Waves

Question: The th 4th overtone of a closed organ pipe is same as that
of rd 3rd overtone of an open pipe. The ratio of the length of the closed pipe to
the length of the open pipe is :
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Question: The ratio of frequencies of fundamental harmonic produced by an
open pipe to that of closed pipe having the same length is
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MCQ (Single Correct Answer)

Q.1. An organ pipe filled with a gas at 27-C resonates at 400 Hz in its
fundamental mode. If it is filled with the same gas at 90.C, the resonance
frequency at the same mode will be

Q 5121z

© 420Hz

© 2401z

Q) 484 Hz
NEET 2022 Phase 2
Ans. (C)
Explanation
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= 440 Hz

Q.2. If the initial tension on a stretched string is doubled, then the ratio of
the initial and final speeds of a transverse wave along the string is
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We know, velocity of transverse wave
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TOPIC 1
Basics of Waves

0_1 A uniform rope of length L and

02 A wave travelling in the positive
x-direction having displacement
along y-direction as 1m, wavelength

21tm and frequency of b Hzis
mass m, hangs vertically from a n
rigid support. A block of mass m,
is attached to the free end of the
rope. A transverse pulse of
wavelength A | is produced at the
lower end of the rope. The
wavelength of the pulse when it
reaches the top of the ropeis A, .
TheratioA, /A | is [NEET 2016]

(a) [TEM ) [T
m, m,

(c) m+my (@) [T
\' m, \| m,

Ans. (a)
According to question, we have

represented by

(a) y=sin(x=21)
(b)y =sin(2Tx =2 )
(c)y =sin(10Tx =20 11)
(d)y =sin(2Tx +2 1)
Ans. (a)

Given,a=1m

[NEET 2013]

As y=asin(kx —wt)

. [Pm 1.0_ .
=sin —-2T X —t=sin(x —2t)
B 7w

03 Two waves are represented by the
equations
y, = asin (@t + kx +0.57)mand
Yy, =acos(wt +kx)m,where xis in
metre and t in second. The phase

Wavelength of transphase pulse difference between them is

a=Y ) [CBSE AIPMT 2011]
f (a)1.25 rad (b)1.57 rad
(v =velocity of the wave; f =frequency of (c)0.57 rad (d)1 rad
the wave) ’
Ans. (d)

As we know v:\ﬁ (i)
u

(T =tensionin the spring; 4 =mass per

unit length of the rope) COm

From Egs. (i)and (ii), we get or Y, —asm§5+wt+kx§

According to question,
y, =asin(wt + kx +0.57)

and y, =acos(wt + kx)

A T As phase difference,
fiu Mop=¢ —cp—g—o.57
o =i =157 -0.57 = 1rad
So, for two different case, we get —
A, 04 Sound waves travel at 350 m/s
N :\ﬁ through a warm air and at 3500 m/s
1 1

through brass. The wavelength of a
700 Hz acoustic wave as it enters

brass from warm air
[CBSE AIPMT 2011]

1

m +m,
mZ

(a)increases by a factor 20
(b)increases by a factor 10
(c)decreases by a factor 20
(d)decreases by a factor 10
Ans. (b)
Velocity of a wave is given by
vV =nA
[h=frequency of wave [
B\ = wavelength of waveB

So, for two different cases,

Vl_n1)\1
Vz_nz)‘z
}\2: WVL

vy

=a x2%0 - 5 g
350
[n =n,]

A, =10\,

05 Atransverse wave is represented by
y =Asin(wt - kx). For what value of
the wavelength is the wave velocity
equal to the maximum particle

velocity? [CBSE AIPMT 2010]
(a) TA/2 (b) A

(c)2mA (d)A

Ans. (¢

Given, y = A sin(wt = kx)
As we know that wave velocity is given by

A _WA )
V, =—=— D)
T 2n

gzzjﬂ
w B

and maximum particle velocity is given by
\/p :AQ) (II)
[A = amplitude O

Bp= angularfrequencyH

So, as Eq.(i)is equal to Eq. (ii),

m)\, A =21A
2m

Aw=




06 A wave in a string has an amplitude

10 A transverse wave propagating

of 2cm. The wave travels in the
positive direction of x-axis with a
speed of 128 ms™ and it is noted
that 5 complete waves fitin 4 m
length of the string. The equation

describing the wave is
[CBSE AIPMT 2009]

(a)y =(0.02)msin(7.85x +1005 t)
(b)y =(0.02) m sin(15.7x =2010 t)
(c)y=(0.02)msin(15.7x +2010 t)
(d)y=(0.02) msin(7.85x —1005 t)

Ans. (d)
Given, amplitude of wave, A=2cm
direction =+ve x direction
Velocity of wave
v=128ms™
and length of string, bA =4
We know that,

[w =Angular frequency]
Ow= w k=128 x7.85=1005
As, the wave travelling towards + x-axis
is given by
y = Asin(kx —wt)
So,y =2sin(7.85 x —1005t)
y =(0.02) m sin(7.85 x —=1005t)

0_7 The wave described by

y=0.25sin(10Tx =2 1t),
where, xand y are in metre andtin
second, is a wave travelling along
the [CBSE AIPMT 2008]

(a) negative x-direction with frequency
1Hz

(b) positive x-direction with frequency Tt
Hz and wavelengthA=0.2m

(c) positive x-direction with frequency 1
Hz and wavelengthA=0.2m

(d) negative x-direction with amplitude
0.25mand wavelengthA=0.2m

Ans. (¢)

y=0.25sin(10 Tx =2 Tt)

Compare the above equation with

y = Asin(kx —wt)

Aswt and kx have opposite sign, wave
travels along positive x.

As, 2Tt =t

d w=%=7wv
0 v= 1Hz
Also, kx =10 TTx

k=10n=2i[
A

A :277'[ =02
101

Hence, option(c)is correct.

ﬁ Which one of the following

statements is true ?
[CBSE AIPMT 2006]

(a) Bothlight and sound waves in air are
transverse

(b) he sound waves in air are longitudinal
while the light waves are transverse

(c) Bothlight and sound wavesin air are
longitudinal

(d) Bothlight and sound waves can
travel in vacuum

Ans. (b)

Inalongitudinal wave, the particles of
the medium oscillate about their mean
or equilibrium position along the
direction of propagation of the wave
itself. Sound waves are longitudinal in
nature. In transverse wave, the particles
of the medium oscillate about their
mean or equilibrium position at right
angles to the direction of propagation of
wave itself. Light waves being

electromagnetic are transverse waves.
09 The time of reverberation of a

room A is 1s. What will be the time
(in second) of reverberation of a
room, having all the dimensions

double of those of room A?
[CBSE AIPMT 2006]

(a)2 (b) 4
1
(c)= (d) 1
2
Ans. (a)
Sabine’s formula for reverberation time
is
T= 0.16V
2as
ToY
s

where, Vis volume of hall inm®.
>as =a;s, +a,s, +..
= total absorption of the hall (room)
Here, s, s,.s,...are surface areas of
the absorbersanda,. a,,a, ...are their
respective absorption coefficients.

