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Sound Waves

Sound Waves

Sound is the type of longitudinal waves. In general
majority of the longitudinal waves are termed
as the sound waves. Sound is produced by the
vibrating source, like when a gong of the bell is
struck with the hammer, sound is produced. The
vibrations produced by the gong are propagated
through the air, Through air these vibrations reach
to ear and ear drum is set into the vibrations and
these vibrations are communicated to the human
brain. By touching gong of bell by hand we can
feel the vibrations.

Classification of sound wave
Sound waves can be classified in the three groups
according to their range of frequency.

Infrasonic Waves

Longitudinal waves having frequencies below 20
Hz are called infrasonic waves. They cannot be
heard by human beings. They are produced during
earthquakes. Infrasonic waves can be heard by
snakes.

Audible Waves
Longitudinal waves having frequencies lying
between 20-20,000 Hz are called audible waves.

Ultrasonic Waves

Longitudinal waves having frequencies above
20,000 Hz are called ultrasonic waves. They are
produced and heard by bats. They have a large
energy content.

Equations of sound wave

A longitudinal mechanical wave can be described
in two ways :

(A) Displacement wave form

(B) Pressure wave form

(A) Displacement wave form :- When sound
wave is described in term of longitudinal
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Sound waves can be classified in
three groups according to their
range of frequencies
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2. Audible waves

3. Ultrasonic waves

Sound Waves



Sound Waves

displacement suffered by particles of the
medium, it is called displacement wave.
Which can be given by y = Asin(ot — kx)

(B) Pressure wave form:- When sound wave
is described in term of excess pressure
generated due to compression and
rarefaction called pressure wave.

Which can be given by AP =P, cos(ot —kx)

P, = ABK

where A = displacement of amplitude,
B = Bulk modulus,
K = propagation constant,
P, = Amplitude of pressure wave

The phase difference between pressure wave
form and displacement wave form is 90° and

path difference is % Displacement will be

maximum when pressure is minimum and vice
versa.

When we consider the interference of sound as
pressure wave then there is no change in phase
when reflected from a “rigid boundary” but have
a phase change of © when reflected from free

end.
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This is in contrast to reflection of displacement
wave which have a phase change of n from a
“rigid-end” and no change in phase from “free-
end”.

A sound sensor-e.g., ear, mike or listener, observer
detects change in pressure. So, in this case we
prefer pressure wave.

sf‘ _ Concept Reminder

1. Displacement waveform
y = Asin(ot — kx)

2. Pressure waveform

AP =P, cos(ot — kx)

Sr‘ ~ Concept Reminder

The phase difference between
pressure wave form and
displacement wave form is 90°
and path difference is %
Displacement will be maximum
when pressure is minimum and

vice versa.



If detector is displacement sensor, we will prefer
displacement wave.

In stationary wave at the place of displacement
node, pressure antinodes will form and vice versa.

Propagation of Sound Waves

Sound is the mechanical three dimensional and
longitudinal wave that is created by the vibrating
source such a guitar string, the human vocal
cords, the prongs of a tuning fork or diaphragm
of a loudspeaker. Being a mechanical wave,
sound needs medium having properties of the
inertia and elasticity for its propagation. Sound
waves propagate in any medium through a series
of periodic compressions and rarefactions of
pressure, which is produced by the vibrating
source.

Consider a tuning fork producing sound waves.

normal atmospheric
pressure

Undisturbed turning fork

When Prong B moves outward towards right it
compresses the air in front of it, causing the
pressure to rise slightly. The region of increased
pressure is called a compression pulse and it
travels away from the prong with the speed of
sound

pressure

Sr‘ _ Concept Reminder

Sound waves propagate in
any medium through a series
of periodic compressions and
rarefactions of pressure, which is

produced by the vibrating source.

Rack your Brain ﬂ

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

(1) 140 cm (2) 80 cm

(8) 100 cm (4) 120 cm
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After producing the compression pulse, the
prong B reverses its motion and moves inward.
This drags away some air from the region in front
of it, causing the pressure to dip slightly below
the normal pressure. This region of decreased
pressure is called rarefaction pulse. Following
immediately behind the compression pulse, the
rarefaction pulse also travels away from the
prong with the speed of sound.

rarefaction compression
pulse pulse

A longitudinal wave in a fluid is described either in
teams of the longitudinal displacements suffered
by particles of medium.

Asino(t—x/v)

~A(0,0) N A

Y

y = Asinot /,
<+
y

Consider the wave going in the 'x'-direction in a
fluid. Suppose that at a time t, the particle at the
undisturbed position x suffers a displacement y
in the x-direction.

y:Asinw(t—lj )]

v

Position of the any particle from the origin at any
time =x+y
x = Distance of the mean position of the particle
from the origin.
y = Displacement of the particle from its mean
position.
General Equation :

(0,0) = y = Asin(ot + ¢)

(0,x) = y = Asin[o(t —x / V) + ¢]

KEY POINTS

Rarefraction
Compression
Pressure wave
Longitudinal wave



Displacement wave y = Asin(ot —kx + ¢)

If we fix 'x' = x, then we are dealing with the
particle whose mean position at distance x, from
origin & this particle perform SHM of amplitude A
with time period T and phase difference = —kx + ¢

Compression Waves

When the longitudinal wave propagated in the
gaseous medium, it produces compression and
rarefaction in medium periodically. Region where
compression occurs, pressure is more than the
normal pressure of the medium. Thus we can also
describe longitudinal waves in a gaseous medium
as pressure waves and these are also termed
as compression waves in which the pressure at
different point of medium also varies periodically
with their displacements. Let us discuss the
propagation of excess pressure in a medium in
longitudinal wave analytically.

y+dy

A A’ B B' —»x
— gdx ———»
X=X X=x+dx

Consider a longitudinal wave propagating in
positive x-direction as shown in figure. Figure
shows a segment AB of the medium of width
dx. In this medium let a longitudinal wave is
propagating whose equation is given as

y = Asin(ot — kx) (M

Where 'y' is the displacement of medium particle
situated at a distance 'x' from the origin, along
the direction of propagation of the wave. In the
figure shown AB is the medium segment whose
a medium particle is at the position x = x and B
is at x = x + dx at an instant. If after some time t

Sr‘ .. Concept Reminder

When a longitudinal wave
propagated in a gaseous medium,
it produces compression and
rarefaction in the medium
periodically. The region where
compression occurs, the pressure
is more than the normal pressure

of the medium
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medium particle at 'A' reaches to a point ‘A" which
is displaced by y and the medium particle at b
reaches to point 'B' which is at a displacementy
+ dy from B. Here dy is given by equation

dy = —Ak cos(mt — kx)dx
Here due to the displacement of section AB to
A'B' the change in volume of it’s section is given

as
dVv = -Sdy [S — Area of cross-section]

= SAk cos(ot — kx)dx
The volume of section AB is V = S dx
Thus volume strain in section AB is
dv _ —SAk cos(mt — kx)dx
V Sdx

or av = —Ak cos(mt — kx)

If B is the bulk modulus of medium, then the
excess pressure in the section AB can be given as

dv
AP = -B (Tj - (2)

AP = BAk cos(mt — kx)
or AP = AP, cos(ot —kx) ... (3)
Here AP, is the pressure amplitude at a medium

particle at position x from origin and AP is excess

pressure at that point. Equation shown that the
excess varies periodically at every point of
medium with pressure amplitude AP;, which is
given as
2n
AR, = BAk = ~=AB - (4)

Equation shown is also termed as equation of
pressure wave in the gaseous medium. We can

also see that the pressure wave differs in phase

is g from the displacement wave and pressure

maxima occurs where displacement is zero and
displacement maxima occur where pressure is at

s(" ~ Concept Reminder

In pressure wave equation
AP = AP, cos(mt —kx)

AP, is the pressure amplitude at a

medium particle at position x from
origin and AP is the excess
pressure at that point.

AP, =BAk = 27 AB
»



its normal level. Remembers that pressure
maxima implies that pressure at a point is the
pressure amplitude times more or less then
normal pressure level of the medium.

Ex. A sound wave of the wavelength 40 cm
travels in the air. If difference between
the maximum and minimum pressures at
a given point is the 2.0 x 10=* N/m?, find
out amplitude of vibration of particles in
medium. The bulk modulus of the air is 1.4 x
10° N/m?

Sol. The pressure amplitude is

-3 2
:20X1O N/m =‘|073N/m2

Po
The displacement amplitudes s, is given by
p, =Bks,
Py _ Pk 107°N/m? x (40 x 107°m)
Bk 2nB 2 x 1 x 14 x 10°N / m?

_100 % _ 46k
n

or, s, =

Density Wave

In this section we will find out relation between
pressure wave and density wave. According to
definition of bulk modulus (B),

5_|_ dp
dv /v
Further, Volume = Ls.s
density
m m V
or V=— or dV=——2.dp=——.dp
p p p
or IV__dp
v p
Substituting in Eq. (i), we get
gp _ P@P) _dP p_1
B v2 B 2

Or this can be written as,

s(" ~ Concept Reminder

Bulk modulus is defined as
dP
dv/V
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ap=Pap="Tap
B V2

So, this relation relates the pressure equation
with density equation. For example, if

AP = (AP)_ sin(kx — ot)
then Ap = (Ap),, sin(kx — ot)

AP
where,  (Ap), = %.(AP)m . 2)m

Thus, density equation is in phase with pressure
equation and this is 90° out of phase with the
displacement equation.

Velocity And Acceleration of particle :
General equation of wave is given by
y = Asin(ot — kx)

Vp = ¥ _ A ocos(mt — kx) .. (M
ot
2
ap = 8—32/ = —Aw’ sin(ot - kx) .. (2)
ot
oy
=L = _Akcos(ot —kx) - (3)
X
oy

Here ol slope of (y, x) curve
X

Now again differentiate equation-3

2
9Y _ _AK? sin(ot - kx) @)
ox2

from eq. (2) & (4)

ot? x>

Velocity of Sound/Longitudinal Waves In Solids

Consider a section AB of the medium as shown in
figure(a) of cross-sectional area S. Let A and B be
two cross section as shown. Let in this medium
sound propagation is from left to the right. If wave
source is at the origin O and when it oscillates,
the oscillations at the point propagate along rod.

Sr‘ _ Concept Reminder
*

Displacement of particle in wave

y = Asin(ot — kx)

* Velocity of particle in wave
Vp = Am cos(ot —kx)

¢ Acceleration of particle in wave

a, = -Aw’ sin(ot —

kx)

sf‘ _ Concept Reminder

General Equation
differential form is
2 2
2y _ 22
ot? ox>

of wave

in



— velocity of sound
A B

O¢—— X —pa—dx—m

(a)

Ore—— x+y —edx+dy»
(b)

Here, we say an elastic wave has propagated along
the rod with the velocity determined by physical
properties of medium. Due to oscillations say a
force F is developed at the every point of medium
which produces a stress in the rod and is the
cause of strain or propagation of disturbance
along rod. This stress at the any cross-sectional
area can be given as

StressS, = g (M

If we consider the section AB of medium at
a general instant of time t. The end A is at a
distance x from 'O' and 'B' is at a distance 'x +
dx' from 'O" Let in time dt due to oscillations,
medium particles at a are displaced along the
length of medium by y and those at B by y +
dy. The resulting position of section and A* and
B’ shown in figure 'b', Here we can say that the
section AB is deformed (elongated) by a length
'dy". Thus strain produced in it is

Strain in section AB E= % ... (2)
X

If Young’s modulus of the material of medium is
Y, we have

Stess S,

Young’s Modulus Y = — =
Strain E

Rack your Brain ﬂ

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 = 340 ms )

(1) 4

(2 5

@7

(4) 6
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F/A

From equation (1) and (2), we have Y =

dy / dx
A is area of cross-section
or F= YAd—y .. (3)
dx
If net force acting of secting 'AB' is 'dF' then it is
given as:
dF = dma ..(4)

Where dm is the mass of section AB and a be its
acceleration, which can be given as for a medium
of density p.

2
dm = pAdx and a:d—y

dt®
. d’y
From equation (4), we have dF = (pAdx)d—2
t
dF d’y
or —=pA— .. (5
P e (5)

From equation (3) on differentiating w.r.t to 'x), we
can write

2
dF _ygdY ...(6)
dx dx?
From equation '5' & '6' we get,
d’y Y&
= =) (7
dt p dx

Equation '7' is the differential form of wave
equation, comparing it with previous equation we
get the wave velocity in medium can be given as

Y
V= |—

p
Similar to case of a solid in fluid, instead of
Young’s Modulus we use Bulk modulus of the
medium hence velocity of the longitudinal waves
in a fluid medium is given as

V= |—
p

S?‘ ~ Concept Reminder

ol

Speed of longitudinal wave in solid
medium is

V= |—
p

s(" _ Concept Reminder

ol

Speed of longitudinal wave in fluid

10.



Where B is the Bulk modulus of medium. For a gaseous medium bulk modulus is defined

as

= L or B= —Vﬁ
(—dv / V) dv
Newton’s formula
For any medium |v = E where E — elastic modulus of medium, p —» density of
P
medium.
(A) In solid medium (B) In liquid medium :
V:\/Esﬂ:\ﬁ V:\/M:\/E:\/K
P p p p \p
where Y = Young’s modulus. where B = Bulk modulus or volumetric
elastic modulus.
Esolid >> Eliquid = Egas
So psolid > pliquid > pgas
Vsolid > Vliquid > Vgas
\! \! {
Example: Soft iron water air
Speed of
sound: =5050m/sec = 1450m/sec =330m/sec
EQuartz > EFe > ECu
Vv > Y > v
SO, Quartz Fe Cu
\’ \ \!
= 6000m / sec = 5000m / sec = 3500m / sec

Maximum speed of sound is in diamond about (26500 m/sec) then in Quartz (6000 m/sec)
In gaseous medium speed of sound is maximum in H, medium. Vu, =1234m/sec

Speed of Longitudinal Wave (Sound wave) in S"‘ _ Concept Reminder

Gaseous medium. g
Elastic modulus of gaseous medium

\

The absence of matter produces
no sound because the sound

stress AP AP : ; :
g5 = srrain - =-V [EJ vibrations needs a medium to
strain (%) pass through.

