonates with a source of
frequency 212.5 Hz when water level is at certain height in
the pipe. Find the height of water level (from the bottom of
the pipe) at which resonance occurs. Neglect end

(b)
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correction. Now, the pipeis filled to a height H (~3.6 m). A (d) Whatare the maximum and minimum pressures at the
small hole is drilled very close to its bottom and water is closed end of the pipe?

allowed to leak. Obtain an expression for the rate of fallof ~ 40. The vibrations of a string of length 60 cm fixed at both
water level in the pipe as a function of H. If the radii of the ends are represented by the equation—

pipeand the holeare 2 x 102 mand 1 % 10~ m respectively, =t

calculate the time interval between the occurance of first y=4sin [1_5“) cos (96 nit) [1985 - 6 Marks|
two resonances. Speed of sound in air is 340 m/s and

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

()  Whatis themaximum displacement ofa point at x=5 cm?

(i) Where are the nodes located along the string?

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

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

41. Atube ofa 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.

g=10m/s% [2000 - 10 Marks]
39. Theair column ina 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 ms~!. 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. [1998 - 8 Marks]
(a) Find the length L ofthe air column.
(b) What is 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?

CEE:_JJ Topic-3: Beats, Interference and Superposition of Waves

5T RS

&)

constructive interference between successive pulses is

il oo [1998 - 2 Marks]
A vibrating string of certain length ¢ under a tension T (@ 005s (b) 0.10s () 020s  (d) 0.40s

e

1
resonates with a mode corresponding tothe firstovertone 3, The displacement y of a particle executing periodic motion
(third harmonic) of an air column of length 75 ¢cm inside a ;
tube closed at one end. The string also generates 4 beat:‘;‘ is given by y= 4cos® [5 :] sin(1000¢)
per second when excited along with a tuning fork o ; ; ]
frequency n. Now when the tension of the string is slightly This Bxp{‘e:sSlm‘.fmay be considereed to be a result of the
increased the number of beats reduces 2 per second. TpETpasiace. (1992 -2 Marks]
Assuming the velocity of sound in air to be 340 m/s, the (@) two (b) three (c) four (d) five
frequency n of the tuning fork in Hz is [2008] ] o Py R e T T
(a) 34 (b 336 (o) 173 (d) 1093 When two progressive waves y, = 4 sin (2x — 6¢) and
Astring of length 0.4 m and mass 1072 kg is tightly clamped
at its ends. The tension in the string is 1.6 N. Identical ¥, =3sin (2x -6 —EJ are superimposed, the amplitude
wave pulses are produced at one end at equal intervals of 2_
time, Az, The minimum value of Ar which allows of the resultant wave is [2010]

Topic-4: Musical Sound and Doppler's Effect

o TR AR A A e move towards a stationary siren of frequency 165 Hz.
@\} b MCQs with One Correct Answer : it Calculate the speed of the motorcycle, if it is given that he
1. A police car with a siren of frequency 8 kHz is moving with does not observes any beats. [2003S]
uniform velocity 36 km/hr towards a tall building which

reflects the sound waves. The speed of sound in air is P"lgcar MMSY = O
320m/s. The frequency of the siren heard by the car driver - i
is [2011] —>2nms  —> g
176 Hz ¥ ekt
(a) 8.50kHz (b) 8.25kHz i
(c) 7.75kHz (d) 7.50kHZ (a) 33m/s (b) 22m/s
2. A police car moving at 22 m/s, chases a motorcyclist. The (c) =zero (d Ilm/s

police man sounds his horn at 176 Hz, while both of them
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6.

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

ratio of the velocity of train B to that train 4 is [2002S]
(a) 242252 (b) 2
11/6

(c) 5/6 (d)

A source (S) of sound has frequency 240 Hz. When the
observer (O) and the source move towards each other at a
speed v with respect to the ground (as shown in Case 1 in
the figure), the observer measures the frequency of the
sound to be 288 Hz. However, when the observer and the
source move away from each other at the same speed v
with respect to the ground (as shown in Case 2 in the
figure), the observer measures the frequency of sound to

ben Hz. The valueof nis . [Adv. 2024]
S v Vv O
Case 1 -~ S RS R oS
T O BT S i
S 0

A train S1 , moving with a uniform velocity of 108 km/h
approaches another train S2 standing on a platform. An
observer O moves with a uniform velocity of 36km/h
towards S2 as shown in figure. Both the trains are blowing
whistles of same frequency 120 Hz. When O is 600m away
from S2 and distance between S1 and S2 is 800m, the
number of beats heard by Ois

[Speed of the sound = 330m/s] [Adv. 2019]

108 km/h

s2 —=—% 5]
800m

600m

g

MT
]
o0

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

Physics

sound in air is 330 ms !. 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 [Adv. 2018]

7. Astationary source emits sound of frequency f; =492 Hz.
The sound is reflected by a large car approaching the
source with a speed of 2 ms!. 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). [Adv. 2017]

8. Four harmonic waves of equal frequencies and equal

: i T 2n
intensities /, have phase angles 0, i and . When

they are superposed, the intensity of the resulting wave is
nly. The value of n is [Adv. 2015]

9. A stationary source is emitting sound at a fixed frequency

f;» 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]

5 Numeric Answer

10. A stationary tuning fork is in resonance with an air column
in a pipe. If the tuning fork is moved with a speed of 2 ms™!
in front of the open end of the pipe and parallel to it, the
length of the pipe should be changed for the resonance to
occur with the moving tuning fork. If the speed of sound
in air is 320 ms~!, the smallest value of the percentage
change required in the length ofthe pipe is

[Adv. 2020]

11. 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]

12. A source of sound with frequency 256 Hz is moving with
a velocity ¥ 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]

13. 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]
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Directions for quéstions no. 14 and 15:

14.

13

16.

@ o]

17.

PARAGRAPH "I"
S, and S, are two identical sound sources of frequency
656 Hz. The source S, is located at O and S, moves anti-

clockwise with a uniform speed 4+/2 ms™' onacircular
path around O, as shown in the
figure. There are three points
P, Q and R on this path such
that P and R are diametrically
opposite while Q is equidistant
from them. A sound detector is
placed at point P. The source
S, can move direction OP.
[Given: The speed of sound in
airis 324 ms']

When only S, is emitting sound and it is at Q, the
frequency of sound measured by the detector in Hz is
A [Adv. 2023]

Consider both sources emitting sound. When S, is at R
and S, approaches the detector with a speed 4 m s!, the
beat frequency measured by the detector is Hz,
[Adv. 2023]

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

(O) loudness (r) intensity

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

stream flowing with a speed 2 n/s. From this boat, a sound

transmitter is lowered into the river through a rigid support.

The wavelength of the sound emitted from the transmitter

inside the water is 14.45 mm. Assume that attenuation of

sound in water and air is negligible.

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

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

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

water = 10° kg/m’;

18.

19.

20.

21.

22,

23,

Al105

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,/C,,
forair=1.4) [2001 - 10 Marks]
A band playing music at a frequency fis moving towards
a wall at a speed v, . Amotorist is following the band with
aspeed v . Ifvisthe speed of sound, obtain an expression
for the beat frequency heard by the motorist.