So, for two different cases of
reverberation.

O Z:Kxi
T sV
3
:@:§:2
2% 4
Hence, T'=2T=2x1=2s

11

12

along x-axis is represented by
—Qaqi a T
y(x,t)—83|n@15nx 4t ZE
where, xisin metre andtisin

second. The speed of the wave is
[CBSE AIPMT 2006]

(a)4mtm/s (b)05TTM/s
(d?mm (d)8 m/s
Ans. (d)

The given equation is
y(x,t)=80 sin @].5 TIX -4 Tt —g@ )

Compare it with the standard wave
equation

y=asin(kx -t + @ L)
where ais amplitude, k the propagation
constant and wthe angular frequency,
comparing the Egs. (i)and (ii), we have

k=05m w=4m
0 Speed of transverse wave,
w_ 4Tt

A point source emits sound equally
in all directions in a non-absorbing
medium. Two points P and Q are at
distance of 2m and 3m respectively
from the source. The ratio of the
intensities of the waves at Pand 0

IS [CBSE AIPMT 2005]
(@9:4 (b)2:3 (c)3:2 (d)4:9
Ans. (a)
Intensity of sound, | = P

41’

[p = pressure of sound waves [
%= distance between source B

H and the point  H

1
or 10—
rZ

f

or l—‘= %D

l, Or0O

Here, r,=2m,r, =3m

Substituting the values, we have

[ %@Z _9

l, 4
The phase difference between two
waves, represented by

y, =10 sin o0t + %@ 0.50m
0 ot o

y, =107 cos EIOOt + @é%m
0 0



where, x is expressed in metre and
tis expressedin second, is
approximately [CBSE AIPMT 2004]

(a)1.07 rad (b) 2.07 rad
(c)0.5rad (d)1.5rad
Ans. (a)

The given waves are

5 O
=10 smEOOt+ 08
v, S+ 0sgm
andy, =107 COSEOOI + %%m (D)

Eg. (i) can be written as

O ,=10"° sm@[)[]t+§?§+farrI

H" sin H§ + GH= COSGE

Hence, the phase difference between the
waves is

A¢:§E —U.5|§rad
= E‘ﬂ -0. BHrad
=(1.57 -0.5) rad
=(107)rad

NOTE

The given waves are sine and cosine
functions, so they are plane progressive
harmonic waves.

13 A wave of amplitude a =0.2m,

velocity v=360m /s and
wavelength 60 m is travelling along
positive x-axis, then the correct

expression for the wave is  [CBSE
AIPMT 2002]

(a)y:O.ZsinZT[%S t +6—2§
(b)y=0.23inn§it+i§
(c)y=0. ZSmZn@t——O@

(d)y=0. Zsmngit——og

Ans. (¢)
The general expression of travelling
wave can be written as

y=asin(wt  kx) .(0)
For travelling wave along positive x-axis
we should use minus(-) sign only.

O y=a sin(wt - kx)
but mzzﬂ and k:2—n
A A
So, y= asmzn(vt—x) (i)

Given,a=02m,v =360 m/s, A\ =60 m,
Substituting in Eq. (ii), we have

y=02sin 2T (360 t - )
60
or y=0.23in2n@t—ig
60

14 The equation of a wave is given by
— o _X
y=a sm@OOt 10% where xand y

are in metre and t in second, then

velocity of wave is
[CBSE AIPMT 2001]

(a)0.1m/s (b) 10 m/s
(c) 100 m/s (d)1000 m/s
Ans. (d)

The given wave equation is

y=a sin@\[][]t—%@

Compare it with the standard wave
equation, we obtain
1

w=100,k =—
10

Velocity of the wave,
w _ 100

k 110
=100 x10 =1000 m/s

15 A wave enters to water from air. In

air frequency, wavelength, intensity
and velocityaren,,A .l andv,
respectively. In water the
corresponding quantities are

n,.A,.l, andv, respectively, then
[CBSE AIPMT 2001]

(a)l, =1, (b)n, =n,

(c)v, =v, (d)A, =M,

Ans. (b)

When a wave enters from one medium to
another, its frequency remains
unchanged, i.e.

n, =n, but wavelength, intensity and
velocity get changed.

E Two strings A and B have lengths

I, and !, and carry masses M, and
M, at their lower ends, the upper
ends being supported by rigid
supports. If n, and n, are the
frequencies of their vibrations and
n, =2ng, then [CBSE AIPMT 2000]
all, —4/8, regardless of masses

(a)

(b)1, =4l,, regardless of masses
(c)M —ZMB,IA =21,
(d)Mg=2M,,1, =21,

Ans. (b)
The frequency of vibrations of string is

n=— |2 ()

or

Itis obvious from Eq. (i), the frequency of
vibrations of strings does not depend on
their masses.

17 In a sinusoidal wave, the time
required for a particular point, to
move from maximum displacement
to zero displacement is 0.170 s. The

frequency of the wave is
[CBSE AIPMT 1998]

(a) 1.47 Hz (b) 0.36 Hz
(c)0.73 Hz (d) 2.94 Hz
Ans. (a)

IfT is the time period, then time required
for a point to move from maximum

displacement to zero displacement is%

So, 220.170 or T =0.170 x4 =0680s

Therefore, the frequency of wave is
=1=L=1.47 Hz
T 0.680

18 A transverse wave is represented by
the equation

AL
Y=Y, smT(vt -X)

For what value of A is the
maximum particle velocity equal

to two times the wave velocity ?
[CBSE AIPMT 1998]

(a) A =27y, (b) A :%
(c) A =% (d)A =Try,
Ans. (d)

The given wave equation is
_ 2T )
Y=Y, smT(vt—x) L)

In the wave equation, vis the particle

velocity.
Differentiating Eq. (i) with respect to
time,
_dy _ 21w 2 Tt
u=—“=y,=—cos
dt A A



Maximum particle velocity,

_ 2TV
U max _yU T

Now, it is given that,
Maximum particle velocity =2 x wave

velocity

or yDZTnV=2v or A =Ty,

E The equation of a sound wave is

given as
y=0.005sin(62.4x +316t). The

wavelength of this wave is
[CBSE AIPMT 1996]

(a) 0.4 unit (b) 0.3 unit
(c)0.2 unit (d)0.Tunit
Ans. (d)

Equation of plane progressive harmonic
wave is

y=asin(wt + kx) i)
Given equationis

y =0.005 sin(62.4x + 316t) i)
Comparing Eq. (i) with Eq. (i),
w =316, k =62.4

O kzz—n =62.4

A
0 A= 2m _2x3.14

62.4 62.4

=0.1unit

E What is the effect of humidity on

sound waves when humidity
increases? [CBSE AIPMT 1996]
(a) Speed of sound waves increases
(b) Speed of sound waves decreases
(c)Speed of sound waves remains same
(d) Speed of sound waves becomes zero
Ans. (a)

The presence of water vapours in air
changes its density. That is why the
velocity of sound changes with humidity
of air.