1.
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Egas
Isothermal Adiabatic
PV = constant PV’ = constant
Diff. wArﬁt. volume E.ga = TP
P+V AV =
AP _
Eiso= VW =P

Newton’s Formula for Velocity of Sound in Gases
Newton assumed that during sound propagation
temperature of medium remains constant hence
stated that propagation of sound in the gaseous
medium is an isothermal phenomenon, thus
Boyle’s law can be applied in the process. So for
the section of medium we use

PV = constant
Differentiating we get

PdV+V dP=0
or —Vd—P =P

dv

or bulk modulus of medium can be given as

B = P (Pressure of medium)
Newton found that during isothermal propagation
of the sound in a gaseous medium, bulk modulus
of the medium is equal to the pressure of medium,
hence sound velocity in a gaseous medium can
given as;

v:\/E:\/E (D
p \p

From gas law we have P_RT .. (2)
p M
RT
From (1) & (2) we have v = ‘/V .. (3)

From the expression in equation (1) the sound
velocity in air at the normal atmospheric pressure
'P' =1.01 x 10° Pa is

(Density of air at NTP is p = 1.293kg / m?)

v

¥ . Concept Reminder

¢ AccordingtoNewton propagation
of sound in gaseous medium is

isothermal propagation.
¢ Newton’s formula

V =

P

p

12.



5
V= /M =279.49m/s
1.293

But experimental value of velocity of sound
determined from various experiments gives
velocity of sound at NTP, 332 m/s. Therefore
there is a difference of about 52 m/s between
theoretical and experimental value. This large
difference can't be attributed to experimental
errors. Newton was unable to explain error in his
formula. This correction was explained by the
French Scientist Laplace.

Laplace Correction

Laplace explained that when sound waves
propagated in the gaseous medium. There is
compression and rarefaction in particles of the
medium. Where there is 'compression’, particles
come near to the each other and heated up,
where there is rarefaction, medium expands and
there is the fall of the temperature. Therefore,
the temperature of medium at the every point
does not remain constant so process of sound
propagation is not 'isothermal’. The total quantity
of heat of system as whole remains the constant.
medium does not gain or loose they any heat
to surrounding. Thus in the gaseous medium
sound propagation is the 'adiabatic process' For
adiabatic process the relation in pressure and
volume of a section of medium can be given as

PV’ = constant (M

C
Here y=C—p, ratio of specific heats of the

v
medium.
Differentiating equation (1) we get,
dPVY +9V'PdV = 0

or dP+deTV:O

S‘ ~ Concept Reminder

¢ According to Laplace
propagation of sound wave is a
adiabatic process

. /YP
¢ Laplace’s correction V = ?

13.
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or —Vd—P =7yP
dv

Bulk modulus of medium B =1yP

Thus, Laplace found that during ‘'adiabatic'
propagation of sound, the Bulk modulus of
gaseous medium is equal to product of ratio
of specific heats and pressure of medium.
Thus, velocity of the sound propagation can
given as;

RT
From gas law v = =

From the above equation we find sound velocity
in the air at NTP, we have

Normal atmospheric pressure P=1.01 x 10° Pa
Density of air at NTP P =1.293 kg/m?

C
Ratio of specific heat of air y = C_p =1.42
\%

=333.04m/s

P \/1.42><’I.O'I><1O5
= V= |—=

P 1.293

This value is in agreement with experimental
value.
Now at any temperature 'T' °C velocity of sound

/
\/yR(273 + t°) \/yR273 £ )"
v, = = 1+
M M 273

V, =V 1+L
o 546

Factor affecting the speed of sound in a gaseous
medium :-

Rack your Brain ﬂ

If we study the vibration of a

pipe open at both ends, then the

following statement is not true:

(1) odd harmonics of the
fundamental frequency will
be generated

(2) All harmonics of he
fundamental frequency will
be generated

(3) Pressure change will be
maximum at both ends

(4) Open end will be antinode

14.



(1) Effect of Temperature (T).

We know that vV = /}I/\;{_T
w

Here, y, R and M = const, then

v T

RS ALY
V2 T2
Vv \% V2
—_— — " - .
v T & %x100 =%AT—T><100 valid upto 5%

change. (small changes)

Speed of sound in a gaseous medium at t°C

temperature, v, o V't +237 )]

Speed of sound in a gaseous medium at 0°C

temperature, v, « 273 ... (2)

From equation (1)/(2)

1 1
v, (t+273)2 t )2
-t — — '] [
Vg 273 273

1
t \2
= V:VO(’l—i—ﬁ]

_Binomialexp” D -
A+ x)" =1+nxifx << 1

If t <<< 273, then

546

Only for air medium- v, = 330 m/sec

V. =V, [1 +Lj — valid upto 30°C.

s(" _ Concept Reminder

V, =V 'I+L
£t 0 546

| V, =V, +0.61t | only for air

medium
Both valid upto 30°C.

15.
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vy xt 330
V=Vt 516 =V, =vo+%t3 A =v0+0.61t
= upto 30°C

Note :- If temperature is increased by 1°C then
speed of sound increases by 0.61 m/s (only for air)

(2) Effect of Pressure :-

At constant temperature there is no effect of
pressure change on speed of sound in gaseous
medium.

.
at const. temp. = PV =const. = Px v

vel o [Fag]

P
V= . then v = const.

p

when pressure (P) changes then p changes and
velocity (v) remains constant.

Note:- If in a question both temperature and
pressure are changing then to solve question we
take effect of temperature only.

(3) Effect of Nature of Gaseous Medium:-

We know that v = /ﬂ ,then | v o \/L ,
I\/IW MW
Vi X M, ),
Va Yo % (Mw )1

n — no.of moles

Polyatomic — y = % =133,

- n1l\/IW + n2M

w
(Mw)mix - n1 +n 2 ’
1 2
,Y = F’mix — n1CP1 +n2CP2
mix
Cy,,, NCy, +nCy,

S?‘ ~ Concept Reminder

At constant temperature there

is no effect of pressure change

on speed of sound in gaseous

medium.

At const. temp. = PV = const
1

Poc—

16.



(4) Effect of Density (Humidity)

[vP 1
We know that V=,—=>V X —
P Jp

Now pdryair > phumidair

So,

thmidair > Vdryair

We know that at NTP

(M, )y = 28.8 g/mol

(M, humidair = dry air + H,O(Between 18 and 28.8)

Means (Mw)humidair < (Mw)dryair So Phumidair = pdryair

(5) Effect of Wind (V):-

VWTVWQHB
— VwcosO

V

(Ve )o, =V +V,, cos0

(Ve )o, =V +V,, sind
(Ve )o, =V —V,, cosO

(6) Relation betweenv__andv

sound

[3RT YRT
Vrms = T and Vsound = T

\%

sound

Y

(7) Speed of sound is not affected by elements
of wave such as amplitude, frequency,
wavelength etc. and characteristics of wave
such as loudness, pitch and quality. It is
affected by medium and medium properties
such as elasticity, density, inertia etc.

Sr‘ _ Concept Reminder

The loudest sound naturally occurs
on Earth is the sound coming from
a volcano eruption. The Krakatoa
eruption in 1883 was recorded to
have the loudest sound produced

in the world.

17.
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

EXx.

Sol.

Ex.

Sol.

In a gaseous medium on increase in temperature by 900 K speed of sound becomes
double of its initial value. Find initial temperature in °C.

\% T T
S X AT =T +900
v, T2 2X T+ 900

= T =300K = (300 -273)°C = 27°C

If pressure of gaseous medium increase upto 4 times of its initial value at constant
volume. Find effect on speed of sound.

v, [p
Vo P = 1= — =V, =2v,
Vv, 4p

If change in temperature of any gaseous medium is 2%. Find out percentage change in

velocity of sound.
Av 1T AT

—><1OO=—><—><1OO=1><2=1%
\% 2 T 2

In gaseous medium v of sound is 1112 m/s at 10°C. Find out v at 5°C.

t 10
Ve =V | T+ —— :>11‘I2=vo 1+ ——
546 546

5
Vgoc = Vg 1+%

Voo Ve,
on dividing ~sc _ 546+5 _ Ve _ 55T
1112 546+ 10 1112 556

= Vg =551x2=1102m/s

At NTP, speed of sound in air medium is 330 m/s. Find out speed of sound in same
medium at 819°C.

T
30 _ 5330 278 . _ee0om/s
Vv, T, Vv, 1092
Find out the ratio of speed of sound in H, & He at same temperature.

7 3 4 /42
—X—=X—==,|—
5 5 2 25

18.



Ex.

Sol.

EXx.

Sol.

Ex.

Sol.

Find out distance travelled by longitudinal wave in solid in 2 s, if Y =2.2x10"N/m?,
and p=8.8x10%kg /m?

Y \/2.2 10" \/108 10
V= |[—=,[—X 3 S\ >V =—
o V88 10 2

= v=5x10°m/s
cd=vxt
~d=2x5x10% =10*m

2 mediums are given in which one is dry helium and other is humid helium. Find in
which speed of sound is more

(M,) of dry He = 4

(M,) of humid He = 4 to 18

Mgy e < (M e

(pocM,)
pdryHe < phumidHe

Vdry(te) = Yhumid(He)

The equation of a sound wave in the air is given by

p =(0.02) sin [(3000 ) t — (9.0 ) x ], where all the variables are in S.I. units.

(a) Find out 'frequency!, 'wavelength' and 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 wave passes through that point?

(a) Comparing with the standard form of a travelling wave

P =p, sinfo(t - x/ V)]
we see that ® = 3000s™". The frequency is

o 3000

=— Hz
27 21

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

o 3000s™ 1000
or, V= = = m

-1
B -1 - 3 /s
9.0m 9.0m

The wavelength is A\ = v __1000/3 _ Em
f 3000/2n 9

19.
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(b) The pressure amplitude is p, = 0.02 N/m?> Hence, maximum and minimum
pressures at the point in the wave motion will be (1.01x 10° +0.02)N / m?

Ex. A wave of wavelength '4' mm is produced in air and it travels at a speed of '300' m/s.
Will it be audible?

; . 300m/s

Sol. From the relation v =nk, the frequency of the wave is n=—=———— =75000Hz.
4x10°m

This is much above audible range. It is the ultrasonic wave and will not be audible to

the humans, but it will be audible to bats.

> <

Ex. The constant'y'for oxygen as well as for hydrogen is '1.40" If speed of sound in oxygen

is 450 m/s, what will be the speed of hydrogen at the same temperature and pressure?

Sol. v=

= Vg, =4 x450=1800 m/s
2

Intensity Of Sound Waves :

Like any other progressive wave, sound waves also carry energy from the one point of space
to other.

This energy can be used to do the work, for example, forcing the 'eardrums' to vibrate or in

the extreme case of the sonic boom created by e
the supersonic jet, can even cause glass windows “’ . Concept Reminder
to crack.

The amount of energy carried per
unit time by a wave is called its
power and power per unit area
held perpendicular to the direction
of energy flow is called intensity.

The amount of the energy carried per unit time
by a wave is called its power and power per unit
'A' area held perpendicular to direction of energy
flow is called intensity.
For a sound wave travelling along the positive
x-axis described by the equation.

s = s, sin(owt —kx + ¢)

P =p, cos(wt —kx + ¢)

0s
— = s, cos(ot —kx +
5t o €os( )
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os
Instantaneous power P = Fv = pA s

P = p, cos(ot —kx + ¢)Aws, cos(ot —kx + ¢)

P =<P>

average
= p,Ans, < cos’ (ot —kx + ¢) >

Aws
_PoR®S, _,_ B
2 p

B=pv® = p, =Bks, = pv’ks,

o 1 AP0 )_PoA _ pAve’ss
average 2 Po szk 2pV 2

_ pAve’s)
2

Total energy transfer = Py, xt xt

Average intensity = average power / area

The average intensity at position x is given by

_ 10 _pov
2 v 2B

<I|>

. ()

Substituting B =pv?, intensity can also be

expressed as

2
Po
| = —— .. (2
200 (2)

Note :

. . 1 1
If source is a point source then loc — and s, oc—
r r

and s = 3sin(cot —kr+0)
r

. 1
If a sound source is line source then | « — and
r

s oci and s:isin(mt—kr+9)

- ¥

Rack your Brain “

Sound waves travel at 350
m/s through a warm air and at
3500 m/s through brass. The
wavelength of a 700 Hz acoustic
wave as it enters brass from
warm air

(1) Decreases by a factor 20

(2) Decreases by a factor 10

(3) Increases by a factor 20

(4) Increases by a factor 10

Sr‘ _ Concept Reminder

v -

¢ If the source is a point source

1

’
then Ioc—zand SNocc=and

r oy

s = isin(cot —kr +0)
r

+ |f a sound source is a line source

’
then | «— and s
r

s = isin(mt —kr +0)

Jr

1
0 € —\/_ and
r
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Ex.

Sol.

Ex.

Sol.

EXx.

Sol.

The pressure amplitude of a sound wave from a radio receiver is (2.0 x 10-* N/m?) and
the intensity at a point is (10-®* W/m?2). If by turning the “Volume” knob the pressure
amplitude is increased to (3 x 10~ N/m?), evaluate intensity.

The intensity is proportional to the square of the pressure amplitude.

N2
Thus, P
I Py

C\2 2
or |':[p_0]|:[%j x10°°W / m? =2.25x10°W /m?

