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SOUND WAVES

KEY CONCEPTS

Sound is a mechanical three dimensional and longitudinal wave that is created by a vibrating
source such asaguitar string, the human vocal cords, the prongs of atuning fork or the diaphragm
of aloudspeaker.
Sound waves are the most common example of longitudinal waves. They travel through any
material waves. They travel through any material medium with a speed that depends on the
properties of the medium. As the waves travel through air, the elements of air vibrate to produce
changes in density and pressure along the direction of motion of the wave. If the source of the
sound waves vibrates sinusoidally, the pressure variations are also sinusoidal. The mathematical
description of sinusoidally, the pressure variations are a'so sinusoidal sound wavesisvery similar
to that of sinusoidal string waves.

EQUATION OF SOUND WAVES
As the piston oscillates sinusoidally, regions of compresson and rarefaction are continuoudy set up.
The distance between two successive compressions (or two successive rarefactions) equals the
wavelength . As these regionstravel through the tube, any small element of the medium moveswith
smple harmonic motion parallel to the direction of the wave. If g(x, t) is the postion of a small
element relative to its equilibrium position, We can express this harmonic position function as

s(x,t) =s__ cos (kx — ot)

Where s __ is the maximum position of the element relative to equilibrium. This is often caled the
displacement amplitude of the wave. The parameter k is the wave number and o is the angular
frequency of the piston . Note that the displacement of the element is dong s, in the direction of
propagation of the sound wave, which means we are describing alongitudina wave.
Congder a thin disk-shaped element of gas whose circular cross section is paradld to the piston in
figure. Thiselement will undergo changesin position, pressure, and dendty as a sound wave propagates
through the gas. From the definition of bulk modulus, the pressure variation in the gas is

AV

AP=-B7,

The element has a thickness Ax in the horizontal direction and a cross-sectional area A, so its
volume is V, = AAX . The change in volume AV accompanying the pressure change is equal to
AAs, where Asisthe difference between the value of sat X + Ax and the value of s at x. Hence, we
can express AP as
AP = Bﬂ =—-B Al _ B As

TV, T T AAX T T AX
As Ax approaches zero , the ratio AYAx becomes gs/ox (The partial derivative indicates that we
are interested in the variation of s with position at a fixed time.) Therefore,
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Ex.

Sol.

If the position function is the smple sinusoida function given by Equation , we find that

0 : =ik s =
AP=—B — [Smax COS(kx —0)] = Bs _ k sin (kx - ot) : ;
s i :
Smax E E
AP=AP__ sin (kx — ot) |\ TN,
: o @) | : 5 \
Thus we can describe sound waves either in terms of AP P
excess pressure (equation 1.1) or in terms of the AP A /\
longitudinal displacement suffered by the particles of | \\ / X
the medium. (b)
If s=s sinw(t-x/V) represents a sound wave where Figulr_e : éa) Djjspkl)acement
. . . . t
s = displacement of medium particle from its mean ZQS.ItSdE 32rSL(Js)ppor:ii?:nrefor
pOSitiOﬂ at x. then it can be proved that a sinusoidal longitudinal wave
P =P sin{w(t —x/v) + n/2} .. (3.2

represents that same sound wave where, P is excess pressure at position X, over and above the
average atmospheric pressure and the pressure amplitude P, is given by

Bws,

P,= = BKs, - (33)

(B = Bulk modulus of the medium, K = angular wave number)
Note from equation (3.1) and (3.2) that the displacement of amedium particle and excess pressure

.. T . .
at any position are out of phase by . Hence a displacement maxima corresponds to a pressure

minima and vice-versa.

The equation of asound waveinairisgivenby P=0.29n[3000t—9x], where all variablesarein

S.1. units.

(a) Find the frequency, wavelength and the speed of sound wave in air.

(b) If the equilibrium pressure of air is 1.0 x 10° N/m?, what are the maximum and minimum
pressures at a point as the wave passes through that point?

(@) Comparing with the standard form of atravelling wave
P=P sn[o (t —x/V)]

we see that » 3000 s™. The frequency is

t_£_3000H
T 2n 2n; z

Also from the same comparison, o/v = 9.0 m.

® 3000s7! 1000

- — = - 1
o, V=g0gmt = 9.0m-L 3 m/s

v 1000/3m/s  2p

ThewavelengthisA = i 3000/2nHz - 9 m
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(b) The pressure amplitude is P, = 0.02 N/m?. Hence, the maximum and minimum pressures at a
point in the wave motion will be (1.01 x 10° £ 0.02) N/m?.

Ex. A sound wave of wavelength 40cm travels in air. If the difference between the maximum and
minimum pressure at a given point is 4.0 x 102 N/m?, find the amplitude of vibration of the
particles of the medium. The bulk modulus of air is 1.4 x 10° N/m?,

Sol. The pressure amplitude is

_ 40x107° N/m?

P, > =2x 103 N/nv
The displacement amplitude s, is given by
p, = Bks,
_ Po _ Pot
o %~ Bk ~ 2nB

2x10 N/m? x (40 x10%m) 200
2xnx14x10*N/m? T 7=

A

=13.2A
SPEED OF SOUND WAVES:
Velocity of sound wavesin alinear solid medium is given by

Y (4.1)
V=, :
P
where 'Y = young’s modulus of elasticity and p = density

Velocity of sound wave in afluid medium (liquid or gas) is given by

_|B 47
V=10 (4.2)

where, p = density of the medium and B = Bulk modulus of the medium given by,

B= Vd—P 4.3

Newton’s formula : Newton assumed propagation of sound through a gaseous medium to be an
isothermal process.

PV = constant
@®_-P d hence B = P
= oy, RV an ence b =

and thus he obtained for velocity of sound in a gas.

P RT
V=,— =,4— whereM = molar mass
p M
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Laplace's correction : Later Laplace established that propagation of sound in a gas is not an
isothermal but an adiabatic process and hence PV’ = constant

@ P
= av v
heeB=—v & —.p
where, B=-V = =7

and hence speed of sound in agas,

_ [P _ RT
v—\/:— M (4.9

FACTORSAFFECTING SPEED OF SOUND INATMOSPHERE
(a) Effect of temperature: astemperature (T) increasesvelocity (v) increases. For small change
in temperature above room temperature v increases linearly by 0.6 m/s for every 1°C rise in
temp.
(b) Effect of humidity : With increase in humidity density decreases. This is because the molar
mass of water vapour is less than the molar mass of air.
(c) Effect of pressure:

. . vP YRT
The speed of sound inagasisgivenby v = A EYE

So at constant temperature, if P changes then p aso changes in such a way that P/p remains
constant. Hence pressure does not have any effect on velocity of sound as long as temperature is
constant.

Ex. The constant y for oxygen as well as for hydrogen is 1.40. If the speed of sound in oxygen is
450 m/s, what will be the speed of hydrogen at the same temperature and pressure?

YRT
M
since temperature, T is constant

Viny) Mo /

2 2

v =4 = v(H,) =4 x 450 = 1800 m/s
(02) My,

P
Aliter : The speed of sound in agasisgiven by u = 1/ % . At STP, 22.4 litres of oxygen has a

Sol. v=

mass of 32g whereas the same volume of hydrogen has a mass of 2g. Thus, the density of oxygen
is 16times the density of hydrogen at the same temperature and pressure. Asy is same for both

the gases.
1:(hydrogen ) Y (oxygen)
f(oxygen) B p(hydrogen)
or f = 4f =4 x 450 m/s= 1800 m/s

(hydrogen) (oxygen)
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INTENSITY OF PERIODIC SOUND WAVES
Like any other progressive wave, sound waves also carry energy from one point of space to the
other. This energy can be used to work, for example, forcing the eardrums to vibrate or in the

extreme case of a sonic boom created by supersonic jet, can even cause glass panes of windows to
crack.

The amount of energy carried per unit by awaveis caled its power and power per unit area held
perpendicular a sound wave travelling along positive x-axis described by the equation.

We define the intensity | of awave, or the power per unit area, to be the rate at which the energy
being transported by the wave transfers through a unit area A perpendicular to the direction of
travel of the wave :

P
A

In the present case, therefore, the intensity is

P

1
| = K = EpAV((DSmax)z

Thus, we see that the intensity of a periodic sound wave is proportiona to the square of the
displacement amplitude and to the square of the angular frequency (as in the case of a periodic
string wave). this can also be written in terms of the pressure amplitude AP__ ; in this case, we
use Equation to obtain

API'?]aX

- 2pVv
Ex. The pressure amplitude in a sound wave from aradio receiver is 4.0 x 10 N/m? and the intensity
at apoint is 10° W/mz?. If by fuming the “Volume” knob the pressure amplitude is increased to
6 x 102 N/m?, evauate the intensity.
Sol. The intensity is proportional to the square of the pressure amplitude.