Suppose, p,, =density of moist air
p, =density of dry air
v,, = velocity of sound in moist air
v, =velocity of sound in dry air
Assuming that effect of humidity onyis
negligible.
As velocity of wave in a medium is
given by

0 y =elasticity of medium 0
%)m =density of medium B
Hp = pressure of sound waves

and v, = o

Py
Dividing,wegetv—m: p—"
v, -

The presence of water vapours reduces
the density of air.

i.e. P <P,

Hence, velocity of sound in moist air is
greater, then the velocity of sound in
dry air.

21 The speed of a wave in a medium is

760 m/s. If 3600 waves are passing
through a point in the medium in

2 min, then their wavelength is
[CBSE AIPMT 1995]

(a)13.8 m (b)25.3m
(c)41.5m (d)57.2m
Ans. (b)

Given, speed of wave (v) = 760 m/s
Number of waves = 3600
Time, t=2min=2x60=120s
O Frequency of waves,
V= Total no. of waves _ 3600

=30Hz
time taken 120
0 Wavelength of waves
A=Y="0 263m
30

22 A hospital uses an ultrasonic

scanner to locate tumoursin a
tissue. The operating frequency of
the scanner is 4.2 MHz. The speed
of sound in a tissue is 1.7 km/s. The
wavelength of sound in tissue is
close to [CBSE AIPMT 1995]
(a)4x10™m
(b)8 x10™ m
()4 %x10" m
(d)8 x107°m
Ans. (a)
Wavelength of a wave is the length of
one wave. It is equal to the distance
travelled by the wave during one
complete cycle, wavelength of a wave is
given by

a=Y

v

wherev = velocity of wave (sound)
v = frequency of wave (sound)

Given, v=1.7%x10"m/s
v=4.2x10°Hz
% 3
0 =170 0m
4.2 %10

23 Two waves are said to be coherent,

if they have [CBSE AIPMT 1995]

(a) same phase but different amplitude

(b) same frequency but different
amplitude

(c) same frequency, phase and amplitude

(d) different frequency, phase and
amplitude

Ans. (c)

Two wave are said to be coherent, when
they have same frequency, amplitude
and constant phase difference.

24 From a wave equation

2m
=0.5 sin— (64t —x),
Y 3.2

the frequency of the wave is
[CBSE AIPMT 1995]

(a)5 Hz (b)15 Hz
(c)20 Hz (d)25 Hz
Ans. (c)

Standard equation of plane progressive
harmonic wave is

y:asinzTT[(vt—x) i)

Given equationis
y=05sin2NEat -x) i)
32

Comparing Eq. (i) with Eq. (i)
v=64 and A=32

OFrequencyv -v_564 =20Hz
A 32

25 If c, be the velocity of sound in air

and c be the rms velocity, then
[CBSE AIPMT 1994]

(alc, <c (b)e, =c
1/2
(cle, =c %Q (d)None of these
Ans. (¢)
Velocity of sound(c,)is given by
c, = |¥YP i)
p

where, pis pressure, s is density andyis
atomicity of gas or ratio of C, andC, .

RMS velocity of gas molecules is given by

c =\/% (i)

From Egs. (i)and (ii)



E Which of the following equation

represents a wave ?
[CBSE AIPMT 1994]
y=asinwt
y =acoskx
y=asin(wt —bx +c)
y=asin(wt —kx)

(a)
(b)
(c)
(d)
Ans. (d)

A wave equation travelling in +ve x
direction is represented as

y=Asir1ooéL —1@
%

O
displacement of wave[]

atanytimet
amplitude of wave

Q@DQDDQD
1l

=time delay of motion

mMooOooog

H of each particle
Other forms of wave equations are

y = Asin(ot - kx)
=A sinZH% —;Q:A sink(vt —x)

E The frequency of sinusoidal wave,

0.40 cos (2000t + 0.80)would be
[CBSE AIPMT 1992]

(a)1000TTHZ (b)2000Hz
(c)20Hz ()00,

Tt
Ans. (d)

Equation of harmonic wave in cosine
functionis
y=acos2mvt + ¢ i)
[Wwhere, a = amplitudel
= v =frequency o
ad ad
fand  @=phase H
Given equation is
=0.40 cos(2000t +0.80) ...(ii)

Comparing this equation with Eq. (i)

21v =2000
0 VZZOOO:HJOO Hy
2m T

E With the propagation of a

longitudinal wave through a
material medium, the quantities
transmitted in the propagation
direction are [CBSE AIPMT 1992]
(a)energy, momentum and mass
(b)energy

(c)energy and mass

(d)energy and linear momentum

Ans. (b)

Inlongitudinal waves, energy is
propagated along with the wave motion
without any net transport of the mass of
the medium.

29 The transverse wave represented

by the equation y =4 sin
gsin (3x —15t) has
[CBSE AIPMT 1990]
(a)amplitude =41
(b)wavelength :%T
(c) speed of propagation =5

T
d)period =—
(d)p 5

Ans. (c)

The standard equation of transverse
wave is

21O :
=gsing— -=—— i)
SR e TN B
Given equationis
y:43ingsin(15t—3x) i)
Comparing Eq. (i) with Eq. (i)
2T _
223,
A
0 A=2" and 2M=15
3
0 7=20
15
0 Speed of propagation wave,
A_2ms
T 2mn/5

5 Velocity of sound waves in air is

330 m/s. For a particular sound
wave in air, path difference of 40
cm is equivalent to phase
difference of 1.6 Tt The frequency
of this wave is [CBSE AIPMT 1990]

(a)165 Hz (b)150 Hz
(c)660 Hz (d)330 Hz
Ans. (c)

At a given time(t =constant), the phase
changes with position x. The phase
change (Ag) at a given time for a
wavelength(A) for a distance Ax is given by

2T .
AQ==—NAx A1)
@ A

From Eq. (i), Ax =LEM) orA =2n|ﬁ1
2T A

Here, Ax=04m
Ap=16 Tt
_ 04 _
a A=2mE==—=0.5
16T

O Frequency of wave is

where, v =330 m/s = velocity of sound

3_1 A'5.5 m length of string has a mass

of 0.035 kg. If the tension in the
string is 77 N, the speed of a wave
on the stringis [CBSE AIPMT 1989]

(a)110ms™ (b)185ms™
(c)77ms™ (d)102ms™
Ans. (a)

The velocity of propagation of a transverse
wave on a stretched string is given by

g

v=_0-0

w0
whereT is tension in the string and is
linear density of the stringi.e. mass per
unit length of the string.

_0.035

Here, M= kg/m
55

T=77N

0 v=[77%55 _110mys
0.035

3_2 If the amplitude of sound is

doubled and the frequency reduced
to one-fourth, the intensity of
sound at the same point will

[CBSE AIPMT 1989]
(a)increase by a factor of 2
(b)decrease by a factor of 2
(c)decrease by a factor of 4
(d) remains unchanged

Ans. (¢)
Factors on which intensity depends are

(i) Amplitude(a) of vibration of the
source, | Oa?

