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Q.1 What are progressive waves? Give its types.

Answer
Progressive Waves
The waves which transfer energy by moving away from the source of

disturbance are called progressive or travelling waves.

ong wavelength

Example

Consider two persons holding the opposite ends of the rope. Suddenly one
person gives a jerk to the rope. The disturbance in the rope produces g pulse
which moves toward another person. When this reaches the other person, it
pushes his hand upward. So, the energy and momentum transtemred from one

person towards the other person. This Is an example of progressive wave.
Kinds of waves

There are two kinds of progressive waves

1) Trensverse waves i) Longitudinal waves

Transverse Waves
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wave having placement pattern as shown in hgure, which will move along
the sprnng. 1his shows that displacement of particles i1s perpendicular to the
direchtion of propagation of wave, hence transverse waves are produced.
Longitudinal Waves (Compressional waves

gitud | W (& P I )
Ihe waves, In which particles of the medium are displcced along the direction
of propagation ot wave and such waves are called longitudinal waves, Q
nNownN 1IN iiqur
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Note

(Why, sound waves in air are longitudinal in nature)

Both types of waves can be set up In solid. In fluids, however, transverse waves
die out very quickly and usually cannot be produced at all. That is why, sound

waves in air are longitudinal in ncture.

Q.2 What are periodic waves? Also discuss its different types?

Answer
Period Waves

The waves which are produced by continuous and rhythmic disturbances in a

medium are called penodic waves.

A grach of the Sspiacament of one DamGe 43 & TunCon of hire

These may be transverse or longitudinal in nature. A good example of a penodic

waves in an oscilleting mass-spnng system which executes SHM,

Transverse Periodic Waves
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The penodic waves in which the displacement of particles of medium is

perpendicular to the direction of motion of waves produced by continuous and

rhythmic disturbances in @ medium cre cglled transverse penodic waves.
Experiment

Let us consider a mass-spring system which can vibrate hornzontally as shown in
figure. A long stnng of uniform thickness is stretched horizontally aond its one end
s attached with the oscillating mass m. Due to oscillation of mass-sprng system
a fransverse wave i1s produced in the stnng.
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The wave appears to be travelling on the spring, from its own end to the other.
In this case each part of stnng vibrates on the spring, from its own end to the
other. In this case each part of string vibrates at right angle to the length of

stretched sinng.

The crest and troughs are being replcced by one another periodically and

waves appear to be travelling.

Crest

The portion of the wave above the mean level Is called as crest.
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Trough
The portion of the wave below the mean level is called trough.
Amplitude

The amplitude is the maximum displacement of point in a crest or a trough of

the stnng.
elevation
crest
‘/ amplitude
7\ 7N
N 7 N "4
. ' \ trough
wavelength
Wave Length

The distance between two consecutive crests or two consecutive troughs is

known as wave length, it 1s denoted by A.
Time Period

The time for which the wave travels a distance of wave length is called time
penod, The time period of wave is equal to be the time penod of the oscillator
which produces it,

Speed of Wave

when a wave progresses, each particle in the medium performs SHM. The time
that the crest required to move a distance, of one wave length is equal to the
time required for a point in the medium to go through one complete oscillation.
Iif ‘v’ be the speed of wave, then
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Distance covered

Interval of time
VeAd/1

V"Z[-;-) But 1/T = f

Or V=Ff2

Vi=

where f i1s the frequency of the wave which is same as the frequency of

oscillator (crest or trough) which produces it,
Wave Profile
Relation between path difference and phase difference

Consider the snapshot of the periodic waves moving through the medium. As
any distance x from the reference point then phase difference can be

described as

27
D=—

A

A Path gfference = ,,4

: phase dfference = !

o=~ ) y * A sin(wi)
y * A st - 2/2)

* /X\

o] U S ,

The points C and C', as they move up and down are always in the same state of
vibrations (i.e. they have identical displccement and velocities). There are many
points or particles along the medium which are vibrating in phase. The points
separated from one another through distance A, 2A, 3A........ are all in phase with

each other.
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Some points are exactly out of step, for example when point C reaches ifs
moximum up wall displacement, at the same time reaches its down wall
displacement,

The points separcted from one another through a distance of A/2, 3A/2,
L U are opposite in phase.

Longitudinal periodic waves

The penodic waves in which the displacement of pcrticles of medium is along
the direction of motion of woves produced by continuous and rhythmic

disturbances in a medium are called transverse penogdic waves.
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Experiment

To explain longitudinal penodic waves, we take an example of a spring which is
suspended by the help of threads. Longitudinal wave is produced In this spnng
by applying horizontal varying force at one end of the spnng. This force

produces compressions and rarefactions in the spnng as shown in the figure.