' \2

I (P

Thus, — ="
s (B

N2 N
or I'= [%J | = [%J x 106 W/m? = 2.25 x 107 W/m>.
0 0
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APPEARANCE OF SOUND TO HUMAN EAR

Pitch and Frequency
Frequency as we have discussed till now is an objective property measured its units of Hz and
which can be assgned a unique value. However a person’s perception of frequency is subjective.
The brain interprets frequency primarily in terms of a subjective quality caled Pitch. A pure note
of high frequency is interpreted as high-pitched sound and a pure note of low frequency as low-
pitched sound.
Pitch of asound isthat sensation by which we differentiate a buffalo voice, amale voice is of low
pitch, a male voice has higher pitch and a female voice has (generally) still higher pitch. This
sensation primarily depends on the dominant frequency present in the sound. Higher the frequency,
higher will be the pitch and vice versa. The dominant frequency of abuffalo voiceissmaller than
that of a male voice which in turn is smaller than that of a female voice.
Loudness and Intensity
Theloudnessthat we senseisrelated to the intensity of sound through it isnot directly proportional
to it. Our perception of loudness is better correlated with the sound level measured in decibels
(abbreviated and dB) and defined as follows.

|
B=10log,, [Ej ,

where | is the intensity of the sound and | is a congtant reference intensity 10> W/m?. The
reference intensity represents roughly the minimum intendity that is just audible at intermediate
frequencies. For | =1, the sound level B = 0. Table shows the approximate sound levels of some
of the sounds commonly encountered.

Quality and Waveform

A sound generated by a source may contain a number of frequency components in it. Different
frequency components have different amplitudes and superposition of them results in the actual
waveform. The appearance of sound depends on this waveform apart from the dominant frequency
and intensity. Figure shows waveforms for atuning fork, a clarinet and a cornet playing the same
note (fundamental frequency = 440 Hz) with equal loudness.

N A AL
VARVARY,

PAM\AM\A |
A Tkanrat

\/“\/“\/“U \/“\/“\/“\/ \/“\/“\/\/
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Ex.

Sol.

We differentiate between the sound from atable and that from a mridang by saying that they have
different quality. A musical sound has certain well-defined frequencies which have considerable
amplitude. These frequencies are generally harmonics of a fundamental frequency. Such a sound
is particularly pleasant to the ear. On the other hand, a noise has frequencies that do not bear

well-defined relationship among themselves.

A bird is singing on a tree. A person approaches the tree and perceives that the intensity has
increased by 10 dB. Find the ratio of initial and final separation between the man and the bird.

I1
B,=10log E

| I,

I
Bzzlologi = Bz—BlzlologE or10=10log,, [I—ij

I2
= . =10'=10
1

1 I I,

for point source | o« Z = = =

INTERFERENCE OF SOUND WAVES:

If p,=p,sn(ot—kx +0)

andp,=p_,sn (ot —kx,+0,)

resultant excess pressure at point O is
P=p,+h,

= p=p,sin (ot —kx +0)

S, Xz

where, p, = \/p§11+pﬁ12 +2Pn,Pm, €05, ¢ =K (X, —X) + (0,0, | ... (6.1)

(i) for constructive interference

¢ =2nn = Po = Pry ¥ Pz
(i) for destructive interference

¢=@n+)n = P;=[Py Pyl

2
If ¢ isonly due to path difference, then ¢ = e AX, and

A
Condition for constructive interference : AX = n), n=0,+1,+2
A
Condition for destructive interference : Ax=(2n+1) o n=0x1,+2
from equation (6.1)
— p2
P2= Py + sz + 2Pm1 sz cos ¢
Since intensity, | oc (Pressure amplitude)?,
we have, for resultant intensity, | =1, + 1, + 2,/I,1, cos¢ .. (6.2
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Ex.

Sol.

If 1,=1,=1,

| =2l (1+ cos¢)

= I:4loco§% ... (6.3)

Hence in this case,

for constructive interference: ¢ = 0 2x, 4r ..... and | =4,
and for destructive interference: ¢ = =, 3r .... and | =0

Coherence : Two sources are said to be coherent if the phase difference between them does not
change with time. In this case their resultant intensity at any point in space remains constant with
time. Two independent sources of sound are generally incoherent in nature, i.e. phase difference
between them changes with time and hence the resultant intensity due to them at any point in
space changes with time.

Figure shows a tube structure in which a sound signal is sent from one end and is received at the
other end. The semicircular part has a radius of 10.0 cm. The frequency of the sound source can
be varied from 1 to 10 kHz. Find the frequencies at which the ear perceives maximum intensity.
The speed of sound in air = 342 m/s.

[qi m 9
AN
The sound wave bifurcates at the junction of the straight and the semicircular parts. The wave
through the straight part travels a distance s, = 2 x 10 cm and the wave through the curved part
travelsadistance s, = n 10 cm = 31.4 cm before they meet again and travel to the receiver. The
path difference between the two waves received is, therefore.

As=s,—s =314cm-20cm=11.4cm

. . v 330m/s
The wavelength of either waveis 5 =—

. For constructive interference, Ap = nk, wheren
IS an integer.

Vv n-v n-342
or,Ap—n-v = V= AD = (0.114)

Thus, the frequencies within the specified range which cause maximum of intensity are
3000 x 1 3000 x 2 and 3000 x 3 Hz

=3000n

LONGITUDINAL STANDING WAVES:

Two longitudinal waves of same frequency and amplitudetravelling in opposite directionsinterfere
to produce a standing wave.
If the two interfering wave are given by
p, = P, SN (ot —kx)
andp, = p, sin (ot + kx + ¢)
then the equation of the resultant standing wave would be given by

_ N ¢
p+p, +p,=2p,cos(kx + E)sm(oat+ E)

= p=p0’sin(wt+%) .. (8.1
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VIBRATION OF AIR COLUMNS
Standing waves can be set up in air-columns trapped inside cylindrical tubes if frequency of the
tuning fork sounding the air column matches one of the natural frequency of air columns. In such
a case the sound of the tuning fork becomes markedly louder, and we say there is resonance
between the tuning fork and air column. To determine the natural frequency of the air column,
notice that there is a displacement node (pressure antinode) at each closed end of the tube as air
molecules there are not free to move, and a displacement antinode (pressure-node) at each open
end of the air-column.
In reality antinodes do not occurs exactly at the open end but a little distance outside. However if
diameter of tube is small compared to its length, this end correction can be neglected.
Closed organ pipe
(In the diagram, A, = Pressure antinode, A, = displacement antinode, N, = pressure node,
N, = displacement node.)

=Y oY

A

Open organ pipe:

1> YA DY

End correction : Asmentioned earlier the displacement antinode at an open end of an organ pipe
lies dlightly outside the open lend. The distance of the antinode from the open end is called end
correction and its value is given by

e=06Tr

where r = radius of the organ pipe.
with end correction, the fundamental frequency of a closed pipe (f_) and an open argon pipe (f )
will be given by

\"

fe= 4 +0.6r)

\"

fozm .........
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A tuning fork is vibrating at frequency 200 Hz. When another tuning fork is sounded
simultaneoudly, 6 beats per second are heard. When some massis added to the tuning fork of 200
Hz, beat frequency decreases. Find the frequency of the other tuning fork.

Sol. [f —200| =
= f =194 or 206
when 1st tuning fork is loaded its frequency decreases and so does beat frequency
= 200>f
= f=194Hz
Ex. A closed organ pipe has length ‘/’. The air in it is vibrating in 3 overtone with maximum
amplitude ‘a. Find the amplitude at a distance of ¢/7 from closed end of the pipe.
Sol. The figure shows variation of displacement of particles in a closed organ pipe for 3" overtone.
For third t E—E k—ﬂ AL
orthird overtone £ = =~ orA = —-or =
G X X X
o7
l
Hence the amplitude at P at a distance 7 from closed end is ‘a because there is an antinode at
that point.
BEATS

When two sound waves of same amplitude and different frequency superimpose, then intensity at
any point in space varies periodically with time. This effect is called beats.
If the equation of the two interfering sound waves emitted by s and s, at point O are,

p, =P, sin (2nf t—kx +0)

p,=p,sin (2nf,t—kx, +9,) St X,
By principle of superposition

pP=p,*tR, o)

B 0,+0, . 0, +6, S X

=2n, cos{n(f —f )t + > }sin{n(f, +f)t+ T}
. . fi+1, . . .
i.e., theresultant sound at point O has frequency T while pressure amplitude p’,, (t) variex

with time as

P, (t) = 2p, cos {Tc(fl —f,)t +¢1;2¢2}

f,—f
Hence pressure amplitude at point O varies with time with a frequency of ( : > ZJ :
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Hence sound intensity will vary with afrequency f, —f..
Thisfrequency is called beat frequency (f,) and thetimeinterval between two successive intensity
maxima (or minima) is called beat time period (T,)
fB = fl - fz
1
Te= fi—f,

IMPORTANT POINTS:

(i) Thefrequency If, —f,| should be less than 16 Hz, for it to be audible.

(i) Beat phenomenon can be used for determining an unknown frequency by sounding it together
with a sound of known frequency.

Ex. Twostrings X and Y of adtar produces a beat of frequency 4Hz. When the tension of string Y is
slightly increased, the beat frequency isfound to be 2Hz. If the frequency of X is300 Hz, then the
original frequency of Y was.

Ans. 296 Hz

DOPPLER EFFECT
We can express the general relationship for the observed frequency when a source is moving and
an observer is at rest as equation , with the same sign convention applied to vs aswas applied to
vO : a positive value is substituted for vs when the source moves toward the observer and a
negative value is substituted when the source moves away from the observer.
Finally, we find the following general relationship for the observed frequency :

( v+ VOJ

fr= f

V—VS

In this expression, the signsfor the values substituted for vO and vs depend on the direction of the

velocity. A positive value is used for motion of the observer or the source toward the other, and a
negative sign for motion of one away from the other.

