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Acoustics A
Sound: &Oﬁ

Q.No.1: What is sound?
Ans: Sound is a form of energy which produces sense of hearin®

OR
Sound is a form of energy which produces a sensation in ou system.
Sound travels in the form of longitudinal, mechanicx aves.
Mechanical waves are those waves which require aﬂkter | medium (solid,

liquid or a gas) for its propagation.
Mechanical waves cannot travel through vacuu

Z
'\A mechanical wave originates in the displ njpof some portion of an elastic

medium, the disturbance is transmitted from ong Igyer Jo the next. In this way the wave
propagates through the medium. The mediu% es not move as a whole along with the
%

wave.
Sound waves transfer energy from.mki ting body (source of sound) to the surface
on which it falls (e.g. ear drum).

Z . .
'\ Since sound waves avel through vacuum and there is vast vacuum

between the earth and the sun, M&nce explosions taking place on the surface of the sun
cannot be heard on the

'4 o \
N Similarly, a

through microphope a
sound waves into
receiver conye

aUts communicate with each other on the surface of the moon

a receiver attached to their helmet. This microphone converts
magnetic waves (which do not require a medium) and the

back into sound waves. (There is no atmosphere i.e. no medium on

: at is audible sound?
uMan ear responds to sound waves of a limited frequency range.
d which can be heard by a normal human ear is called audible sound. Normal
ar can hear sound of frequency between 20 Hz. and 20,000 Hz (20 kHz.),
hen®e sound of this frequency range is called audible sound and this range of frequencies
is called audible frequency range.

Q.No.3: What are infrasonic waves?

Ans: Sound waves (Longitudinal waves) of frequency less than 20 hz. are called
infrasonic waves.
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Q.No.4: What are ultrasonic waves?
Ans: Sound waves whose frequency is more than 20 kHz (20,000 Hz) are called
ultrasonic waves.
Normal human ear cannot detect infrasonic and ultrasonic waves; few animals such as whales
and bats communicate with each other using ultrasonic waves.
Nowadays ultrasonic waves are widely used in medical field as a diagnostic tool
(ultrasound).

Speed of sound: (b\'\

Q.No.1: What are the factors on which does speed of sound in a medigm

depend?

Ans: Sound waves travel in the form of longitudinal compressional waves @
compressible medium is needed for the propagation of sound waves. Since com ility of a
medium depends upon elasticity of the medium, therefore, speed of sound ends upon
elastic as well as inertial properties of the medium.

'éSpeed of sound or any mechanical wave in an elastic r&&@s basically:
Speed of sound =/ Modulus of elastig (he medium
Density of the ium

Where ‘E’ is the modulus of el
is the density (an inertial property)

Newton’s formu
Q.No.2: Give Newton’s

On what basic assumption
depend? \%
t when sound waves travel through a medium the

Ans: Newton ass d
temperature of the su%ing medium does not change. A process in which
temperature remags cghstant is called isothermal process.

of the medium (an elastic property) and ‘p’
edium.

speed of sound:

mula for speed of sound.
es Newton’s formula for speed of sound

In other, Yaccording to Newton sound waves travel from one point to another
under iso l conditions i.e. during the rapid production of compressions and
rarefacti perature of the surrounding air does not change.

et?of sound in a gas depends upon its bulk modulus “B”, and under isothermal
copmiitiogs the bulk modulus “B” of a gaseous medium such as air, is equal to its pressure
refore, the speed of sound in air is given by:

This formula for speed of sound is known as Newton’s formula.
But for mercury barometer P=pgh (note that p is the density of mercury)
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Speed of sound in air as calculated by Newton’s formula:
Speed of sound in air is given by:
U= Pmercury J h

Pmedium (air)

To calculate speed of sound by Newton’s formula at standard temperature and
pressure (STP). We know that normal atmospheric pressure is enough to support 76 gm.
column of mercury in a barometer. The corresponding atmospheric pressure will be: K

P= Pmercury g h %
Where pmercury = 13. 6 gm/cm3, g =980 cm./s?> and h=76cm. (in CGS un|t
P =13.6 x 980 x 76 = 1,012,928 dyne/cm?.

Density of air at STP is  pair = 1.293x1073 gm./m3. s\o
Substituting these values in Newton’s formula we get:

v= / 1,012,928 =27989.17 cm./s = 279.89 @s.
1.293x1073
2

Speed of sound in air by Newton’s formula comes out e .8917 m/s. Speed of
sound at STP as measured accurately by different expeg is about 320 m/s.

'\ Speed of sound as calculated by Newton’sermula} even with highest degree of
accuracy, gave a lesser value as compared to e G tally determined value.

Laplace’s correction:

Q.No.3: How did Laplace correct n ’s formula for speed of sound?
What is the basic assumption ch does the Laplace’s correction

to Newton’s formula for spE sound depend?

Ans: The basic assumption o Laplace’s correction to Newton'’s formula for
speed of sound is based is tha pagation of sound takes place under adiabatic
conditions, i.e. during the ra@roducﬁon of compressions and rarefactions,
temperature of the surrou airdoes not remain constant.

According to Lapmgmpressions and rarefactions are produced so rapidly and
that the thermal con jvity of the air is so poor (Air is a bad conductor of heat) that the
temperature of thg suriffunding air does not remain constant. Due to which propagation
of sound throu s place under adiabatic conditions. Under adiabatic
conditions lus “B” of a gaseous medium such as (air) is equal to “y P”.

Therefore
n

4 a‘ vV _p
here y = molar specific heat at constant pressure = _Cp , for airy = 1.41
molar specific heat at constant volume Cv
Q.No.4: Derive Laplace’s formula for speed of sound in air?
Ans: According to Laplace, propagation of sound through air takes place under
adiabatic conditions.
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Under adiabatic conditions, Bulk modulus ‘B’ of a gaseous medium such as (air) is
equal to y P. Where ¥’ is the ratio of molar specific heats of a gas at constant pressure ‘Cy’
and at constant volume ‘Cy'.

Therefore, the speed of sound in a gaseous medium is given by:

v=/yP
p AN
This formula gives us the speed of sound in a gaseous medium such as air; it i
as Laplace’s formula for speed of sound. %

Substituting the values of pmercury = 13.6 gm/cm?3, g =980 cm./s?, h=76 ¢ ’;Qd Y=
1.41 for air, Laplace’s formula for speed of sound in air at STP will give u b

v =f1 41x13.6x980x76 = 33,235.2 cm./s = 332. Is.
1.293x1073
Speed of sound in air at STP as calculated by Laplace’s for #fes us accurate
value which is in agreement with experimentally determine%

Factors affecting speed of sound:
1. Speed of sound is affected by density onf@ur unding air, It is inversely

proportional to square root of density of the mediu i
2. Speed of sound is affected by the pr C moisture in the surrounding air.

Hence speed of sound in damp air (having more m%e) i§ greater than in dry air (having less moisture).

3. Speed of sound in air is not a y pitch and loudness of sound.
4. It is not affected by changes{n sure, because, according to Laplace
formula, speed of sound in air depe on Vy P/p. According to Boyle’s law, pressure “P”

of a given mass of a gas at constagt perature is inversely proportional to its volume “V”,
hence if pressure of a gas is dq its volume will reduce to half but under this condition
“p” e) of the gas will become double its initial value. In

the density “p” (mass per unit
other words, if “P” is dogiBted “p¥ will also be doubled so that the ratio ¥ P/p will remain

unchanged. Hence charg essure “P” of the gas will also change its density “p” such
that the speed of sou mains the same.