A microphone of cross-sectional area '0.40' cm? is placed in front of the small speaker
emitting n W of sound output. If the distance between microphone and the speaker is

2.0 m, how much energy falls on the microphone in 5.0 s?
The energy emitted by speaker in one second is r J. Let us consider a sphere of radius

2.0 m centered at speaker. The energy nJ falls normally on the total surface of this

sphere in one second. The energy falling on the area 0.4 cm? of the microphone in '1'
second
2
_OAem oy =25x10°0/s
47(2.0)
The energy falling on the microphone in 5.0 second is
25%x10°J x5=125 uJ,

Find the amplitude of vibration of particles of air through which a sound wave of

intensity 8.0 x 10 W/m? and frequency 5.0 kHz is passing. Density of air = 1.2 kg/m*

and speed of sound in air = '330 m/s"

The relation between intensity of sound and displacement amplitude is

o »’s’B
2v

_ 2.2 2
I =2n"syvp, v

,Where B=pv? and o=2nv

) |
o S =TS0 o
21°vIpyV

8.0x10°W /m?

o x (25.0 x 10°s72) x (1.2kg / m*) x (330m / s)

or Sy = 6.4nm
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Characteristics of Sound

Sound is characterised by the following three
parameters :

Loudness :- The quality of sound on the basis of
which, sound is said to be high or low. It depends
on:

(1) Shape & size of the source

(2) Intensity of sound

= According to Weber - Fechner the loudness of
a sound of intensity | is given by: L « log,; |

Which is called Weber-Fechner law [unit of L is
‘sone’. It also measured in decibel]

So, AL=L, -L, = 1OLog1O||l
1

For zero decibel Loudness, Intensity is called

threshold of hearing. (I, = 10" W/m?)

In decibel the loudness of a sound of intensity | is

given by L =10 log,, (I/1,)

Where |, represents the threshold of hearing at 0

dB loudness level.

The loudness of a roaring lion is more than the

sound produced by a mosquito.

Pitch : It is the sensation received by the ear

due to frequency and is characteristic which

distinguishes a shrill sound from a grave sound.

As pitch depends on frequency, higher the

frequency higher will be the pitch and shriller will

be the sound. For example;

(1) The buzzing of a bee or humming of a
mosquito has high pitch but low loudness
while the roar of a lion has large loudness
but low pitch.

(2) Due to more harmonics usually the pitch of
female voice is higher than male.

Quality (timbre) : It is the sensation received by
the ear due to ‘waveform?’

Two sounds of same intensity and frequency as
shown in figure will produce different sensation

Sr‘ _ Concept Reminder

Sound is characterised by the
following three parameters :

1. Loudness

2. Pitch

3. Quality

Sr‘ _ Concept Reminder

In decibel the loudness of a sound
of intensity | is given by L =10 log,,
(/1)

Where |, represents the threshold
of hearing at 0 dB loudness level

S‘ ~ Concept Reminder

When sound waves bounced off
on objects instead of absorbing
the sound waves, you can hear
echoes produced. The echo is
a reflection of the sound waves
produced because of the bouncing

off of waves.

23.
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on the ear if their waveforms are different. Now as waveform depends on overtones present,
quality of sound depends on number of overtones, i.e., harmonics present and their relative

intensities.

EXx.

Sol.

Ex.

Sol.

y]l

yll

If intensity is increased by a factor of 20, by how many decibels is the intensity level

increased.
Let initial intensity by | and the intensity level be B, and when the intensity is increased

by '20 times/, the intensity level increases to B, .
Then B, =10log(1/1,)
and B, = 10log(201/1,)

Thus B, - B, = 10log (201 /1)
= 10log 20
=13dB

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.

|
B, = 1010g|—1

0

| |
B, = 1010g|l = B,—B, = 1otog|i
0 1

24,



| |
10 = 10log,, [IAJ = Ii =10"=10
1

1

r |
for point source |« 12 - 1= \/Iz =10
r r 1

Ex. The sound level at a point is increased by '40 dB' By what factor is pressure amplitude
increased ?
Sol. The sound level in dB is

B =10log,, L]

ly

If B, and B, are the sound levels and I, and |, are the intensities in the two cases,

| | !
B, —B, = 10| log,, [Iij —logy, [ILH
| o 0

[ |
or, 40=10log,, [IiJ or, Ii =10*
1 1

As the intensity is proportional to 'square' of the pressure amplitude,

|
we have Por _ \/I; =+/10000 =~ 100
1 1

Po

Superposition of Waves :-

The phenomena of super mixing or intermixing of two or more than two waves and produce

a new wave during propagation in the medium is known as superposition.

(1) In superposition phenomena the resultant displacement of medium particles is the
vector addition of the individual displacements due to individual waves.

Yz Definitions

Y1

The phenomena of super mixing

or intermixing of two or more

Ys than two waves and produce a
new wave during propagation
in the medium is known as
superposition.

+> > > >
y=ytyty

It is known as principle of superposition.

25.
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(2) In superposition phenomena the existence
of one wave is not affected due to presence
or absence of another wave in the medium,
waves independently propagate in the
medium.

—_r +y +y 4
o R R

Ap =

g +y +y
<« \ |[Ama= it _ oy X
- - Taﬁ Taq

ty
HmTa A(b:?‘t ,/Aminzo

%\J/ k- | - aNZy

_y +—
Mathematical Analysis
S
. X
A sin(ot+kx) 1 y1 = A sin(ot+kx)
y2 = Az sin(ot+kx)
X2
Ss

Az sin(ot+kx)

Interference implies superposition of the
waves. Whenever two or more than two waves
superimpose each other at some position then
resultant displacement of particle is given by
vector sum of individual displacements. Let the
two waves coming from sources 'S’ & 'S, be

y, = A, sin(ot +kx,)
y, = A, sin(ot +kx,)respectively.
Due to superposition
Ynet = Y1 1Y,
Yiet = A, sin(ot +kx,) + A, sin(ot +kx,)

Phase difference between y, &y, =k(x, - x,)

Rack your Brain ﬂ

A tuning fork of frequency 512 Hz
makes 4 beats per second with
the vibrating string of a piano.
The beat frequency decreases to
2 beats per sec when the tension
in the piano string is slightly
increased. The frequency of the
piano string before increasing
the tension was

(1) 508 Hz (2) 510 Hz

(3) 514 Hz  (4) 516 Hz

26.



i.e., Ap =k(x, —x,)
As A = %Ax (where Ax = path difference & A¢

= phase difference)

2 2
Ao = \/A1 +A; +2AA, cos¢

= A2 =A2+A2+2AA, cos¢

net
_ 2
lor =1 +1, +2/ll, cosd¢  (as 1cA”)

When the two displacements are in phase, then
the resultant amplitude will be sum of the two
amplitude &1 will be maximum, this is known as
constructive interference. For | _ to be maximum
cosp=1= ¢ =2nt where n ={0,1,2,3,4,5........... }
%Ax =2nTt = AX =nA\

For constructive interference

et = (W + 41, )2

When |, =1, =1
Inet =4
Anet = A1 + A2

When the superposing waves are in opposite
phase, the resultant amplitude is the difference
of two amplitudes & I is minimum; this is known
as the destructive interference.

For | .. to be minimum, cosA¢ = —1
Ap=2n+Nr where n ={0]1,2,3,4,5........... }

%Ax =(2n+ Nn

= Ax:(2n+1)%

For destructive interference

Inet = (\/E - \/E)2

If =1

1 2

| . =0

net

Sr‘ ~ Concept Reminder

AN

A2 =A?+A2+2AA, COSd

net

ot =1 +1y + 2,/I1I2 cos ¢
(as 1 cA?)

¥ . Concept Reminder

v -

For constructive interference

et = Gy + 41, )2

When I =1, =1

1 2

=4

net

Sr‘ _ Concept Reminder

Gl

For destructive interference

Inet = (\/E - \/E)2

If I =1

1 2

l . =0

net

27.
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Anet = A1 - A2

Generally, |, =1, +1, +2,/ll, cos¢

It L=1, =1
l o =21+ 2lcos¢
2 AP
lor = 2I(1+cos¢) = 4lcos -
2 A
l ot =4lcos™ —

Gy
min (\/E—\/E)Q

Longitudinal Standing Waves
Two longitudinal waves of same frequency and
amplitude travelling in opposite directions
interfere to produce the standing wave. If two
interfering waves are given by;

Ratio of Lo &1

P, =P, sin(ot —kx) and p, =p, sin(ot + kx + ¢)

then the equation of the resultant standing wave
would be given by
p=p,+p, =2p, cos(kx + %)sin(mt + %)

= p=p, sin(ot + %) ()

This is equation of SHM in which the amplitude
p, depends on position as

Py = 20, cos(kx + %) . (2)

Points where the pressure remains permanently
at its average value, i.e., pressure amplitude is '0'
is called a pressure node and condition for the
pressure node would be given by

p, =0

N |-

i.e. cos(kx+—-)=0

¥ . Concept Reminder

. -

Ad
2
|t = 4lcos 7

NS
min (\/E—\/E)Z

Ratio of oy &1

sf‘ _ Concept Reminder

When sound waves bounced off
on objects instead of absorbing
the sound waves, you can hear
echoes produced. The echo is
a reflection of the sound waves
produced because of the bouncing

off of waves.
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i.e. kx+$: 2nch_r£, n=0,1,2 ..
2 2
Similarly, points where pressure 'amplitude’ is
maximum is called a pressure 'antinode' and
condition for a pressure antinode would be given
by;
P, = 2p,

i.e. cos(kx + %) =+1

or (kx+%):nn, n=0,1,2, ...

Note :

Note that a pressure node in a standing wave
would correspond to a displacement antinode
and a pressure anti-node would correspond to
the displacement node.

(when we label eq". as SHM, what we mean
that excess pressure at any point varies simple
harmonically. If sound waves were represented in
terms of displacement waves, then the equation
of standing wave corresponding to would be

s = s, cos(ot + %); where s = 2s, sin(kx + %)

This is easily observed to be an equation of
'SHM"'. It represents the medium particles moving
simple harmonically about their mean position
at x.

Let two wave is :-

Yy, = a, sin(ot - kx)
Y, = a, sin(ot —kx + ¢)
then resultant displacement of medium particle

y;= aisin(ot—kx)

Sr‘ _ Concept Reminder

A pressure node in a standing
wave would correspond to a
displacement antinode and
a pressure anti-node would
correspond to a displacement
node.

Sr‘ _ Concept Reminder

Resultant displacement of
medium particle

yi= aisin(wt—kx)

y=Asin(oat—kx+9)|

29.
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y = Asin(ot —kx + 0) | resultant wave equation

.2 2
where A= \/a1 +a, +2a.a,cos¢

and tan6 = Lmd)
a,+a,cos¢
Phenomena Based On Superposition :-
(1) Interference
(1)  When two coherent waves of same
frequency propagate in same direction
and superimpose over one another
then the intensity of resultant wave
becomes maximum at some points and
at some points it becomes minimum.
This phenomenon of intensity variation
w.r.t. position is known as interference.
(2) It is based on energy conservation
principle means total energy of
the waves remains constant in the
medium. Here only redistribution of
energy takes place.
(8) Here intensity is the function of

position mean .

Note :-
Same amplitude of waves is not an essential
condition for interference phenomena.

Coherent Waves :-

Waves for which phase difference remains
constant w.r.t. time are known as coherent waves
these are produced by coherent source.

Note: Two independent source cannot be
coherent.

Mathematical Analysis :-
Let two wave is :-
y, = a,sin(ot —kx, +¢,)
y, = a, sin(ot —kx, +¢,)

Ap =KXy, = %) + =0,

Definitions

When two coherent waves of
same frequency propagate
in same direction and
superimpose over one another
then the intensity of resultant
wave becomes maximum at
some points and at some
points it becomes minimum.
This phenomenon of intensity
variation w.r.t. position is known
as interference.

30.



If both source have same phase initially then

¢1 = ¢Q
Ap =K(x, —x,)
Ad = %Ax
_wxx &)
G Y=Y+ Yo
L A S; ' P
vi= a;sin(ot — kxi+ ¢,)
Xa Vo = asin(ot — kxa + ¢2)
®
= 325\“&
Y -

Resultant amplitude at point P

_ 2 2
Aot = \/a1 +a; +2a@a,cosAd

Both sources are coherent and wave travel in same medium then

l, = Ka?
l, =Kaj
2

het = Kage
then | . =1, +1, + 2], cosA¢
Constructive Interference (C.l.) Destructive Interference (D.l.)

e Waves superimposed over one waves superimposed in

another in same phase opposite phase.

a
ay + dy 1a1— as
el
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Resultant intensity and amplitude are These are minimum

maximum
cos¢=+1 = then ¢ =0,2x,4n,..2nn cos¢=-1
AX = 0, A, 2....... ni = then ¢ = n,3n,5m...2n + N

A 3L 5BA A
(n=0,1,2...) Ax=5,7,7 ..... (2n+1)5n=(0,1,2...)
Anax =23,12, Anin =a,—2,
| =+l + 2L | =1+l =2,

2 ¥ Concept Reminder
h_a .
2
L, a | 22
) ¢ I _ 1
2 | 2
Imax _ Amax _ a, +a, 2 a2
| A2 a, —a 5 2
min min 1 2 . Imax _ Amax _ [a1 4 azJ
2 2 _
| NN i Agin (3173
max __ 1 2

= 2
lmin \/E_\/E Imax_ \/E—’_\/E
2 Imin \/E_\/g

*

*

_|max+|min =I1+I2+2 Ly +1, +1, =241, I
e 2 2 e .| _ 'max *lnin.
avg 9
Note :- for n sources
L+ + 2L + 1, +1, —2,LI
_ 1 2 12 2 2 12
Iavg =+l +1 + e I =
2
Not divided by no. of sources I =L 41
avg 1 2

Degree of interference pattern or degree of
hearing (f%)

9 = max “lmin 400

If f =100% — then interference is perfect or best means contrast or clear.

32.