[1997 - 5 Marks]
A whistle emitting a sound of frequency 440 Hz is tied to a
string of 1.5m length and rotated with an angular velocity
of20 rad s~ in the horizontal plane. Calculate the range of
frequencies heard by an observer stationed at a large
distance from the whistle. 11996 - 3 Marks]|
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

5
of the 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]
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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]
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 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]



Topic-5: Miscellaneous (Mixed Concepts) Problems

I MOQswith One Correct Answer
A student is performing an experiment using a resonance
column and a tuning fork of frequency 244 s 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

(0.35040.005) m, the gas in the tube is
(Useful information: \167RT = 6407 2mole /2 :
VI40RT =590 2mole~"/2. The molar masses M in

10
grams are given in the options. Take the values of \/% for

PR [Adv. 2014]
() Neon [M =20, IE% 2 %]

(b) Nitrogen {M 28, % ” _;1]

Gt ot [Mﬂz, 0 =%J

(d) Argon {M =36, % g %}

In the experiment for the determination of the speed of
sound in air using the resonance column method, the length
ofthe air column that resonates in the fundamental mode,
with a tuning fork is 0.1 m. When this length is changed to
0.35 m, the same tuning fork resonates with the first
overtone. Calculate the end correction. " [2003S]
(@ 0012m (b) 0.025m (c) 005m (d) 004m
The ends of a stretched wire of length L are fixed at x=0
and x = L. In one experiment, the displacement of the wire
is y, = A sin (mx/L) sin ot and energy is £, and in another
experiment its displacement is ¥y =4 sin (2nx/L) sin 20t
and energy is £,,. Then [2001S]
(@ E,=<E, (b) E,=2E(c) E,=4E,(d E,=16E,
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
(d) partlykinetic and partly
potential
The extension in a string, obeving 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

S

N
sl it

Scm

)RR

6. Aplane wave of sound travelling in air is incident upon a

FT o OTOQH A Omion Miowe i e Coveset A

Physics
be [1996 - 2 Marks]
@ 1.22v () 06lv (c) 1.50v (d) 0.75v

e R e i AR s

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, approaching with speed u towards the open
end of a stationary pipe of length L, is emitting a sound of
frequency f. The farther end of the pipe is closed. The
speed of sound in air is v and /) is the fundamental
frequency of the pipe. For which of the following
combination(s) of u and f, will the sound reaching the
pipe lead to a resonance ? [Adyv. 2021]
(@) u=08vandf=f (b) u=08vandf=2f
(© u=08vandf =057 (d u=05 vandf =15
k4
Tuw0 loudspeakers M and N are located 20 m apart and
emit sound at frequencies 118 Hz and 121 Hz, respectively.
A car is initiallyat a 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 . Vg and vg 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? [ Adv. 2016]
(@ vptvyg=2 Vo
(b)  The rate of change in beat frequency is maximum
when the car passes through Q
(c) The plot below it
represents \
schematically
the variation of
beat frequency
with time

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

+ |
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, [2012]




Waves

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

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

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

(d) ahigh-pressure pulse starts travelling up the pipe, if
the other end of the pipe is closed.
10. 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) theintensity of the sound heard at the first resonance
was more than that at the second resonance

(b) theprongs 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 typicallyaround 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

Passage - 1 .

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 B ahead of 4. The engines are at the front ends. The engine
of train A blows a long whistle.
Assume that the sound of the whistle is composed of
components varying in frequency from f, =800 Hz to /;=1120
Hz, as shown in the figure. The spread in the frequency (inghest
frequency — lowest frequency) is thus 320 Hz. The speed of
sound in still air is 340 m/s, [2007]
11. The speed of sound of the whistle is

(@ 340m/s for passengers in4 and 310 my/s for passengersin B

(b) 360 m/s for passengers in A and 310 m/s for passengersin B

(¢) 310my/s for passengers in 4 and 360 m/s for passengersin B

(d) 340 m/s for passengers in both the trains
12. Thedistribution of the sound intensity of the whistle as

observed by the passengers in train 4 is best represented

by

»

£ 2z
S B
E =
OF1 \ (b) g E I
: et y :
1 1 Frequency fi 3 Frequency

ol

2 =
@8l IET ] b g [l T
5 ¥ i i i
fi fa Freguency fi f2 Frequency

13. The spread of frequency as observed by the passengers
in train B is
(a) 310Hz

(b) 330Hz (c) 350Hz  (d) 290Hz

Al107
Passage - 2
Acos(0.5mx —1007r)

= Acos(0.46mx —927r) are travelling along x-axis. (Here x isin
m and ¢ is in second)

Waves ) and y'2

[2006 - 5M, 2]
14. Find the number of times intensity is maximum in time
interval of 1 sec.

(a) 4 b) 6 (c) 8 (d) 10
15. The wave velocity of louder sound is
(@ 100m/s (b) 192m/s (c) 200m/s (d) 96m/s

16. The number oftimes y, +y,=0atx=0in 1 secis
(b) 46

(@) 100 (c) 192 (d) %

17. Two radio stations broadcast their programmes at the same
amplitude 4 and at slightly different frequencies @ and

@, respectively, where ®; —a; = 10° Hz A detector
receives the signals from the two stations simultaneously. It

can only detect signals of intensity > 2.4% . [1993 - 4 Marks]

(i) Find the time interval between successive maxima of
the intensity of the signal received by the detector.

(i) Find the time for which the detector remains idle in
each cycle of the intensity of the signal.

18. Thedisplacement of the medium in a sound wave is given
by the equation y; =4 cos (ax + br) 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]
(a) Whatare the wavelength and frequencyof incident wave?
(b) Write the equation for the reflected wave.

(c) In the resultant wave formed after reflection, find the
maximum and minimum values ofthe 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?

19. A train approaching a hill at a speed of 40 km/hr sounds a
whistle of frequency 580 Hz when it is at a distance of 1 km
from a hill. A wind with a speed of 40 km/hr is blowing in
the direction of motion of the train Find [1988 - 5 Marks]|
(i) the Frequency of the whistle as heard by an observer

on the hill,

(ii) the distance from the hill at which the echo trom the
hill is heard by the driver and its frequency.
(Velocity of sound in air =1,200 km/hr)

20. The following equations represent transverse waves :

z1 = A cos (kx—wt); [1987 - 7 Marks]

Z9 = A cos (kx+ wt); 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
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21.

22,

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 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.

Given for steel ¥ =2x10'! N/m?
o =1.21%10"° per °C {1984 - 6 Marks]
A copper wire is held at the two ends by rigid supports. At

30°C, the wireis just taut, with negligible tension. Find the
speed of transverse waves in this wire at 10°C.

23.

Physics
Coeflicient of linear expansion of copper = 1.7 x 1075 °cl

Density of copper =9x10* kg/m®. [1979]
AB is a cylinder of length Im fitted with a thin flexible
diaphragm C at the middle and other thin flexible diaphragms
4 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

Given : Young modulus of copper =1.3x10'! N/m?. Y, = 1100m0s, Vg, = 300 016). ik
? Answer Key
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Hints & Solutions

Topic-1: Basic of Mechanical Waves,
Progressive and Stationary Waves

(a) Particle velocity W is related to the displacement of
the particle from the mean position as

2 2
v, = 211‘»'\/A -y

vy = QK[%J«.M? —y?‘
= 2n \2 = V{E n
== E-S-XO.MH(U,I} —(0.05) = —'SF_} m/s

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 i.e. in the positive Y-direction.

b V= ﬁ-, where M, = molecular mass

My
So, Voo esil = (M0 . [
(a) v=-j—‘:=——,4mcos{kx—mr} = Ao
Maximum particle velocity of the particle in SHM, v
|

(0.5) Given: y=

max

=Awm

[l+x}2
Atr=0wegety=1whenx=0
1
Apaini==——=———
- 1+ (x—1)?
So,att=2y=1whenx=1
The wave pulse has travelled a distance of Im in 2 sec.

1 =
Velocity of wave pulse, v= S 0.5ms™"
(A2mv, 4n?v?A) Particle velocityamplitude =V, = Aw=A2nv
Particle acceleration amplitude = a_, = Aw? = 4n2v24

s
(a,d) Wavelength of pulse, } =%=%\{E o, T« T
; K

Where T = tension of string,

Here T, >T, . A;>4,

The velocities of the two pulses cannot be same at mid-
point as velocity being vector quantity has direction.