A convenient rule concerning signs for you to remember when working with all Doppler effect
problems is as follows :

The word toward is associated with an increase in observed frequency. The words away from are
associated with a decrease in observed frequency.

Ex. A submarine (sub A) travels through water at a speed of 8.00 m/s, emitting a sonar wave at a
frequency of 1400 Hz. The speed of sound in the water is 1533 m/s. A second submarine (sub B)
islocated such that both submarinesaretraveling directly toward one another. The second submarine
ismoving at 9.00 m/s.

(A) What frequency is detected by an observer riding on sub B as the subs approach each other?
(B) The subs barely miss each other and pass. What frequency is detected by an observer riding
on sub B as the subs recede from each other?

Sol. (A) We use equation to find the Doppler - shifted frequency. As the two submarines approach
each other, the observer in sub B hears the frequency

o (v+v0Jf 1533m/s+ (+9.00m/s)
~ v-vs /) “(1533m/s—(+8.00m/s)

J (1400 Hz) = 1416 Hz
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Ex.

Sol.

(B) Asthe two submarines recede from each other, the observer in sub B hears the frequency
. (v +Vv0 J ;
V—Vs

_ 1533m/s+(-9.00m/s)
~11533m/s—(-8.00m/s)

A whistle of frequency 540 Hz is moving in a circle of radius 2m at a constant angular speed of
15rad/s. What are the lowest and height frequencies heard by a listener standing at rest, a long
distance away from the centre of the circle ? (velocity of sound in air is 330 m/s ft/sec.)
The whistle is moving along a circular path with constant angular velocity . The linear velocity
of the whistle is given by

(= oR

J (1400 Hz) = 1385 Hz

A

e

B

where, R isradius of the circle

At points A and B, the velocity v_of whistleis parallel to line OP, i.e. with respect to observer at
P, whistle has maximum velocity v_away from P at point A, and towards P at point B. (Since
distance OP is large compared to radius R, whistle may be assumed to be moving along line OP)
Observer, therefore, listens maximum frequency when source is at B moving towards observer.

Vv 330

330
= 540 x 330—30 =540 x 300 =594 Hz

where, v is speed of sound in air. Similarly, observer listens minimum frequency when source is
at A, moving away from observer.

fmax:fv—vS

f = v =540 x 330 =495H
min T V4V 360 0 C
Vibrating air columns:
%
(i) Inapipeof length L closed at one end, the fundamental note has afrequency f, = L where

v isthe velocity of sound in air.

v
(ii) Thefirst overtonef, = L= 2f,

Propagation of sound in solids:
(i) The velocity of propagation of a longitudinal wave in a rod of Young’'s modulus Y and

Y
dengity p isgiven by v :\/;

(i1) In asonometer wire of length L and mass per unit length m under tension T vibrating in n

n |T
Ioopsfnzz m
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(ii1) Propagation of sound in gases
P : : " : :
Laplace formulav = F wherey is the ratio of specific heats, P is the pressure and p is the
Ve | T 273+t
density. \, Ty, TV 273
Doppler Effect :

(i) When a source of sound moves with a velocity v  in a certain direction, the wavelength
decreases in front of the source and increases behind the source.

V-V % %

W (infront) = ¢ ;f =77, fs
S S

_ V+ Vg V__ Vo,

A’ (behind) = f ;f”:F_v+VS s

Here v isthe velocity of sound in air.

V-Vo .
S

(i1) The apparent frequency =

(& When the source is moving towards the observer and the observer is moving away from the
source, the apparent frequency
V-V,

- f
f= vy,

Vg o Vg S
(b) When the source and the observer are moving towards each other.
V+V,

_ f
fa= vy,

0 Vo Vs s

(c) When the source and observer are moving away from each other,

V-V,
f = fs
V4V
Vg o S A
(d) When the source is moving away from the observer and the observer is moving towards the
source
V+V,
f = fs
a” V4V
[o) Vo S Vg

Here all velocities are relation to the medium.
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Ex.1

Ans.

Sol.

Ex.2

Ans.

Sol.

L oudness of sound :

The loudnesslevel B of sound isexpressed in decibels, B = 10 Iogll where istheintensity, | jis
0

a reference intensity.

Beats:

When two tuning forks of close but different frequenciesf, and f,, are vibrating smultaneoudy at

nearby places, alistener observes afluctuation in the intensity of sound, called beats. The number

of beats heard per second isf; —f.,.

WORKED OUT EXAMPLES

It is found that an increase in pressure of 100 kPa causes a certain volume of water to decrease
by 5 x 107 percent of itsoriginal volume. Then the speed of sound in the water is about (density
of water 10° kg/m?3)

(A) 330 m/s (B) 1414 m/s (C) 1732 m/s (D) 2500 m/s
(B)
AP 100x10°
Bulk modulus p = ——=OO;_03= 2x10°
AV 5x10
v 100

9
speed v = \/Ezquzgf ~1414m/s
p

A sound wave istravelling in auniform pipe with gas of adiabatic exponent y. If uisthe particle

drP

velocity at any point in medium and c is the wave velocity, then relative change in pressure )
while wave passes through this point is :-
A = B \/U C . D u_2
(A) ¢ (B) 1y (©) 73 () o
(©€)
AP= _B(ﬂj

v
AP= - (ﬁj

OX
AP = —yPg

OX
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Ex.3 A point source emits sound equally in al directions in a non-absorbing medium. Two points P
and Q are at adistance of 9 meters and 25 meters respectively from the source. The ratio of the
amplitudes of the wavesat Pand Q is :-

(A)5:3 (B)3:5 (C)25: 9 (D) 625 : 81
Ans. (C)
Sol. locAZ ot Zu_le
rr A

N
iy

Ex.4 In aresonance tube experiment, an 80 cm air column isin resonance with aturning fork in first
overtone. Which equation can represent correct pressure variation in the air column (x = Oisthe
top point of the tube, neglect end correction, speed of sound = 320 m/sec) :-

. 15n 15 .
(A)AsmecosGOOnt (B)AcossznGOOnt
15t | . 15m
(C)AcossznSOOnt (D)Asn?xsnSOOnt
Ans. (A)
Q)
— =320
Sol. k

Ex.5 The displacement of the medium in a sound wave is given by the equation ; y, = A cos (ax + bt)
where A, a& b are positive constants. The wave is reflected by an obstacle Stuated at x = 0.
The intensity of the reflected wave is 0.64 times that of the incident wave.
(a) what are the wavelength & frequency of the incident wave.
(b) write the equation for the reflected wave.
(c) in the resultant wave formed after reflection, find the maximum & minimum values of the

particle speeds in the medium.
Ans. () 2r/a, b/2r, (b) y,=+ 0.8 A cos (ax-bt), (c) max.=1.8 bA, min. =0,
Sol. (@ow=b&k=a

fo2lgp 2t
0 k
(b) | oc A2
SoA =0.8A

©(A,)  =A+08A=18A

Ex.6 Anobserver movestowards astationary source of sound, with avelocity one-fifth of the velocity
of sound. what is the percentage increase in the apparent frequency ?7JAlIEEE - 2005]

(1) zero (2) 0.5% (3) 5% (4) 20%
Ans. (4)

fapp — VT g _ E
Sol. f v 5
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Ex.7

Ans.
Sol.

Ex.8

Ans.

Sol.

The equation of a longitudinal standing wave due to superposition of the progressive waves
produced by two sources of sound iss=— 20 sin 10 nx sin 100 =t where sis the displacement
from mean position measured in mm ; X isin meters and t in seconds. The specific gravity of the
medium is 10-3. Find

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

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

(c) minimum distance between pressure antinode and the displacement antinode.

(@) /5 m, 50 Hz, 10 m/s; (b) 100 Pa, 10x Pa, (c) /20 m

k=10r

®=100T1

1
7b=g & f=50Hz
v=Af =10 m/s
B =pv?
P,=BKs
. . : : . A
Minimum distance between pressure antinode and displacment antinode = 2

The air column in a pipe closed at one end and open to atmosphere at the other end is made to
vibrate in its fifth harmonic by a tuning fork of frequency 470 Hz. The length of air column is

15
Em. Neglect end correction. Let p, denote the maximum gauge pressure at the closed end

(a) Find the speed of sound in air.
(b) Draw the graph of pressure amplitude vs distance from the open end of the tube.

(c) Find the points where the maximum gauge pressure is % :

P

Pyl N N\ | 51 71 11 13I
Py/ —, =, =, =, =
(8 352.5 m/s, (b) Po \VAREAV/ . X,(c) 15" 15° 15' 15" 15
5. _15
4 16
A=0.75m
f =470

v =Af =352.5m/s

P =P,sin (@xj
by
4/
where A =5

P=P,sin ﬁx
20
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Ex.9 A metal rod of length | = 100 cm is clamped at two points. Distance of each clamp from nearer
end is a = 30cm. If density and Young’s modulus of elasticity of rod material are
p =9000 kg m3and Y = 144 GParespectively, calculate minimum and next higher frequency of
natural longitudinal oscillations of the rod.