Condition for perfect interference :-

(1) f =100% 21,,=0
@L=1=1 (4)a =a,=a
(B)A,, =a+ta=2a 6)A,,=a-a=0
M1, =4
[ [ a
Ex. If m2 = 3% 4honfind © and 21
| .. 25 , a,
2
oL 1 _[Y38 25 _[6+5J2_E
2 V36 -+/25 6-5 1
2
E _ a, +a,
25 a,—a,
6 a, +a, a,
- = = 6a,-6a, =b5a,+5%5, =>—=1
5 a, —a, a,
Ex. Intensities of 2 waves are | and |, where |, =1, = | and phase difference between them

¢ . Find out intensity of resultant wave.

Sol. | =1 +1,+ 2\/E\/E cos ¢

=1y +1, +2l,cos¢
. _ 2
=2, + 2 cosd ..c0s820 =2cos” 0 —-1

I =2l,(1+cos¢)
I =2, [1 +2cos? 9 1} = 4|, cos® (gj
2 2

Ex. Amplitude of 2 waves are a, and a,, where a = a, = a and both are superimposed at P

where path difference between then is % Find amplitude of resultant wave.

2 2 T 2 2
Sol. A= \/a1 +a; + 2a1a2 COSE = ./a +a; = \J2a

33.
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Ex.

Sol.

Ex.

Sol.

2 _ ax
27 A

Ap=2nx—=L1
4 2

Two loudspeakers as shown in fig. below separated by a distance 3 m, are in phase.
Assume that the amplitudes of the sound from the speakers is approximately same at
the position of a listener, Who is at a distance 4.0 m in front of one of the speakers. For
what frequencies does the listener hear minimum signal? Given that speed of sound in
air is '330 ms™.

>
40 m

The distance of the listener from the second speaker = +/(3)* + (4)* = \/E =5m
path difference = (5 - 4.00 m=1m

For fully destructive interference 1 m = (2n + 1) %

Hence A =2/(2n+1)m
The corresponding frequencies are given by
N=[330x(2n+1)]/2s", forn=0,1,2,3,4, ccoerreevrreeun.
=165 (2n +1) s, forn=0,1, 2, 3, 4, c.........
Therefore the frequencies for which the listener would hear a minimum intensity 165
Hz. 495 Hz,

Two sound source of S, and S, of coherent waves are separated by distance of 3\ and

detector (D) revolve in circular path around them. Find out number of maxima and
minima detected by detector is/are.

(.. S,and S, are at equal distance from centre)
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Beats :-

When two wave of slightly different frequency propagate is same direction and superimpose
over one another then the intensity of resultant wave charges periodically w.r.t. time at a

particular position.

This periodic variation is intensity w.rt. time at a particular position is known as beat

phenomena.
Interference

Let two coherent waves
Yy, = a,sin(ot —kx)

Y, = a, sin(ot —kx + ¢)

Ap = ¢ - const.(timeindependent)

then intensity of resultant wave

cos ¢
=1, +1, + 2,1, 0

timeindependent

A

=
* Static interference

* stable intensity pattern

* permanent intensity pattern

A = (0, — o)t

Beats
Let two waves-
y,=a;sinot

Y, =2a,sino,t

| Ap = (o, — o)t |(time dependent)

then resultant intensity
cos(w, — o)t
=1, +1, + 2,1, T
time dependent

I
max_ max

min min L
| >

t

* Dynamic interference

* unstable intensity pattern
* temporary intensity pattern

35.
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t=0 =
t=T = Ad=n = |
t=T = Ap=2n = |

One Beat:- One time increment and one time
decrement in intensity is known as one beat.

max max

|
; 1

|
mine————»min : if
one beat  —
ione beat

Note:- One maxima and minima are present in
one beat.

Beat Time period (T,)

Time taken to complete one beat or time interval
during which phase difference changes by an
amount of 2n is known as beat time period.

ift=0=>A¢=0

|A<|)=(oo2 —031)t|

t=T, =>Ap=2n 21 = (0, —o,)T,

B

1 1 1
2n = 2n(n, —n,)T, Ty = =—=—
(= n)Te ® n,-n, An b
Beat time period (T) = !
Beat frequency (b)

Beat frequency (b) = An=n, —n, = no. of beats
1

produced per sec = - -
Beat timeperiod(T;)

Mathematical Analysis :

Whenever two sources of sound that have almost
same frequency sounded together, an interesting
phenomenon occurs. A sound with the frequency
average of the two is heard and loudness of
sound repeatedly grows and decay, rather than
being constant. Such a repeated variation in the
amplitude of sound, called 'beats"

Definitions

One time increment and one
time decrement in intensity is
known as one beat.

Definitions

Time taken to complete one
beat or time interval during
which phase difference changes
by an amount of 2n is known as
beat time period.

% . Concept Reminder

Beat time period (T))
1
Beat frequency (b)

Beat frequency (b) = An=n, —n, =

no. of beats produced



If frequency of one of source is changed, there
is a corresponding change in the rate at which
amplitude varies. This rate is called the beat
frequency. As frequencies come closer together,
the beat frequency becomes 'slower'. A musician
can tune a guitar to the another source by listening
for beats while increasing or decreasing tension
in each string, eventually the beat frequency
becomes very low so that the effectively no beats
can heard and the two sources are then in the
tune.
We can also explain phenomenon of the
beat mathematically. Let us consider the two
superposing waves having frequencies 'n,' and 'n,’
then their respective equations of oscillation are
y, =Asin2nnt .. (D

and y, = Asin2nn,t ... (2)

On superposition at a point the displacement of
the medium of particle is given as;

Yy=Y,1tY,

y =Asin2zrn.t + Asin2nn,t

n,—n n, +n
y=2Acos27{ 12 2Jtsin2n( 12 2Jt ... (3

n

y:Rsinzr{n“; Z‘jt .. (4)

There equation (4) gives the displacement of
medium particle where superposition takes
place, it shows that the particle executes SHM

n.+n
with frequency 12 2, average of the two

superposing frequencies and with amplitude R
which varies with time, given as

n,—n
R=2Acos2r{ 12 QJ‘: ... ()

Here R becomes maximum when

Rack your Brain “

The driver of a car travelling
with speed 30 m/sec towards a
hill sounds a horn of frequency
600 Hz. If the velocity of sound
in air is 330 m/s, the frequency
of reflected sound as heard by
driver is:

(1) 555.5 Hz  (2) 720 Hz

(3) 500 Hz  (4) 550 Hz

KEY POINTS \

Beats
Beat frequency
Beat time period
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n,—n,
cos2n 5 t =41

n,—n
or 27{ 12 21t=Nn [Nel]
N
n1—n2

or t=

or attime t=0, ! , 2 yeeeeeens

n,—-n, n,—n,

At above instants the sound of the 'maximum loudness' is heard. Similarly, we can find time
instants when the loudness of sound is minimum, it occurs when;

n,—n,
cos2n 5 t=0

n.—n T
or 2n| +—2|t=(2N+1)= N el
[ 5 J ( )2 [ ]

1 3
2(n, -n,) 2(n,—n,)’

or at times instants t =

Here we can see that these time instants are exactly lying in the middle of the instants when
the loudest sound is heard. Thus on the superposition of the above two frequencies at the
medium particle, the sound will be increased, decreasing, increasing and decreasing and so
on. This effect is called the beats. Here time between two successive maximum or minimum
sounds is called the beat period, which is given as

Beat Period T, = time between two successive maxima = time between two successive
minima

B 1
n, =N,

Thus beat frequency or number of beats heard per second can be given as

—_— 1 —_—
==

B
The superposition of the two waves of slightly different frequencies is graphically shown
in the figure. The resulting envelope of wave formed after superposition is also shown
in figure 'pb". Such a wave when propagates, produces the “beat” effect at medium
particles.

f

B
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A Beat

Important Points :-
Beat frequency = Frequency of Intensity Variation

+t

n,+n,

Frequency of resultant wave Nyg = 5
: - n,-n, b
Frequency of resultant amplitude variation Namp = S 5

Ex. Two vibrating tuning forks produce the progressive waves given by y, = 4 sin(500nt)
andy, = 2 sin(506 nt). These tuning forks held near the ear of the person. The person
will hear the beat/s with intensity ratio between maxima and minima equal to . Find

the value of B-a.
Sol. y, =4sin(500nt), y, =2sin(506xt)
Number of beats = 253 — 250 = 3 beat/sec

= o =3 beats/sec
2
i+ i)
As |, =16 and l, =4= max. —

e - i)

4 2 2
(13 -0
4 -2 2

So, B-0=9-3=6
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Vibration of tuning fork : when tuning fork is sounded by striking its one end on rubber
pad, then the ends of prongs vibrate in and out while the stem vibrates up and down or
vibration of the prongs are transverse and that of the stem is longitudinal. Generally tuning
fork produces fundamental tone.

Ex.

Sol.

EXx.

Sol.

Ex.

Sol.

Tuning fork (T.K.) having n = 300 Hz produces 5 beats/sec. with another T.F. If impurity is
added on the arm of known tuning fork number of beats decreases then find frequency
of unknown T.F.?

205 399 305

waxisadded

If it would be 305 Hz, beats would have increased but with 295 Hz beats decreases so
answer is 295 Hz.

41 tuning forks are arranged in a series in such a way that each T.F. produce 3 beats
with its neighbouring T.F. If the frequency of last is 3 times of first then find the
frequency of 1st 11th 16th 21st & last T.F.

n, = n (let) So n,, = 3n (according to Que.)
n,=n+b

n,=n+2b

n,=n+3b

n,=n+40Db = n=60Hz

n,=n+10b=90 Hz, n ,=n+15b =105 Hz
n, =n + 20b =120 Hz

Three tuning forks of frequencies 200, 203 and 207 Hz are sounded together. Find out
the beat frequency.

123

3 3 (3

12 3 (4

4 4 4 |4

123 456 /(7

T 7T 7T 7 7 7T \7

200 203 207
>~/ ~____/| Divide 1second into 3, 4
3 4 or 7 equal divisons
.

Eliminate common time instants. Total Maxima in one second 3 + 3 + 6 =12
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REFLECTION OF WAVES, STATIONARY WAVES,
STANDING WAVES IN STRINGS AND ORGAN PIPE
Reflection and transmission of waves

Whenever a travelling wave reaches a boundary,
part or all of the wave will be reflected. For
example, consider a pulse travelling on a
string fixed at one end (figure). When the pulse
reaches the fixed wall, it will be reflected. Since
the support attaching the string to the wall is
assumed to berigid,itdoes nottransmitany part
of disturbance to wall. Note that the reflected
pulse is inverted. This can be explained by the
Newton’s third law, the support must exert an
equal and opposite reaction force on the string.
This downward forces cause the pulse to invert
upon reflection.

Fixed end Free end

Incident pulse — Incident pulse—»

_/“&é%j
— A

+Reflected pulse
+Reflected pulse

Now consider another case where the pulse
arrives at the end of a string that is free to move
vertically. The tension at free end is maintained by
tying the string to a ring of negligible mass that to
slide vertically on a smooth post. Again, the pulse
will be reflected, but this time its displacement
is not inverted. As the pulse reaches the post, it
exerts a force on the free end, causing the ring to
accelerate upward.

\S

* 6 &6 & o -

_ Concept Reminder

Reflection
Transmission
Fixed end
Free end
Rigid end

a1.

Sound Waves



Sound Waves

—Incident pulse —Incident pulse

IV N ﬂi
™

Reflected Transmitted  peflectedTransmitted

pulse « pulse  pulse « pulse —»

(b) (b)

In the process, the ring “overshoots” the height
of the incoming pulse and is then returned to its
original position by the downward component of
the tension.

Finally, we may have a situation in which the
boundary is intermediate between these two
extreme cases, that is, one in which the boundary
is neither rigid nor free. In this case, part of
the incident energy is transmitted and part is
reflected. For instance, suppose a light string is
attached to a heavier string as shown in figure.
When a pulse travelling on the light reaches the
junction, part of it is reflected and inverted, and
part of it is transmitted to the heavier string.
As one would expect, the reflected pulse has a
smaller amplitude than the incident pulse, since
part of the incident energy is transferred to the
pulse in the heavier string. The inversion in the
reflected wave is similar to the behaviour of a
pulse meeting a rigid boundary, when it is totally
reflected.

When a pulse travelling on a heavy string strikes
the boundary of a lighter string, as shown in figure,
again part is reflected and part is transmitted.
However, in this case the reflected pulse is not
inverted. In either case, the relative height of
the reflected and transmitted pulses depend
on the relative densities of the two string. Thus,
the speed of a wave on a string increases as the
density of the string decreases. That is, a pulse
travels more slowly on a heavy string than on the
light string, if both are under same tension. The

5‘ ~ Concept Reminder

In space, no sound is produced
because of the absence of corners
and obstacles, where sound waves

are supposed to bounce off.

S?‘ ~ Concept Reminder

When a wave pulse travels from
medium A to medium B and v, > v,
(B is denser than A), the pulse will

be inverted upon reflection
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following general rules apply to reflected waves :

(1) When a wave pulse travels from medium A
to medium B and v, > v, (B is denser than A),
the pulse will be inverted upon reflection.

(2) When a wave pulse travels from medium A
to medium B and v, <v, (Ais denser than B),
it will not be inverted upon reflection.

Stationary Waves

(1) When two identical progressive waves
(transverse or longitudinal) propagating
in opposite direction superimpose in a
bounded medium (having boundaries) the
resultant wave is called stationary wave or
standing wave.

(2) Stationary wave pattern may be obtained
only and only in limited region.

(3) We can obtain two same type of progressive
waves, only & only by method of reflection.

(4) According to the nature of reflected surface,
reflection are of two types -

(a) Rigid End
In such type of reflection incident and reflected
waves have phase difference of © and direction

of propagation are opposite.