(i) Surface area(A)of the vibrating
body, I OA

(iii) Density(p) of the medium,/ [p
(iv) Frequency(v) of the source, | [ ?

(v) Motion of the medium which
changes effective velocity v of
sound, | Ov
As 0a” and IV ?

2
Therefore, intensity becomesi—2 = %th.

33 The velocity of sound in any gas

depends upon [CBSE AIPMT 1988]
(a)wavelength of sound

(b) density and elasticity of gas
(c)intensity of sound waves
(d)amplitude and frequency of sound



Ans. (b)

From purely theoretical considerations,

Newton came to the conclusion that

velocity of longitudinal waves through
any medium; solid, liquid or gas depends

upon the elasticity and density of the
medium. Newton gave the formula

_ |EEd
v= 00
OpO

wherev = velocity of sound in the medium

E = coefficient of elasticity in the
medium

p =density of the (undisturbed) medium

3_4 Equation of progressive wave is
given by

y =4sin ET% —g§+g§

Then, which of the following is

correct ? [CBSE AIPMT 1988]
(a)v=5cm (b)A=18cm
(c)a=0.04 cm (d)f=50Hz

Ans. (b)

Equation of plane progressive simple

harmonic wave is
y=asin %n% —5§+ -
%

The given equationis
oo xg, md

=4sin -—Ot —
g H'HE o0 6H
Multiplyinganddividing%—%@by?.

Itis written as,

o t _x nd
y—losmgn%»o %§+€H (i)

Comparing Egs. (i) and (ii), we find
a=4cm, T=10s, A=18cm

T
and =—
¢ 6

Hence option(b)is correct.

TOPIC 2
Superposition and
Reflection of Waves

g The length of the string of a

musical instrument is 90 cm and
has a fundamental frequency of 120
Hz. Where should it be pressed to
produce fundamental frequency of

180 Hz? [NEET (Oct.) 2020]
(a)75cm (b)60 cm
(c)45cm (d)80cm

Ans. (b)

Length of string of musical instrument,
=90 cm =09 m

Fundamental frequency f, =120 Hz
f, =180 Hz

OWe know thatf IZIIl

O fi:'lD[ :%:]Zox09

£, 180

x09 =06 m=60 cm

NN

¥ In a quitar, two strings A and B

made of same material are slightly
out of tune and produce beats of
frequency 6 Hz. When tension in B
is slightly decreased, the beat
frequency increases to 7 Hz. If the
frequency of A is 530 Hz, the

original frequency of B will be
[NEET (Sep.) 2020]

(a)524 Hz (b)536 Hz
(c)537 Hz (d)523 Hz
Ans. (a)

In case of beats formation unknown
frequency(v,) =v, * beats

where, v, =530 Hzand beats =6 Hz

b ,=530+6=536 orb24Hz

When tension in Bis slightly decreased,
then beats frequency increases to 7 Hz.
This is possible if we take original
frequency of B as 524 Hz.

Hence, correct option is(a).

3_7 A tuning fork with frequency

800 Hz produces resonance in a
resonance column tube with upper
end open and lower end closed by
water surface. Successive
resonance are observed at length
9.75 cm, 31.25 cm and 52.75 cm.

The speed of sound in air is
[NEET (Odisha) 2019]

(a) 500 m/s (b) 156 m/s
(c)344 m/s (d)172 m/s
Ans. (¢)

For vibrating tunning fork over a
resonance tube, the first resonance is
obtained at the length

| =

1

o>

and for second resonance,

5 ° A
N4
SN *
>
A2

. [if)

O A= 20
V=21, —1)..Liii) @;A = %@

Here,f =800Hz, [, =9.75cm, [, =3125¢cm

Substituting the given values in Eq. (iii),

we get

O v =2 x800(3125 —-9.75)
=34400cm/s =344m/s

2

38 The fundamental frequency in an

open organ pipe is equal to the
third harmonic of a closed organ
pipe. If the length of the closed
organ pipe is 20 cm, the length of
the open organ pipe is [NEET 2018]

(a)12.5cm (b)8cm
(c)13.3cm (d)1B6cm
Ans. (c)

Fundamental frequency for an open
organ pipe is given as
%
ﬁ =_
2L
where, L is the length of the open organ
pipe.Third harmonic for a closed organ
pipeis given as
,_ v
fr=
4!
where, L"is the length of closed organ
pipe. According to the question,
f=f
v 3
2L 4’

L=2
3

Given, L'=20 cm

a L=§ x20 cm :%cm =13.3cm



39 A tuning fork is used to produce

resonance in a glass tube. The
length of the air column in this tube
can be adjusted by a variable
piston. At room temperature of
27°C, two successive resonances
are produced at 20 cm and 73 cm
of column length. If the frequency
of the tuning fork is 320 Hz, the
velocity of sound in air at 27°C is
[NEET 2018]
(b) 339 m/s
(d) 300 m/s

(a) 350 m/s
(c) 330 m/s

Ans. (b)

For first resonance, |, =

o>

_3A
For secondresonance, |, =—
4

_3N _A
44
or A=2(, -1) i)
As, velocity of sound wave is given as,
V=VA
where, vis the frequency.
0 v=v[2(, =1)][ from Eq. (i)]
Here, v=320Hz, I, =0.73m,/, =0.20m
O v =2[320(0.73 - 0.20)]
=2x320 x0.53
=339.2ms™ =339 ms”

0 (0, -1)

40 The two nearest harmonics of a

tube closed at one end and open at
other end are 220 Hz and 260 Hz.
What is the fundamental frequency

of the system? [NEET 2017]
(a)10 Hz (b)20 Hz

(c)30 Hz (d)40 Hz

Ans. (b)

Thinking Process Frequency of nth

harmonic in a closed end tube

0 f=@n=lv n=123...
4

Also, only odd harmonics existsin a

closed end tube.