5. Speed in air will change if “p” is changed without changing pressure
“P” of the gas. ghi ens when temperature “T” of the gas is changed at constant

pressure. Acgo 0 Charles’s law; V «T (at constant P). When temperature “T” of air

me also increases (thermal expansion of gases) due to which its

d of sound in air increases by 0.61 m/s per degree rise in temperature. Hence if
Vs e speed of sound in air at 0°C then its speed ‘V1' at ‘T °C’ is given by:
Vi=Vo+061T
1. Speed of sound also changes with wind speed “Vw”. Speed of sound as
received by an observer is (V + Vw) in the direction of wind and is (V — Vw) against the
wind.
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Principle of superposition of waves:

Q.No.1: State and explain the principle of superposition of waves?

Ans: According to the principle of superposition of waves:

‘““When two or more waves superpose (overlap) each other then
the net displacement at any point will be equal to the
algebraic sum of displacements due to individual wave at that poin#&l.
Letxy, ty2, tys........ etc. be the displacements due to first second, third, \\

etc. waves then the net displacement Y’ at a particular point will be: %

Y=tyityetyst..coovereennen K

Displacement is taken as +y for a crest, whereas, it is taken as —y &Qough.

In other words, if a medium is disturbed simultaneously by t rests then the net
displacement will be equal to sum of individual displacements, henc v@ger crest will be
formed. Similarly, two troughs will form a deeper trough. But a @ a trough tend to

et

cancel each other’s effect.
If amplitude of the crest is more than the amplitude \‘ rough then a small crest
will remain during the overlapping of a crest and a trou ice versa.
After the overlapping, the overlapping waves ¢ontinue their motion with their original
amplitude and shape.

Interference of sound w@ves:

Two waves are said to be coherent | of same frequency.
Two coherent sound waves havi e phase are said to interfere
constructively if crest of one wave oygerfaps##fe crest of other, and trough of one wave

overlaps the trough of the other. Und®&¢ this condition points at which the two crests overlap
a bigger crest is formed and th j t which troughs of waves overlap a deeper
trough is formed. This happe cauding to the principle of superposition of waves.
Similarly, two coherent s&und waves having the same phase are said to interfere
destructively if crestof%ve overlaps trough of the other. Under this condition, at
these points net disp ac will be equal to the difference of amplitude of waves. Under

this condition displac due to the crest of one wave tend to cancel the displacement
due to trough of tl%t r wave. This happens according to the principle of superposition of

waves.
Beats: Q
.INON]: at are beats?
A ‘The periodic variation in the loudness of sound, produced
% by two different sources of sound, having slightly different frequency,

when both are tuned at the same time, is known as beats”.
ats are heard because of superposition of sound waves of slightly different
frequencies produced by two different sources.
Beats are produced because of slow change in phase difference between the two
waves.
To understand phenomenon of beats, let us imagine two waves at an instant when
waves are in phase, at this instant, waves will interfere constructively and the net amplitude
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will be maximum, producing loud sound. Since frequency of one of the waves is slightly
more than that of the other wave, therefore, this higher frequency wave gets ahead of the
other wave due to which phase difference between the waves increases. Ultimately the
phase difference becomes 180° at some instant, now crest of one wave overlaps trough of
the other. Now waves will interfere destructively as a result of which resultant amplitude is
minimum. As time goes on phase difference between the two waves increases and the net
amplitude keeps on increasing so that again the two waves interfere constructively.
process goes on regularly producing changing amplitude, due to which beats are

Q.No.2: What is beat frequency?

Ans: Beat frequency is the number of beats heard per second. &

Beat frequency is equal to the difference in frequency of the two so n@

Beat frequency (No. of beats heard per sec.) = f1— f2

Beats can be heard if the difference in frequency (or beat frequenc not too large.
The maximum number of beats per second that a normal hums can detectis 7

beats per second. (In other words, for hearing beats the di ce'in frequency must

not be more than 7 Hertz)
Q.No.3: What is the main cause of productiqﬁ%ats?
t

Ans: Beats are caused because of interference of sou aves of slightly different
frequencies. When compressions (Or rarefactions) sounds superpose each other
a loud sound is heard but if a compression of o ndloverlaps a rarefaction of the other
then a low sound is heard.

Standing or stationa% aves:

Q.No.1: What are standing or sta ary waves? How are they formed?
Ans: Waves which do not appea ve or appear to be stationary are called
standing or stationary wave

'é Points at which a strin@ra s with maximum amplitude are called antinodes,
whereas, the points of z:r%p ude are called nodes.

% Length of a loqP™§ eual to length of string between two adjacent nodes and is
M2 .
'é Station ves are produced when two exactly similar waves travel in

opposite direct
satisfied.

g the same string and the conditions for superposition of waves are

is one loop formed on a string under tension?
n a string under tension is plucked from its midpoint, as soon as the string is
0 half crests travel along the string in opposite directions. One towards right
ther towards left. These two half crests are reflected from their respective ends as
twoNgalf troughs. These two half troughs meet in the middle forming a full trough.

In other words, after reflection a crest becomes a trough and vice versa.

The string, therefore, vibrates such that at one instant there is a crest and at the next
instant there is a trough on it.

Crest and trough vibrate so rapidly that one loop seems to remain stationary.
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'é Ends of the loop, where displacement of the string is minimum (= 0) are called

nodes and the midpoint of the loop, where displacement of the string is maximum, is called
antinode.

'é Frequency with which the string vibrates so that a loop is formed on it is called
Sfundamental frequency or first harmonic.

Q.No.3: What is fundamental frequency or first harmonic? \
Ans: Fundamental frequency or first harmonic is the minimum freq

required to produce a stationary wave. If frequency of waves is less than the funga tal

frequency no stationary waves are produced. §

Derivation:

Q.No.4: Derive a formula for fundamental frequency (or@uency
required to produce one loop on the string)?

Ans: Consider a string of length ‘L’ and of mass ‘m’ stretch g ed from both ends.
Let ‘T’ be the tension in the string. If such a string is pluckew [{¥ center a stationary

loop is formed and the string is said to vibrate in one Ioog‘ ve length of the waves when

the string vibrates in one loop is given by:

M=2L
(Length of one loop is half the wavelength 1% D two loops make one wave)
But the frequency with which a string vibrate§ is n by:

A=V ny type of waves fA = v)

A1
Frequency ‘fi’ with which a string r%/l te so that one loop is formed on it, is called
Sfundamental frequency or firstNaa
produce a stationary wave. %
Velocity ‘v’ with which wav
length is, is given by:

v
\

onic. It is the minimum frequency required to

along a string, whatever their frequency and wave

Therefore, fi

'é Thi R:Ia gives us the frequency required to

produce |08p on the string of length ‘L’ and mass ‘m’ when the tension in it is ‘T".

ote that if the string vibrates with a frequency other than as calculated by the

a rmula (slightly higher or lesser) then no stationary wave will be produced and
ther®fore, no well-defined loop will be formed.

'é Mass per unit length m/L = p of a string is called its linear density.
If ‘W’ is the linear density of the given string then the fundamental frequency is given by:
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Q.No.5: Derive a formula for frequency required to form two loops on the
string (or second harmonic).

Ans: If a string is properly tuned such that two loops are formed on it then the
frequency 'f2’ with which it now vibrates is called second harmonic or first overtone. It
is given by:

L=y
A2 \\
But in this case wave length of stationary waves is A2 =L @
(Length of each loop L/2 Therefore, Ao = L/2+ L /2)., ‘
[fz ENEN
L m

This equation can also be written as:
fo=_2_ ’ TL
2LV m
But fi= 1 [TL \
2L m

Therefore, f2=2fi

'é Hence the frequency required to pfoduge two loops (or second harmonic or
first overtone) is twice the fundamental .

fr
Q.No.6: Derive a formula for frj% required to produce three loops

on the string (or third harmoni

Ans: If the string is properly tu@ that three loops are formed on it then the
It

frequency '3’ with which it now yj s¥s called third
harmonic or second overt given by:

fim N
But in this case w e\%of stationary waves is
A3 = 2L.(Length of ea% L/3, A= Length of two loops)
3 TherefoﬁV
[ p=3 [T L]

2L m
t 1=_1 | T
2L

elgfore, f3=3f1

=

< Hence the frequency required to produce three loops (or third harmonic or
second overtone) is three times the fundamental frequency.
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Q.No.7: Derive a formula for frequency required to produce any number
of loops on a string.