—»
%rigid
—\/—Erigid

«
incident wave y, = asin(ot - kx)
reflected wave y, = asin(ot + kx + m)
or y, =-asin(ot+kx)

Yy =Y,tY,

y = a{sin(ot — kx) — sin(ot + kx)}

¥ . Concept Reminder

When a wave pulse travels from
medium A to medium B and v, <v,
(A is denser than B), it will not be
inverted upon reflection

s(" .. Concept Reminder

When two identical progressive
waves (transverse or longitudinal)
propagating in opposite direction
superimpose in a bounded
medium (having boundaries) the
resultant wave is called stationary

wave or standing wave.

Rack your Brain ﬂ

Which one of the following
statements is true?

(1) Both light and sound waves
in air are transverse

(2) The sound waves in air are
longitudinal while the light waves
are transverse

(3) Both light and sound waves
in air are longitudinal

(4) Both light and sound waves
can travel in vacuum
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after solving
y = —2asinkx cos wt

y = —Acos ot where A = 2a sinkx
at x=0,A=0

y, = Asin[kx — ot]

y, = Asin[kx + ot]

y=Y,:%tY,

|y=2Asinkxcosmt|

(b) Free End
In such type of reflection incident and reflected waves are in phase and direction of
propagation are opposite.

incident wave y, = asin(ot - kx)
reflected wave y, = asin(ot +kx)
From superposition of wave
y=Y,:tY,
y = a{sin(ot —kx) + sin(ot + kx)}

After solving
y = 2acoskxsinwt

y = Asinot where A = 2acoskx
So x=0 and A=2a

in the above equation Amplitude = 2A sin kx

If (1) x=0
y = O(Node)
(2) Xx=Ar/8 y:2Asin%%cosmt=\/§Acosmt
(3) A=A y =2A sinﬁﬁcos ot
A4
= 2A cos ot (Anti —node)
(4) x=3\L/8 y:2AsinE%cosmt
A 8
= \/EAcosmt
(5) X=Ar/2 y=2Asin%%cosmt
= 0(Node)
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(6) X=5\L/8 y = —\/EA cosmt

(7) Xx=3\1/4

(8) Xx=7\/8 y = —\/aAcosoot
9) X=X y=0

Special Properties of Stationary Wave Pattern
Zero wave velocity : No transfer of energy between
two points, particle velocity is non zero but wave
velocity is zero.

Position of antinodes & nodes in this pattern
remains fix.

The particles between two consecutive nodes
vibrate in same phase while medium particles
nearby of any node on both sides always vibrate
in opposite phase.

All medium particles doing simple harmonic
vibrations have identical time period but different
vibration Amplitude and because of this their
maximum velocity at mean position is different
All medium particles pass through their mean
position simultaneously but with different
maximum velocity.

All medium particles pass their mean position
in their one complete vibration two times hence
stationary wave

pattern is obtained as straight line twice in its
one complete cycle.

In this pattern, at antinode position, displacement
and velocity is maximum, but wave strain is
minimum.

Strain = slope of stationary wave pattern [3—1}
At node position displacement and velocity is
minimum but wave strain is maximum.
Amplitude of incident wave > Amplitude of
reflected wave

For node a, — a, = minima

For antinode a, + a, = maxima

y = —2A cos wt(AN.)

sf" ~ Concept Reminder

The particles between two
consecutive nodes vibrate in same
phase while medium particles
nearby of any node on both sides

always vibrate in opposite phase.

s(" ~ Concept Reminder
Transverse stationary waves —
Musical instruments based on
wire (sonometer).

Longitudinal stationary waves —
Musical instruments based on air

(resonance tube).
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For any wave each and every reflecting surface
have some absorptive power and due to this
the energy, intensity & amplitude of reflected
wave is always less compared to that of incident
wave. Two waves differ in their amplitude having
same frequency and wavelength and propagate
in reverse or opposite direction always give
stationary wave pattern by their superposition.
According to nature of superposing waves
stationary waves are of two types -

Transverse stationary waves — Musical instruments based on wire (sonometer).

KEY POINTS

Stationary wave
Sonometer
Resonance tube

Longitudinal stationary waves — Musical instruments based on air (resonance tube).
Only applied to longitudinal stationary wave

— >N+« <« Pressure T density T
(compression)

If medium particles move in this way

+— <N > Pressure density
(Rarefaction)

at antinode — Pressure & density constant so variations minimum.

at node — Pressure & density variations maximum.

h .

_C angelnp‘)ressu‘re = dP = const. then dP o strain dy

€ volumetric strain [dy} dx
dx

So, strain is maximum at node positions and minimum at antinode positions.

Mathematical Analysis :-

Y. =asin(ot - kx)

/_/\

Rigid end Free end
Y =—a sin (ot + kx) Yr = a sin (ot + kx)
»> »>
Yew = @ [sin (ot = kx)-sin (ot + kx) Yow = a [sin (ot — kx) + sin (ot + kx)
Yow =— (22 siln kx) cos wt‘ Yew = (22 cos kx) sir[l ot ’
v v v '
amplitude SHM amplitude SHM
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Y. =acos(ot- kx)

Rigid end Free end
Ve =—a cos (ot + kx) Yr = a cos (ot + kx)

> _> > > > >

Yow = @ [cOs (ot — kx)—cos (ot + kx)  Yesw= a [cos (ot — kx) + cos (ot + kx)

Yow = 22 sin ‘kx sin c?t‘

Yew = 2alcos kx sin mt‘
J

v v - !
amplitude SHM amplitude SHM
Results :-
(1) In stationary wave equation if sin and cos
both t?rms are present jchen incident a'nd sf" _ Concept Reminder
reflecting wave are of sin type otherwise o
cos type. If reflection is from rigid end then
sin cos\ . sin sin incident and reflecting wave are in
cos sin sintype cos cos costype opposite phase so node is formed
o o o at that end and sinkx term s
2 |If reﬂect|or! is from rigid .end ther.n incident present in equation of stationary
and reflecting wave are in opposite phase AV
so node is formed at that end and sinkx
term is present in equation of stationary
wave.
(3) Ifreflection is from free end than incident and reflecting wave are in same phase and
so antinode is formed at that end and coskx term is present.
(i) fx=0 = y=0 = Node = Rigidend
(ii) fx=0 = y#0 = antinode = Freeend
Ex. The equation of a progressive wave is given by y = 0.09sin8n [t —%] After reflection
of this wave from rigid end the amplitude becomes % of initial amplitude. Find out
equation of reflected wave.
Sol. y, =-0.02sin8x|t+—
20
Ex. If equation of standing wave is given by y = 5cos(60nt)cos (%Xj where x and y are in

cm and t in second. Find
(1) General equation of standing wave
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(2) Type of reflector
(3) Type of incident and reflected wave
(4) Equation of incident and reflected wave
(5) Amplitude at (x) position
(6) Amplitude at AN and N
(7) Distance between 2 successive N
(8) Distance from reflection where particle has minimum vibration.
(9) Speed of incident and reflected wave
(10) Speed of standing wave
Sol. (1) y=2Acoswtcoskx
2A =5,A=25cm,m =601

E:E:H»:Dcm
T

(2) Freeend
(3) cos type

k:

(4) y =25cos (60nt —ng ;
Yg = 2.5c0s [60nt —%XJ

(5) A=5cos (%XJ

6 A, =5x0=0,A,,=5x1=5cm

(7) N—N:&:E:GCm
2 2

(8) N_AN:Z:T::;C'T]

9 v:%:eo’we =360 cm/s
T

(10) Vew =0

Ex. If equation of standing wave is given by y_ = 83in(30nt)sin[§xj then find out :

(1) General equation of standing wave

(2) Type of reflector

(3) Type of incident and reflected wave

(4) Equation of incident and reflected wave
(5) Amplitude at (x) position

(6) Amplitude at AN and N



Sol.

M

(2

(3)

(7) Distance between 2 successive N
(8) Distance from reflection where particle has maximum vibration.
(9) Speed of incident and reflected wave
(10) Speed of standing wave
(1) y=2Asinasinkx
(2) Rigid end
(3) cos type
(4) y =4cos [30nt - gx}, Yp = —4cos {30nt + %x}
B) A :8sin[£xJ
3
(6 A, =8x0=0(minimum),
A, =8x1=8(maximum) Definitions

@ N-nN=2-8_3

2 2 Fundamental Frequency:-
(8) N-AN- r_6_ 15¢em Minimum possible frequency

4 4 of sound produced by a source
©) _ o _30rm «3-90cm/s is known as fundamental
k I frequency

(10) Vew = 0
Fundamental Frequency:- Minimum

possible frequency of sound produced by a

Definitions

source is known as fundamental frequency.

Overtone Frequency (OT):- Frequency
higher than the fundamental frequency is
known as overtone frequency.

Harmonic Frequency:- Integer multiple

Overtone Frequency (OT):-
Frequency higher than the
fundamental frequency is know
as overtone frequency.

frequency of fundamental frequency is
known as harmonic frequency.
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Example :-
40Hz 60Hz 80Hz 100Hz 120Hz
fundamental *toT 2MoT 3doT 4%hoT
frequency
or x  2"%harmonic X 3%harmonic
fundamental tone
or

I** harmonic

Longitudinal st. Wave.
Organ pipes :- These are used to produce sound from air.
ex — flute, whistle etc

‘Organ pipe (OP)

g
Closed OP

N
eg. whistle
n Ny N3
A A‘ A
T IR
[ [ N [
N N N
M _34, _5As
L T L 5 L 7
A= 41 Ay= 4:'3—[ A= 4é_l
v 3v v
] N2 =71 Na =71
n 3n 5n
O.T. OC 1stc 2ndc
Harmonic 1 3 5
No. of Nodes 1 5 3
No. of Antinodes 1 5 3

from n =

>|<

th

M

NS

1

<<

+ +
—\—I+
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= 7\‘1 = (;\‘2 ) :3_?"'3
7 | =g | 173
a2l | A2 =2
=Y 3v
M =51 n2=§t, n3=2—l
N 2Ny 3n
OT. . 0 1% it M™O.T
Harmonic 1 2 3 M +1
No. of Nodes 1 2 3 M +1
No. of Antinodes 2 3 4 M + 2 End

End connection (e) :- E

Due to inertia position of antinode is slightly Definitions
shifted above from open and of organ pipe. It is
known as end connection(e) of organ pipe. Due to inertia position of
A z antinode is slightly shifted above
T 7= L+e from open and of organ pipe. It
A T A= 4(l + ) is known as end connection(e)
L vV__ v of organ pipe
| M=% A+ e
r l+e
4
r=4(l+e)
R a—
A 4ll+e)
it fe Aol4e
A 2
A=2(L + 2e)
l U, S S
A % A 2(L+ 2e)
;A € exr where r = radius of organ pipe
e=06r

e = 0.3 D (where D = Diameter of organ pipe)
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&=L+2e

A =2+ 2e)

v__ v
A 2(L+2e)

e oc r when r = radius of organ pipe

D = Diameter of organ pipe

Resonance Tube

This is an apparatus used to determine velocity of
sound in air experimentally and also to compare
frequencies of two tuning forks.

’HI‘HH‘HIWHI‘HI‘IHI‘IHI’IIH II‘HH‘

Figure shown in the setup of a resonance the
experiment. There is a long tube T in which
initially water is filled upto the top and the ear
level can be change by moving a reservoir R up
and down.

Rack your Brain “

Two stationary sources each
emit waves of wavelengthi . An
observer moves from one source
to another with velocity u. Then
find the number of beats heard
by him

S‘\\ Concept Reminder

If we find two successive
resonance lengths | and ,, we can
get the wavelength of the wave as

or A=2(,-L)
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A tuning fork of known frequency n, is struck
gently on the rubber pad and brought near the
open end tube T due to which oscillations are
transferred to the air column in the tube above
the water level. Now we gradually decrease
water level in tube. This air column behaves like
a closed organ pipe and the water level as closed
end of pipe. As soon as water level reaches a
position where there is a node of corresponding
stationary wave, in air column, resonance takes
place and maximum sound intensity is detected.
Let at this position length of air column be 1.

If the water level is further decreased, again
maximum sound intensity is observed when the
water level is at the another node i.e. at a length
l, as shown in the figure. Here if we find two
successive resonance lengths |, and |, we can
get the wavelength of the wave as

or A=2(,-L,)
Thus sound velocity in air given as;
v=n,A=2n,(, -L,)

Resonance Tube Experiment : -

(1) It is a variable length closed organ pipe.
Its length can be varied by changing liquid
level.

(2) Here function of liquid is only to provide rigid
end, resonance condition is not affected by
changing nature or density of liquid.

(3) Vibration produced in resonance tube are
forced vibrations. Tuning fork work as a
driver and tube works as a driven means
vibrations are transferred from fork to tube.

(4) It is based on resonance principle.
Resonance, condition is a special condition
of forced vibration in which frequency
of driver is equal to one of the harmonic
frequency of driven.

5(.‘ _ Concept Reminder
Resonance tube experiment is
based on resonance principle.
Resonance, condition is a special
condition of forced vibration in
which frequency of driver is equal
to one of the harmonic frequency

of driven.

83.

Sound Waves



Sound Waves

(5) At resonance condition is resonance tube, frequency of tuning fork is equal to one of
the harmonic frequency of resonance tube and maximum energy is transferred from

fork to tube and so intensity of produced sound is also become maximum.

Use :- It is used to calculate speed and wavelength of sound wave and end-correction of

organ pipe.

%=l1+e )
from (2) - (1)
%:[2_11
|v=2n(, -L)|

Ex. If fundamental frequency of COP and OOP are same. Find ratio of their length.

L
Sol. nc=n0:>L=L <
al. 2l

L

0

3\
T=L2+e .. (2)

from (2) / (1)
/4 L+e
/4 L, +e

»
3
1

o L, — 3L,
2
ife=0then=1, = 3l,

ife # 0then= L, > 3l,

1

2

Ex. Two COP’s of length 30 cm and 31 cm are produce 5 b/s when vibrate together. Find
out frequency of both pipes.