Now, given two nearest harmonics are

of frequency 220 Hz and 260 Hz.
2n="v

O =220 Hz ()
Next harmonic occurs at
@n+ DV _s60 1, i)

On subtracting Eq. (i) from Eq. (i), we get
{2n+ 1) -@2n-Mv =260 -220

4
2%@:40 0 Y =20Hz
/ 4

0 Fundamental frequency of the system

=Y =20 Hz
4

41 The second overtone of an open

organ pipe has the same frequency
as the first overtone of a closed

pipe L metre long. The length of the
open pipe will be [NEET 2016]

(a) L (b) 2L
(c) L/2 (d) 4L
Ans. (b)

For an open organ pipe,
v, = Ny, wheren=12.3,..
2L

3

For second overtonsn=3,v,, =—v
2L

1

L, =length of open organ pipe ()
. _[2n+1
For closed organ pipev, = i @/

where,n=0,1,2,3, ...
Ist overtone for closed organ pipe, n=1

v, = v (i)
©4L
v, =V, O ﬂ:iv
ST
o L=2L

42 Three sound waves of equal

amplitudes have frequencies
(n=1), n, (n+1). They superimpose to
give beats. The number of beats
produced per second will be

[NEET 2016]
(a) 1 (b) 4
(c) 3 (d
Ans. (a)
As we know that
Beat frequency =f,~f, =n—(n -1 =1
and similarly fornand n+ 1
Beat frequency =n +1-n=1

43 The fundamental frequency of a

closed organ pipe of length 20 cm
is equal to the second overtone of
an organ pipe open at both the
ends. The length of organ pipe
open at both the ends is

[CBSE AIPMT 2015]
(@) 80 cm (b) 100 cm
(c) 120 cm (d) 140 cm
Ans. (¢)

The fundamental frequencies of closed

and open organ pipe are givan as
% v
v.=— 0 v, =—

4 20"

o

Given the second overtone (i.e. third
harmonic) of open pipe is equal to the
fundamental frequency of closed pipe

i.e. 3v, =V,
O Slzl
2" 4
O ['=6l=6%20 =120cm

44 An air column, closed at one end

and open at the other, resonates
with a tunning fork when the
smallest length of the column is 50
cm. The next larger length of the
column resonating with the same
tunning fork is [CBSE AIPMT 2015]

(a)100cm (b)150 cm
(c)200cm (d)66.7cm
Ans. (b)

The smallest length of the air column is
associated with fundamental mode of
vibration of the air column as shownin
the diagram.

l—mln 2
A N
4

0 500m=A
4

L =

min

A= 200 cm
The next higher length of the air column
is

L:A+A:A+2}\:ﬁ
42 4 4
=%X200=1500m

E 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.
The lowest resonant frequency for
this stringsis  [CBSE AIPMT 2015]

(a)155 Hz (b)205 Hz
(c)10.5 Hz (d)105 Hz
Ans. (d)

Givenl =75cm, f, = 420 Hzandf, =315 Hz.
As, two consecutive resonant
frequencies for a string fixed at both
ends will be



_(n+ v

f—— and f, =
2 2
0 f, —f =420 =315
o (W0 _go5p,
2 |
0 Y =105Hz
2

Thus, lowest resonant frequency of a
string is 105 Hz.

If n,, n, and n, are the fundamental

frequencies of three segments into
which a string is divided, then the
original fundamental frequency n of
the string is given by

[CBSE AIPMT 2014]

Ans. (a)

Problem Solving Strategy In this
problem, the fundamental frequencies
of each part could be find. The
fundamental frequency of the complete
wire could be find. One should check
each option for the given values.

/1 /2

2ty

Forlst part, n, —7[I
21, Zn1
Forlind part, n, =’ I, =V
le 2n,

Forllird part,n.=— 0O [, =—
2l 2n,

For the complete wire, n=~0gi1="L
2 2n

Wehave, I=1 +1, + 1,

AL A
2n 2n, 2n, 2n,
1_1 . 1 .1
_=+— 4+

The number of possible natural
oscillations of air column in a pipe
closed at one end of length 85 cm
whose frequencies lie below 1250
Hz are (velocity of sound
=340ms™) [CBSE AIPMT 2014]
(a)4 (b)5 (c)7 (d)6

Ans. (d)
For pipe closed at one end,

f.=n %@ here nis an odd number.

0 0
=ng—2%9___==npi00]
EXBBMO ‘0

Here, nis an odd number, so for the

given condition, ncan go upto n=11
i,e.n=13579M

So, number of possible natural

oscillations could be 6. Which are below

1250 Hz.

E If we study the vibration of a pipe

open at both ends, which of the
following statements is not true?
[NEET 2013]

(a) Openendwill be antinode

(b) 0dd harmonics of the fundamental
frequency will be generated

(c) Allharmonics of the fundamental
frequency will be generated

(d) Pressure change will be maximum at
both ends

Ans.(d)

Statement(d) is not true, because at the
open ends pressure change will be zero.

49 A source of unknown frequency

gives 4 beat/s when sounded with a
source of known frequency 250 Hz.
The second harmonic of the source
of unknown frequency gives 5
beat/s when sounded with a source
of frequency 513 Hz. The unknown

frequency is [NEET 2013]
(a) 254 Hz (b) 246 Hz

(c)240 Hz (d)260 Hz

Ans. (a)

Given,

e S,
250 /51 3
>
246 —— 492 7

Hence, unknown frequency is 254 Hz.

E When a string is divided into three

segments of lengths /.1, and [,
the fundamental frequencies of
these three segmentsarev,,v,
and v, respectively. The original
fundamental frequency (v) of the
string is [CBSE AIPMT 2012]
alWv=\v, + v, + v,

(bJv=v,+v, +v,

11 1 1
()=t — b —

Vo ov,ov, vy
d)i:L+L+L

TR T TS
Ans. (c)
The fundamental frequency of string

1 \ﬁ
V= [ —
21\ m

51 Two sources of sound placed closed

to each other, are emitting
progressive waves given by
y, =4sin600Ttt and y, =5sin608Ttt

An observer located near these
two sources of sound will hear
[CBSE AIPMT 2012]

(a) 4beat/s with intensity ratio 25: 16
between waxing and waning

(b) 8 beat/s with intensity ratio 25 : 16
between waxing and waning

(c) 8hbeat/swithintensity ratio 81:1
between waxing and waning

(d) 4 beat/s with intensity ratio 81: 1
between waxing and waning

Ans. (d)

Given, y, =4sin600 Tt

andy, =5sin608tt

Comparing with general equation

y =asin2Tft
We get, f, =300 Hz
and f, =304 Hz

So,number of beats =f, —f, =4s”'
We know that,
g

TQ

+

O D%N
n

o

— =
B
1
+
2L

5_2 A tuning fork of frequency 512 Hz

makes 4 beat/s with the vibrating
string of a piano. The beat
frequency decreases to 2 beat/s
when the tension in the piano



string is slightly increased. The
frequency of the piano string
before increasing the tension was
[CBSE AIPMT 2010]
(b)514 Hz
(d)508 Hz

(a)510 Hz

(c)516 Hz

Ans. (d)

Let n, be the frequency of piano

As (n, OT)

n, = frequency of tuning fork =512Hz
x = Beat frequency =4 beats/s,

which is decreasing (4 - 2) after

changing the tension of piano wire.

Also, tension of piano wire is
increasingson, t

Hence, n, 1 -n=xl (BN
n—n, t=x1t N

wrong
correct

n, =n, —x =512 -4 =508 Hz

E Two periodic waves of intensities |,
and I, pass through a region at the
same time in the same direction.
The sum of the maximum and

minimum intensities is
[CBSE AIPMT 2008]

(a)l, +1, ), + i,
) =L (20, +1,)
Ans. (d)

As intensity is directly proportional to
the square of amplitude
i.e. I Oa?