Ans: Frequency with which a string vibrates to produce any number of loops is an
integral multiple of fundamental frequency. Hence frequency required to produce ‘n’
loops will be:

fo=nfi

Where f1=i\/¥ OR f1=i\/'? (&\

Similarly, if ‘L is length of a string then the wavelength of waves when en\é@ber of

loops ‘n’ are formed on it is given by:

An=21L
n

Q.No.8: What are harmonics?

Ans: Harmonics are the series of frequencies required t %ﬁ ce stationary waves.
Minimum frequency required for producing a stationary wa e called fundamental
frequency.

Similarly, frequencies required to produce two, theee, folr, ........ etc. loops are called
second, third, fourth, ........ etc. harmonics.

' Harmonics are integral multiples of ntal frequency. If frequency is
between two harmonics no stationary wav% loops) are formed.

Q.No.9: If tension in a string what will be the effect on the

Ans: Speed ‘v’ of a standing o ary wave in a stretched string is given by:

speed of standing waves in % (2010 Karachi Board)

proportional to VT. Henc® | ion in a string is doubled then speed of stationary waves
produced on it increa times its initial value.

Quantizatiomo

This formula shows th@eé!of waves produced on a stretched string is directly
2

Just to remined you that standing or stationary waves are formed only due to
the interference of two waves of equal frequency traveling in opposite
direction. Although the interfering waves travel / propagate in opposite
directions but the standing wave does not travel / propagate and it seems to be
stationary, that is why it is called standing or stationary wave.

Stationary waves can be produced in a string under tension, open and closed pipes
etc.

*.
%
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% Minimum frequency required to produce a stationary wave is called first
harmonic or fundamental frequency. If frequency of interfering waves is less
than the fundamental frequency no stationary waves are produced.

Standing waves in closed pipe:

Idea:

When sound waves of a particular frequency are produced in a pipe closed at
one end and open at the other, air column in the pipe starts vibrating in such a mann%\t

stationary waves are produced, at that instant loud sound is heard. This happens o
when at the open mouth an antinode and at the closed end a node is formed. ?b'
s Node is that point at which particles of air do not vibrate at all they have zero &mplitude
(due to destructive interference), whereas antinode is that point at w palffiCles of air

vibrate with maximum amplitude (due to constructive interference
« When a sound wave traveling in a pipe reaches closed end of the pipwmcted such that if

crest strikes the closed end then it will be reflected as a trough and t reflected as a

crest.
« A stationary wave in a pipe closed at one end always h&é[:ode at the closed end

and an antinode at the open end. \
? ntinode
!
I
L=M

Fundamental frequ

Node

MR

/

e When only ope& no®¢ and an antinode are formed in a closed pipe, half crest
or half trough is formed gNi her words only a quarter wave is formed (as in this case).
(Note that a wave hag@a comlete crest and a complete trough),

If L is length of%pe then in this case, wave length “A;” of the wave will be equal
to “4L”. At this insw ud sound is heard. Under this condition air inside the pipe is said to
vibrate with f tal frequency ‘fi’. Hence L=x1/4 or M =4L
speed of sound in airthenV =, fi
nce, A=\ OR A=N_
M 4L
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Fundamental » Third .
mode or first harmonic
harmonic *_ J?%;; 4 1L/5
M_= 4VL AL
fi T or \\
p=s5 O
el
Second 12=4L/3 O\
harmonic f2=3V ORf2=3 fi s\
4L
¢ When two nodes and two antinoaes are Tormea In a pipe, such that
the first node is at the closed end and the second antinode is pen end, In other

words, three quarter of a wave is formed. Length of the pipe wﬁ% qual to “312/4” where
“A” is the wavelength of stationary wave produced. At thisg loud sound is heard.
Under this condition air is said to vibrate in second harm ence L =30,/4 OR
A=41L/3

Since V=L 1 L=\ OR

oR |f =3%

e Similarly, when three n ee antinodes are formed, length of the
pipe will be equal to “5 A3 /4” where “A avelength of the sound waves produced. At

this instant again a loud sound is er this condition air is said to vibrate in third
harmonic, and so on. Hence in th% 5i3/4 OR hs=4L/5

Since V=12i3f3 3% V. OR f3 =5V ] OR |fs=5f1

A3 4L

s We notice that nary waves can be produced in a closed pipe when

frequency of interfer aves is an odd multiple of fundamental frequency ‘f:’.

Hence f,=3 &5/, fa=T7f1, ...

OR nf1 Wheren=1,3,5,7, .....

Also note tha% amental wave is of longest wave length and of smallest

fre uen@
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Standing waves in open pipe:

Idea: In a pipe open at both ends, stationary waves (Loud sound) can be
produced only when antinodes are formed at both ends.

Fundamental Third
mode or first harmonic \
harmonic \
A3=2L ’b
AM=2L 3
1= -
SHi= VMV £ %
i C

Second
harmonic

A2=L t
=V %
L

% When we send sound waves in %&ﬂgn at both ends, starting from a certain

low frequency, then a stage wi ched when we hear a loud sound. At this
instant a node is formed e iMthe middle and antinodes are formed at each
open end. Stationary wave YRrm®&d at this instant is said to have fundamental

frequency. (minimQ quency required to produce a stationary wave). We

see that only half w fotmed. It means that the wave length “A1” of the

wave formed wilbe equal to twice the length “2L” of the open pipe (A1= 2L).
Since freque wave is given by:

f=\N V is velocity of sound = constant)
A
Thereforg, fundamental frequency “fi” is given by:
A=\ OR fi= V.
A 2L

[T'¥e frequency of sound waves is gradually increased, then after reaching a

certain particular frequency a loud sound is heard again. This is the second
Q~ harmonic, with two nodes inside and two antinodes at the open ends of the

pipe. This time a full stationary wave is formed. In other words, wave length “A2”

of the stationary wave formed will equal to “L”,(A2 = L).
Therefore, frequency for second harmonic “f,” is given by:
o=V OR o=V OR | f2= 2 fi
A2 L
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% Similarly for third harmonic standing wave has one and half wave, for which
wave length will be A3 = 2L/3 and frequency required will be :

fr=3V
2L
And so on. Hence we conclude that:
fn=nfi and

Wheren=1,2,3/4......

Doppler’s effect:

Q.No.1: What is Doppler’s effect?
Ans: Doppler’s effect is:

OR

f=3f

An=

2L

n

>
<O

“The apparent change in pitch of sound due t@fe
ner”.

relative motion between a source of sound and

'é Pitch of sound depends upon its frequency, hence

between its source and the listener, frequency of sound heagd by
have changed, as a result of which pitch of sound heard by th

Case. 1:

source of sound moves towards a statio
Ans: When a source of sound emittin®
waves of frequency “fs’ moves towards a glalq(m
V

listener with speed “ Vs’ then the sound dresent
between the listener and the source mpressed,
hence, their wave length decreas

Wave length “A”” of sou by the listener
is less than the wave length ofgd emitted by the
source and is given by:

7\«'% “—JVs
s

The frequepcy “I&’ of sound heard by the
listener is giver@

S

Q.No.2: Derive a formula for frequen%

jiStener.

ae relative motion

listener appears to

istener changes.

ound heard when the

0

!
' \
Stationary listener

fi=_V_
A{(
@ %4

fL= V-Vs

Q,v 2

L=_V xfs
V- Vs

It shows that the frequency of sound “fv” heard by the stationary listener will be
greater than the frequency of sound “fs” emitted by the moving source. The increase in
frequency heard depends upon the speed “Vs” with which source approaches the listener.
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As a result of this increase in frequency, the pitch of sound heard by the listener appears to
have increased (Sound heard becomes more and more shrill as the difference in
frequency increases).