\"
Sol. n. =—
C
4|.C
n L
noe b M N

30

4 n, l1 n+5 31

31N =30n +150 = n =150 Hz, n + 5 =155 Hz
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Ex. 3 successive overtones frequencies of an organ pipe is given by 360 Hz, 600 Hz, 840
Hz. Find out nature and fundamental frequency of organ pipe.

Sol. 360 Hz : 600 Hz : 840 Hz
3:5:7 =COP

(2m + 1)% = frequency of m™" OT

3—V= 360 :>l: 120Hz
4l 4

Ex. Initially frequency of an OOP is 1000 Hz. If 50% part OOP is dipped in water. Find new
frequency of pipe.

no=1000 Hz

Sol. n, = —
T
\
1000 = — .. (1
\Y; VX2
N = — = .o 2
¢ al, c 4xl, @

1000 _ v 4l
n 2L, 2v

C
Ne = 1000Hz

Ex. If 2 OOP of length 25 cm and 25.5 cm are produce 6 b/s when vibrate together. Find
velocity of sound.

Sol. [, =25cm, |, =25.5cm

[V 2P B N ) B
2, 2, 2, 2l

1 1 1 1
\Y - =6=>V|—-—|=6
2x25 2x25.5 50 51
50x51x6
V= — —0m
100

=153m/s
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Ex. If fundamental frequency of both pipes are 300 Hz. Find out frequency of COP and OOP
corresponding to 8t antinode.
Sol. For COP

%L — 300 = (2m + 1)[l]

4]
Antinode = m+1=8=>m=7

= (2 x 7+ 1) x 300 = 4500 Hz
For OOP Y _300=(m+1)|~

2l 2l

m+2=8=m=26
= (6 +1) x 300 = 2100 Hz

Ex. A COP of length =100 cm is divided into 2 unequal parts such as fundamental frequency
of closed part is same as frequency of 15t OT of open part. If speed of sound = 320 m/s.
Find out length of both parts.

Sol. FF of COP = 15t OT of OOP

>
5 |
o o
S X
- o
=
\% 2v
= @ —=—
a2,
= L, =4l
= x=4(100-x) = X =400 - 4x
= 5x =400 = x=80cm=1,

l. =100 -x=100-80=20cm

Ex. A fork produce 5b/s with two COP of length to 30 cm and 31 cm separately. Find
frequency of both pipes.
Sol. Let frequency of fork = n
1T . n L n+5 31
L n, L n-5 30
= 30n +150 = 31n — 155
= n=305Hz,n+5=310 Hz,n — 5 =300 Hz
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Ex.

Sol.

Ex.

Sol.

EXx.

Sol.

Length of OOP is 44 cm and fundamental frequency is 340 Hz if velocity of sound is
340 m/s. Find end correction.
\Y 340 x 100
Ny = ———— = =
2(L + 2e) 2(44 + 2e)

=44+2e=50=>e=3

A fork of frequency 340 Hz is allowed to vibrate just above the open of resonance
tube of length 120 cm. If velocity of sound = 340 m/s. Find (a) maximum number of
resonance (b) maximum and minimum liquid level at resonance condition.

(@) v=ni Number of resonance = 2
A=Tm=100cm
& = @ =25cm
4 4
ﬂ= 75¢cm

(b) Maximum liquid level =120 - 25 = 95 cm
Minimum liquid level =120 - 75 = 45 cm

A fork of frequency 330 Hz allowed to vibrate just above of tube of length 180 cm. If
velocity of sound is '330 m/s' Find: (@) maximum number of resonance (b) maximum
and minimum liquid level at resonance condition.

(@) v=ni
7 =330 4~ 100em
330
= &=@=25cm
4 100
= %=150m
4

Maximum number of resonance = 4
= % =125cm

= E: 175¢cm
4

(b) Maximum liquid level =180 — 25 =155 cm
Minimum liquid level =180 — 175 = 5 cm
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Ex. 2 forks A and B produce 4 b/s when sounded together. A is in resonance with COP, | =
16 cm and B is in resonance with OOP of | = 32.5 cm. Find out frequency of both pipes.

SOL o nz—n1:4
% % % \%
n=——= and n, = — = ———
4. 4x16 2l. 2x325
n,-n =4 :L_L:4 = v L_i -4
64 65 64 65

= V=4x064x065
n, =260Hz, n, = 256Hz

Ex. A flute which we treat as an OOP of L = 60 cm. How far from the mouth piece a hole
should be uncovered for fundamental frequency to be '330 Hz. If speed of sound in
air is '340 m/s), then also calculate fundamental frequency when all the holes are

covered.
Sol. n, = v - 330= 340 =1, = U O 51.5cm
2L, L 33
330x100
and N = — = 22X P _ 283.33Hz .
2, 2x60 ¥ . Concept Reminder
Quink’s Tube A whale’s voice travels at a

maximum speed of 800 kilometres
or 479 miles in the water. Dolphins
hears sounds from 24 kilometres
or 15 miles away underwater.

This is an apparatus used to demonstrate
phenomenon of interference and also used to
measure velocity of the sound in air. This is made
up of two U-tubes 'A' and 'B' as shown in the
figure. Here the tube 'B' can slide in and out from
the tube 'A. There are two openings 'P' and 'Q' in the tube 'A. At opening 'P', a tuning fork or a
sound source of known frequency n is placed and at other opening a detector is placed to
detect the resultant sound of interference occurred due to the superposition of two sound

wave coming from the tubes 'A" and 'B"

Sound source
- ]

Detector
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Initially tube B is adjusted so that detector detects a maximum. At this instant if length of
paths covered by the two waves from P to Q from the side of A and side of B are |, are |,
respectively then for constructive interference we must have

L, -, =N .. (1)
If now tube B is further pulled out by a distance x so that next maximum is obtained and
length of path from the side of B is |, then we have

L, =1, +2x ... (2)
Where 'x' is the displacement of tube. For next constructive interference of sound at the
point 'Q', we have

L =L =N+ .. (3)

2

From equation (1), (2) and (3), we get
A
= —_— ey 4
or x =2 4)

Thus by experiment we get wavelength of sound as for the two successive points of
constructive interference, the path difference must be 'A" As the tube 'B' is pulled out by

'x, this introduces a path difference '2x' in the path of sound wave through tube 'B' If the
frequency of source is known, n , the velocity of sound in the air filled in tube can be given

as;

V =ngh = 2n X ... (5)

Ex. In the large room a person receives direct sound waves from the source 120 m' away
from him. he also receives waves from same source which reach him, being reflected
from '25 m' high ceiling at the point halfway between them. For which the wavelength
will these two sound waves interfere constructively?

Sol. As shown in figure for reflection from the ceiling

Path SCP = SC + CP = 2SC [As Zi = Zr,SC = CP]
or Path SCP = 2v602% + 252 =130cm
[As Zi= Zr, SC = CP]
¢

S4 > »P
Source Detector
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Ex.

Sol.

So, path difference between interfering waves
along path SCP, and SP,

AX =130 -120=10m
Now for constructive interference at P.
AX = nA i.,e, 10 = n\

or k=£ withn=1,2,3 .........

i.e. A =10 m, 5m, (10/3) m and so on

As shown a tube structure in which a sound signal is sent from the one end and is
received at other end. The semicircular part has a radius of '20.0 cm' The frequency
of the sound source can be varied electronically between 1000 and 4000 Hz. Find the
frequencies at which maxima of the intensity is detected. The speed of sound in air

='340 m/s"

@) Y

Sound wave reaches detector by the two paths simultaneously be straight as well as
the semicircular track. Wave through the straight path travels a distance 'l, = 2 x 20
cm' and the wave through the curved part travels a distance |, = n(20cm) = 62.8cm

= 62.8 cm before they meet again and travel to receiver. The path difference between
two waves received is, therefore,

Al = l2 - l2 =62.8cm-40cm =22.8cm = 0.228m
v 340

The wavelength of either wave is —=——. For constructive interference, Al =N\
n n
where N is an integer
or, 0.228 = N[ﬂJ
n
340

Nn=N|—— | =N((1491.2)Hz = N(1490)Hz

or, (0.228) ( ) (1490)

Thus, the frequencies within the specific range which cause maxima of intensity are
1490 Hz and 2980 Hz.
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Ex.

Sol.

Two sources 'S and 'S}, separated by 2.0 m, vibrate according to equation y, = 0.03

sinnt and y, = 0.02sinnt wherey, y, and t are in M.K.S unit. They send out waves of

velocity 1.5 m/s. Calculate amplitude of the resultant motion of particle co-linear with
'S,'and 'S, and located at a point (a) to the right of S, (b) to the left of S, and (c) in the
middle of S, & S,.

The situation of shown in figure,

— TM—»e—TmM—»

—)—G—
P LS/ Q Kg/ P,

The oscillations y, and y, have amplitudes A = 0.03 m and A, = 0.02 respectively.

The frequency of both sources in n = £ % = 0.5Hz
Y
Now wavelength of each wave n = O % =3.0m
n .
(@) The path difference for all points P2 to the right of S, is

A=(SP,-S,P) =SS, =2m
Phase difference ¢ = %x Path difference

_2n s, A
3 3

The resultant amplitude for this point is given by

R = \/Af +A2 +2A A, cosd

= J(0.03)% + (0.02)? + 2 x 0.03x 0.02 x cos(4r / 3)

Solving we get R = 0.0265 m
(b) The path difference for all point P, to the left of S,

A=(SP-SP)=SS,=2.0m
Hence the resultant amplitude for all points to the left of S| is also 0.0265 m
(c) For a point Q, between S, and S, the path difference is zero i.e., ¢ =0. Hence

constructive interference take place at Q, thus amplitude at that pointis maximum
and given as;

R = \/Af +A2+2A A,
=A +A,=0.03+0.02=0.05m
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Ex.

Sol.

Ex.

Two coherent narrow slits emitting of the wavelength X in the same phase are placed
parallel to each other at the small separation of 21. Sound is detected by moving a
detector on screen S at a distance D (>>4) from slit S, as shown in figure. Find the

distance x such that the intensity at P is equal to the intensity at O.

P
— 20—
< : 8]
S S,
- D S

When the detector is at O, we can see that the path difference in two waves reaching
O is d = 2\ thus at O detector receives a maximum sound. When it reaches P and again
there is a maximum sound detected at P the path difference between two waves must
A =A. Thus shown figure the path difference at P can be given as

A=SP-S,P=SQ
=dcos0 =2Acos0

Q X
§1 d=2 S'Q

i D

v

And we have at point 'P, path difference A = L. Thus, BA =2kcos6 =1
or, cosb6= l
2

T
o, 06=—

Thus the value of x can be written as x = D tan [g] = \/ED

As shown in figure two coherent sources S, and S, which emit sound of wavelength A
in phase. The separation between the sources is 3A. A circular wire of the large radius

is placed in such a way that S'S, lies in its plane and the middle point of S'S, is at the
centre of the wire. Find the angular position 06 on wire for which constructive

interference takes place.
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Sol.

From previous question, we can say that for a point P on the circle shown in figure
shown. The path difference in two waves at P is

A=SP-S,P= dcosO® =3\cosH

We know for constructive interference at 'P. Path difference must be integral multiple
of wavelength . Thus for a maxima at P, we have,

3hcos0=0; 0=3\lcosO=2;
3hcosO =2L; 3l cosO =3L;
or == or 0=cos
2 3
12
or 9=cos§ or 06=0

There are four points A, B, C and D on circle at which 6=0 or g and there are the

. . a1 42 . .
two points in each quadrant at 6 =cos 15 and 0 =cos 15 at which constructive

interference takes place. Thus there are total twelve points on circle at which maxima
occurs.
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Vibrations of Clamped Rod

We discussed the resonant vibrations of a string
clamped at the two ends. Now we discuss
oscillations of a rod clamped at the point on its
length as shown in the figure. Figure shows the
rod 'AB' clamped at the middle point. If we gently
hit rod at its one end, it begin to oscillate and in
natural oscillations rod vibrates at its lowest
frequency and maximum wavelength, which we
called the fundamental mode of oscillations.
With the maximum wavelength when transverse
stationary waves setup in rod, free ends vibrates
as antinodes and the clamped end a node as
shown in figure. Here if 'A ' be the wavelength of

the wave, we have;

l:& or A =2l
2

//

N\

L

) 4

A

Thus the frequency of fundamental oscillations
of the rod damped at mid point can be given
as

\% I Y
n.=—=— |[— con 1
O x 2\p M
Where 'Y' is the Young’s modulus of material of
rod and p is the density of the material of rod.

Next higher frequency at which rod vibrates will
be then one when wave length is decreased to a
value so that one node is inserted between mid-
point and an end of rod as shown in figure.

Rack your Brain ﬂ

A car is moving towards a high
cliff. The driver sounds a horn of
frequency f. The reflected sound
heard by the driver has frequency
2f if v the velocity of sound, then
find the velocity of the car, in the
same velocity units.

Sr‘ .. Concept Reminder
The frequency of fundamental
oscillations of a rod damped at

mid-point can be given as

| ]Y

n =~ __
° A 2Y\p
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In this case if A be the wavelength of the waves
in rod, we have

_ 3\

T2

L

or A=— .. (2)

Thus in this case the oscillation frequency of rod
can be given as

n1:%:2il %:3n0 .. (3)
This is called first overtone frequency of damped
rod or third harmonic frequency. Similarly, the
next higher frequency oscillation i.e. second
overtone of the oscillating rod can be shown in
figure the shown. Here is 'L " is the wavelength of

wave then it can be given as

s, 2

L ra

. (@)

Thus frequency of oscillation of rod can be given
as;

v b5 |Y
n = —= — —:5n .ee 5
2 2\}p 0 ®)

—
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Thus, the second overtone frequency is fifth
harmonic of fundamental oscillation frequency
of rod. We can also see from above analysis
that resonant frequencies at which stationary
waves are setup in a damped rod are only odd
harmonics of fundamental frequency.