So, maximum intensity is given by

Ioe =W+ 1)

!, are intensities
Bf two waves H

and 1, =G, =)

Do+ e =W+ + (1 = 1,)°

=20, +1,)

5_4 Two sound waves with wavelengths
5 m and 5.5 m respectively, each
propagate in a gas with velocity

330 m/s. We expect the following

number of beat per second
[CBSE AIPMT 2006]

(a)12 (c)1 (d)6

Ans. (d)
LetA, =50myv=330m/sandA, =55m

The relation between frequency (n),
wavelength (A) and velocity (v) is given by
v=nA
0 n=" D)
A

(b) zero

The frequency corresponding to
wavelength A,

The frequency corresponding to
wavelength A,

Hence, number of beats per second
=n,-n,=66-60=6

g Two vibrating tuning forks produce

progressive waves given by
y, =4sin500Ttt and
¥, =2sinb06 1t. Number of beat

produced per minute is
[CBSE AIPMT 2005]

(a)360 (b)180 (c)3 (d) 60
Ans. (b)
Given, y, =4sinb500 Tt ()|
y, =2sin506 Tt (i)
Comparing Egs. (i) and (ii), we get
y=asinwt i)
We have, w, =500 1t
0 n =220 =250 beats/s E}pp @O
2m onf
and w, =506 1
0 n, =20 o535 peatsss
2m

Thus, number of beats produced
=n, —n, =253 -250 =3 beats/s
=3 x60 beats/min =180 beats/min

If equation of wave is given and to
find physical quantities like amplitude,
wavelength, time period, frequency, just
compare the given equation with standard
equation of wave.

56 Equations of two progressive
waves are given by
y, =asin(wt + @,)and
y, =asin(wt + @,). If amplitude and
time period of resultant wave are
same as that of both the waves,
then (¢, — @)is [CBSE AIPMT 2001]
@ M ©f @
3 3 6 4
Ans. (b)
The given progressive waves are
y, =asin(wt + @)
y, =asin(wt + @)
The resultant of two waves is
Y=y, ty,
=a[sin(wt + @) +sin(at + @)]
If Ais the amplitude of resultant wave, then

A=a (given)
| A? =a® +a” +2a” cos @
or a’ =a” +a” +2a” cos @

or cos@Q= —% =cos120 °

0 (p=120°:2i[
3
Thus, @, - @, =%”

87 A sonometer wire when vibrated in
full length has frequency n. Now, it
is divided by the help of bridges
into a number of segments of
lengths [,1,,1 ... When vibrated
these segments have frequencies
n,.n,,n ... Then, the correct
relation is [CBSE AIPMT 2000]
(aln=n,+n, +n, +...

(b)n* =n; +n] +n? +...
1 1 1

(c)l:—+— +— ..
n

n,on, n,

LI U N I
NCRN RN N

Ans. (¢)

From law of length, the frequency of

vibrating string is inversely proportional

toits length,

i.e. n[ll

|
[n =frequency of string

Ez length of string E
or  nl=constant(say k)

_k
or ==
n
The segments of string of length
I0,.1 ... have frequenciesn, n,, n,....
Total length of stringis .

So, I=1+1, +1 +..
0 E:£+i+£+
non n, n
T_1 .1 1
or — =t —t+—+
n.n n, n

58 Two sources are at a finite
distance apart. They emit sounds
of wavelength A. An observer
situated between them on line
joining approaches one source with
speed u. Then, the number of beat
heard/second by observer will be

[CBSE AIPMT 2000]

©L (@t
2\ u

2u
A

(a) (b) L
A



Ans. (a)

Let vbe the speed of sound and n the
original frequency of each source.

They emit sounds of wavelength A.

Observer

When observer moves towards one
source (say A), the apparent frequency
of A as observed by the observer will be

n’—n@ﬂ@
v

[u=speed of observer towards A]

The observeris now receding source B,
so the apparent frequency of B observed

will be
r— _u@
n —ng/i
%

[u =speed of observer going away from B]
Thus, number of beats,

' " V+u _v-uld
x=n'-n" =n -
Bv v B
:ﬂ[\/+u—\/+u]:2ﬂ
% v
but vV=nA
Thus, x:@=2—u
nA A

59 Two waves of wavelength 50 cm
and 51 cm produce 12 beat/s. The

speed of sound is
[CBSE AIPMT 1999]

(a) 306 m/s (b) 331 m/s
(c) 340 m/s (d) 360 m/s
Ans. (a)

Beats produced due to the two
frequencies is given by
ny=n,

where, n, and n, are the frequencies of
two waves.
Here, number of beats =12/s

A, =50cm=0.50m

A, =5lcm =0.5Tm

n,-n, =12
% v v
or ———=12 =_
A A, AH
-2 0
or amac }‘ﬁ:m
)\1}\2
or 122\,
>‘2_)\1
ad v =speed of sound

_12x0.50 x0.51 _ 12 x0.50 x0.51
T (051-050) 001
=306m/s

Thus, speed of sound is 306 m/s.

A standing wave having 3 node and
2 antinode is formed between two
atoms having a distance 1.21 A
between them. The wavelength of
the standing wave is

[CBSE AIPMT 1998]
(b) 1.42 A

(d) 3.63 A

(a)1.21A
(c)6.05A
Ans. (a)
The given standing wave is shown in the

figure. N
N X
A
As length of one loop or segment ISE, S0

length of 2 segmentsis? %%

So, according to question

0 2%:121/‘& Or= 121A

A cylindrical resonance tube open
at both ends, has a fundamental
frequency f, in air. If half of the
length is dipped vertically in water,
the fundamental frequency of the
air column will be

[CBSE AIPMT 19971

(c)f (d)~
2

3

(a)2f (b)
2

Ans. (¢
Fundamental frequency of open pipe,

f=¥ i)
21

[v=velocityof wave [0

62 A pulse of a wave train travels along
a stretched string and reaches the
fixed end of the string. It will be
reflected back with

[CBSE AIPMT 1997]

(a) aphase change of 180° with velocity
reversed

(b) the same phase as the incident pulse
with no reversal of velocity

(c) aphase change of 180° with no
reversal of velocity

(d) the same phase as the incident pulse
but with velocity reversed

Ans. (a)

A pulse of a wave train when travels along
a stretched string and reaches the fixed
end of the string, then it will be reflected
back to the same medium and the
reflected ray suffers a phase change of 1
with the incident wave and wave velocity
after reflection will reverse.

63 Standing waves are produced in a
10 m long stretched string. If the
string vibrates in 5 segments and
the wave velocity is 20 m/s, the
frequency is [CBSE AIPMT 1997]
(@)10Hz (b)5Hz (c)4Hz (d)2Hz
Ans. (b)

In the case of standing wave, the length
of one segment isE. Thereareb

segments and total length of stringis 10 m.
ad 5% =10 OA= 4m
_v_20_
Frequency, n=—="—"= 5Hz
A4

(vv=20m/s)

Standing wave is an example of
interference. Destructive interference means
node and constructive interference means
antinode.