Case.2:
Q.No.3: Derive a formula for frequency of sound heard when the
source of sound moves away from a stationary listener.
Ans: When a source of sound emitting sound waves of frequency “fs’ moves a
from a stationary listener with a velocity “Vs”, then the wave length of sound heard
listener increases (as the sound waves present between the source and the Iist{e e

elongated),and is given by:

M=V Ve -
s
The frequency “fo” of sound heard by the
listener is given by:
1=V
. A 0
|4
fo=_V+ Vs [fL= vV xfs]
fs V+ Vs

Stationary listener|

Frequency of sound heard by the listener
less than the frequency produced by the sou

hence pitch of sound as heard by the stati
listener also decreases as a result sou comes
grave or flat.
Note that due to the motiQn dithesource (above two cases), wave length (and
not the relative velocity) with yai solind waves reach the listener changes, as a result
of which frequency and theref

'é In these two C%the main cause of change in frequency heard by the listener
is the change in wavelenygt sound reaching the listener.

Source moving away from
stationarv listener

ivg®a formula for frequency of sound heard when the
s a stationary source of sound.

Ans: Let e of sound emit sound waves of frequency “fs ” and wave length “A”,
given b
L=V
Js

ere “V” is the speed of sound waves.

Let a listener approach the stationary source with a speed “V.’ then the relative
speed with which sound waves reach him will be “V + V.”. Under this condition the
frequency of sound “f” heard by the moving listener will be: (Frequency of waves = speed
/ wavelength)
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fi= V+VL Buti=_\V_
A f
Therefore, fi=V+VL
NV
f
Vo
[fL =V +Vix fs] Yo,
v 0
. i Listener approaching
f is the frequency of sound emitted by the a stationary source
source and f is the frequency of sound heard by a

listener moving with speed Vr towards a stationary
source.

It shows that the frequency of sound “f.” heard by the approach@istener will be
greater than the frequency of sound “fs” emitted by the stationary . The increase in

frequency heard depends upon the speed “VL” with which liste aches the source.
As a result of this increase in frequency the pitch of sound hga he listener appears to
have increased (Sound heard becomes more and more ill as the difference in
frequency increases).

Case 4:

Q.No.5: Derive a formula for frequénc sound heard when the
listener moves away from a stationa upce of sound.

Ans: When a listener moves away (r tationary source with a speed “V.” then
the relative velocity with which sound wage ch him will be “V - V"

Hence the sound heard by the Iis‘t/en% e of frequency “fr’, given_by:

f= V-V, But A=

A

Therefore, fi=_V-V, 2
Vo
V; 6 <
3 0

Listener moving
away from stationary
source

Itgh at the frequency of sound “fr” Stationary Source
oving listener will be less than the producing sound

sound “fs” emitted by the stationary source. The decrease in frequency heard
upon the speed “Vr” with which listener moves away from the source. As a result
is decrease in frequency the pitch of sound heard by the listener appears to have
decreased (Sound heard becomes grave or less and less shrill as the frequency of sound
heard decreases as compared with the frequency emitted).

Note that due to the motion of the listener (above two cases), relative velocity
(wave length is same) with which sound waves reach the listener changes, as a result of
which frequency and therefore, the pitch of sound heard by the listener will change.
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'é The change in relative velocity of sound reaching the listener due to the
relative motion of the listener is the main cause of change in pitch.

Case. 5:

Q.No.6: Derive a formula for frequency of sound heard when the
source of sound and the listener both approach each other while moving
along the same line.

Ans: If a source and a listener both are moving towards each other with vel x
“Vs" and “VL’ respectively then the frequency “fi” heard by the listener is given b(%

Ju=_V+VL xfs

V-Vs 9
In this case fr > fs, therefore pitch of sound heard by the listener lns\ ses due to
which sound heard becomes shrill.

Case 6: @

Q.No.7: Derive a formula for frequency of soun& d when the
source of sound and the listener both move away ach other while
moving along the same line.

Ans: |If a source and a listener both are moving aw. om each other with
velocities “Vs” and “VL” respectively then the freque@ "*heard by the listener is given
by:

fi=_V+ x¥s

S
In this case frequency of sound f; %by the listener will be less than the
frequency ‘fs’ of sound emitted by the‘%‘.n erefore pitch of sound heard by the listener
decreases due to which sound heardyecOmes grave or less shrill.
% If a source of sound whRen a listener is at rest,
frequency of sound d changes due to a change in its wavelength.
% If a listener movgs, whew the source of sound is at rest,

frequency ok heard changes due to a change in its velocity.

v
&
oF
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/

General formula for frequency of sound heard when the
source of sound is in motion
and the listener is at rest is:

fu=fs)_V
Vi Vs

General formula for frequency of sound heard when the

source of sound is at rest @

~

>

— when source of sound approaches

+ when source of sound moves away

and the listener is in motion is:

Ju =fS{ML}

|4
Note that: Frequency of a wave
its wave length and its
Frequency of a wave changes’if
either its wave length is chang constant velocity,

its velocity is changed keepjrmy | velength constant
or both its wavelength as@velocity are changed.

&

+ when listener appro
- when listener mou,

\_ /

(

cttakes place in case of light waves also.
By analyzing wave Igmgth o®light coming from distant stars and galaxies, scientists
observed Doppler efig ight waves. They found that wavelength of light coming from
distant stars and xi@¥ increases over a long period of time. Wave length of light is
found to shift to longer wavelength, they call it red shift. Observing red shift,
ey concluded that our universe is expanding.

Doppler

\

J

at happens to the pitch of sound of siren of an ambulance
w proaches a person standing on the road side?

%an ambulance sounding its siren approaches a person standing on the road
% he frequency of sound heard by the person increases, as a result of which pitch

sound also increases. Due to increase in pitch of sound, sound of siren heard

becomes more and more shrill as the ambulance approaches the person.
Reason: wavelength of sound waves present between the ambulance and the
person decreases as the ambulance approaches the person, due to which frequency

of sound of siren heard by the person standing by the road side appears to increase
and the sound heard becomes more and more shrill.
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Q.No.9: What happens to the pitch of sound of siren of an ambulance
heard by a person traveling in a car such that the car and the
ambulance both move towards each other?

Ans: If an ambulance sounding its siren approaches a person travelling in a car
moving towards the ambulance, the frequency of sound of siren heard by the person
increases, as a result of which pitch of sound heard will also increase. Sound heard will
become more and more shrill as the ambulance and the person both approach
other.

Q.No.10: What happens to the pitch of sound of siren of an ambul
heard by a person traveling in a car such that the car and the ampulance
move away from each other?

Ans: If an ambulance sounding its siren and a person travelling in ove away
from each other, the frequency of sound of siren heard by the perso%eases, asa

result of which pitch of sound heard will also decrease. Sound hea ecome less
and less shrill as the ambulance and the person both move&{ m each other.