V=

pulses, therefore time taken by both pulses will be same
16, Tyg=Toa ; 3 2% _
(a, ¢, d) For a plane wave, intensity i.e., energy crossing
per unit area per unit time is constant at all points.

But for a spherical wave, intensity at a distance r from a

point source

1
foc —
r

i3
E , so speed at any position will be same for both

10.

11.

12.

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

For line source / oc — spherical wave is not produced by
the line source. §

(a, b, ¢, d) In the wave motion y= a(kx-wt), y can
represent, electric and magnetic fields in electromagnetic
waves and displacement and pressure in sound waves.
(b, ¢, d) Comparing the given equation; y (x, 1)

i 0.8 ) 0.8
ax+50%+5 2
¢ ) lﬁ{x +-§t} +35
; ; ; Y4
With the equation of moving pulse [ 0.16m
y=f(x+vi)
S  cpalh o e
V=-—ms =-—ms
4 2
So, the wave will travel a distance %
of2.5m in 2 sec. -x 0 =
At x=0.1z0,_v:——0-'32—- =E=O.]6m
4x+5t)° +5 5

.. Maximum displacement is 0.16 m

The shape of the pulse at x = 0 and 7 = 0 is as shown in
figure and it is symmetric.

(a, ¢) For a transverse sinusodial wave travelling on a
string, the maximum velocity v, = ao.

Given maximum velocity = % =i_g_ =1m/s
aw=1 = 103x2nv=1[-» 0=2mv]
L 10
R 2nx10  2x
v 10 2
And, L= —= =2nx10"m
SRV 10820

(b, ¢) Given equation, y = A sin (10 e + 15 7 + 1/3)
Comparing this equation with standard equation of a wave
travelling in — X direction

i 2
y=4Asin |i2TT(VE+x)+(¢):| = y=Asin [MTVI+T“JC+¢}

2 54
%:m and %:10;:
1 15z 1
= lvg—{).2m and v = —EXg—I.Smfs
(a,c) For wave motion, the differential equation is
—\EP ( mzwr’;‘zv M
— = Lcunstant —J — [ p= _}
ot k) ax k
a2 2
o 2222 )
ot ox

The wave motion is characterized by the two conditions
fx8)= f(x,e+T) (i)
flxt)=f(x+A1) (i)
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13. (a,b,e,d) Given: y = 104 sin (601 + 2x) Now from eq. (ii).
Comparing the given equation with the standard wave 4mg mg I
equation y = a sin (& + k x) -S—XX=T(L—x):>4x=L—x.'.x=g.
; R sy

Amplitude a=10""m; k=2 m % 5. (d Frequency of 2" harmonic of open pipe,

And, 0=60rad/s = 2nf=60 f= ?HZ ¥ :
_2n In fi_}—; Gl
e Frequency of nh harmomc of closed pipe,

o 60 LG i

Speed of wave v = 5~=—"= 30 m/s s . (i)

ﬁ : Here n is a odd number. From eq. (i) and (ii)
= Topic-2: Vibration of String and Organ Pipe 5= % fi , For first resonance, n= 5 .. fy = % e
(b) Considering the end correction [e = 0.3 D where 6. (¢} In a resonance tube,
D = diameter] ¥ AF
v 5 {.J’ F;;E \;\” |
= ‘[—) For first resonance, n = 1 === S i
— Y 7 g == "
S f= 4(:+0 B R = sge
!=[M)—0.3x4 =152cm EE ==
4x512 = i
(b) Frequency of 2nd harmonic of string = fundamental For first resonance For second resonance
frequency produced in the pipe . ly 3
"‘_‘f“. o 1te=— €2+E=T
T 5 SR But v=vi
iSm s, e 4 3y
l . T v=v—(fr+e) = [hte=— (i)
R o o g 4y
< 0.8m > v=v4(f +e) = él+.c,==4l ... (i)
v
- (LS SRR R S Subtracting (i) and (ii),
Zh) AL 2\ | 4,
L 50 120 v=2v(ly—4)) . Av=2v (AL, +AlY)
% s PR T 0.02kgm™! =2x512% (0.1 + 0.1) cm/s = 204.8 cm/s
Hence, the mass of the string, #; = 1.7 Hence, maximum possible error in speed, Ay = 204.8 cr/s
i (') 5 lm ! 10g 7. (b) Frequency of first overtone in closed organ pipe,

(@) To determine the speed of sound _ 3 (P

using a resonance column, prongs :C o 4—_F| BI_

of the tuning fork are kept in a verticle = Frequency of first overtone in open organ pipe,

plane. As shown in the figure, the

fringes of the tuning fork are kept in a v'= g St

vertical plane. & P2

Here, v=1'
R
(@) Frequency of first harmonic in AB = f; = 2\n 4 \p P2 1Vpg
1 P
Frequency of second harmonic in CD = f, 574/ 8. (@ Fundamental frequency, f, = 2\
1 =/3 (given) 5 og 3 M
-l f = M=25kg
. 2;\/__h( or Ty =4T, ..(0) As frcquency is corresponds to 5™ and 3¢ harmonic

Equating torques due to 7, and T, about O for rotational P=5and P=3 respectively

equilibrium. A 1 I )

- Tp=T, (L—x) i { SR 2f 4m p b LMZDJ

For translational equilibrium, i:’ i 1 _;'T

= i
T,+TI,=mg _ T\l i\ n= 1 \f [whem = = length of string]
From eg. (i) and (i), \ v ANm
(6]
4mg mg B D n 1 mass _ px Ax length
& mg : BT kel o8 A
Tl 5 and Tj 5 X >ie L-x ) el L Dk 5 1 |Eﬂgth ]Eﬂg(h =p
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10. (a) For both end open organ pipe % aw Sisi=tv 41
Fundamental frequency H_—_—_:’—————:? 1= 4f, i 24, =Y ‘, e
= 0 F ey (a) For tube closed at are end
\’I =— B | o S
20 = ik A :
For one end closed organ pipe i (Fundamental mode) YA =48
For thir:d harmonic frequency For open tube
(4 '
v;=3 [EJ_) - (i) %= ¢ (Fundamental mode) SOA'=0f
Given v3—v; =100 .. (iii) == a2
From eq. (i) and (ii) v= —i=3=512ﬂz (given)
\r'z = 3/4 ~ 3 __2_ e c : c
g T e U and v'=;=2—:=2(zﬂ =2x512=1024 Hz.
Again, solving eq. (iii) & (iv) we get, vy =200 Hz. @, ©) shon ed‘org an pipe
11. (¢) Comparing the given equation, y (x, f) = 0.02 cos i v >
f=n Y where,n =1,3,5...... 23
(s0me+2) cos 109 (1)(330) 4
Y, )= A4 cos (ot + 1/2) cos k x Forn=l.l,=mx100cm=31.25cm
Ifkx=mn/2, anode occurs; .. 10ntx=m/2=x=0.05m Forn=3, I =34 =93.75cm
Ifkx=m, an antinode occurs = 10mx=n=>x=0.1m Forn=S5, Is = 5 =156.25cm
Also Spe:’g of wave (5) As two successive harmonics are found to occur at
gom .‘f - T(.Jﬁ =5m/s and ) =2m/k = 2/10n=02m frequency 750 Hz and 1000Hz and frequency
T
12. (@) Inair:T=mg=plg f—P TS
T e o ’pr’g ; T
= J; 2\ m =AY
when the object is half immersed in water, PieiT :
T = mg — upthrust 750 = E e T ISR St (1)
v Vg H
- VPS“ Epmg=T{ZP‘Pm)
P+1 [T
v Ve giid, 1900 =———ua L o o 2 (i1)
— (2p-py) 2 \u
T © _ 1 [Vep [@p-pa) e o,
g % i g » Dividing eq (ii) by (i)
1/2 12 4 P+l
' S [2p- 2p- 2p-1 —-—=— =
P g . 35
P P Putt?ng this value of P = 3 in eq. (ii) and solving we get
13. (c) Stationary wave is produced when two waves travel tension T
in opposite direction. 4 T
Now, y = a cos (k x — o) — a cos (k x + F) 1000 = — 5 ~T=5N
“. Y= 2a sin kx sin ax is equation of stationary wave 2Y2x10°
wElch givesanodeatx=0. : (5) The distance between two successive nodes
y——am(kr~ar)mnnabeasﬂ1eud1m:msm'engtoppmm. 05x02
14. (¢) When tube was open at both ends, then Fd me o W TR N 107 L
S 2. 3 arly 2xdony, o2
=2 (0.62 to 0.63)
F . ; A ¢ Let £, = initial length of pipe
when tube is half dipped in water, then 2T == 20 £, = new length of pipe
S V1 = Speed of tuning fork
iy =50 : . =
15. (c) For closed organ pipe, In closed organ pipe, f EIET
_________ _ : TR L g
=::::-‘ [T| v, = _4%1_ i et hargsonic When tuning fork is moved, f'=f = VoV, J-E
ST g ZJ_[-V_}:L R,
For open organ pipe, 46\ V=Vr ) 4¢, Ll
- - Y2y V=V L=t -Vp
T =-2_1= = =T
Ay L ¥, F] V ff V