H=Iength of open pipeH -

When half length of tube is dipped
vertically in water, then length of the air

column becomes half @': %@and the

pipe becomes closed.

So, new fundamental frequency of
closed pipe

From Egs. (i) and (ii), we get,
f'=f

Hence, there will be no change in

fundamental frequency.

64 Two waves of same frequency and
intensity superimpose on each other
in opposite phases. After the super-
position, the intensity and frequency

of waves will [CBSE AIPMT 1996]
(a)increase (b)decrease
(c)remain constant (d) become zero

Ans. (d)

Interference phenomenon is common to
sound and light. In sound, the
interference is said to be constructive at
points where resultant intensity is
maximum (are in phase) and destructive
at points where resultant intensity is
minimum or zero (are in opposite phase).



65 Two waves are approaching each

other with a velocity of 20 m/s and

frequency n. The dist nodes is
[CBSE AIPMT 1995]

@2 o2 © 2
n n n 10
Ans. (b)
Distance between two successive
nodes=—
2
N N
K A2 >
but we know that,v = VA
O A:L
2 2V
Given, v=20m/s
frequency, v=n
A 20 10
So, ==
2 2n n

g A wave of frequency 100 Hz is sent

along a string towards a fixed end.
When this wave travels back after
reflection, a node is formed at a
distance of 10 cm from the fixed
end of the string. The speed of

incident (and reflected) wave are
[CBSE AIPMT 1994]

(a)bm/s (b)10 m/s
(c)20m/s (d)40m/s
Ans. (¢)

As fixed end is a node, therefore
distance between two consecutive
nodes

N | >

=10cm

[A = wavelength of wave sent]
O A= 20cm=02m
As we know, v =VA
[y =velocity of wave [
B/=frequency of waveH

ad v=100 x0.2=20m/s

67 A standing wave is represented by

y =asin(100t)cos(0.01)x, where y
and a are in millimetre, t in second
and x is in metre. Velocity of wave

is [CBSE AIPMT 1994]
(a)10* m/s (b)1m/s
(c)10™ m/s (d)None of these

Ans. (a)
The standard equation of standing wave is

y =a sin(wt) cos(kx) L)
Given equationis
y =asin(100t) cos(0.01x) (i)

Comparing Egs. (i) and (ii)
w=100 and k=0.01
0 Velocity of wave is

_2nQ
_A_w_100 dew=Tg
R 8
ad A D

=10"m/s

68 A stretched string resonates with

tuning fork of frequency 512 Hz
when length of the string is 0.5 m.
The length of the string required to
vibrate resonantly with a tuning

fork of frequency 256 Hz would be
[CBSE AIPMT 1993]

(@)0.25m(b)0.5m (c)Im  (d)2m

Ans. (¢
The frequency of fundamental note of
the stretched stringis given by

V] :i oo (1)
5L BIH
where, T is tension in string andp is mass
per unit length of the string.

FromEg.(i) v D%

[As string is same sop will be same]

For two different case
O & :Li2
v, L
Here, v, =512Hz L, =0.6m
v, =256Hz L, =7

1

0 g:i
256 05
0 L, =05x2=1m

E For production of beats the two

sources must have
[CBSE AIPMT 1992]
(a) different frequencies and same
amplitude
(b) different frequencies
(c) ifferent frequencies, same
amplitude and same phase
(d) different frequencies and same phase

Ans. (b)

When two sound waves of slightly
different frequencies travel in a medium
along the same direction and
superimpose on each other, intensity of
the resultant sound at a particular
position rises and falls alternately with
time. This phenomenon of alternate
variation in the intensity of sound with

time at a particular position, when two
sound waves of nearly equal frequencies
(but not equal) superimpose on each
otheris called beats.

70 A closed organ pipe (closed at one
end) is excited to support the third
overtone. It is found that air in the
pipe has [CBSE AIPMT 1991]
(a)three nodes and three antinodes
(b)three nodes and four antinodes
(c)four nodes and three antinodes
(d)four nodes and four antinodes

Ans.(d)

Inaclosed organ pipe, only alternate
harmonics of frequenciesv,, 3v,, 5v,,...
etc are present. The harmonics of
frequencies2v,,4v,,6v, ... are missing. In
general, the frequency of note produced
in nth normal mode of vibration of closed
organ pipe would be

=@n=1v _pn gy,

n

Thisis(2n—1) th harmonic or(n—1) th
overtone.

Third overtone has a frequency 7v,,
which means

hich is three full loops and a half loop,
which is equal to four nodes and four
antinodes.

B L

TOPIC 3
Doppler Effect

71 Two cars moving in opposite
directions approach each other
with speed of 22 m/s and 16.5 m/s
respectively. The driver of the first
car blows a horn having a frequency
400 Hz. The frequency heard by the
driver of the second car is[velocity
of sound 340 m/s] [NEET 2017]

(a) 350 Hz (b)361Hz
(c)41THz (d) 448 Hz
Ans. (d)

Thinking Process When both source and
observer are moving towards each
other, apparent frequency is given by

Q:QE;%QE

where, f, =original frequency of source



v, =speed of source
v, =speed of observer
v =speed of sound
Frequency of the horn,
f, =400 Hz
Speed of observerin the second car,
v, =16.5m/s
— Vvg=22m/s

Vo «— AT\
ﬁ))) —16.5 m/s ColLe)

Source observer

Speed of source,
v, =speed of first car
=22m/s
Frequency heard by the driverin the
second car

+v, M [B40+ 1650
f =f %0 =400
o —SE H340-22 O

= 448 Hz

ﬁ A siren emitting a sound of

frequency 800 Hz moves away
from an observer towards a cliff at
a speed of 15ms . Then, the
frequency of sound that the
observer hears in the echo
reflected from the cliff is

(Take, velocity of sound in air
=330ms ™) [NEET 2016]

(a)800 Hz (b) 838 Hz
(c)885 Hz (d) 765 Hz
Ans. (b)

According to question, situation can be
drawn as follows

~——> Cliff
15m/s
Source

Observer

Frequency of sound that the observer
hear in the echo reflected from the cliff
is given by

«.Bv A
"B

where f =original frequency of source;
v =velocity of sound
v, =velocity of source

So, f'= EﬂESUO =838Hz
[B30-150

73 A source of sound S emitting

waves of frequency 100 Hz and an
observer Oare located at some
distance from each other. The

source is moving with a speed of
19.4ms™'at an angle of 60° with the
source observer line as shown in
the figure. The observer is at rest.
The apparent frequency observed
by the observer (velocity of sound
inairis330ms™') is

[CBSE AIPMT 2015]

VS
60° .
S O
(a)100 Hz (b)103 Hz
(c)106 Hz (d)97 Hz
Ans. (b)

Given, as a source of sound S emitting
waves of frequency 100 Hz and an
observer Oare located at some distance.
Such that, source is moving with a speed
of 19.4 m/s at angle 60° with
source-observer line as shown in figure.