Applications of Doppler’s effe;%
Q.No.11: Give some applications of Doppler%

Ans:

e With the help of Doppler’s effect spee%epp oaching or receding vehicles
can be found. For this purpose, tr pQlige use a device based on this idea.

e Radar waves after reflection fro @ve etc. on reaching its antenna show a
change in frequency. This ¢ x requency depends upon the speed with
which a plane approaches oJes away from the radar station. Hence a
radar operator can easil,-%e/r Ine the movement and intention of the plane.

e Ships are equipped withyg deVice called “SONAR”. It works on the principle of

Doppler’s effect. It s the presence of underground rocks and submarines
etc.

e Light also shgwy Doppler effect provided speed of source of light or that of the
observer i %igh.
o Current‘@ori nd radiations have been used for the diagnosis of various
medical ms. It is based on Doppler’s effect.
Sonic b

Q.No.1:

Ans:

s sonic boom? How is sonic boom produced?
eed of a source of sound ‘Vs” is comparable to the speed ‘V’ of sound
the ource of sound and the waves of sound move together in the same direction.
As%w t of which the number of waves produced in front of the source keeps on
cheasing. Due to which a plane wave front of highly compressed air is formed which
oves in front of the source of sound.

If the source of sound moves faster than sound i.e. Vs>V, then the plane wave front
takes the shape of a cone with the fast-moving source at its apex. Air in the cone shaped
wave front is highly compressed. This cone shaped wave front of highly compressed air is
known as shock wave.
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'é Hence supersonic air crafts, such as F-16 or Mirage fighter planes, produce

shock waves of such a strength that a loud explosion is heard. This loud explosion is called
‘Sonic boom'. Supper sonic planes produce double sonic booms, one from the shock
waves produced in the front and the other to the rear of the plane.
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Section-A Multiple-Choice Questions MCQs:

Q.No. 1: The speed v of a wave represented
by y=Asin (k x - ot)is:

(A)k/lo B)o/k (C)ok (D)1/ ok
Q.No.2: Two sound waves are

y =sin (k x— ot) and y = cos (k x - ot).

Phase difference between the two waves is:

A2 B)n/4d (C)m (D)0
Q.No.3: If va, vb and vm are speed of sound
in air, in hydrogen gas and in a metal at the
same temperature, then:

(A) va>Vh > Vm (B) Vm > Vh > va

(C) vh > vm > va (D) Vh > va > vm
Q.No.4: Speed of sound in air at STP is
332 m/s. If the pressure becomes double at
the same temperature, the speed of sound
becomes:

(A) 1382 m/s. (B) 664 m/s.

(C) 332 m/s. (D) 166 m/s.’
Q.No.5: How does the speed of sound “v” in
air depend on the atmospheric pressure “P”:

(A)voc PO (B)voc P! (C)vcP? (D) vocPl
Q.No.6: The speed of sound in a gas is

proportional to:

(A) square root of isotheral el icik
(B) square root of adiabatj stieity.
(C) isotheral elasticity.

(D) adiabatic elasticity.
Q.No.7: Length of a pipe d at one end

is “L”. In the standing a\e ose
frequency is 7 time th&damental

frequency, what igthe qosest distance
between node V
?LM ©€)2L
7 7 7

(A) 1L\
14
.No.8: 0 Hz frequency song of an ice
gfm%w

(D)4 L

e N

approaches with speed “v” to a
ing at the door of his house is
heXd with frequency “fi”. If the trolley is

stopped and the boy approaches the ice
cream trolley with the same speed “v” the
boy now hears sound of frequency “f”,
choose the correct statement

(A)fi=f2 both are greater than 620 Hz.

(B) 2> fi > 620 Hz.

(C) fi=f2 both are lesser than 620 Hz.
(D) f1> f2>620 Hz.
Q.No.9: The speed of sound in a gas in
which two waves of wavelength 50 cm and
50.4 cm produce 6 beats per second is;
(A) 338m/s (B) 350m/s (C) 378 m/s (D)40%ﬂ
Q.No. 10: The speed of a wave in a 1
is 760 m/s. If 3600 waves are pas in@'
through a point in the medium inﬂninutes,
then its wave length is:
(A) 13.85m. (B)25.3 m. (C)4TRMN (D)57.2 m.
Q.No.11: Human bein n hear sound of
frequency: (2 rachi Board)
(A)5 Hz. (B)5000 00 Hz (D)50000 Hz.
Q.No.12: The \& y of sound in a gas
increases WitMy(2005 Karachi Board)

(A rature  (B) Pressure
) Ldudness (D) frequency.
.Ni Frequencies which are multiples
fu ental frequency are called:

(2005 Karachi Board)
(A) Beat frequency (B) Nodal frequency.
(C) Harmonics (D) Doppler effect
Q.No. 14: Which of the following is not the
property of sound waves?
(2005 Karachi Board)
(A) Interference. (B) Diffraction.
(C) Polarization. (D) Refraction.
Q.No. 15: Beats are produced due to:
(2006 Karachi Board)
(A) Diffraction. (B) Interference.
(C) Polarization. (D) Refraction.
Q.No. 16: Which of the following represents
longitudinal waves?:(2006 Karachi Board)
(A) light waves. (B) sound waves.
(C) Radio waves. (D) X-rays.
Q.No. 17: The speed of sound is highest in:
(2007 Karachi Board)

(A) solid. (B) liquid. (C) gas (D) vacuum
Q.No. 18:The voice of two persons having
the same pitch and loudness can be
recognized due to the characteristic of sound
known as: (2007 Karachi Board)
(A)Beats (B)Quality (C)Frequency (D)Intensity
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Q.No. 19:The frequency of a simple
pendulum is given by: (2008 Karachi Board)

(A)v=2n Vg/L (B)v=2n VL/g
Cyv=_1+VL/g (@Ov=_1g/L
2n 2n

Q.No.20: If mass of a body suspended from
a spring is increased to 4 times, the period of
vibration of the body will be:
(2008, 2007 Karachi Board)
(A) 4_times. (B) 2 times
(C) V2 times (D) same as before
Q.No.21: If the fundamental frequency of
vibration of a string fixed at both ends is
50Hz. The fourth harmonic will be:
(2008 Karachi Board)
(A)100 Hz (B)150 Hz (C)200 Hz (D)250 Hz
Q.No.22: If the tension of a stretched string
is increased 4 times, the speed of the
transverse wave in it will increase:
(2009 Karachi Board)
(A)4 times (B)8 times (C)2 times(D)16 times
Q.No.23:The velocity of sound has
maximum value in:(2009 Karachi Boa
(A)Solids (B)liquids (C)gasses (D)free spac
Q.No.24: This is compressional wa
(2011 Karacgi
(A) Light waves. (B) waves
(C) Radio waves. (D)%ys.
Q.No.25: If two tuning foge® of fréquencies
256 Hz. and 260 Hz. ar%@ed together

the number of beats

econd will be:

(2011, 200 o aracht Board)
(A) 3. (D) 6.
Q.No.26: T e cy of waves produced
in a stretc g depends upon:
(2012 Karacht Board)
gth. B) Tension.

Linear density. (D) All of these.

*®7: The maximum number of beats

that®an be detected by the human ear is:
(2013, 06,07 Karachi Board)

A2 B)3 (C)5 D)7

Q.No.28: Two vibrating bodies having

slightly different frequencies produce:

(2016 Karachi Board)

(A) Echo (B)Beats (C)Resonance (D)Polarization
Q.No.29: The velocity of a wave of wave
length ‘A’ and frequency ‘v’ is given by:
(2015 Karachi Board)
A)via B)Alv (C)vAr (D) 1A
Q.No.30: If the frequency of fifth harmonic

of a vibrating string is 200 Hz. its fund tal
frequency is: (2017 Karachi
(A) 5 Hz. (B) 25 Hz. (C) 40 Hz. (D) Z.