Thus when an external source of frequency
matching with any of the harmonic of the damped
rod then stationary waves are setup in the rod.

Natural Oscillation of Organ Pipes

When we initiate some oscillations in an organ
pipe, which harmonics are excited in the pipe
depends on how initial disturbance is produced
in it. For example, if you gently blow across
the top of an organ pipe it resonates softly at
its fundamental frequency. But if you blow
must harder you hear the higher pitch of an
overtone because the faster airstream higher
the frequencies in exciting disturbance. This
sound effect can also achieved by increasing air
pressure to an organ pipe.

Kundt’s Tube

This apparatus used to find velocity of sound in a
gaseous medium or in the different materials. It
consists of the glass tube as shown in the figure.
one end of which a piston 'B' is fitted which is
attached to the wooden handle 'H' and can be
moved inside and outside tube and fixed, the rod
'M' of the required material is fixed at clamp 'C'
in which velocity of sound is required, at one end
of the rod a disc ‘A’ is fixed as shown.

L a thin layer of

lycopdium powder

Rack your Brain ﬂ

A whistle revolves in a circle with
angular speed o = 20 rad/s using
a string of length 50 cm. If the
frequency of sound from the
whistle is 385 Hz, then what is
the minimum frequency heard by
an observer who is far away from
the centre (v, ., = 340 m/s)?

(1) 385 Hz (2) 374 Hz

(3) 394 Hz (4) 333 Hz
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In the tube air is filled at room temperature and a
thin layer of lycopodium powder is put along the
length of tube. It is very fine powder particles of
which can be displaced by the air particles. When
rod 'M' is gently rubbed with the resin cloth or hit
gently, it starts oscillating in fundamental mode
as shown in the figure, frequency of which can
be given as;

=Y [Asko=%]

ST

gl —pi

F 3

Doppler’s Effect (An) :-

Due to relative motion between source and
observer observer observes different frequency
from the frequency produced by a source.

This change in frequency due to the relative
motion between source and observer is known
as Doppler’s effect.

This phenomena is related to change in frequency
or change in pitch but not related to change in
intensity.

Sound waves, light waves, EM waves, micro
waves, radio waves all show Doppler’s Effect.

Doppler’s Effect for Sound Waves :-

Condition for which sound wave does not show

Doppler’s effect:-

(1) When source and observer both are at rest.

(2) When source and observer both are moving
with same speed in same direction.

Definitions

Doppler’s Effect

Due to relative motion between
source and observer observer
observes different frequency
from the frequency produced
by a source. This change in
frequency due to relative motion
between source and observer is
known as Doppler’s effect
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(3)

4

Sound wave does not show Doppler’s
effect for transverse motion but light wave
shows.

When speed of source or observer is greater
than speed of sound in the medium then
Doppler’s theory is not applicable.

Special Points :-

m

2
(3)

(4)

When source or absorber or both move
towards each other then apparent
frequency is greater than actual frequency
(n’ > n).

When source or observer or both move
away from each other then n’ < n.

Change in frequency depends on relative
motion between source and observer. It
does not depends on distance between
source and observer.

n Vo n Vo n
ll I”
rest n’ n

n

= n'=n"and I'>1"
Wavelength of wave is not affected by

motion of observer it is affected by motion
of source.

5(.‘ Concept Reminder

Change in frequency depends on
relative motion between source
and observer. It does not depends
on distance between source and

observer.

n <M _n «Yo__n
rest I i |"n,.

= n'=n" and |'>|"
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$ . Concept Reminder

v -

Dogs are capable of hearing

Stationary Source and Stationary Observer sounds at a much higher frequency
Figure shown a stationary sources of frequency than humans can. They can hear
n, which produces sound waves in air of sounds or noises humans cannot.

wavelength A, given as

Y% .
Ay = — [v = speed of sound in air]
nO
A=
.
—— v
g \
Source Observer
(n-H7)

Although sound waves are longitudinal wave here we represent sound weaves by transverse
displacement curve as shown in the figure to understand the concept in the better way. As
source produces waves, these waves travel towards, stationary observer O in the medium
(air) with speed v and wavelength 'A " As observer is at rest here it will observe the same

wavelength A, is approaching it with speed v so it will listen the frequency 'n' given as;

[same as that of source] (1)

This is why when the stationary observer listen the sound from a stationary source of the
sound, it detects same frequency sound which the source is producing. Thus, no Doppler
effect takes place if there is no relative motion between the source and observer.

Stationary Source and Moving Observer
As shown in figure when a stationary sources of the frequency 'n/' produces the sound
waves which have wavelength in air given as;
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A, = —
0
nO
Vv
Ao = |
k—’ Vv
N /N —
g 1 oo
Source Observer
(ngHz)

These waves are travel toward moving observer with velocity v, towards source. When
sound waves approach observer, it will receive the waves of wavelength 1, with speed

'v + v, . Thus frequency of sound heard by observer can be given as

V4V
Apparent frequency n_ = : &
0 s!" _ Concept Reminder
V+ v, V+ v, L ) )
= =No| — - (2) if the observer is receding away
[LJ from the source the apparent
Mo frequency heard by the observer
Similarly we can say that if the observer is will be given as
receding away from the source the apparent V-V,
frequency heard by the observer will be given as Nap = Mo v
V-V,
n, = no( y ] .. (3)

Moving Source and Stationary Observer
As shown in the figure situation when a moving source S of frequency n, produces sound

waves in medium and the waves travel toward the observer with velocity 'v.
a Ao »

—— hap —b

»O
Observer

Here if we carefully look at the initial situation when source starts moving with velocity v,

i} sec and in this

as well as it starts producting waves. The period of one oscillation is {
n
0
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duration source emits one wavelength 1 in the direction of propagation of the waves with

n

speed 'V, but in this duration the source will also move forward by the distance vs[i] .
(6]

Thus the effective wavelength of emitted sound in air slightly compressed by this distance
as shown in the figure. This is termed as apparent wavelength of sound in the medium by
the moving source. This is given as;

Apparent wavelength A, =X, — v, [iJ .. (M
r10
_ AoNy — Vg _n-vg
0 nO
This wavelength will approach observer with the e

¥ . Concept Reminder

if source is receding away from
observer, the apparent wavelength

speed 'V' (O is at rest). Thus frequency of sound
heard by the observer can be given as;

Apparent frequency Ny = XL

ap emitted by source in air toward
observer will be slightly expanded
= v =n ( v J . (2) and the apparent frequency heard
(v=v)/ng  Plv-v, by the stationary observer can be
Similarly, if the source is receding away from given as
observer, apparent wavelength emitted by the y
source in air toward observer will be slightly Nap =n°(v+vj

expanded and apparent frequency heard by the
stationary observer can be given as

N, =N, (v J:/v j .. (3)

Moving Source and Moving Observer
Let us consider the situation when both source and observer are moving in the same
direction as shown in the figure at speeds 'v' and 'v' respectively.

¢ Ao »l
Y —V
s /\ A 5
s >

In this case the apparent wavelength emitted by source behind it is given as

:V+VS

ap n

0

1.
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Now, this wavelength will approach the observer at relative speed v + v, thus the apparent
frequency of sound heard by observer is given as

. (1
M Concept Reminder

a general relation for finding the
apparent frequency heard by a
moving observer due to a moving
source as

Expression of apparent frequency given by
equation, we can easily develop a general
relation for finding the apparent frequency
heard by a moving observer due to a moving
source as

. (2

Here + and — signs are chosen according to the direction of motion of source and observer.

The sign convention related to the motion direction can be stated as :

(i) For both source and observer v, and v_ are taken in equation with —ve sign if they are
moving in the direction of i.e. the direction of propagation of sound from source to

observer.
(ii) For both source and observer v, and v_ are taken in equation (2) with +ve sign if they
are moving in the direction opposite to  i.e. opposite to the direction of propagation

of sound from source to observer.

Doppler Effect in Reflected Sound

When a car is moving toward a stationary wall as shown in the figure. If the car
sounds a horn, wave travels towards the wall and is reflected from wall. When the
reflected wave is heard by driver, it appears to be of the relatively high pitch. If we
wish to measure frequency of reflected sound then problem must be handled in
two steps.

First we treat stationary wall as stationary observer and car as a moving source of sound of
frequency 'n/. In this case the frequency received by the wall is given as;

. (1)
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Now, wall reflects this frequency and behaves like a stationary source of sound of frequency
n,and car (driver) behave like a moving observer with velocity v_. Here the apparent frequency
heard by the car driver can be given as

V-‘:—VC
r~'ap:h1 v
V+V VvV +V
V—VC \% V—VC

Same problem can also be solved in a different manner by using method of sound images. In
this procedure we assume the image of the sound source behind the reflector. In previous
example we can explain this by situation shown in figure.

Here we assume that the sound which is reflected
by the stationary wall is coming from the image

of car which is at the back of it and coming S"‘ _ Concept Reminder
toward it with velocity v.. Now the frequency e
of sound heard by car driver can directly be This method of images for solving
given as problems of Doppler effect is very
_ _ convenient but is used only for
n =n | Y Y . (3) velocities of source and observer
v LV Ve | which are very small compared to

the speed of sound and it should

not be used frequently when the
of Doppler effect is very convenient but is used reflector of sound is moving.

only for the velocities of source and observer
which are very small compared to the speed of
sound and it should not used frequently when
the reflector of sound is moving.

This method of images for solving the problems

Doppler’s Effect for Accelerated Motion
For the case of a moving source and a moving observer, we know apparent frequency
observer can be given as;
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VERY,
n._=n o .. (4

Here v is the velocity of sound and v, and v, are the velocity of observer and source

respectively. When a source of observer has accelerated or retarded motion then in equation
(4) we use that value of v, at which observer receives the sound and for source, we use that
value of v_ at which it has emitted the wave.

The alternative method of solving this case is by the traditional method of compressing or
expending wavelength of sound by motion of source and using relative velocity of sound

with respect to observer

Doppler’s Effect when Source and Observer are not in Same Line of Motion

Consider the situation shown in the figure. Two cars 1 & 2 are moving along perpendicular
roads at speed v, and v,. When car - 1 sound a horn of frequency n,, it emits sound in
all directions and say car - 2 is at the position, shown in figure. when it receives the
sound. In such cases we use velocity components of the cars along the line joining
the source and observer thus the apparent frequency of sound heard by car-2 can be

given as

vV +V,Ccos 92

*® % v-v, cos0,

Car -1

) 0

A Car-2
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Different Cases :

(|) e fapp= f

(6] S

L TPV +
@ & S fap":(v vvo)f
vy _

| —V [ v
() 0 S fopo= (v +Vo)f
W e =( v )f

0 RARNERY

4 —» Vs —»V, _Vv+w

) 0 S ferp= (V+vs)f
Vo \Yi

iy 4— s _Iv-w
Vi) g f“”"(vws)f

. R T
(viii) S 3 fopp= (v — vs)f

Y

; +«—V — _(V =V,
(ix) S 2 fapp= v+v2)f
) H fo=f

Vo
(xi) OI—§ fop=1F
Vs
(xii) o’—Is fop=
Vo

B 056 p f,= (v + vscose)

Different Examples:
(1) When source crosses the stationary observer.

e @

Rest n"
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v v vZ +vvg — v+ vvg
V-Vg VvV vi—v2

2vvg . 5
b=An =|—F—>5 [N if Vs <<V then vg =0
VT - Vg
2vv
b=An = 28
Y,
2
b=An=$
v

V+ Vv
n'= 9 n
v

b=An=(v+v0_

\%

b:An:Qﬁn
v

(3) If observer is stationary far away from circular path of source.

n=n v
¥, 2 ’
o n’ = max.
n
R R
S S
R R
VS
. Vs
n=min. S oo
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. \Y \Y
n = n= n (v, = oR)
e (V+VSJ (v+ij °

(4) If source is stationary far away from the circular path of the observer.
n"=n \
v, ¢ ;
" n’ = max.
n
R
(0] ()
R R
v
0
v
n=min. O N oo

Rest

' \% Ng =N ' \Y
Ny =|—|n , Ng=|—|n
V + Vg Ccos0 An=0 V +V Ccos0
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(6) Beat phenomena in Doppler’s Effect:-
Case-Il
When source, moved towards stationary target.

\Y \Y; 2vsvn
b=An= - n S

2
b;(ijn v >> v
v

.2 2
V® —vg

Note : Stationary target behave as an observer for the incident sound and behave as a
source for reflected sound.
Case-Ill : When source and observer both move towards stationary target.

(x is the speed of source and observer).

' V + X
ng = n
vV —X
V + X 2X

beats = ng —np = n-n, b= n
V=X V — X

78.




Light Doppler Effect :-

Two basic difference between Doppler’s effect for light waves and sound waves are.

(1) Sound waves do not show Doppler’s effect for transverse motion but light waves
show.

(2) Doppler effect for sound waves is an asymmetric phenomena but for light waves it is
a symmetric phenomena.
C=nA

C = const, then |n oc%

Speed of light (c) works as infinity means C+Vy =C or vg =C

It is based on Einstein’s theory of relativity.

According to Einstein apparent frequency of light waves N’ =

when v is the relative speed between source and observer.

Case-l
When source or observer or both move towards each other with relative speed v.

\'

o e
® @

@

N <
NI <
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Case-ll

Rest
- ® O
Rest
v v
@ O
n':{1—l}n , k':[1+l}k ,
C C
An:in , Ak:ﬂk ,
C ©
An=+~n]|, AN 100=Y <100,
C n C
A =F22 |, A% 100 =Y x 100
C A C
AN = Doppler displacement.
= Doppler shift.

= Change in wavelength.
= Shift of spectral line.