Ans. 10kHz, 30kHz

Sol. V=\/%=4><103 m/s

A=04m
f, =Y _10kHz
»

Ex.10 When two tuning forks (fork 1 and fork 2) are sounded simultaneoudly, 4 beats per second are
heard. Now, some tape is attached on the prong of the fork 2. When the tuning forks are sounded
again, 6beats per second are heard. If the frequency of fork 1 is 200 Hz, then what was the

original frequency of fork 2 ? [AIEEE - 2005]
(1) 200 Hz (2) 202 Hz (3) 196 Hz (4) 204 Hz
Ans. (3)

Sol. f,—-f,=4orf,-f, =4
But according to question
f,—-f,=4
Sof, =196

Ex.11 A whistling train approachesajunction. An observer standing at junction observersthe frequency
to be 2.2 KHz and 1.8 KHz of the approaching and the receding train. Find the speed of the train
(speed of sound = 300 m/s). [JEE 2005]

Ans. V_=30m/s

A"
f, =2.2x10°
Sol. [V_VSJ 0 x

[ v Jfo ~1.8x10°
V+ Vg

Dividing both we get

V+vg 11
v-vg 9

v,=30
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Ex.12

AnNs.

Sol.

Ex.13

AnNs.

Sol.

Two point sound source S, and S, are both have the same power and send out sound wavesin the

48
same phase. The wavelength of both the waves is —m. The intensity dueto S, dlone at D is

5
25 W/m?. The resultant intensity at D is:
.Sl
3km

_ 4km .D

S,
(A) 59 W/m? (B) 61 W/m? (C) 65 W/m? (D) None of these
(B)
| i

r2

Intensity dueto S aloneat D = 16 W/m?

2n 625

Phase difference = x1000 = ?n

)
| =1 +1,+ 211, cos

=25+16+2(5) (4 [%j

Spherical sound waves are emitted uniformly in all directions from a point source. The variation
in sound level SL as afunction of distance r(> 0) from the source can be written as :- (where a
and b are positive constant)

(A)SL =—blogrd (B)SL =a-blogr (C)SL =a-b(logr)? (D)SL =a—r—2
(B)
1

| oc =
2

SL =20log,, =|l

0



. Sound Weves ISR

EXERCISE (S-1)

Sound basics
1. Find the intensity of sound wave whose frequency is 250 Hz. The displacement amplitude of
particles of the medium at this positionis 1 x 10° m. The density of the medium is 1 kg/m?, bulk
modulus of easticity of the medium is400 N/m?.
SW0001
2. Inamixture of gases, theaverage number of degreesof freedom per moleculeis6. Thermsspeed of
the moleculesof the gasisc. Find the velocity of sound in the gas.
SW0002
3.  Theloudnesslevel at adistance R from along linear source of sound is found to be 40dB. At this
point, the amplitude of oscillations of air moleculesis 0.01 cm. Then find the loudness level &
amplitude at apoint located at adistance '10R' from the source.
SW0003
Superposition of sound
4.  Thefirst overtone of apipeclosed at one end resonates with the third harmonic of astring fixed at its
ends. Theratio of the speed of sound to the speed of transverse wave travelling onthe stringis2 :1.
Find theratio of thelength of pipeto the length of string.

SW0004
5. Inaresonance-column experiment, along tube, open at thetop, isclamped vertically. By aseparate
device, water level inside the tube can be moved up or down. The section of the tube from the open
end to the water level act asaclosed organ pipe. A vibrating tuning fork isheld above the open end,
first and the second resonances occur when the water level is 24.1 cm and 74.1 cm respectively
below the open end. Find the diameter of the tube.
SW0005
6. A tuning fork of frequency 480 Hz resonates with a tube closed at one end of length, 16 cm and
diameter 5 cmin fundamental mode. Calculate velocity of soundinair.
SW0006
7. Anopenorgan pipefilled with air hasafundamenta frequency 500Hz. Thefirst harmonic of another
organ pipe closed at one end and filled with carbon dioxide hasthe samefrequency asthat of thefirst
harmonic of the open organ pipe. Cal culate the length of each pipe. Assumethat thevelocity of sound
inair and in carbondioxide to be 330 and 264 m/srespectively.
SW0007
8. A el rod having a length of 1 m is fastened at its middle. Assuming young's modulus to be
2 x 10" Pa, and density to be 8 gm/cm®find the fundamental frequency of the longitudinal
vibration and frequency of first overtone.
SW0008
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9.  Twonarrow cylindrical pipesA and B havethe samelength. Pipe A isopen at both endsand isfilled
with amonoatomic gasof molar massM ,. Pipe B isopen at one end and closed at the other end, and
isfilled with adiatomic gas of molar massM . Both gases are at the same temperature.

[JEE 2002]
SW0009
(@) If thefrequency of thesecond harmonic of thefundamental modein pipeA isequal tothefrequency
of thethird harmonic of the fundamental mode in pipe B, determinethevalue of M,/M_..
(b) Now the open end of pipe B isalso closed (so that the pipeis closed at both ends). Find theratio
of the fundamental frequency in pipe A to that in pipe B.

10. A tubeof acertain diameter and of length 48 cm is open at both ends. Its fundamental frequency of
resonanceisfound to be 320 Hz. The velocity of sound in air is 320m/sec. Estimate the diameter of
thetube. [11T-1980]

SW0010

Beats
11. A stretched uniform wire of asonometer between two fixed knife edges, when vibratesin its second
harmonic gives 1 beat per second with avibrating tuning fork of frequency 200 Hz. Find the percentage
changeinthetension of the wireto bein unison with the tuning fork.
SW0011
12. A, B and C arethree tuning forks. Frequency of A is 350Hz. Beats produced by A and B are 5 per
second and by B and C are 4 per second. When awax is put on A beat frequency between A and B
is2Hz and between A and Cis6Hz. Then, find the frequency of B and C respectively.
SW0012
13. A sourceof sound of frequency 256 Hz ismoving rapidly towards wall with avelocity of 5 m/sec.
How many beats per second will be heard if sound travelsat aspeed of 330 m/sec?  [11T-1981]
SW0013
14. Twotuningforkswith natural frequenciesof 340 Hz each moverelativeto astationary 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

(assumev_ =340 m/s) [11T-1986]
SW0014
Doppler effect

15. Two tuning forks A and B lying on opposite sides of observer ‘O’ and of natural frequency 85 Hz
move with velocity 10 m/srelative to stationary observer O. Fork A moves away from the observer
while the fork B moves towards him. A wind with a speed 10 m/s is blowing in the direction of
motion of fork A. Find the beat frequency measured by the observer in Hz. [Take speed of sound
inair as340 m/g|

SW0015

16. A car ismoving towards a huge wall with a speed = ¢/10, where ¢ = speed of sound in still air. A
wind is aso blowing parallel to the velocity of the car in the same direction and with the same
speed. If the car sounds a horn of frequency f, then what is the frequency of the reflected sound of
the horn heard by driver of the car?

SW0016
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17. A planesound wave of frequency f, and wavelength A travelshorizontaly toward theright. It strikes

andisreflected fromalarge, rigid, vertical plane surface, perpendicular to thedirection of propagation

of the wave and moving towards the left with aspeed v.

(@) How many positive wave crestsstrike the surfacein atimeinterval t ?

(b) Attheend of thistimeinterval, how far to theleft of the surfaceisthe wavethat wasreflected at
the beginning of thetimeinterval ?

(c) What isthe wavelength of the reflected waves, intermsof A, ?

(d) What isthefrequency, intermsof f_ ?

(e) A listener isat rest at theleft of the moving surface. Describe the sensation of sound that he hears
asaresult of the combined effect of theincident and reflected wavetrains.

SWO0017
18. A busismovingtowardsahugewall with aveocity of 5 ms™. Thedriver soundsahorn of frequency
200 Hz. Thefrequency of the beats heard by a passenger of the buswill be..... Hz (speed of sound in

air =342ms?) [11T-1994]
SW0018
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EXERCISE (S-2)

1. A boatistravelling in ariver with aspeed of 10 m/s along the stream flowing with a speed 2 m/s.
From thisboat, asound transmitter islowered into theriver through arigid 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. [JEE 2001]
(@ What will be the frequency detected by areceiver kept inside the river downstream ?

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

(Temperature of the air and water = 20°C ; Density of river water = 10° Kg/m?®; Bulk modulus of

the water = 2.088 x 10° Pa; Gas constant R = 8.31 Jmol-K; Mean molecular mass of

air = 28.8 x 10° kg/mol; CJC, forair = 1.4)

SW0019

Note: Boat velocity iswith respect to ground & receiver is stationary w.r.t. ground

2. Theair columnin apipe closed a 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 & A P, the maximum amplitude
of pressure variation. [JEE '98]
(i) Find the length L of the air column.

(if) What is the amplitude of pressure variation at the middle of the column ?

(iii) What are the maximum & minimum pressures at the open end of the pipe .

(iv) What are the maximum & minimum pressuresat the closed end of the pipe?

SW0020

3. Atranof lengthl ismoving with aconstant speed v along acircular track of radius R, The engine of
the train emits awhistle of frequency f. Find the frequency heard by a guard at the rear end of the
train. Make suitable assumption.

SW0021

4. A string 25 cmlong and having amass of 2.5 gmisunder tension. A pipeclosed at oneendis40cm
long. When the string is set vibrating in itsfirst overtone and the air in the pipein 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.

[11T-1982]
SW0022
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A train approaching a hill at speed of 40 km/hr sound awhistle of frequency 580 Hz whenitisat a

distance of 1 kmfromahill. A wind aspeed of 40 km/hr blowing the direction of motion of thetrain.

Find

(i) thefreguency of the whistle as heard by an observer on the hill.

(i) the distance from the hill at which the echo from the hill isheard by the driver and itsfrequency.