» ) » 'T’ Vo= Efi for third harmonic
) 2

Pecentage change required in the length of the -pipe



Waves

21.

22.

23.

24.

£ -6
£y
Hence, smallest value of percentage change required in

the length of pipe is 0.625%
In figure (a) both ends of the tube in air,

X100 =—2-x100 = -0.625%
320

L (& f 1l

=E?:>?L=2f.'.f=l=5 b 10 )

b | >

In figure (b) when half of the i — Y

tube vertically dipped in 4

walter, g

X e

§ 1 °*=% v
c

. T = _{,‘— =3 (a) (b)
¥ 2 4 v [F
Fundamental frequency /= —Z?JE orfoc T

f o« /weight of mass (w)
S \Jw —upthrust (F)

A w-F

e w=F
-7 = o, f'=1 =

Substituting the values, we get

3
s 260\[(50.?).5: —{0.0075}(10 )g 5]
(50.7) g

e 330

=y A=-=2—=05m

Ase=vio K %0

Shortest distance from the wall at which air particles have
0.5

maximum amplitude of vibration = A/4 = — = 0.125m

(a, ¢, d) The velocity of a transverse wave in a stretched

string, C:F
p
‘ C
C]=\/E,C2= l:_l
1) 4n 2

For node at O
ni mh ;
L=—-:2—1 and 2L = *2—2 (Here, n, m are integers)
2L 4L
o, AM=—anddy=—
n m
<
LSS e
M oA 2L 4L
ne g
4n=m
For minimum frequency, n=1,m=4
¢i%l 1 1h

. e— —_— =Y
Vinin 9L, L, M 0

So, option (a)is correct
The string will look like
2 3 -+ 5 6

CSREID T € A1)

25.

26.

27,

28.

A221

i.e. 6 nodes including the end nodes so option (c) is correct.
For antinode at O

A A
L=(2n+ I)T] and 2L= (2n+ 1)72 (n,m are integers)

A zi. dl —_SL_
B kD™ 2" Gnel)

1 ﬁ L =
m— —=n—-[—
4L\p  4(20)\4u

;11 T (S O [y
= — = — X — = —
O O L

2 ESN 1 L

l'l'l=].,f P =y Cee —:—-—g-

i i

So, option (b) is incorrect.

(a, b, ¢) According to question, the length of the air
column is varied by changing the level of water in the
resonance tube,

A
so, (2n + 1]—5 =507 +e (i)
A i
and (2"+3)Z =839+e (1)
Dividing eq (i) by (11)
P 30/4 50.7+e 0
n—l,—ﬂm $30+e 5o 3% B3.9+3e=5x%50.7+5e

= 2e=18 Se=09cm

3L
& =50.7+09=51.6 =Ai=664cm=0.664m

Also speed of sound, V= vA =500 x 0.664 ms™! = 332.0ms™!
(a, ¢, d) There should be a displacement node at x = 0 and
a displacement antinode at x=3 m. Therefore, y=0atx= 0 and
y=t datx=3m.

Speed of wave, v=— =100 ms .. .
Hence options (a), (c) & (d) satisfy the above conditions.

(b, €) y=[0.01 sin (62.8x)] cos (628 t). [Given]

COX XK P

’ 2 2n
From the given equation, k = }—ﬂ= 62.8 .. A= e 0.1m

|8

Length ofstring,l=5x—'2£=5><%={}.25m

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

Ik
The fundamental frequency, v = el
2f 21
- Lot
2x025%62.8

(a,b,c) Standing waves are produced by two identical
waves superposing while travelling in opposite direction.
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29,

30,

31.

32.

(b,c) The edges of the plate B
are clamped, so its

R O(L,1L)
displacements along the x 0,L)

and y axes will individually
be zero at the edges.
Option (a) : P
u(x,y)=0atx=L y=L 0,0) (L, 0)
u(_x,y)atﬂatx=0,y=0

Option (b) :

u(x,y)=0atx=0,y=0[.sin0=0]
u(x,y):l)atx:l,,yzL['.'sinn =0]

Option (c) :

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

u(x,y)=0atx=L,y=L[sinx=0,sin2r = 0]
Option (d) :

u(x,y)=0at y=0,p=L[-sin0=0,sinx=0]
u(x, y)#0at x=0,x=L[~cos0=1,cos2n =1]

(a, b, d) For closed organ pipe, v=n (i] wheren=1,3,5,7....

,2,“-- =180,240,400....

M= 7

£l

Rl
Rl

£ ;
(c) Frequency, v =2L3J£ for first mode of vibration

For *v’ to be maximum, ‘£* should be minimum.

E
String-1 1o Mo\
| S 1 P

String-3 f3=ﬁ; A (5B

4 S
String-4 fﬁa o2
252
B L e Y
O) As Y= 5qm T g2
2415
String-1 Ty ==—5
5,(3Y
B43) B o
St'ring-z Tz = 2 bt
(3) 2
2,(5) 2
£y 4(5] Lo (3n)
Stl'in -3 Ty = = T
Bt 52 16 °

33.

34,

35.

2af 7 2 2
fadl — | L4
1] (4) D( "l} T(].

String4 T, = =—
(14)? 16
A-p,t; B-p,s; C-q,8; D-q,r
(A) Pipe closed at one end
Waves produced are longitudinal
As = — =
el e T
< A —>
ik l‘f=4 L —4_

(B) Pipe open at both ends
waves produced are longitudinal

As =L >
—ar e s A
) e B T
S =k g
2

(C) Stretched wire clamped atboth ends
Waves produced are transverse in nature.