\,sin 60° P

.
2
’
’

60°
E_, w ---+ Doppler

\, cos 60° line

The apparent frequency heared by
observer
O v O
fh=fig———=0O
0¥ —v, cosb0°p
O O
O O
=00g—%__p
(530 -194 x -0
O 20

0 330 0. 03300
=100 =100
B00-97H  B2osH

=10302Hz

74 A speeding motorcyclist sees

traffic jam ahead of him. He slows
down to 36 km/h. He finds that
traffic has eased and a car moving
ahead of him at 18 km/h is honking
at a frequency of 1392 Hz. If the
speed of sound is 343 m/s, the
frequency of the honk as heard by

him will be [CBSE AIPMT 2014]
(a)1332 Hz (b)1372 Hz
(€)1412 Hz (d) 1454 Hz

Ans. (c)

—>36km/h ——>18km/h
=1392 H

= z
C ) o
[0 As both observer and source are

moving, we can use the formula of
apparent frequency as

+v O
f=f, é%_v“%
9 343 +100

=13
Hs43+5 H

[-v,=36km/h=10m/s and
v, =18 km/h=5m/s]
B530

=1392 =22 CH1412 Hz
FusH

The driver of a car travelling with
speed 30 ms™ towards a hill
sounds a horn of frequency 600 Hz.
If the velocity of sound in air is
330ms™, the frequency of
reflected sound as heard by driver
is [CBSE AIPMT 2009]
(a)550 Hz

(b)555.5 Hz

(c)720 Hz

(d)500 Hz

Ans. (¢)

Concept Use Doppler's effect.
According to Doppler's effect, whenever
there is a relative motion between a
source of sound and the observer
(listener), the frequency of sound heard
by the observer is different from the
actual frequency of sound emitted by
source.

hill
Casel n o RN n
30 ms-1
(@]
Casell n" e «— | n
o 30 ms-1
[forcasel] n=—"_n i)
v =30
[h=frequency emitted by car[J
0_ . O
¥ =velocity of sound 0
[forcasell] n"'= v+30 n' i)

%
[h'"" = frequency heardby [
%he driver after reflectionH
From Egs. (i)and (ii), we get
. v+30 n_SGO

=——x600=720Hz
v=30 300




76 A car is moving towards a high cliff.

The car driver sounds a horn of
frequency f. The reflected sound
heard by the driver has a frequency
2f. If v be the velocity of sound, then
the velocity of the car, in the same
velocity units, will be

[CBSE AIPMT 2004]

N (S M )
4

(a) (b) -
3

v v
J2 2
Ans. (b)

When the sound is reflected from the
cliff, it approaches the driver of the car.
Therefore, the driver acts as an observer
and both the source(car)and observer
are moving.

Hence, apparent frequency heard by the
observer (driver)is given by

_ H+yv, O )
f—fé//_ivs% .0)

where, v =velocity of sound,
v, =velocity of car=v,
Thus, Eq. (i) becomes
0 o =f Ve
v=-v, O
or  2v-2v, =V +v,

v
or dv, =v orv, ==
3

An observer moves towards a
stationary source of sound with a
speed 1/ 5th of the speed of sound.
The wavelength and frequency of
the source emitted are A and f
respectively. The apparent
frequency and wavelength
recorded by the observer are
respectively [CBSE AIPMT 2003]

(a) f,1.2\ (b)0.81,0.8A
(c)1.2f, 1.2\ (d)1.2f,A
Ans. (d)

When an observer moves towards a
stationary source of sound, then
apparent frequency heard by the
observerincreases. The apparent
frequency heard in this situation

f': + VO D
%%S H
As source is stationary hence,v, =0

O =g by
v

_Vv

Given, v,
5
Substituting in the relation forf’, we have
p=p* V/5ﬁf:§f =12f
1% 5

78

79

Motion of observer does not affect the 80 A star which is emitting radiation at

wavelength reaching the observer,
hence, wavelength remains A.

A whistle revolves in a circle with
angular velocity w =20rad/s using a
string of length 50 cm. If the actual
frequency of sound from the
whistle is 385 Hz, then the
minimum frequency heard by the
observer far away from the centre

is (velocity of sound v =340m/s)
[CBSE AIPMT 2002]

(a)385 Hz (b)374 Hz
(c)394 Hz (d)333 Hz
Ans. (b)

Velocity of source (whistle)is given by
v, =rw =(0.5m)(20rad/s)
=10m/s

The frequency of sound observed by the
observer will be minimum when he is at
point A. Thus, at this point minimum
frequency of source as observed by
observeris

Observer

Source

Vs

(o 340
™340 +10

=34 « 385 =34 x 11 =374 Hz
35

x 385

A vehicle, with a horn of frequency
nis moving with a velocity of 30
m/s in a direction perpendicular to
the straight line joining the
observer and the vehicle. The
observer perceives the sound to
have a frequency n+n,. Then (If

the sound velocity in air is 300 m/s)
[CBSE AIPMT 1998]

(a)n,=10n (b)n, =0
(c)n, =01n (d)n,==01In
Ans. (b)

When velocity of source (vehicle)is
perpendicular to the line joining the
observer and source, then there is no
Doppler effect of sound as the
component of velocity either towards or
away from the observeris zero. So, there
isno change in apparent frequency.
Therefore, n, =0.

a wavelength of 5000 Ais
approaching the earth with a
velocity of 1.50 x10° m/s. The
change in wavelength of the
radiation as received on the earth is
[CBSE AIPMT 1996]
(a)0.25A (b)2.5A (c)25A (d)250A

Ans. (¢)

The phenomenon of apparent change in

frequency (or wavelength) of the light due

to the relative motion between the

source of light and the observer is called

Doppler effectin light.

So, M=ax Y i)

c

Given, wavelength A = 5000 A

Velocity of source =1.5 x 10° m/s
c=3x10°m/s

0 A =5000 x 15X10°

3% 10°

=254

81 Two trains move towards each

other with the same speed. The
speed of sound is 340 m/s. If the
height of the tone of the whistle of
one of them heard on the other
changes 9/8 times, then the speed
of each train should be

[CBSE AIPMT 1991]

(a)20m/s (b)2m/s
(c)200 m/s (d)2000 m/s
Ans. (a)

According to Doppler's effect, whenever
there is arelative motion between a
source of sound and listener, the
apparent frequency of sound heard by
the listeneris different from the actual
frequency of sound emitted by the
source.

Apparent frequency of sound wave heard
by the listeneris

VoV gy
V=V,

V=

where, vis actual frequency of sound
emitted by the source, v, is velocity of
source andyv, is velocity of listener.
According to problem, v'=(9/8) v and
source and observer are moving in
opposite directions with same speed (say
v), then apparent frequency

D\/+\/ O
V'=vx !
Epmvns
O gvzvx340+v
8 340 —v
O 17v =340
or v=—"=20m/s
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