(Velocity of soundinair = 1,200 km/hr) [11T-1988]
SW0023

A source of sound ismoving aong acircular orbit of radius 3 metereswith an angular velocity of 10

rad/s. A sound detector located far away from the sourceisexecuting linear simple harmonic motion

along the line BD with an amplitude BC = CD = 6 metres. The frequency of oscillation of the

5 .
detector is g per second. The sourceisat the point A when the detector isat the point B. If the source

isat the point A when the detector isat the point B. If the source emits a continuous sound wave of
frequency 340 Hz, find the maximum and the minimum frequencies recorded by the detector.
[11T-1990]

SW0024
Two radio stationsbroadcast their programmesat thesame amplitude A and at dight different frequencies
o, and o, respectively, where o, —», = 10° Hz A detector receivesthe signalsfrom the two stations
simultaneously. It can only detect signalsof intensity > 2 A2,
(i) Find the time interval between successve maxima of the intensity of the signal received by
the detector.
(i1) Find the time for which the detector remains idle in each cycle of the intensity of the signal.
[11T-1993]
SW0025
A sonometer wire under tension of 64 Newtons vibrating in its fundamental mode isin resonance
with a vibrating tuning fork. The vibrating portion of the sonometer wire has a length of 10 cm
and a mass of 1 gm. The vibrating tuning fork is now moved away of 1 gm. The vibrating wire
with a constant speed and an observer standing near the sonometer hears oen beat per second.
Calculate the speed with which the tuning fork is moved if the speed of sound in air is 300 m/s.
[11T-1983]
SW0026
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10.

11.

The displacement of the mediumin asound waveisgiven by the equationy, = A cos(ax + bt) where
A, aand b are poditiveconstants. Thewave isreflected by an obstaclesituated at x = 0. Theintensty
of thereflected waveis0.64 timesthat of theincident wave. [11T-1991]
(& What are the wavelength and frequency of incident wave?

(b) Writethe equation for the reflected wave.

(©) Intheresultant waveformed after reflection, find the maximum and minimum val uesof the particle
speedsinthe medium.

(d) Expresstheresultant wave as asuperpositions of standing waveand atravelling wave. What are
the positions of the antinodes of the standing wave? What is the directions of propagation of
travelling wave?

SW0027

Theair colomn in apipe closed at one end ismadeto vibratein its second overtone by atuning fork

of frequency 440 Hz. The speed of sound in airis330 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.

(a) Find the length L of the air column.

(b) What is the amplitude of pressure variation at the middle of the column?

(c) What are the maximum and minimum pressure at the open end of the pipe?

(d) What are the maximum and minimum pressure at the closed end of the pipe? [11T-1998]

SW0028
A 3.6m long vertical pipe resonates with a source of frequency 212.5 Hz when water level is at
certain height in the pipe. Find the height of water level (from the bottom of the pipe) at which
resonance occurs. Neglect end correction. Now, the pipeisfilled to aheight H (~ 3.6 m). A small
holeisdrilled very close to its bottom and water is alowed to leak. Obtain and expression for the
rate of fall of water level in the pipe as a function of H. If the radii of the pipe and the hole are
2x102mand 1 x 10 mrespectively calculate thetimeinterval between the occurance of first two
resonances. Speed of sound inair is340 m/sand g = 10 m/s?. [11T-2000]
SW0029
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EXERCISE (O-1)

Sound basics
1. A sound wave has awavelength of 3.0 m. The distance from a compression center to the adjacent
rarefaction center is:-
(A)0.75m (B) 1.5m (©)3.0m (D) need to know wave speed
SW0030
2. Youarelistening to an "A" note played on aviolin string. Let the subscript "s' refer to the violin
string and "a" refer to theair. Then :-
(A)f=f buti =2, (B)f,=f andi =i, (C)A =2 butf =f (D)A,#A andf =f,
SW0031
3.  Thefig.(i) showsthe graphical representation of the air moleculesin atube of air (length=1L) at
atmospheric pressure on the absolute pressure P(x) graph. Which one of the following pictures
correspondsto the absol ute pressure P(x) graph of fig. (ii).

P9t P(X)

v

» X
o o X
Figure (ii)
A B R R B) ki
(A) I¢ L > > X (8) Ie L b > X
c) B, i o S D i
( ) ¢ |_ >} » X ( ) ¢ |_ >t » X

SW0032
4. If asound waveistravelling and snap shot at t = Oisasshowninfigure.

Choose snapshot of pressure variation.

AP. AP AP AP
0 %—ﬂ (ii) %x (iii) ;]Uﬁ—m (iv) %va
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(A) For wavetravdling towardsright or left (i) iscorrect.

(B) For wavetravelling towards right graph (iv) and for wave travelling towards left graph (iv) is
correct.

(C) For wave travelling towards right graph (i) and for wave travelling towards left graph (iii) is
correct

(D) For wavetravelling towardsright or left (ii) iscorrect.

SW0033
5. A soundwavesistravelling towardsright and its s-t graph isas shown for x = 0.

I~
T

What will bethevariationin density vsx graphatt =T/4 :-

Ap Apa
(A) | \_J % (B) \ /

NS
Ap,

© T [\ ) S\

X

7z

SW0034
6. A point source of sound is located somewhere along the x-axis. Experiments show that the same

wave front ssmultaneously reaches listeners at x =—8 mand x = +2.0 m.

A third listener is positioned along the positive y-axis. What is her y-coordinate (in m) if the

same wave front reaches her at the same instant as it does the first two listeners ?

(A)4 (B) 3 (©2 (D)5

SWO0035

7. Two monatomic ideal gases 1 and 2 of molecular masses m, and m, respectively are enclosed in

separate container kept at the same temperature. The ratio of the speed of sound in gas 1 to that in

gas2isgiven by [JEE 2000 (Scr)]

m m m m
A {m, ®) . © m, ©) .
SW0036

8.  Afirecracker exploding on the surface of alakeisheard astwo soundsatimeinterval t apart by aman
on a boat close to water surface. Sound travels with a speed u in water and a speed v in air. The
distance from the exploding firecracker to the boat is

uvt t(u+v) t(u—v)

Hu+v) Hu-v) vt
u+v ® © W STy

(A)

SW0037
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‘9. The speed of longitudinal wave is 100 timesthe speed of transverse wavein ataut brasswire. If the
Y oung’'s modulus of brassis 1.0 x 101 N/m?, the stressinwireis:-
(A)1.0x 10’ N/m?>  (B)1.0x10°N/m? (C)1.0x10°N/m? (D) 1.0 x 108 N/m?
SW0038
10. Theequaionsof S.H.M. of medium particle dueto sound waves propagating in amedium aregiven
by s, =2sin(200xt) and s, = 5sin (150nt). Theratio of averageintensitiesof sound at thesepointsis:
(A)4:25 (B) 9: 100 (C)8:15 (D) 64: 225
SW0039
11. Aissgnging anote and at the same time B is also singing anote with 1/8th the frequency of A. The
energiesof the two soundsare equal. The displacement amplitude of the note of B is:
(A) sameasthat of A (B) twicethat of A
(C) four timesthat of A (D) eight timesthat of A
SW0040
12. A microphoneisconnected to an oscilloscope. The diagram shows the trace on the screen when the
microphone receives apure note. Which trace can be obtai ned when amusical insrument producesa
note of the same pitch but of adifferent quality ?
N\
N
() ®)
©) /\N\/ D) —~——"~
SW0041
13. Choosecorrect statement?
(A) Two different acoustic musical instruments can not have same loudness
(B) Two different acoustic musical instruments can not have same pitch
(C) Two different acoustic musical instruments can not have same quality
(D) Two different acoustic musical instruments can have more than two characteristics same
SW0042
14. A planetransversewaveis propagating in adirection making an angle of 30° with positivex-axisin

the x-y plane. Find phase difference between points (0, 0, 0) and (1, 1, 1). Wavelength of thewaveis
Im:-

(A) 2r rad ®) (V3+1)nrad  (C)(V2+1)rrad (D) None
SW0043
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15.

16.

17.

Which of the following isthe equation of aspherical wave:-
(A) S=S,8n (Kx - wt) (B) S=S, cos(Kx - ot)
(C) S=(S/x) sin (wt - KX) (D) S=(§/x?) sin(wt - Kx)
SW0044

A noteis produced when you blow air across the top of atest tube. Two students were asked about
the effect of blowing harder.

Student-A : The pitch of sound would increase.

Student-B : Theintensity of sound would increase

(A) Aiscorrect, B iswrong (B) B iscorrect, A iswrong
(C) both are correct (D) both are wrong
SW0045
A sound absorber attenuates the sound level by 20 dB. Theintensity decreases by afactor of -
[AIEEE - 2007]
(A) 1000 (B) 10000 (©)10 (D) 100
SW0046

Standing waves

18.

19.

20.

Which of thefigures, showsthe pressure difference from regular atmospheric pressure for an organ
pipe of length L closed at one end, corresponds to the 1st overtone for the pipe?