4 Re=2L 2
(D) Stretched wave clamped at both ends and at mid point
Waves produced are transverse in nature

«— A —>

The standard waveform of a transverse harmonic disturbance
y= asin(ot ket )
Given v, = a0=3 m/s ()

Ao = a0* =90 m/s? ... (ii)
Velocity of wave v = 20 m/s ... (1ii)
Dividing eq. (ii) by (i)
2

o . = o= 30 rad/s e (1V)
am 3
Substituting the value of o in eq. (i), we get

3

= -0l

=3 0.1m e (V)
Ix . 2x o a3 =

o~ 5 - ()

Now putting the value of a, @ and k we get waveform

y=0.1sin[30r + %x:t ¢]

The string vibrates in fundamental mode therefore ¢ -_--;l
A
A= i = S0 o 2R e
or 2/ Since, k 3 2% 1

Amplitude of vibration at a distance x fiom x= 0.4 = a sin k x
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Mechanical energy at x of length dx is

dE = S (m)A%0? = (udasin k) (2rv)?

= 2n2pv2a? sin? kx dx
V=YL
v vV T/lu
i T . S it Y= TJ"

v l:>\-' N 4}’2 [ v \,J |.I.:|
Tip » . 2l[m

dE =212 —-a”sin {[—)x}dx
4f £

Total energy of the string

E= IdE= I(:anp%az sin? (%] dx
n’Ta?
4¢
In the fundamental mode

o, E=
36.

A
(f+0‘6r}—1—'&? = v—4f(f+0.6r]

Here, 0.6 r = end-correction in tube
r (= radius of tube) = 2.5 cm
! (= length of tube) = 16 cm
Jf (= frequency of tuning fork) = 480 Hz
. Velocity of sound in air, v = 336m/s.
(a) Frequency of second harmonic in pipe 4 open at both ends
= frequency of third harmonic in pipe B closed at one end

2 Y4 = o

21, ) "\l
IYARTA

-‘-’-‘-!-‘—ior 413

37.

3
- =2 vy =1
or vg 4 ’YBRTB 4 ( % B}
M 16
Y4 MB asT,, - TB i, Y_A[_]
O Nys My Mg vp\9

-GRAE)  (ramsmina-)

My [25}( } 400
'M,, 2109/ " 189

(b) Ratio of fundemental frequency in pipe 4 and in pipe
B, which is now closed at both ends

f_d VAJ"zlA _A il
fs ve/2g v (ssla =)

’TARTA
My _ It M5 (+Ty=T3)

Mp 189

5 7
Substituting E=%IM - =

L o2

189 3
e fB_ 21

400 4

38.

0.4m

3.2m

A223

Speed of sound, v = 340 m/s.

Let {; be the length of air column corresponding to the
fundamental frequency. Then

v - 340

v
—=2125 =,
4{0 == f{]—

42125 4(2125)

1.2m

3.4m

In closed pipe only odd harmonics are obtained. Now, let
£1, £y, L5, €4, etc. be the lengths corresponding to the
3rd harmonic, 5th harmonic, 7th harmonic etc. Then

3 -
[#] 2125 = £,=12m;

3 J 2125 = £,=20m

4f,

v

47,

9

v
7( ar, ] 2125 = £;=2.8m;

J 2125 = £4=3.6m

or heights of water level are (3.6 — 0.4) m, (3.6 — 1.2) m,
(3.6—2.0)mand (3.6 -2.8) m.

Hence heights of water levelare 3.2m, 2.4 m, 1.6m and 0.8 m.
Let A and a be the area of cross-sections of the pipe and
hole respectively. Then

A=n(2*x1022=126x103m>2
and a=m(1032=3.14 x 106 m?

Velocity of efflux, v = +/2gH

Continuity equation at 1 and 2 gives,

—~dH
a5 =4[5
So, rate of fall of water level in the pipe,
—de a
— | =—4f2gH
[ dt A
Substituting the values, we get

K 26><10‘3

= __-‘jf" =(L11 x 10 VA
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39.

40.

Between first two resonances, the water level falls from
3.2mto2.4m.

dH

T = 1.11x%107%dr

JH

24 dH S i
= j’nTE-—(l.nxm )[Oaf:
= 2AV2.4-Y32]=—(1.1x1072)z
or, t=43s

(a) For second overtone of the closed pipe

330
S2H{gg) o o)
Frequency, f= ( i ™ 440=5 i

5x330
- A I =Em.

b

B ] e

%‘nﬂe m%mmanmode)
displacen A Cail gsplacuneuinodc

MID POINT »=0
x=x Pressure variation
s mEx or min

(b) At any position x, the pressure
AP = AP cos kx cos ot

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

L 15 15 \ !
For x = (mid point)
o 2 15] AR
mplitude = A7g 008 [TR30/400) 32| ~2

{c) At open end of pipe, pressure is always same i.e.
equal to mean pressure AP =0, B« = Fyin = H

(d) At the closed end of pipe

Maximum Pressure, P, = Py + AP,

Minimum Pressure, P . = P, — AP

(i) y=4sin %cos{%m]

Here amplitude, 4 = 4 sin [ l;)

Atx=5cm
Amplitude or maximum displacement,
4sin
A= 4si ( =

(ii) Nodes are the position where 4 =0

sin[—lﬂ;—c]=(}=sinnn x=15n
where n=0,1,2 x=15cm,30cm, 60cm, ...
(iii) Atx=7.5 cm, t=10.25 cm velocity of particle

dy

Y= 5_4 m[ J [~ 96m sin (96 m1)]

] 4 % 0.866=3.46cm

41.

EJ

1.

7
o 4sin[m;5 5} [~ 967 sin (96 7 x 0.25)]

= 4sin[§] [~96 nsin (24n)] =0

(iv) y= 4sin [11‘?’[) cos[9671]

s
2 ] 96
2{ sm[15 cos ( m‘)]
=2 sin[96nt+n—xJ—sm[96nr—H]
15 15
= 25in[96m+1[—x} —2sin[96r:r—H)
15 5

=)
Hence components waves

=2 Sin[96m+%-)

and y,=-2sin (%m—%)

Tube open at both ends
Length of tube [ = 48 ¢m = 0.48m fundamental frequency,
f=320Hz velocity of sound in air v = 320 m/s

i in Bl © syl ommnnct 8303 4 vy
20+06D) 77 2(0.48+0.6x D)
0.48+0.6D=05 = 0.6D=0.02
0.02

D= v 100 cm = 3.33 em (Diameter of tube)

Tube closed at one end

5 & e 320
ToqUeNCY V= 46 +0.3D)  4(0.48+0.3x0.033)

~ 163 Hz

Topic-3: Beats, Interference and
Superposition of Waves

(a) With increase in tension, the frequency produced by
string increases. As the beats/sec decreases therefore
frequency of tuning fork

f= 3[1}+4 = 3( 45
4 4x0.75

(b)

j+4=344Hz

f
(b) Given equation, y = 4 cos? [ ) sin (1000 £)

=2 (2::092 ésin 10{10:]

or.y =2 [cos t + 1] sin 1000¢ SAlly

or, ¥ = 2 cos ¢ sin 1000 + 2 sin 1000t ..(2)

or, y = sin 1001#+ sin 999¢ + 2 sin 1000¢ ...(3)

Hence, for the given periodic motion, three independent
harmonic motions are superposed.



4,

(5) Here the phase difference between the two waves,
=7

Resultant amplitude, 4=+ 42+ 43 +24,4, cosd

=.\{42+32+2><4><3><cosg=\/16+9+0=5

%]Topic-ﬁz Musical Sound and Doppler's Effect

1.
2.