In this case the various parts of the spring vibrate along the length of the spring

(or along the direction of motion of the waves, When spnng was disturbed than
all the suspension threads were vertical. But when the longitudinal wave is

produced in the thread then these suspension threads are displaced. Their
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displacement is same as the displacement of corresponding parts of the spring.
The graph of displacement of various parts of spring and corresponding values
of the distances of these vanous parts of sprnng, from its one end is shown in the

figure.

Q.3 What are the factors on which the speed of sound depends vpon?

Answer
Speed of sound in air
Sound waves are longitudinal waves and their speed depends upon

e Compressibility (i.e. elasticity) of the medium.
e Inertic (i.e. density) of the medium.

If E be the modules of elasticity and p be the density of the medium, then the
speed v can be expressed as,

ve &

P

Speed of sound in solids is much greater than in gases

Reason

. Since molecules are closer Iin solids than in the gases, so they respond more

quickly to the disturbance.

e In other words, so the speed of sound in gases is smaller than in solids
because the gases are more compressible and thus have smaller modulus

of elasticity.
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Q.4 What was Newton's formula for the speed of sound? What was drawback in
it, how it was cormrected by Laplace?

Answer

Newton's formula for the speed of sound in air

If E be the modules of elasticity and p be the density of the medium, then the
speed v IS

Calcvulation of modules of elasticity
Newton's Assumption

In order to calculate the elcstic modulus for ar, Newton assumed that the
temperature of the ar during a compression remains constant. (i.e. an

isothermal change)

So, PV = constant

when the pressure increases from P to P+AP then the volume decreases from V

o
V- AV.
According to Boyle's Law
PV = (P+AP)(V-AV)
PV = P-PA + APV-APAV (2)

Since changes AP and AV represent the small. So therr product APAV can be

neglected. Hence above equation becomes.
PV = PV-PAV+VAP

Or 0 =-PAV+VAP
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PAV = VAP
Or P= VAL
AV
AP AP volumefnc stress
- wW —
o " AV { Nere Vv = Volumetic strain E]
Or P=E

So, equation (1) becomes

At S.T.P, forar P=0.76 mHg = 1.01 = 1.01 x10° N/m?

" 1.01x 10°
J 1.29

v = 280 m/sec

The expermental value of speed of sound is 332 m/sec. The theoretical value is
about 16% less than the expernment value.

Drawback in Newton's Formvula

During a compression the temperature of the air increases i.e. it is an adiabatic
change.

Laplace Correction

Laplace assumed that compressions and rarefactions in air take place so rapidly

that heat of compression does not able to transfer to the neighboring cooler
regions.

Therefore, the temperature of the medium does not remain constant, i.e. it is an

adiabatic change.

In this case. Boyle’s law caon take the form
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Pv- =constant ... (4)
When the pressure increases from P to P+AP then the volume decreases from V

to (V-AV), so

PV" =(P+AP)(V-AV)"

Where
5 €, _Molar heat capacity ot constant pressure
c, Molar heat capacity at constant volume
PV” = (P+AP)V'(I-A—V-)
\Y
AVY
Or P=(P+AP)|1-—
eamfi-3)

By Binomial expansion

' n_] -
(l+x) =l+nx+n( )X

ndCTIIIIIIIT

2!
. : AV . : AV
S0 P=(P+ :\P)[l -y v +negleching square and higher power of -7)
PaP=yPaY 4 APy ATAY
Vv Vv
. : APAV
Since AP and AV both are small so neglecting the term » Y
So, P=P-)’P£+AP
V
\P
Or AP= yP —
4 AV/IV
AP AP stress
P= Where — - E

TTTAVIV [ =€ VIV " strain ]

yP=E (4)
So equation (4) becomes

v= 2P

2

At S.1.P
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P =0.76 mHg = 1.01 x 105 N/m?, p=1.29 kg/m?

Value of p is different for different gases. For air, p=1.41 (for diatomic gas)

P
sz; L

p
V:Jl.d x 280

V=333 m/sec

Which is close to the experimental value of 332 m/sec.

Q.5 How the variation of pressure, density and temperature effect the speed of

sound in a gas?

Answer
Effect on Speed of Sound in Air

1) Effect of Pressure

AS V= [

Since density is directly proportional to the pressure. When pressure of gas is

INcreased, density of gas also increases, so the speed of sound remains same.