Q.No.31: The speed of sound inQ/hacuum is:
(2017, 2010 i Board)

(A)zero(B)332 ms™"(C)33200c )3x108ms™"
Q.No.32: Intensity of s is'measured in:
( arachi Board)
(A)watt/m? (B)jogl watt/s (D) watt/m
Q.No.33: When‘% erature of air rises the
speed of so waves increases, because:
18, 08 Karachi Board)
)Th& frequency of waves increases.
%ﬁe wavelength of waves increases
( o] e frequency and wavelength increases
her frequency nor wavelength increases
0.34: Beats are produced due to:
(2019, 08 Karachi Board)

(A) diffraction of waves in time.

(B) reflection of waves in time.

(C) Polarization of waves in time.

(D) interference of waves in time.
Q.No.35: The product of frequency and
time period is:(2019 Karachi Board)

A)1 B)2 (C)3 (D) 4
Q.No.36: The range of audible sound is:

(2022, 2016 Karachi Board)
(A)1 Hz. to 10 Hz. (B) 20 Hz. to 20,000 Hz.

(C) 21,000 Hz. to 24,000 Hz.

(D) 25,000 Hz. and onwards.
Q.No.37: Pitch of sound depends upon:

(2022 Karachi Board)

(A) Amplitude (B) Intensity.

(C) Frequency. (D) Loudness.
Q.No.38: Distance between two
consecutive nodes in a standing wave is:

(2022, 2017,14, 06 Karachi Board)

A)rl4 B)A (C)r/2 (D)A/3
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Q.No.39: Speed of sound in air at STP is
332 m/s. If the air pressure becomes double
at the same temperature, the speed of
sound will become: (2025 Karachi Board)

(A)1382 m/s (B)664 m/s

(C)332m/s (D)166 m/s
Q.No.40: The Doppler effect is used in this
medical imaging technique.

(2026 Karachi Board)

(A) Ultrasound. (B) X-rays.

(C) MRI. (D) CT scan.
Q.No.41: The speed of sound in air at STP
is 332 m/s. If the air pressure becomes
double at the same temperature then the
speed of sound will be:

(2026 Karachi Board)
(A) 1382 m/s. (B) 332 m/s.
(C) 664 m/s. (D) 166 m/s.

v
&
oF
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Answers:

B) o /k

A) n/2

B) Vm > Vh > va

C) 332 m/s.

A)v o PO

B

B) 1L
7

(8
9
1

(A
(A) 338m/s
(10)

(B) 25.3 m.
(11) (B) 5000 Hz.
(12) (A) Temperature.
(13) (C) Harmonics.
(14) (C) Polarization.
(15) (B) Interference.
(16) (B) sound waves.
(17) (A) solid.
)
)

)
)
0
1

(18) (B) Quality.
(A)v— 1 Vg/L

(©) \/—2_ tlmes
(C) 200 Hz.

(C) 2 times.

(A) Solids.

(B) Sound wave
(B) 4.

(D) All of the®e.
(D) 7.
(B)

(

(

\LB)

332 m/s.

) square root of adiabatic elasticity.

)fi=f2 both are greater than 620Hz.

3 )watt/m?2
)The wavelength of waves increases
%4) (D) interference of waves in time.

)
5) (A) 1
(36) (B) 20 Hz. to 20,000 Hz.
(37) (C) Frequency.
(38) (C)Ar /2
(39) (C) 332 m/s.
) (A) Ultrasound.
41) (

Q\Z\

Page 25 of 33



Rawala’s new physics notes for XI

Numericals:

Q.No.4: An increase in pressure of 100
kPa causes a certain volume of water to
decrease by 5x10~3 percent of its original
volume.
Find: (a) Bulk modulus of water.
(b) What is the speed of sound in
water?
Data:
Increase in pressure AP = 100 kPa
= 100x1000 Pa = 10° Pa
Decrease in volume AV=5x10-3% of V
(V is the original volume)
AV/IV = 5x1072 %
AV/IV = 5x10=3 = 5x105
100
(a) Bulk modulus of water =?
(b) Speed of sound in water v =?
Solution:
(a) Bulk modulus is given by:
Bulk modulus B =_AP_=_10% = 0.2 x105x10°
AVIV 5x107°
Bulk modulus B = 0.2 x10" Pa

(b) Speed of sound is given by:
vV =[B = [2000x10° =
Vp

(p is the dengiy o
V=1414mis.
€ Bulk modulesjs 2000 MPa and

103
the speed of sound in is 1414 m/s.
Q.No.5: A unifor g of length 10.0 m

and weighi is attached to the
ceiling. A we of 1.00 kN hangs from
its low ~he lower end of the string
is su isplaced horizontally. How

s It take the resulting wave pulse
o upper end.
(Neglect the weight of string in
comparison to hanging mass).
Data:
Length of string
Weight of string W1 =0.25 N.
Mass of string m =W_= 0.25 = 0.0255 kg.
g 9

L=10.0m.

oo

- ) %etween the component waves?
= 2000106 Pa = 2000.% P

Weight suspended W.= T= 1.0 kN= 103 N
(T is tension in the string = weight suspended)

Time to travel to upper end t=?
Solution:
Distance travelled is given by:
S=Vt OR t=3S8
Vv
But speed V of a wave in string is by:

V=[TL=[103x10 = 626
Vm + 0.0255 Q
t—S(orL) 10 15969s
=15.969ms—

& Wave ﬁke about 16 ms.

(ms = millisecond)
to travel to the up d.
Q.No.6: A lling sin wave is the result
of the s tion of two other sin
wav ith Bqual amplitude, wavelength
and encies. The two component
ve ch have amplitude 5.00 cm. If the
nt wave has amplitude 6.69 cm.

[{poet]

What is the phase difference “¢

Hence:

Data:
Amplitude of each wave Ao =5 cm.
Amplitude of resultant wave A= 6.69 cm
Phase difference Q="
Solution:
Amplitude of resultant wave is given by:
A=2AcCos (¢ /2)
6.69 =2 x5 Cos (¢ /2)
6.69 =Cos (¢/2) Cos (¢ /2)=0.669
10
(p /2) = Cos~1 0.669
¢ =48 x 2 =96°
' Phase difference between the waves is 96°
Q.No. 7: In order to decrease the
fundamental frequency of a guitar string
by 4.0 %, by what percentage should you
reduce the tension?
Data:
Decrease in frequency = 4% of ‘f
(where ‘f is the fundamental frequency)
% decrease in tension =?

(¢ /2) = 48°
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Solution:

Let '/’ be the fundamental frequency,
the new frequency is given by:

f'=(100 - 4)% of f=96% of f=0.96 f
Fundamental frequency of a wave in string is

given by: (M is mass per unit length)
f=_1 [T ... (2)
2V M

New frequency in the string is given by:
f'=_1 [T (Mis mass per unit length)
2LV M
1 /1
2Ly M

Dividing (ii) by (i) we get:

0.96 f=

09%=/T
T
Squaring both sides and re-arranging:
09216 T=T'
But Percentage decrease in T= Decrease in T x100

T

Percentage decrease in T =T — T’ x100%
T
Percentage decrease in T=T — 0.9216

Percentage decrease in T=F (1=

Percentage decrease in T=%x100%=78.4%
®:Percentage ctre in tension

will be 78.4%.
long is fixed at

Q.No.8: A stringg.0
both ends. If %a? low is applied to
I

the string at\its\€enter, it takes 0.050 s for
the pulse to both ends of the
strin turn to its middle.

is the fundamental frequency

n
{og iktion for this string?