(a)
() f,= frequency of the police car heard by motorcyclist,
f, = frequency of the siren heard by motorcyclist.
330-v 330+v
= ——x176; f,=———x=165
N1= 33022217927 330
fi=-H=0."v= 22 m/s
V4 +V

() Using the formula f'= f[_]

vV
vd+v_£ V.B"'V_E
B e

Y8 L9

V4
(200) Using Doppler's effect Frequency received by
observer

CtVy
fo= E:‘r._Vs fs, € = speed of sound

Case-l: f, = [-(-:+—V] f,
C-¥

= 288= (g+ i] 240 . .(i)
C—V)

Case-2: f; = [m £

o, n= [-Q_—V] 240 ..... (i1)
C+V

multiplying eq. (i) & (if)
(288) (n) = (240) (240)

240 x240

288
(8.13) Apparent frequency heard by observer due to
source Sl

iy | Eiogari gl 83010 12022 _123.636 Hz
330 3

A =200

30 ms

3?52
J 30 cos 377
./"'

ra

."‘"”
10 m/s Tésyj"'
10 cos 53°

Apparent frequency heard by observer due to source S,

A225

S v+ Vo =120':330+10(:0553 ]
W= 330 -30cos37°

330-30x0.3

.. Beat frequency, v =v2-v1131.764—123.636=8.125Hz
=8.13 Hz

(5.00) Apparent frequency at O due to
source at — A

il 120[M} : 120[%} - 131764 Hz

Observer/listener

Stationary,f'?‘\
2 v el i

vV =V £ 12‘{!1(513“07’%'}

v—2cosB I

2cos0 i 5,
A (o ’ *
d’ppzu'o:m frequency at ‘O msi g I mg'
ue to source at — B 4 a  Sm B\O
v 1cos@

Vg = Wr———

v+1cosB

Beat frequency, v, = LS A i ]
t v[v—ZcosB] v{vd-cosﬁ

=y v s
[v—ZcosB v+c059}

pBee Ll
330-2x>. 330+
13 13

—1430x330

=l430x330x131: - = : ]
330%13-10 330x13+35

L 1430x330x13[L——‘-] ~Shiz
4280 4295

(6) Frequency observed at car

(v+vc
UIZU{] v

Frequency of reflected sound as observed at the source

car
v v+,
= =, J
“2 : V—V, v V—V, v,=2ms'

Source
.. Beat frequency = v, — v .
v,=492 Hz

— vy VL = e vV, — VY,
v—v, ViV

=u{{ 2v, }2492[ 2%2 }:492”:6143

V—v 330-2 328

b
(3) Resultant of amplitude, Ar
; e L I e
=ﬁ; sin O + sin §+ sm—3—+sm s



A226

10.

11.

[I I] G

Ip=Ag%=3I, n=3
(7) Firstly, car will be treated as an observer which is
approaching the source. Then it will be treated as a source,
which is moving in the direction of sound.
Frequency of sound reflected by the car C,

B

And frequency of sound reffected by the car C,

5 v+
fz-fu[v_vz
v+v1 V+V2
chs '[100]f° [ v-y —v—v2:|

[wo]f“ %‘g_(;%jb

(v=v))=(v~vy) = vas v, and v, are very very less than v.

o=

_v-12 330x1.2
«li=n)= s
(0.62 to 0.63) Let £, = initial length of pipe
{5 = new length of pipe

Vi = Speed of tuning fork

1=~ 7kmh™!

=1.98ms"

In closed organ pipe, f =l
44,

\' A%
When tuning fork is moved, f'= f( ] =—

V-Vr,) 46
ey h v V- b
40\ V-Vy | 44, ¥ e 3
2N o IO 2
B v 4 v

Pecentage change required in the length of the pipe
224 4100 =2 100 =-0.625%

L 320 :
Hence, smallest value of percentage change required in
the length of pipe is 0.625%
The observer and source are moving towards each other.
The image of the source serves as source of reflected sound.

(The driver behaves
as an observer)
v, =5ms"! v=Sms"!
—p o
(The image of the bus
formed by the

wall behaves as source)

12.

13.

14.

15.

16.

17.

The frequency of sound reflected from the wall

v‘=v[v+v0:! = V=200 [MH] = 206 Hz.
V—"&'s

342-5

Frequency of beats = v'—v=206-200=6Hz
False, if the sound reaches the
observer after being reflected from
a stationary surface and the medium
is also stationary, the image of the
source will become the source of
reflected sound.

Thus in both the cases, one
sound coming directly from the Ay
source and the other coming
after reflection will have the
same apparent frequency. Hence,
no beats will be heard.

L

Observer
*—P

Wall

1
False, intensity or loudness of sound, /= EpVﬁ)ZA2

Also intensity varies as distance from the point source as
1

I —

As none of the parameters are changing in case of a clear

night or a clear day, so the intensity will remain the same.

(648) Given: velocity of sound V =324 m/s

Frequency of source f; = 656 Hz

Velocity of source S,, V.= 42 cos 45°
From Doppler's effect, apparent
frequency measured by the

Jf"

x 656

detector, f = L

324

S T e
324+ 42 x —
42

=648Hz

(8.2) When source S, is at R and S, approaches the
detector with a speed V=4 m/s then apparent frequency
heard

324

f'= V fo =[

A->qgB-op;Cor

] x 656 = 664.2Hz

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

By Doppler's formula
: [ (V+vp)t vﬂ]
Vs e e

(Vv ) 2 v
Sign convention for ¥, is as 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 §
to O and vice versa.



18.

B 2,088 x10°
(a) Velocity of sound in water v = \/% = ‘l;

= 1445 m/s
10m/s
s S =T Lo
hette it R el e ey ol
S it = Gp
Frequency of sound in water
1445
v= waler T 10°Hz
Tater 14.45x10™

Frequency is independent of medium ... vy ... = v...
Vp=+2m/s; vy=0; v,=10m/s

v+ Vim — %0
Applying Doppler's formula, v'=v | =

VIV, =V

144542 -0
el o] s 5
v ( )[1445+2-10]“’ 1.007 x 105 Hz

(b) In air velocity of sound

[(1.4)x(8.31)x293

R 0110 A : 344m/s
M\ 288x10
v =5ms’!

v—vm—vc,]

Applying Doppler's formula +' = v (
V=Vpy =V,

344-5-0
v'= [leos] —— | =1.03%x10°Hz
344-5-10

The motorist hears the beat frequency as he receives two
different frequencies one directly from the sound source
or band f" and other reflected from the wall.

Apparent frequency when direct sound of band is heard
by the motorist

pefzz)s
v+

Again apparent frequency when heard both direct and
reflected sound by the motorist

v+
- i SLLp o, Beleood ¥ road
V=V Vv, — Wall

Hence beat frequency
heard by motorist,

0 3 E

fg,=f"—f'=[v+Vm ]f_[v+vm]f - ﬁ,=2vb2(v+‘;m)

Vv V=" v -y,

19.

20.

A227

The whistle which is
emitting sound is being
rotated in a circle. The
observer is at large

distance from the whistle ," g

ie,0O |

Given: r=1.5m X

and ®= 20 rads™!

Speed of source,

v,=ro=15x20
=30ms™!

When the source is at the position A4, then the frequency

heard by the observer will be maximum

- e =440[~i]=484ﬂz
v-v, 330-30

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

v 330
"= =440 ——— | =403.3Hz
v[v+v } [330+ 30}

<

5

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

5
The angular frequency of the detector, @ = 2nv = 21 x z

=10rad/s

The angular frequency of the detector and the source of
sound are equal.

= When the detector is at C moving towards D, the
source is at 4; moving leftwards. It is in this situation that
the frequency heard is minimum

V=YV (340 -60)
y . =y |——|=340x———==2573Hz
i i:v+vj (340+30)

(v vp=Aw=6x 10=60 m/s
v,=Rw=3x10=30m/s)
Again when the detector is at C moving towards B, the

source is at 4; moving rightward. It is in this situation that
the frequency heard is maximum.

S i (POV S i DRV PYPRE S
max = V| STy (340-30)
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21.

22.

23.

RN

T2 Observer T
For fork T; moving towards observer,
g v
i ( S Vs) J where v, = velocity of fork.