Spectrum

Violet Indigo Blue Green Yellow Orange Red

650 nm 700 nm

400 nm 450 nm 500 nm 550 nm 600 nm

> (A1)

(nT)<
Spectrum of Visible Light



Applications of Doppler effect
(1) To explain the expansion of universe. (Red shifts)
(2) To find out velocity of any light source w.r.t. to us or earth.
(3) Spin Rotational speed of light source.

[Sun rotates on its own axis from East to West with 2 km/s]
(4) Boarding of line spectrum can be explained by using LDE

Ex. A star which is emitting radiation at a wavelength of 5000 A, is approaching the earth
with a velocity of 16 x 10° m/s. Calculate the change in wavelength of the radiation as
received by the earth.

3
sol. An=Ya=15X10" 2600 = 0.0254
c 3x 108
Echo :-

Reflected sound is known as Echo.

i

>

Time taken by a person to hear echo of his sound
_2d

v

d —» distance between source & obstacle

v — Velocity of sound.

t

Ex. A man standing on a cliff claps his hand and hears its echo after one second. If the
sound in reflected from another mountain then find the distance between the man &
reflection points (v, = 340 m/sec)

Sol. Let distance between cliff and mountain be d

d
)‘\v=340m/s A
—>

1=-9 1 9 L 4_170m
340 340

distance = % =170m
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Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

A source of sound wave of frequency n travels with velocity v towards a large vertical
plane wall. Sound is reflected from the wall. Speed of sound in medium is u (u >> v).
Then what is the frequency of reflected wave.

Frequency of wave incident on wall is :

n, = n( Y J same frequency is reflected.
u—v

In above example, If an observer is also moving towards wall with velocity v behind the
source. Then calculate the number of beats heard.

Frequency heard by observer directly from source is n, = n[u i Vj =n
u-—v

and frequency heard by observer of the wave reflected from wall.

u+v u+v
n3=n1 =N
u u-—-v

Number of beats
u-+v 2v 2nv

=n;-n,=n -n=n =
u-v u-v u-v

A whistle of frequency '540 Hz' is moving in a circle of radius '2 ft' at a constant angular
speed of "5 rad/s' What is the lowest and highest frequencies heard by the listener
standing at the rest, a long distance away from centre of circle? Velocity of sound in
air is 1100 ft/sec.

The whistle is moving along a circular path with constant angular velocity w. The

linear velocity of the whistle is given by

V. = ®R

S

where, 'R' is radius of the circle.

At points ‘A" and 'B’, the velocity 'v,' of whistle is 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:
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Sol.

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

v
V4 Vg

fmin

= f

If, f = 540 Hz, v_ = 2 ft x 15 rad/s = 30 ft/s, and v = 1100 ft/s,
we get (approx.)
f .. =555 Hzand,f

ma:

=525 Hz.
A train approaching a railway crossing at a speed of '72 km/h' sounds a short whistle
at frequency '640 Hz' when it is "1 km' away from crossing. The speed of sound in air is
'330 m/s'. A road intersects crossing perpendicularly. What is the frequency heard by
the person standing on the road at the distance of 1732 m' from the crossing.

The observer A is at rest with respect to the air and the source is travelling at a velocity
of 72 km/h i.e., 20 m/s. As is clear from the figure, the person receives the sound of
the whistle in a direction BA making an angle 6 with the track where tanf = % =3
, i.e. 6 =60°. The component of velocity of the source (i.e., of the train) along this
directionis 20 cos 6 = 10 m/s. As the source is approaching person with this component,
the frequency heard by the observer is

efheoeeeeme @ .....\

300m

400m

A(person)

' = v 330 | 640Hz = 660Hz

= U:
Vv —ucosH 330-10
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EXAMPLES

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

PO =B. k So
B0
kS,
_ Pok
2nSO
20x0.4
= onx5x10°°
8 x 10°

N/m?
T

(a) Find out speed of sound in a mixture of 1 mol of helium and 2 mol of oxy-
gen at 27°C.

(b) If temperature is raised by 1K from 300 K. Find the percentage change in
the speed of 'sound’ in the gaseous mixture.
[Note : This can be done after studying heat.]

5 7
(a) y _n‘]CP1+n2CP2 _1X§R+2X§R_19
mix - e
n1CVw +n2Cv2 1X§R+2X§R 13
2 2
" _hm,+n,m, 1x4+2x32 68

mix
n, +n, 1+ 2 3

Yrix R T 19%x25x300x%x 3
V= [Amk 7 =400.9 m/sec
M 13x3x68x10" ' '
YRT
V= |—
(b) ¥

= /nv = l,ﬁnﬁ+lﬁnT
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1 1
dv 0+

vdT 2T
N 10029 100= 1 c100="o
v 2T 2 x 300

A gas mixture has 24 % of Argon, 32 % of oxygen, and 44 % of CO, by mass.
Find the velocity of sound in the gas mixture at 27 °C. Given R = 8.4 S.l. units.
Molecular weight of (Ar = 40), (0, = 32), (CO, = 44).

Y =513, Yo, = 7/5, Yeo, = 4/3.

v M. el _ 100 _ 100
™ M. Mg m,, 24 32 44 26
Ar 2 4 2 % + 5 + ﬂ
Mar Mo2 Mco2
fo- nf +n,f,+nf, 0.6x3+1x5+1x6 12.8
m n, +n, +n, 2.6 2.6
2.8,
, o Tmmt2 26 7 _ 18
mxef 12.6 12.8
2.6
\/ymiXRT 18 x 8.4 x 300 \/18x8.4x300x2.6
V = = = 3
Mix 12.8 x ‘|20§ %103 12.8 x100x 10

=+/92137.6 =~ 303.5 m/s.
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Two sound waves one in air and other in fresh water are equal in the intensity.

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

(b) If pressure amplitudes of waves are equal then what will be the ratio of
intensities of the waves.

[V, ..« = 340 m/s in air and density of air = 1.25 kg/m?, V

density of water = 1000 kg/m?].

=1530 m/s in water,

sound

2

P
(@) 20\/ =1 Given, I, =1,
Y

2pV Water va air
2
F)O water pW
Oa|r pa|r air

Owater 1000 1530
X =60
O air pa|r air 1.25 340

(b) Py =/2pV
(m)water - (m)

|l _ pair Vair _ 1
V. 3600

I water

air

air pwater
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A point A is located at a distance r = 1.5 m from a point source of sound of fre-
quency n = 600 Hz. The power of the source P = 0.80 W. Neglecting damping of
the wave and assuming the velocity of sound in the air to be (340 ms-'). Find
at the point A :

2257 5 100

k§ m>; =«

544 ~3x3.375

(use pair =

(a) Pressure oscillation amplitude (Ap), .
(b) The oscillation amplitude of particles of medium.

Py = /2IpV

_ \/2><O.8><225n><340 _ g
544 x 41t x1.5x 1.5
P P P
Soz—O: 0 _ 0 -,-B:pvz,kzg
B Q(mj 2npVn v
pVe| =
%
5x 544

2n x 2251 x 340 x 600

_ 5x544 x3x 3.375 :3><1O’6m:3pm.
2x225%x340x 600 x 100

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

Now new situation of detector is D’
so path difference for subsequent minima

AS=SD-SD' =L
2
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= (3+x)2+242 —Vx? +24% =1

= x=7cm.
So detector should be displaced by
7+15=8.5cm.

LI L L Y

5cm

© “«—>r4+—>»]D
12cm 12 cm
A sound source, detector and the cardboard are arranged as shown in the
figure. The wave is reflected from the cardboard at the line of symmetry of
source and detector. Initially the path difference between the reflected wave
and the direct wave is one third of the wavelength of sound. Find the mini-
mum distance by which the cardboard should be moved upwards so that the
both waves are in phase.

Initially path difference for same phase 2S, - 24 = /3 ...()
= A=6
If shifting is x for bring waves in phase 2S’ — 24 = ..(ii)
subtract (ii) and (i)
28, - 28, = 2
3 X
s s = 5 |
3 N B
S-S, = e
3 5
S
(5+x)" +122 —/52 4122 =2
On solving x = 4 cm. v
S 24 D
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The equation of a longitudinal standing wave due to superposition of the pro-

gressive waves produced by two sources of sound is s = —20 sin (107) % sin

(100 nt) where 's' is the displacement from the mean position measured in

mm, 'X' is in meters and is in seconds. The specific gravity of the medium is

10-3. Density of water = 10° kg/m?>. Find:

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

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

(c) Minimum distance between 'pressure antinode' and 'displacement an-
tinode".

(d) Intensity at the displacement nodes.

100
(@) f=—" =50 Hz
21
o 2
k=101 = r=-2-2",400cm=20cm
k 107

v=fA=50x0.2=10 m/s.
(b) B = pv? = (10*3 X 1000)>< 102

P, =BKS, =100 x 101 x 20 x 10~°
=207t N/m?2.
(c) Distance between Pressure Antinode and displacement Node is

%:5 cm=0.05m.

@ |- P2 (20m)(207) 20 W/
20V 2x1x10 '

In an organ pipe the distance between adjacent nodes is (4 cm). Find the fre-
quency of source if the speed of sound in the air is 336 m/s.

%=4x1o*2m = A=8x1072m

336
8 x 1072

n :¥ = 4200 Hz = 4.2 KHz.

node
—» — «— node
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A closed organ pipe of length | = 100 cm is cut into two unequal pieces. The
fundamental frequency of the new closed organ pipe piece is found to be
same as the frequency of first overtone of the open organ pipe piece. Deter-
mine the length of the two pieces and the fundamental tone of the open pipe
piece. Take velocity of sound = 320 m/s.

2 W h

2g‘l )
7\,117161 7\,2:4/62
f1 = f2
v_ Vv
(4l
0 =4, ¢, +¢, =100

5¢, =100 ¢,=20cm (=80

Fundamental frequency of open pipe.

320 320 320x100

A 2x/l, 2x80

f:




Find the number of possible natural oscillations of air column in a pipe whose
frequencies lie below 'f, = 1250 Hz' The length of the pipe is 'l = 85 cm'. The
velocity of sound is 'v = 340 m/s'

Consider the two cases :

(a) Pipe is closed from the one end

(b) Pipe is opened from both the ends.

The open ends of pipe are assumed to be the antinodes of the displacement.

* =/ Sk = ¢ and for nt" overtone (2n + 1)£ =/,
4 4 4
Ao
el 3L
4 47*[
(2n+1)£:€ A= 4l
4 (2n + 1)
V(2n + 1)
f= : < 1250 Hz
340(2n + ‘I)x 100
= < 1250
4 x 85
=(2n +1) <125 n-overtone
2n < 11.5
11.5
n<—
n <575 n number of oscillation = 6

n=0,12,3,4,5
similarly for open organ pipe

Vv
fzﬂ(n+1)<1250

340 x 100

T (n+1)<1250

91.

Sound Waves



Sound Waves

12.5

n+1<——
2

n+1<6.25
n < 5.25
n = overtone
n=0,1,2,3,4,5
number of oscillation (6).

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

f=— |—
A\p

1 1
nf=—Inh+—/INT—-——/np
2 2

1£:O+ll_o
fdT 2T
i,‘ldT

f 2T
dT _2df 2x6 2

T f 600 100

x 100 = 2%.

% change = 150

A metal wire of the diameter "1 mm), is held on two knife edges separated by
the distance of '50 cm'. The tension in the wire is the 100 N'. The wire vibrat-
ing in its fundamental frequency and a vibrating tuning fork together produc-
es the '5 beats per sec'. The tension in the wire is then reduced to the '81 N
When the two are excited, beats are again at same rate. Calculate

(a) The frequency of fork.

(b) The density of the material of wire.
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1 1 .
1199 5 ()
20\ 1

1 1 ..
n—-— 81 =5 ..(ii)
20\ n
add equation (i) and (ii)
iizm = “:—1 L = u=0.01
20| Ju 200 20x0.5 10
p nr2 = 0.01
.01 10* 4
___ 00 . :05005 _ 40 10° kg/me
(0.5 X 1073) b4 P9 X U.OT T
put p = 0.01in equation ...(0)

1 [100
—— _n=5
2x 0.5 0.0

n =100 - 5 = 95 Hz.

An observer rides with a sound source of frequency f and moving with velocity
'v' towards the large vertical wall. Considering the velocity of sound waves as
'c’, find out:

(i) The number of waves striking surface of wall per second

(ii) The wavelength of reflected wave

(iii) The frequency of the reflected wave as observed by the observer.

(iv) Beat frequency heard by the observer.

f SU —»Vv

Il
o

@iy f'= fS Doppler effect between source and wall
c-v

cC—-V

f

GDwzgzék—Q:
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Doppler effect between wall and observer.

(i = £

C

V) foone =f"—f=f[c+v—1}=f v

cC—-V cC—-V

Two trains move towards each other with same speed. Speed of the sound is
'340 ms™". If pitch of the tone of the whistle of one when heard on the other

changes to '9/8 times', then speed of each train is.

I IO fressesps|enessesn®
—> ‘_
\'% \%

V+V 9 V+V 9 V+V

n!: S n = “n= S n = ~_ s

V-V 8 V-V 8 V-V

S S S

340

9V—9VS:8V+8V,s :>V=17Vs = Vs:—=20m/s.
17
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Mind Map

Doppler Effect
General formula

VEY,

=

Low Frequency High Frequency

Velocity of
Sound Wave

Newton’s Formula

[
v=i5

Laplace Correction

_[E
v

Beats
Beat Af = [f, - f|
frequency

@ |
L Standing Waves

Organ pipe open at one end Organ pipe open at both end
< L ” < L ,, First Harmonic - Fundamental
A First Harmonic = Fundamental A = hode 1 v

__1 -V
- L=74, > fi=3r B
A Third Harmonic A>©< Second Harmonic
B L_T)‘b = fa_T_aﬂ B L—7\.1 = fZ_L =3L
A>©<> Fifth Harmonic A><><>< Third Harmonic

-5 _5v _ =8 _3v
. L=2%, = f=3=5f B Le=ol, = Gt
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