Dala:
Length of the string L=2m.
Time taken t=0.05s.
Fundamental frequency  f=7?
Solution:

When a string fixed at both ends is
disturbed from its center, one loop is formed,

it is said to vibrate with fundamental
frequency, which is given by:

f=_v_ Butv=_L
2L t
f=L/t=4+ =1 =_1 =10Hz.
2L 2t 2t 2x0.05

€< Fundamental frequency is
Q.No.9: A sound source of freque
“fo” and an observer are located
fixed distance apart. Both the spurce and
observer are at rest. How
propagation medium (thr hich the
sound waves travel at ed'v) is moving
at a uniform velocity- in an arbitrary

direction. Find ency detected by
the observer gi hysical explanation.
Data:

S ound =v
peed of the medium = Vm.
%ency detected when medium flows
igftNe diséction of sound waves f1=7?
FJequency detected when medium flows
Inst the direction of sound waves f2 =?
olution:

Speed with which sound waves reach
the observer depends not only upon its own
speed “v” but also upon the magnitude and
direction of speed “vm” of the medium.
Hence:

DS

% When the source of sound and an
observer are at rest relative to
each other, frequency of sound
emitted will be equal to the
frequency of sound received.

+* When medium flows in the

direction of sound waves Speed
with which sound waves are
received by the observer will be
“v + vm”, now the frequency of
sound received is given by:

=V +Vm (since fA =vV)

A

« When medium flows against the

direction of sound waves, Speed

with which sound waves are
received by the observer will be

Z.

f1

>
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‘v —vm”, now the frequency of
sound received is given by:
f2=V—Vm (since fA =vV)

A
Note that: frequency of sound
heard by a listener changes (i) due to a
change in its wave length when the source
of sound moves.
OR (ii) due to a change in its speed with
which sound waves reach the listener when
either the listener or the medium or both
move
Q.No. 10: A train sounds its whistle while
passing by a railroad crossing. An
observer at the crossing measures a
frequency of 219 Hz. as the train
approaches the crossing and a frequency
of 184 Hz as the train leaves. The speed
of sound is 340 m/s. Find the speed of the
train and frequency of its whistle.
Data:

Frequency of sound heard when
source approaches the listener f' =219

Frequency of sound heard when sou
moves away from the listener = 6&%

Speed of sound m/s.

Speed of the train

Frequency of the whistl

Solution:
n(%by a stationary
at#fes him is given

Frequency of sou
ro
f'= %SE
V

listener when the train
by:
(340 = Vs) =340 f
340-219Vs=3401......... (7)

equency of sound heard by a
statlgnary listener when the train moves
away from him is given by:

fr=_V_ xf

V + Vs

_340  xf
340 + Vs

184 =

184 (340 + Vs) = 340 f
184 x 340+ 184 Vs =340 f......... (i0)
LHS of (i) and (ii) are equal, therefore:
184 x 340 + 184 Vs = 219 x 340 — 219 Vs
184 Vs+ 219 Vs =219 x 340 — 184 x 340
403 Vs = 11900

Vs = 11900 = 29.5 \
403

Put the value of Vs in equation (ii) w

184 x 340 + 184 x 29.53 40f
f=184 x340 + 184 =200 Hz.
340
€ Speed of the @ is 29.53 m/s
and frequency of its is 200 Hz.

g has a linear

Q.No.11: A gu \
nd under tension of

density of 7
152 N. The il supports of the string

are 89.4 rt. If it vibrates in three

seg ts, dalculate the speed, the wave
le r%i the frequency of the standing
ave (1996 Karachi Board)
Linear density u =7.16 g/m
=7.16 x10=3 kg./m
Tension in the string T = 152 N
Length of three segments

[=89.4cm=0.894 m
Speed of the wave V =?

Frequency f=?
Wave length A=7?
Solution:

Speed of waves in a string under
tension is given by;
V=T = 152
i 7.16 x1073

=+21229.05 V=145.7 m/s

Wave length of the wave when the
string vibrates in three segments is given by:
A=21=2x%0.894=1.788
3 3 3

A =0.596 m.
Frequency with which the string
vibrates is given by:
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f=V =145.7
A 0.59

Q.No. 12: The siren of an ambulance at

rest is producing a frequency of 2000 hertz.

What frequency will be heard by a

listener moving towards the ambulance

with a velocity of 100 km/hour?

Velocity of sound in air=1200 km/hour.

(2001 Karachi Board)

f = 244.5 Hz,

Data:

Frequency of sound produced f=2000 Hz.
Frequency heard fr=7?
Velocity of listener Vo =100 km/h
Velocity of sound 'V =1200 km/h

Solution:

Frequency of sound heard by a
listener approaching a stationary source is
given by:

f'=V+Vox f=1200 +100 x 2000

Vv 1200
f'=1300x 2000 (f'=2166.7 Hz

Speed of sound at any temperature t

is given by
Vi=V [ t+273
273
Va7 = 333.43 [37 + 273 (at 37°C)
273
Va7 = 333.43xV 1.1355 \\

V37 = 333.43 x 1. 066
V37 = 355.31 m/s

Speed of sound at STP is 33383 m/s
and at 37°C is 355.31
Q.No. 14: Two cars are moWng straight to

each other from oppo irections with
the same speed. T of one is
blowing with t gp ncy of 3000 Hz.
and is heard by le in the other car
with the fr dNcy of 3400 Hz.

Find ﬂ%ﬂeed of the car if speed of
sounghin airjis 340 m/s.

% (2003 Karachi Board)

atag

1200

37°C?
(Given: density of air =1.29 2

y for air =1.42, 1atm. =1.01 m*)
(2002 Kara Board)

Data:
s

Speed of sound

Speed of soun Va7 =7?
Temperatyge v& t=37°
Density UN p = 1.29 Kg/m?
For ai V

y=1.42
"1

V=7

=1.01x10° N/m?

1.42x1.01x10 5 = 111178.29
1.29

Q.No. 13: Calculate the speed of soun
air at S.T.P What is the speed of soun!

V = 333.43 m/s

Frequency produced f= 3000 Hz

Frequency heard f'=3400 Hz.
Speed of sound V =340 m/s
Speed of each car Vo =Vs =?

Solution:

Since both the cars, one producing
sound (source) and in the other there is a
listener, are moving opposite to each other.
Hence frequency of sound heard is given by:

f "= V+\Vo Xf
V-Vs
Both cars are approaching each other with
same speed, therefore, Vs = Vo
3400 = 340 + Vo, x 3000
340 - Vo
3400 (340 — Vo) = (340 + Vo) 3000
3400x340- 3400 Vo= 3000x340+3000 Vo
3400x340- 3000x340=3400xV0+3000 Vo
1156000 — 1020000 = 6400 Vo
136000 = 6400 Vo
Vo = 136000
6400
(Vo = 21.25 m/s]
®:<Speed of each car is 21.25 m/s.
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Q.No. 15: A standing wave is established
in a 2.4 m long string fixed at both ends.
The string vibrates in four segments
(loops) when driven at 200 Hz Determine:
(1) The wave length.
(2) The fundamental frequency.
(2018, 2004, 1994 Karachi Board)
Data:

Length of the string L=24m
Number of segments n=4
Frequency fa =200 Hz.
Wave length ha=7

Fundamental frequency f1="7
Solution:
Wave length of the wave is given by:

M=2L
n

M=2x24 M=1.2m
4

®:wave length of standing waves
when the string vibrates in four segments
is1.2 m.

Similarly:  fi= fa f1= fn
g {rk)

Q.No. 16: A note of frequencizng
emitted from an ambulap®. WhHat
frequency will be detee{ a listener if
the ambulance mov
(i) at speed of 18 m/s.
(ii) at speed of 15
(Spee

ards the listener.
ay from the listener
d = 340 m/s).
(2008 Karachi Board)
Data:
ncy of sound f =650 Hz.
%ency of sound detected f'="?
Qﬁ Speed of ambulance
Vs = 18 m/s (towards)
(i) Speed of ambulance
Vs =15 m/s (away)

Speed of sound V=340 m/s.