(A)F@ (B)p © F (D)FUQ

SWQ0047
In an organ pipe whose one end isat x = 0, the pressure is expressed by
p= pOcong‘_X sin 300xt where x isin meter and t in sec. The organ pipe can be
2
(A) closed at one end, open at another with length = 0.5m
(B) open at both ends, length = 1m
(C) closed at both ends, length = 2m
2
(D) closed at one end, open at another with length = 3 m
SW0048

If I and |, are the lengths of air column for the first and second resonance when a tuning fork of
frequency n is sounded on a resonance tube, then the distance of the displacement antinode from
the top end of the resonance tubeis:

1 I, -1
(A)2(1,-1,) (B) 5 (2,-1) (©) 2+ (D) 2+

SW0049
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21. A student isexperimenting with resonance tube apparatusin Physicslab to find the speed of sound at
room temperature. He got resonating lengths of air columnas 17 cmand 51 cm, using tuning fork of
frequency 512 Hz. Find speed of sound at room temperature and specify, whether the side water
reservoir was moved upward or downward to obtain the second resonance (51 cm)?

(A) 348 m/s, downwards (B) 348 m/s, upwards
(C) 332 m/s, downwards (D) 332 m/s, upwards
SW0050
| nterference

49
22. Theratio of maximum to minimum intensity dueto superposition of twowavesis 9 Thentheratio

of theintensity of component wavesis:-

25 16 4 9
O (B) 5 ©) 29 (D) 5
SW0051
23. Twowavesof sound having intensities| and 4l interfere to produce interference pattern. The phase
difference between the wavesis nt/2 at point A and = at point B. Then the difference between the
resultant intensitiesat A and B is
(A) 2l (B) 4l (©) 5l (D) 71
SW0052
24. Three coherent waves of equal frequencies having amplitude 10 um, 4um and 7 um respectively,
arrive at a given point with successive phase difference of /2. The amplitude of the resulting
wavein umisgiven by
(A)5 (B) 6 (©)3 (D)4
SWO0053
25. Theratio of intensities between two coherent soud sourcesis4 : 1. Thedifferenmce of loudnessin dB
between maximum and minimum intensitieswhen they interferein spaceis:
(A) 10log 2 (B)201log 3 (C)10log 3 (D) 201log 2
SW0054
26. In Quincke stube adetector detects minimum intengity. Now one of the tubeisdisplaced by 5 cm.
During displacement detector detects maximum intensity 10 times, then finally aminimum intengty
(when displacement iscomplete). The wavelength of soundis:
(A) 10/9cm (B)1cm (©)V2cm (D) 5/9 cm
SW0055
27. S, S aretwo coherent sourcesof sound located along x—axisseparated by 41 where A iswavelength

17 72
of sound emitted by them. Number of maximalocated on the elliptical boundary around it will be:

S~

(A) 16 (B) 12 (©) 8 (D) 4

V/

SW0056
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28. Two sound source emitting sound of wavelength 1 m are located at points P and Q as shown in

figure. All sidesof the polygon are equa and of length Im. Theintensity of sound at M dueto both
theindividua sourcesis|,. What will betheintensity of sound at point M when both the sourcesare
on.

AN 4 P
\ /
N /
\ /
\ /
N/
X M
Q 7a
// \\
/ AN
4 \
/ \
/ \

(A) 4, (B) 21, © 1, (D) (1/2)1,
SWO0057
29. A personstanding at adistanceof 6 m from asource of sound receives sound wave in two ways, one
directly from the source and other after reflection from arigid boundary as showninthefigure. The
maximum wavel ength for which, the person will receive maximum sound intensity, is
S
\
6m ;
e
& <
16 8
(A)4m (B)E m ©)2m (D) 3 m
SW0058
Beats
30. Beatsare heard when the A strings of two violins are played. The beat frequency decreases asthe

tension in the A string of violin 1 is slowly increased. Which of the following statement is
correct ?
(A) the fundamental frequency of the A string in violin 1 is less than that for violin 2
(B) the fundamental frequency of the A string in violin 1 is greater than that for violin 2
(C) the fundamental frequency of the A string in violin 1 may be greater or less than that for
violin 2 depending on the linear mass densities of the two strings.
(D) None of these
SW0059
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31. Two waveswith similar frequenciesare added. The resulting waveform oscillates with the average
frequency and with an oscillating amplitude that changes with a frequency equal to the difference
between the origina frequencies. These oscillations in the amplitude are known as beats. The
traces show the resulting waveforms that occur when two different pairs of waves are added.
Graphisfor the sametimeinterval in both cases, which of thefollowing statementsis TRUE?

(A) Onaverage, thewavesontheleft had higher frequencies, but the difference between frequencies
less
(B) On average, the waves on the right had higher frequencies, but the difference between
frequencies less
(C) On average, the waves on the left had higher frequencies, but the difference between
frequencies more
(D) Onaverage, the wavesontheright had higher frequencies, but the difference between frequencies
more
SW0060
Doppler effect
32. A source when at rest in amedium produces waves with avelocity v and awavelength of A . If the
sourceisset in motion with avelocity v, what would bethewavelengths produced directly infront of
the source?

A A v AV
A |1, @)A1+ @1+ (D) Y1y,

S

SW0061
33. A sourceof sound S having frequency f. Wind isblowing from source to observer O with velocity u.
If speed of sound with respect to air is C, the wavelength of sound detected by O is.

C C- C(C+u C
(A~ ®) © ﬁ ©) ¢

SW0062
34. A trainmovingtowardsahill at aspeed of 72 km/ hr soundsawhistle of frequency 500 Hz. A wind
isblowing fromthehill at aspeed of 36 km/ hr. If thespeed of soundinairis340 m/ s, the frequency
heard by amanonthehill is
(A) 532.25 Hz. (B) 565.0 Hz. (C) 516.1 Hz. (D) none of the above.
SW0063
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36.

37.

38.

A source is moving with constant speed v, = 20 m/sec towards a stationary observer due east of
source. Wind is blowing at the speed of 20 m/sec dueto 60° north of east. The source is generating
of frequency 500 Hz. Then frequency registered by observer is. [Speed of sound in still
air = 330 m/sec.]
(A) 500 Hz (B) 532 Hz (C) 531 Hz (D) 530 Hz

SW0064
Source and observer both start moving simultaneoudy from origin, one along x-axis and the other
along y-axiswith speed of source = twice the speed of observer. The graph between the apparent
frequency observed by observer f and timet would approximately be:

s s

(A) A= B) ——

o >t ot

SW0065
A siren placed at arailway platform is emitting sound of frequency 5 kHz. A passenger sittingin a
moving train A recordsafrequency of 5.5 kHz while thetrain approachesthe siren. During hisreturn
journey in adifferent train B he records afrequency of 6.0 kHz while approaching the same siren.
Theratio of the velocity of train B to that of train A is:-
(A) 242/252 (B) 2 (C)5/6 (D) 11/6

SW0066
A police van moving with velocity 22 m/s and emitting sound of frequency 176 Hz, followsamotor
cycleinturnismoving towards astationary car and away from the police van. The stationary car is
emitting frequency 165 Hz. If motorcyclist does not hear any beats then his velocity is
(v, =330 m/s) [JEE 2003 (Scr)]
(A) 22m/s (B) 24 m/s (C)20m/s (D) 18 m/s

SW0067
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EXERCISE (O-2)

Two tuning forks of frequency 250 Hz and 256 Hz produce besats. If a maximum of intensity is
observed just now, after how much time the minimum is observed at the same place ?

1 1 1 1

SW0068
The particledisplacement of atravelling longitudinal waveisrepresented by S=S(x, t). Themidpoints
of a compression zone and an adjacent rarefaction zone are represented by the letter ‘C’ and ‘R’.
Which of thefollowing istrue?
(A) |0S/ ox|. = [0S/ ox]g
(B) [6S/ ot|.=0S/ ot|, =0
(C) (pressure) . — (pressure), = 2 [0S / 0x|. x Bulk modulus of air.
(D) Particlesof air are stationary mid-way between‘C’ and‘R’.

SW0069
Which of thefollowing statementsare wrong about the velocity of soundin air:
(A) decreases with increases in temperature (B) increases with decrease in temperature
(C) decreasesashumidity increases (D) independent of density of air.

SW0070
A car moves towards a hill with speed v_. It blows a horn of frequency f which is heard by an
observer following the car with speed v,. The speed of sound in air isv.

(A) the wavelength of sound reaching the hill is %
V-V
(B) the wavelength of sound reaching the hill is - .