For fork T, moving away from observer,

n_ v f &
Vv, where v = velocity of sound.
.. Beat frequency =1 —f"=3
3o M dwimdf (v+vg)=(v=v,)
WS T or 3=y
Vs ¥ (v=v)(v+vy)
293
0{3:1«%&1’{ 0r3=vfx2v’asvs<<v
v ‘vzs v
2
Jv 3v 3 %340
Vg =——=—gr ¥, = —— =1.5m/|
or Vg 2 2],or ey s
.. Speed of tuning fork = 1.5 m/s
T ‘. 40em=1,
a4 ) I
[—/=25cm— ! !
e \ [
------ o= )
A5 -- R -4 \ 'J,

By decreasing the tension in the string beat frequency is
decreasing.

- First overtone frequency of string — fundamental
frequency of closed pipe = 8

z[-v_l]_[“_z}sor A =;1[g+_‘z]
24 4l, 41,
Substituting the value, we have

320
x 0,

T
Now, M = \{5 T=pw?

=3
m) 5 [25x10
el [?)vi [ 0.25 (2

If the sound reaches the observer after being reflected
from a stationary surface and the medium is also stationary,

" =0.25[8+ }=5sz3
4x04

the image of the source (I) in the reflecting surface will
become the source of the reflected sound.

Vo = 5 my's
}

vy =S mfs

—
S |

{Observer) (Source)

it V[C—VD
cC—V,

V. Vg are + ve if they are directed

from source to the observer and —

ve if they are directed from observer i
to source.

330-(-5)
330-5
. Beat frequency = 1' — v =264 - 256 =8

v'=256|: J=264Hz

ﬁ] Topic-5: Miscellaneous (Mixed Concepts)

=) Problems
1. (d) Here, v=1: —YRLxL:n:vl:v x 4]
4 \mx107 4
=  v(244) x4 % [=336.7 m/s to 346.5 m/s
[.. 1=0.350+0.005]
For monatomic gas y=1.67
YRT e Jﬁ
N ]OOTRTX -
Y Mx107 M
= «/167RT x\/E =640JE
M M
! *
For NeonM =20 .. v=640x 10 =448 ms~!
17
For Argon M = 36, S 640’<§5=34{)ms‘1
For diatomic gas y=1.4
V= \flélﬂl?[r"l9 =590x \{T—a
M M
9
For Oxygen M=32 .. V2590XT6=33L87m54
3
For Nitrogen M =28 ,, v=590x 5=354 ms™!
2. (b) Let x be the end correction.

g,+x=% or, A=4({, +x)

34 4
(fz+1}=—4“ or l=§(é’z+x)

v N o 3v
4(47 +x)

v
vy =—
1

M

hptn A
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b .\ ’ 25 v o
(dmrefy ‘v i ﬁL Oj‘ml \‘vll Lx f_fb(v_o.sv]_s_fb
.": I‘ ’ = v P =
= v (b) For,u=08vandf,=2f,= f =2/ [v_ o.sv] =10/
et EEEE () For,u=0.8vandf,=0.5/,
F——= g
. v 3v f=05/p ( ] =23/o
Given v;=v, .. 4, +) - 4y +7) or,x=0.025m v—0.8vy
d) Foru=0.5vandf. =15
(¢) Energy, E o A2v? where A = amplitude and v = frequency. g =1
Alsoo=2nv = oxv v
E o s 3 f=].5f0[ ]=3f0
Experiment=1: Amplitude=Aand v, =v v—0.5v
Experiment =2 : Amplitude=4 and v, =2v 8. (ab,c)
E2 Az\’:’;'
e A s v+, cos@ v+Vv.cosB
E, 4%} b @ vp =, me}{—~——‘v }:121418[‘2 }

(b) The speed of each pulse is 2em/s and initially two
pulses are 8 cm apart and moving towards each other,

__\“/r_______J’HL__

After two seconds pulses will overlap each other.
According to superposition principle the string will not
have any distortion and will be straight.

Hence there will be no P.E. The total energy will be only kinetic.

7
(a) Velocity of sound by a stretched string v = ‘j%

From Hooke's law, tension in string T oc extension x

v fr? ; \F"_ 1.5x% 123y
e e R ——=v,)—-—= ;
AR gl T X

Speed of sound waves in water is greater than in air, so
water behave as rarer medium and hence sound wave will
be refract into water away from the normal.

(a, d) From Doppler’s effect

: )
\v=u

|

As the pipe is closed at one end .. For resonance,

»

" = v
e 'm(;——uJ =nfy where n = odd integer

(a) For,u=0.8vandf =/,

close

\"'Q =(VN—1’M]=121"118:3

Ve = ~u )[@]#121-11&["‘_‘@“@]

v

2P + Vp =2\|’Q

'EP
In general when the car v.cos Be G Ve
is passing through A -f,fi?'b
. HgHz o e 121Hz
il 3[1; v, cosuj, T
v 5
...() B
dv v.sina | |dv
B === ——1 is max when sin o.= 1
do. v da.

i.e, a=90°(atQ)

M. e
From eq. (i) — (—sina)— ___(ii)

v dt
1ana—l—0 : seczmd—m—~EE
0 o a2t
do. ~10v =
= ..(iii)

dt x2 sec” o
From eq. (ii) & (iii)
dv v, .
— =——Lginax
dt v
dv _ 30v.sina
"t dt {10001:01'.)2 sec’ a

2 2 2

—10v J_ 30V, sina.
*sec’a) x*sec’a

¥
=0.3Vc sin q‘AI(‘I‘.=90°

— = max

dt
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9.

10.

11.

12,

13.

(b, d) When a sound pulse is reflected from open end of a
pipe, phase changes by 180°. A high pressure pulse i.e.,
compression is reflected as a low pressure pulse i.., rarefaction.
When sound pulse is reflected through a rigid boundary
(closed end of a pipe), no phase change occurs so a high
pressure pulse is reflected as a high pressure pulse.

@ d) ke

The length of the air column at the first
resonance is somewhat shorter than ;]Ith bl

of the wavelength of the sound in air due to |-
end correction (e),

£’+e=—?t = gzi_e
4 4

Hence at second 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.

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

Vg, =340 +20=360 m/s

and Vgp = 340 - 30 =310 m/s

(a) There is no relative motion between source and
observer for the passangers in train A. 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 A is uniform.

(@) For the passangers in train B, source is approaching
with velocity 20 m/s and observer is receding with velocity 30

ws v = vy | 20 =800[—3M]=800xﬂ
v—v 340-20 32

V=¥ 31
"= =1120x—
v Vz[ :l X32

v—v,

31 31
v"—v'=(1120-800) x 3-2~=320x3—2- =310Hz.

14. (a) Beat frequency :U‘l—f2[=(50—46):45‘1

15. (o)

one beat frequency consist of maximum and a minimum,
So number of maxima are /= 4,
o 100x

Wave velocity = — = ——— =200 m/s
k 05=n

16. (d) The given equations y; = A cos (0.5 mx — 100 n) and

¥y = A cos (0,46 mx — 92 mr) represents two progressive
wave travelling in the same direction along x-axis with
slight difference in the frequency.

17.