Solution:

Frequency of sound detected by a
stationary listener when a source of sound
moves towards him is given by:

fr=_V_ xf

V =Vs

f'=_340 x650 \
340 -18 ‘
f'=340 x650 |f'=68 Z.
322 X
®:<Frequency of sou rd by the
listener when the ambulanc ves

towards him is 686.%.
Frequency of etected by a

stationary listen mbulance moves
away from hif\

iven by:

X f

S

340 x 650
340 + 15

= 340 x 650 (7' = 622.54 Hz)
355

®:Frequency of sound heard by the

%ener when the ambulance moves away

from himis 622.54 Hz.

Q.No.17: A note of frequency of 500 Hz.
Is being emitted by an ambulance moving
towards a listener at rest. If the listener
detects a frequency of 526 Hz.

Calculate the speed of ambulance.
(Speed of sound is 340 m/s at that
moment)

(2011, 2009, 05, 07 Karachi Board)
Data:

Frequency emitted f=500 Hz.
Frequency detected f'=526 Hz.
Speed of sound V =340 m/s.
Speed of ambulance Vs=7?

Solution:

When the ambulance approaches a
stationary listener with speed Vs, frequency
of sound heard by the listener is given by:

f=_V f
V= Vs
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526 =_340 x 500
340-Vs
340 — Vs = 340 x 500
526

340 — Vs = 323.194
Vs =340 - 323.194 |Vs= 16.8 m/s

€ Ambulance is approaching the
listener with a speed of 16.8 m/s.
Q.No. 18: Find the speed of sound in a
gas when two waves of wave lengths
0.80 m and 0.81 m respectively, produce
four beats per sec. (2012, 1992 Karachi Board)
Data:

Wave length of first wave A1 =0.80 m

Wave length of second wave A2 = 0.81 m

Number of beats per second n =4

speed of sound Vv =?
Solution:

If “A4” and “f2"are the frequencies of

the two waves, then:
fisv & =V
M A2

But the number of beats heard per seco@
is equal to the difference of frequencies @f

the two waves:
Number beats per second
Number beats per seco

XY

A A2
. Number beats per sec% 1 -1
A A2
.80 0.81
4 \¢5 — 1.23457)
%1 543 V.
= 4 V=259.24 m/s.|
0.01543

| 3 %ﬁsound in the gas is 259.24m/s.
A sound wave of frequency
5000\Hz. in air enters a region of temperature
25°C to a region of temperature 5°C.
Calculate the percentage fractional
change in wave length.
(2013 Karachi Board)

Data:
Frequency of sound f =500 Hz.
Initial temperature T1=25°C
=25+ 273 =298 k
Final temperature T2=5°C
=5+273=278k
Percentage fractional change i \
wave length %
A
Solution:

&273 k be

sound at

Let speed of sound in air at Tg=
Vo = 332 m/s, therefore, sp

T1 can be calculated by
/298
3324273

T1
V_ 1.0 1.045
3

]
32 \
Therefore® 5 1.045 x 332
1 = 346.87 m/s

ce wavelength ‘A1’ of waves at

t€mp re T+ will be:
M=_V1 =346.87 =0.694 m
f 500
Similarly, speed at Tz is given by:.
Ve =/ T2
Vo To
Vo = [ 278
332 273
V2 =+1.018 = 1.0091
332

V2=1.0091x332 or V2=335.027m/s
Hence wavelength ‘42" of waves at
temperature ‘T2’ will be:
h2= V2 =335.027 =0.670 m
f 500
Fractional change in wave length (or
change in wavelength per unit wave length)
is given by AL =21 — A2
A A
AL =0.694 — 0.670 = 0.03458
A 0.694
Percentage fractional change in wave
length = fractional change x 100%
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€:Percentage fractional change in
wave length = 0.03458x100%=3.458 %.
Q.No.20: A car has a siren sounding a
2 kHz. tone . What frequency will be
detected by a stationary observer as the
car approaches him at 80 km./h?

Speed of sound = 1200 km./h

(2015, 2015, 1998 Karachi Board)
Data:

Frequency of sound produced by

the siren f=2 kHz.= 2000 Hz.

Speed of the car (source)

Vs =80 km./h

Speed of sound V =1200 km./h

Frequency of sound heard by the

listener fr="?
Solution:

In this case a source of sound (car)
approaches a stationary listener (observer),
hence the frequency of sound detected by
the observer will be:

ff=_V_ xf
V -Vs
f’=1200 x 2000 = 2400000
1120 112

(F=2142.9 Ha OR(f =
¥ Frequency of sound
listener is 2.143 kHz.

2. 14

"@"\

Q.No.21: A source of s and a
listener are moving towa ach other

with velocities whic 0.5 time and 0.2
time the speed qf soufid respectively. If

the source of gouhd j& emitting 2 kilo-

Hertz tone, the frequency heard
by the lis .
21995,93 Karachi Board)

Data!
eed of source of sound Vs =0.5V
Qﬁpeed of listener Vo=0.2V
Frequency of sound emitted
f=2 kHz.= 2000Hz
Frequency of sound heard by listener f' =?
Solution:

In this case source of sound and the
listener both approach each other, therefore,

C.%z

frequency of sound heard by the listener is
given by:

f'=V+Voxf
V-Vs
f'=V+02Vxf
V-05V
fr=12Vxf \
0.5V \
f’=ﬁxf=2.4xf=2.4x@
0.5
f' = 4800 Hz. , kHz.
®:Frequency of sound hea en source

ve towards each
kHz. It is more
erefore, sound

of sound and the listen
other is 4800 Hz.
than the sound {
heard is more sh

Q.No.22: has been sounding 4 kHz
tone. W ency will be detected by

istener as the car

a stagiena

ap s him at 50 km./h.

‘ l eed of sound in air = 1200
ta

. (2025 Karachi Board)

Speed of the car Vs =50 km./h.
Speed of sound in air V =1200 km./h
Frequency of sound emitted f=4 kHz.

= 4000Hz
Frequency of sound heard by Iistenerf’ =?
Solution:

In this case a source of sound (car)
approaches a stationary listener (observer),
hence the frequency of sound detected by
the observer will be:

frl=_V_xf
V -Vs

f'=1200 x 4000
1200 - 50

f’ =4800000
1150

\/'=4174 Hz] OR|f' = 4.174 kHz.|

®:Frequency of sound heard by the
listeneris 4.174 kHz.
Q.No.23: If speed of sound in air at 27°C
is 345 m/s, find its speed at 47°C.
(2026 Karachi Board)
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Data:
Speed of at 27°C V1= 345 m/s.
Temperature T1 = 27°C.
=27+ 273 = 300 k.
Speed of at 47°C  V2=?
Temperature T2 = 47°C.
=47+ 273 = 320 k.
Solution:
Speed of sound at two different
temperatures T1 and T2 is related by:

Ne = _T2

Vi1 T4

Mo = [ 320

345 300

V2 =+1.0667 = 1.0328
345

V2=1.0328x345 or V2=356.314m/s

®:Speed of sound at 47°C is 356.314m/s.

Q.No.24: A 4 m long string fixed at both
ends vibrates in two loops with a
frequency of 20 Hz. Find the speed of the
traveling waves. (2026 Karachi Boar:
Data:

Length of the string L =4 m.

Number of loops n=2 x
Frequency f=20 N%
Speed of waves Vv =< :

b

Solution:

Since the string fix oth ends
vibrate in two loops, the®»f® S wave
length will be

A=2L= 4 =

But spee s is given by:

v k 160 m/s.
waves is 160 m[s
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