V+V
(C) the beat frequency observed by the observer is [v _ VO Jf
C

2v, (v+ v, ) f
(D) the beat frequency observed by the observer is TV

-V
c

SWO0071
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Three coherent sourcekept along the sameline produceintensity | eachat point Ponthisline. When
S, & S, are switched on simultaneoudly, intensity at point Pis 2l . When S, and S, are switched on
simultaneoudly, intensity at point Pis 2l . Then

(A) When S, and S; are switched on simultaneoudly, intensity at point P can be 21,

(B) When S, and S; are switched on simultaneously, intensity at point P can be 0

(C) When all 3 sources are switched on simultaneously, intensity at point P can bel,,

(D) When all 3 sourcesare switched on simultaneously, intensity at point P can be 3l

SWO0072

6. A sound consistsof four frequencies — 300 Hz, 900 Hz, 2400 Hz and 4500 Hz. A sound ‘filter’ is

made by passing this sound through a bifurcated pipe as shown. The sound waves have to travel a

distance of 50 cm more in the right branch-pipe than in the straight pipe. The speed of sound in

air is 300 m/s. Then, which of the following frequencies will be almost completely muffled or
“slenced” at the outlet ?

l

|
W

(A) 300 Hz (B) 900 Hz (C) 2400 Hz (D) 4500 Hz

SWO0073

Paragraph for Question No. 7to 9
A metallicrod of length 1m has one end free and other end rigidly clamped. Longitudinal stationary
waves are set up in the rod in such a way that there are total six antinodes present along the rod.
The amplitude of an antinodeis4 x 10° m. Y oung's modulus and density of the rod are 6.4 x 10'°
N/m? and 4 x 10® Kg/m? respectively. Consider the free end to be at origin and at t=0 particles at
free end are at positive extreme.
7. The equation describing displacements of particles about their mean positionsis

11x .
(A) s=4x10"° cos[% xj cos(227 x10°t)  (B) s=4x10"° 005[7 Xj sin(22z 10 )

(C) s=4x10"° cos(57x) cos(207 x 10°t) (D) s=4x10"°cos(57x)sin(207 10 )
SWO0074
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8.  Theequation describing stressdeveloped intherodis
. 11 3
(A) 140.87 x 10 cos(E X+ nj cos(227 x10%)
(B) 140.87 x10 sm(; X+ nj cos(227 x 10°t)
(C) 1287 x10* cos(57x + ) cos(207 x 10°t)
(D) 1287 x10* sin (5% + ) cos( 207 x 10°t)
SW0074
9. Themagnitude of strain at midpoint of therod at t= 1 secis
(A) 11/37x10°  (B) 1W2rx10°  (C)10V3rx10°  (D)10v27x10°®
SW0074
Paragraph for Question No. 10to 12
In an organ pipe (may be closed or open) of length 1m standing wave is setup, whose equation for
2
longitudinal displacement is given by £ = (0.1 mm) cos O—Z(y) cos (400) t wherey is measured
from the top of the tube in meters and t in second.
y
10. The upper end and the lower ends of the tube are respectively:
(A) open —closed (B) closed —open (C) open —open (D) closed —closed
SWO0075
11. Theair columnisvibratingin
(A) First overtone (B) Second overtone  (C) Thirdharmonic (D) Fundamental mode
SWO0075
12. Equation of the standing wave in terms of excess pressure is (Bulk modulus of air

B =5 x 10° N/m?)

(A) P, =(125 nN/mZ)sm on (y) cos(400t) (B) P, = (125 N/m?) cos on (y)sm(400t)

(C) P, = (225 nN/m?) sm on (y) cos(200t) (D) P, = (225 nN/nv) cos on (y) sin (200t)

SWO0075
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13.

14.

15.

16.

Paragraph for Question No. 13to 16
A source emitting a sound wave at a certain frequency moveswith constant speed along an x-axis
figure (). The source movesdirectly towards astationary detector A and directly away from another
gationary detector B. The superimposed three plots of figure (b) indicate the pressure function P(x) of
the sound wave as measured by detector A, by detector B, and by someone (c) in therest frame of the
source.

— ( > — X
Detector B Detector A

Source

(2)

(b)

Which of thefollowing plot corresponds to the measurement done by detector A?

(A)1 B) 2 ©3 (D) These plots are not possible
SWO0076

The plot corresponding to the measurement done by detector B is

(A)1 B) 2 ©3 (D) These plots are not possible
SWO0076

The plot corresponding to the measurement done by the detector Cis

(A)1 (B) 2 ©)3 (D) Theseplotsare not possible
SWO0076

Now the source sopsand beginsto move aong y-axis with same speed, the plot which corresponds
to the measurement of B now is
(A)1 (B) 2 (©)3 (D) none of these

SWO0076

Paragraph for Question No. 17to 21

A narrow tube isbent in theform of acircleof radiusR, as showninthefigure. Two small holes S
and D are made in the tube at the positions right angle to each other. A source placed at S generated
awaveof intensity |, whichisequaly divided intotwo parts: Onepart travels along thelonger path,
while the other travels along the shorter path. Both the part waves meet at the point D where a
detector isplaced

N
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17. If amaximaisformed at the detector then, the magnitude of wavelength A of the wave produced is
givenby :-
(A) =R ® = ©= ©
2 4 3
SWO0077
18. If theminimaisformed at the detector then, the magnitude of wavelength A of thewaveproducedis
givenby :-
(A) 2R ® © 0 =
2 3 5
SWO0077
19. Themaximum intensity produced at D isgiven by :-
(A) 4, (B) 21, © 1, (D) 31,
SWO0077
20. Themaximum value of A to produce amaximaat D isgiven by :-
(A) mR (B) 2rR (© ? (D) ?’RTR
SWO0077
21. Themaximum value of A to produceaminimaat D isgiven by :-
(A) mR (B) 2rR (© ? (D) %TR
SWO0077
Paragraph for Question Nos. 22to 24
Two wavesy, = A cos (0.5 nx — 100 nt) and y, = A cos (0.46 nx — 92 nt) are travelling in a pipe
placed aong x-axis. [JEE 2006]
22. Find the number of times intensity is maximum in time interval of 1 sec.
(A) 4 (B) 6 (©8 (D) 10
SWO0078
23. Find wave velocity of louder sound
(A) 100 m/s (B) 192 m/s (C) 200 m/s (D) 96 m/s
SWO0078
24.  Atx=0how many timesthevaueof y, +y, iszeroin one second?
(A) 100 (B) 46 (C) 192 (D) 96

SW0078
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25. Consider alarge planediaphragm S emitting sound and a detector * O’ . The diagram shows plane

wavefrontsfor the sound wavetravellingin air towardsright when source, observer and medium are
at rest. AA' and BB' are fixed imaginary planes. Column-1 describes about the motion of source,

observer or medium and column-11 describes various effects. Match them correctly.

A B
—> —> —> —> —>
—> —> —> —> —> Q/\\
O
S A B'
Column-I Column-I1
(A) Source starts moving towards right (P) Distance between any two wavefronts
will increase.
(B) Air starts moving towards right (Q) Distance between any two wavefronts
will decrease.
(C) Observer and source both move (R) The time needed by sound to move from
towards left with same speed. plane AA' to BB' will increase.

(D) Source and medium (air) both move  (S) The time needed by sound to move from

towards right with same speed. plane AA' to BB' will decrease.
(T) Frequency received by observer increases.
SWO0079
26. Figureshowsagraph of particle displacement function of x at t = 0 for alongitudinal wavetravelling
in positivex-directioninagas. A,B,C,D denote position of particlesin space.

AS
A B /.\ R
o
Column-| Column [

(A) point A (P) Particle velocity isin direction of wave propagation
(B) point B (Q) Maximum magnitude of strain
(C) pointC (R) Excess pressureis zero
(D) point D (S) Maximum density

(T) Maximum magnitude of excess pressure
Sw0080
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27.

Sound is travelling in along tube towards right and the graph of excess pressure variation versus
position (at someinstant) isgiven below.
Match velocitiesin column-I with column-I1. P,Q,R,S, T are medium particlesinsde the tube.

@ RST
5 i E—»Wave propagation

N N

Column-I Column-I1
(A) velocity istowards right ® P
(B) velocity is towards left Q Q
(C) veocity is zero (R) R
(D) Speedismaximum S S
m T

SW0081
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EXERCISE - IM

1. Statement-1: Two longitudina waves given by equations : y,(X, t) = 2a sin (ot — kx) and
Yo(X, t) =asin (2ot — 2kx) will have equal intensity.
Statement-1: Intensity of waves of given frequency in same medium is proportional to square of
amplitudeonly. [AIEEE - 2011]
(1) Statement-1isfalse, statement-2 istrue
(2) Statement-1isture, statement-2isfalse
(3) Statement-1 isture, statement-2 true; Satement-2 isthe correct explanation of statement-1
(4) Statement-1istrue, statement-2 istrue; Satement -2 isnot correct explanation of statement-1.
SW0082
2.  Apipeof length 85 cmisclosed from oneend. Find the number of possiblenatural oscillationsof air
column in the pipe whose frequencies lie below 1250 Hz. The velocity of sound in air is
340 m/s. [JEE Main - 2014]
()6 (24 312 (4)8
SW0083
3. Atranismovingonastraight track with speed 20 ms. It isblowing itswhistle at the frequency of
1000 Hz. The percentage change in the frequency heard by a person standing near the track as the
train passeshimis (speed of sound = 320 ms1) closeto :- [JEE Main - 2015]
(1) 18% (2) 24% (3) 6% (4) 12%
SW0084
4. A pipeopen at both endshasafundamenta frequency f inair. The pipeisdipped vertically in water
so that half of itisinwater. The fundamental frequencty of theair columnisnow :-
[JEE-Main-2016]

@1 @7 @3 OF

SW0085
5. Anobserver ismoving with half the speed of light towards a stationary microwave source emitting
waves at frequency 10 GHz. What isthe frequency of the microwave measured by the observer?
(speed of light =3 x 10°ms™) [JEE Main - 2017]
(1) 17.3 GHz (2) 15.3 GHz (3) 10.1 GHz (4) 12.1 GHz
SW0086
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EXERCISE (JA)

When two progressivewavesy, = 4 sin(2x —6t) andy, = 3sin [ 2X — 6t — %j are superimposed, the

amplitude of theresultant waveis

[11 T-JEE 2010]
SW0087

Column | showsfour systems, each of the samelength L, for producing standing waves. Thelowest

possible natural frequency of a system is called its fundamenta frequency, whose wavelength is

denoted as A.. Match each system with statements given in Column |1 describing the nature and

wavelength of the standing waves.