—IES

Comparing it with the standard equation
= A cos (kx— ot), we get
o =1007t = 2nf; =100 & = f, = 50Hz and

2
Kj=05m= ===05% = A =4m
1

; ®
Wave velocity = A,f; =200 m/s [Alternatively use v = X ]

®,=9271 = 2nf, =927 = f, =46 Hz
Therefore beat frequency = f; - f, = 4 Hz and

2n 200
K,=046 1 = E =(0.461 = A= -E
> 200
Wave velocity = pP; x46 = 200 m/s
Atx=0,

Y1 ty;=(d cos 10 f) + (4 cos 92 nt) =0
= cos 100 nt = — cos 92 nr = cos (— 92 nr)
2n+1

192

1 191
whenr=0,n= —5 and whent=1, n= T=95.2

=cos[(2n+ -2 nt = t=

<. In 1 second, y, + y, = 0 at x = 0 for 96 times

Let the two radio waves be represented by the equations
¥y =A sin 2nv,t

Yy =Asin 2mv,t

Since, 4| = 4, = A and detector is at x = 0

The equation of resultant wave according to superposition
principle

Y=y ty,=Asin2nvt+4 sin 2nv,t

=A[sin2 v £+ sin 21v,{]

(21vy + 21ty )f - (2mvy + 21, )t
2 2

=24sin m (v, +v,) t cos m(v;—vy)t
where the amplitude 4' =24 cos 7 (v, ~ v,) ¢t
Now, intensity o«c (Amplitude)?
= [xcAd?
I o 442 cos?m (vy = v,y) t
Intensity will be maximum when

cos?m (vy —v,) t=1 o1, cos T (v) ~v,) £ = |
or, rc(ul —Vy)t=nm

W —® 2nm
G Wi o
2 oty
Time interval between two successive maxima
2(n—Dm Lr, 2w
= or, ===
o El 0 Sy eed e s 10
Time interval between two successive maximas is 27t x 10~ sec
(i) The detector can detect if resultant intensity > 24>

=4 x 2sin

2nm

or,
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Resultant amplitude > /2 4

or, 2AcosT(v)—Vvy)l 224

1
or, COST(vj—Vy)i2 7—5 or,

The detector lies idle  when the values of
(@) ~@))t 1
cos| ———=—| is between 0 and —=
[ 2 V2
M is between T and =
2 4
t a d =
I o -0, 27 2w —0,)
The time gap =1, — ¢,
2 i T 250

T o-0;  2Ao-0;) 20 -0;) 2

(@) Compare the given equation y; = A cos (ax + bt) with
the standard equation of a plane progressive wave.

2n 2n 2n
y=Acos | —x+2nvt|=> —=a@ = A= —
A A a
Also, 2nv = b
= e b
.. Frequency of incident wave, v= E

() The wave is reflected by an obstacle, it will suffer a
phase difference of ©. The intensity of the reflected wave
is 0.64 times of the incident wave.
Intensity of original wave I oc A2
Intensity of reflected wave /' = 0.64 [
= I'ocd? = 06471 A2 =5 0.64 A2x 47 = A'x0.84
So the equation of reflected wave
¥, = 0.84 cos (ax — bt + 1) =~ 0.8 4 cos (ax - bi)
(¢) The resultant wave equation
y=y,+y,=Acos(ax+br)+[-0.84 cos (ax — br)]
Particle velocity
dy < ;
E‘- = _ Ab sin (ax + bt) — 0.8 Ab sin (ax — bf)
= — Ab [sin (ax + br) + 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 b]

The maximum velocity will occur when sin ax = 1 and
cos bt = 1 under these condition cos ax = 0 and sin bz = 0

= 1.8 4b Also, | v, | =0

Y=

| Il’IIII'BX t

19.
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(d) y=[4 cos (ax + bf)] - [0.8 4 cos (ax — bi)]
=1[0.8 4 cos (ax + bf) + 0.2 A cos (ax + br)]
—[0.8 A cos (ax — b1)]
=[0.8 4 cos (ax + bt) — 0.8 4 cos (ax — bt)]
+[0.2 4 cos (ax + bt)]

=08 A{—-Z sin {(‘“ B bt);(ax —b:)}

. | (ax+bt)—(ax —bt)
sin 2 0.2 A cos (ax + bf)]

= y=-1.64 sin axsin bt + 0.2 4 cos (ax + bf)
where (— 1.6 A sin ax sin bt) is the equation of a standing wave
and 0.2 A4 cos (ax + br) is the equation of travelling wave.
The wave is travelling in —x direction.

Antinodes are the points where the amplitude is maximum,

i, sinax=1=sin [mc+ (=" g]

oG [’"‘ +(-1)" %] of, x= [n + (_;)" :111_
a

(i) The frequency of the whistle heard by observer on the hill

T 1200+ 40
PR sy et B ety TR
n nl:v+vw—vj 530[1200+40-40} .

(i) Let echo from the hill is heard by the driver at B which
is at a distance x from the hill sound produced by train at
a distance 1 km from the hill.

The time taken by the driver S
to reach from 4 to B A B
4—lkn——————»
Hill
= )
= E .. (1)
The time taken by the echo to reach from hill
b=lyu™t lyp
1 X

= 1200+40)  (200-40) @

where ¢, = time taken by sound from 4 to hill with velocity
(1200 +40)

typ = time taken by sound from hill to B with velocity 1200 —40
From eq. (i) and (ii)

l-x 1 x
=t = = +

40 1200+40 1200-40
= x=0935km

The frequency of echo as heard by the driver

Jows {(v—vwh vs} = 580[(]200—40“40

—v)- % (1200-40)—40] e
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20.

21,

(i) When two identical waves travelling in opposite
direction superimpose, we get standing waves.
Hence following two equations will produce standing wave
zy=Acos (kx—wi)
2y =A cos (kx + or)
The resultant wave is given by z = z, + z,
= z=Acos (kx— of)+ 4 cos (kx+ wt)
= 24 cos k x cos ot
The resultant intensity will be zero when
24cos kx=0

= cos k x = cos »(-Mn

2n+1 N 2n+Dx
2 A

(i) The transverse wave z; travelling in + x-axis and z3

travelling in + y-axis

zy=Acos (kx—wf) = zy=A cos (ky — wt)

Combine to produce a wave travelling in the direction making

an angle of 45° with the positive x and positive y axes.

= kx= wheren=0,1,2, ...

The resultant wave z = z; + z3
z=4 cos (kx— ot) + 4 cos (ky — wr)

= z=24kos (x—zy} cos[k{x-'-y)_zm}

2
The resultant intensity will be zero when
24 cos———w-——k (xz—y} =0 cosik (xz— %) =0

k(x— 2n+1
ka—y) 2n+l

=
2 2
@n+1)
o, =)= % Twheren=0, + 1, + 2 etc.
/
vy, e Bt U O

strain ALjf ~ aAA8
Al —
(o Al ={a AD i’T=359)

Frequency of fundamental mode of vibration

1 [T _ 1 [vAan®
VESiNm 2V m

1 szlo“ <1078 x1.21x10~5 x 20

T 2x1 0.1

=11Hz

~ |

22. (a) Usingy= Al and Al=10 A8
l

F =YAaAB
Speed of transverse wave

v= J]."} [where L = mass per unit length = i;ﬂ = Ap]

- Jmme 3 Jmae
Ap p
[13x10" x1.7x107° x 20

N 9%10°

23. According to question, the diaphragms 4 and B are set
into vibrations of same frequency. Diaphragm C is a node.
So, at A and B antinodes are formed.

= 70 m/s

p, harmonic p,, harmonic
H, o,
Antinode Node Antinode
A e
< 0.5m >+ 0.5m ——p
Y ) Bl e 3
— XD =——Xpy = —=——=—or11p;=3
a0 P a0 72 py vy 11 o S
i.e., The third harmonic in AC is equal to 11th harmonic in
CB.
Now, the fundamental frequency in AC
Vi 1100
=i—a= =550Hz
4/ 4x0.5
and the fundamental frequency in CB
300
-2 T L SSOHy
47 4x0.5

.". Frequency in AC = 3 » 550 = 1650 Hz
and frequency in CB= 11 x 150 = 1650 Hz
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