(A)

(B)

(©

(D)

Column |
Pipe closed at one end
0 L

Pipe open at both ends

0 L

Stretched wire clamped at both ends

—

Stretched wire clamped at both ends
and at mid-point

——d

L/2

(P)

(@

(n)

(s)
(t)

[ T-JEE 2011]
Column 11
Longitudinal waves

Transverse Waves

a=L
=2l
A = 4L

SW0088
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3.

A policecar with asiren of frequency 8 kHz ismoving with uniform velocity 36 km/hr towardsatall
building which reflects the sound waves. The speed of sound inair is 320 m/s. The frequency of the

siren heard by the car driver is [JEE 2011]
(A) 8.50 kHz (B) 8.25 kHz (C) 7.75 kHz (D) 7.50 kHz
SWO0089

A person blowsinto open-end of along pipe. Asaresult, ahigh-pressure pulse of air travelsdown the
pipe. When this pul se reaches the other end of the pipe. [JEE 2012]
(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 startstravel ling up the pipe, if the other end of the pipeisclosed
SW0090
A student is performing the experiment of Resonance Column. The diameter of the column tubeis

4cm. Thefrequency of thetuning fork is512 Hz. The air temperatureis 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 thefirst resonance occurs, the reading of the water level inthe columnis:-

[JEE 2012]

(A)14.0cm (B) 15.2cm (C)16.4cm (D) 17.6cm
SW0091
A student is performing an experiment using a resonance column and a tuning fork of frequency

244 s*. He is told that the air in the tube has been replaced by another gas (assume that the
column remains filled with the gas). If the minimum height at which resonance occurs is
(0.350 + 0.005) m, the gasin the tube is

(Useful information : \[167RT =640 J** mole ™ [140RT =590 J* mole ™% The molar masses

. 10 .
M ingramsare given in the options. Take the values of \/% for each gasasgiven there.)

[JEE Advanced-2014]

(A) Neon (M 20\/2 170J (B) Nitrogen (M 28\/2 2}
(C) Oxygen (M 32 \/2 1%} (D) Argon (M 36 \/2 g}

SW0092
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Four harmonic waves of equal frequencies and equal intensities|  have phaseangles0, n/3, 2n/3and

n. When they are superposed, theintensity of the resulting waveisnl . Thevalueof nis.

[JEE-Advance-2015]

SW0093
Two loudspeakers M and N are located 20m apart and emit sound at frequencies 118 Hz and 121 Hz,
respectively. A car isinitialy at 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 reachesapoint R, 1800 m away from Q. Let v(t) represent the beat frequency measured
by apersonsittinginthecar attimet. Let v, Vo and v_ bethe beat frequencies measured at locations
P, Qand R, respectively. The speed of soundin air is330 ms . Which of thefollowing statement(s)
is(are) true regarding the sound heard by the person ?

[JEE Advanced 2016]

(A) Theplot below represents schematically the variation of beat frequency with time

v(t)

(B) The plot below represents schematically the variations of beat frequency with time

v()
A P

(C) The rate of change in beat frequency is maximum when the car passes through Q
(D) v+ v = ZVQ
SW0094
A stationary 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
hasreceived). [JEE Advanced 2017]
SW0095
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10. Two men arewalking along ahorizontal straight linein the samedirection. Theman infront walksat

11.

12.

aspeed 1.0 ms™ and the man behind walks at a speed 2.0 ms™. A third man is standing at a height
12m above the same horizontal line such that all three men arein avertical plane. The two walking
men are blowing identical whistleswhich emit asound of frequency 1430 Hz. The speed of soundin
airis330ms™. At theinstant, when the moving men are 10 m apart, the stationary man is equidistant
from them. Thefrequency of beatsin Hz, heard by the stationary man at thisinstant,is__~
[JEE Advanced 2018]
SW0096
In an experiment to measure the speed of sound by aresonating air column, atuning fork of frequency
500 Hzisused. Thelength of theair columnisvaried by changing thelevel of water in the resonance
tube. Two successive resonancesare heard at air columns of length 50.7 cm and 83.9 cm. Which of
thefollowing statementsis (are) true ? [JEE Advanced 2018]
(A) The speed of sound determined from this experiment is332ms™*
(B) The end correction in this experiment is 0.9 cm
(C) The wavelength of the sound wave is 66.4 cm
(D) Theresonance at 50.7 cm corresponds to the fundamental harmonic
SWO0097
A train S1, moving with auniform velocity of 108 km/h, approaches another train S2 standing on a
platform. An observer O moveswith auniform velocity of 36 km/h towards S2, as shown in figure.
Both thetrains are blowing whistles of samefrequency 120 Hz. When O is600 m away from S2 and
distance between S1 and S2 is800 m, the number of beatsheard by Ois___ .

[ Speed of the sound = 330 m/g| [JEE Advanced 2019]
108 km/h
<_
S2¢@ @51
800m
600m

36km/hT °
@)

SW0098
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ANSWER KEY

EXERCISE (S1)
2 x107°

1. Ans. — W/m? 2. Ans. 2¢/3 3.Ans. 30dB, 104/10 pm
4.Ans. 1:1 5. Ans. 3¢cm 6. Ans. 336 m/s

3
7.Ans. 33cmand 13.2cm 8. Ans. 2.5 kHz, 7.5 kHz 9. Ans. (a) 2.116, (b) "
10. Ans. 3.33cm, 163 Hz 11. Ans. 1% 12. Ans. 345, 341 or 349 Hz
13. Ans. 8 14. Ans. 1.5 m/s 15. Ans. 5

16. Ans. 11f /9

Ao, Aofy +V 2vf,
17. Ans. (a) [Va—}‘oijt () (Aofo—V)t () * [“ +Vj (d) o[ j(e) Ao =V

0

18. Ans. 6 Hz

EXERCISE (S2)
1. Ans. (a) 100696 Hz (b) 103038 Hz
2.Ans ()L = 16 m (i) ﬁ (iypP =P =P, (V)P _=P+AP,P_ =P AP,
3. Ans. f 4. Ans. 27.04N 5. Ans. (i) 599 Hz, (ii) 0.935 km, 620 Hz
6. Ans. 438.7 Hz, 257.3Hz 7. Ans. (i) 107 sec, (ii) 2 x 102 sec
8. Ans. 0.75 m/s

b
9. Ans. (a) —,7—, (b) y=-0.8 Acos(ax — bt) OR y = 0.8 Acos(ax — bt), (c) 1.8 Ab, 0

_1\2

(=D (=
(d)y=-1.6 Asnaxsinbt + 0.2 A cos(ax + bt), {nﬁL 5 g,—XdirectionOR

n
y =0.2 A cos(ax + bt) + 1.6 A cosax cos bt, x = ?n , —X direction
10. Ans. (a) m (b) \/— (c) equal to mean pressure (d) P, + AP, P, — AP,

—dH .
11 Ans — == (1.11x10)VH | 43 sec.



JEE-Physics

EXERCISE (O-1)

1. Ans. (B) 2. Ans. (A) 3. Ans. (B) 4. Ans. (B) 5.Ans. (A) 6. Ans. (A)
7. Ans. (B) 8. Ans. (D) 9. Ans. (A) 10. Ans. (D) 11. Ans. (D) 12. Ans.(B)
13. Ans.(C) 14. Ans.(B) 15. Ans.(C) 16. Ans.(B) 17. Ans. (D) 18. Ans.(A)
19. Ans.(C) 20. Ans.(C) 21. Ans.(A) 22.Ans.(A) 23. Ans.(B) 24. Ans.(A)
25. Ans.(B) 26. Ans.(B) 27.Ans.(A) 28. Ans.(A) 29. Ans. (A) 30.Ans. (A)
31.Ans. (B) 32.Ans. (A) 33.Ans.(A) 34.Ans.(A) 35.Ans. (C) 36. Ans. (B)
37.Ans.(B) 38. Ans.(A)
EXERCISE (O-2)
1. Ans. (B,D) 2.Ans. (A,C,D) 3.Ans. (A,B,C,D) 4. Ans. (B,D)
5. Ans. (B, C) 6. Ans. (A, B, D) 7. Ans. (A) 8. Ans. (B)
9. Ans. (B) 10. Ans. (A) 11. Ans. (B) 12. Ans. (A)
13.Ans. (A) 14. Ans. (B) 15. Ans. (C) 16. Ans. (D)
17. Ans. (A,B,C) 18. Ans. (A,C,D) 19. Ans. (B) 20. Ans. (A)
21. Ans. (B) 22. Ans. (A) 23. Ans. (C) 24. Ans. (A)
25. Ans. (A) (Q,T); (B) (P.9); (C) (P) (D) (ST)
26. Ans. (A) (P.Q,ST); (B) (R); (C) (Q.T); (D) (R)
27.Ans (A) (P); (B) (R,)S); (C) (Q,T); (D) (P.R)
EXERCISE (JM)
1. Ans. (4) 2. Ans. (1) 3. Ans. (4) 4. Ans. (1) 5.Ans. (1)
EXERCISE (JA)
1. Ans. 5 2. Ans. (A) p,t (B) p,s(C)qg,s(D) q,r 3. Ans. (A)
4. Ans. (B,D) 5. Ans. (B) 6. Ans. (D) 7.Ans. 3
8.Ans. (A, C, D) 9. Ans. 6 10. Ans. 5[4.99, 5.01] 11. Ans. (A,B,C)

12. Ans. (8.12t0 8.13)