2) Effect of Density

At constant temperature and pressure of gases having same value of y, the
velocCity is inversely proportional to the square root of their densities, which

shows, smaller the density, greater the speed i.e.
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JP

v=J7P |-

f 24
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v=constant |-
P

Vi [=—
p

Note

The speed of sound in hydrogen is four times to its speed in oxygen becaguse

density of oxygen is sixteen times as that of hydrogen.

3) Effect of temperature

when a gas 1s heated at constant pressure then its volume 1s increcased and

density is decreased.

AS " ﬂ.
9

S0, the speed of sound is increased with the rise in temperature.

Q.6 Prove that vi=vp + 0.61 1

Answer

Let
vo = Speed of sound at 0°C
v: = Speed of sound at t°C
po = density of gas at 0°C
pr = density of gas at 1°C

S0
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VO: e (])

LT (= (2)

Dividing the equation (2) by (1)

Mo [LLP

vo 7P/p0

T (3)
Yo %

If vo is the volume of gas ¢t 0°C and V:is the volume at 1°C. Then

= Vo [14B1]

Where B is the coefficient of volume expansion. For all gases, its value is about

l

273
V, — VO [] - —t-
273 ]
AS chmdndv,zm- [P=m]
Po Ay v
m_m[, t
S e LA
’ ’ 273]
O I ... 4
' o [ ' 273] “)
Using equation (4) in equation (3), we have
|l [ O
[ 273] (%)
V, P 4+ 273
O =3 =
' v, \0C273
v

T
—Or — —
Or | ,To ...... ()
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Where 273 + t°C = T = absolute temperature corresponding to T°C

And 273+0°C = Tp = Absolute temperature comresponding to 0°C

Thus, the speed of sound vanes directly as the square root of absolute

temperature.
Speed of sound in air at {°C
AS iﬁ- = [+ L’
v, 273
& - |1+ L]J
v, | 273
By using the Binomial expansion and neglecting square and higher powers, we
have
Yo . l+(lJ[L)+ ......... [':(I+x)nzl+nx+ ........... ﬂi
v, | 2 )\ 273 J
So V, =V, + -v—“' . V, =V, % 332' fOS Vo = 332 m/sec]
546 546 .
V' = VU +61%

This equation shows that with one-degree Celsius nise in temperature, the speed

of sound is increased by approximately 61 cm/sec.

Q.7 State and explain on principle of super position?

Answer

Superposition principle
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If a particle of medium is simultaneously acted upon by the number of waves
then the resultant displacement of the particle is the algebraic sum of their
individual displacements. This is called superposition principle.

Let the displacement of the individual waves be vy, vz, vya...... Yn.

Then by super position principal the resultant displacement be

y — y] - yz - y3+ .......... +Yn.

Adding waves

. @ YVha! happens when we have M
several disturbances n the _
ma‘umq o "t Jpproacog peam

e - e Wave | creates F?Q,pw:c
[ [\ displacement y 1 P rrr=w
—_—— e Wave 2 creates B Oewiep Sepes

_M— displacement y2
e Total displacement will be ML A
—_/L__ 8 OSL d st Rh
re— e Principle of superposition LS e ZCTN
e Will be vahd as long as ??““:tmmm
- Hooke's Law 1S vako TrMNENTRY
- B o ,
(F" ll) - ':f‘.\ é:?.\-
__/\____/ \ e Q wilthe I'OSultlng > 4 L O N
> amplitudes always be vl 1he voe pteng e
_/L f—\ greater? v o

Consider the two waves coming from opposite direction through a coil of sprng

as shown in figure. When these waves combine with each other than during the
time of overlapping, the displacement of waves are added up as shown Iin
figure(c). After having crossec each other they again adopt their onginal
shapes and continue their motion along the spnng in their respective directions
as shown in figure (d), we can study three important cases of super position

prnncipal.
Cases of super position principal

1) When two waves having same frequency and travelling in the same direction

produce the phenomena of interference.
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i) When two waves of slightly different frequencies and travelling in the same

direction produce beats.

iiWhen two waves of equal frequency travelling in opposite direction produce

stationary waves.

Q.8 Define interference. Describe its types. Also write down the conditions for

constructive and destructive interference?
Answer

Interference

when two identical waves meet each other in a medivm then at some points
they reinforce the etfect of each other and at some points they cancel the

effect of ecch other. This phenomenon is called interference.

- \/\/\/W

construchive nterference destructive nlerteren e

Explanation
Consider an expenment arrangement shown in the figure. It consists of

e Two loud speckers Si1 and S; for the production of harmonic sound waves of
fixed frequency.

e An audio generctor,

e A microphone.
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e A cathode ray oscilloscope (CRO) i1s attached to microphone to see the

input signal wave form,

Types of interference

There are two types of interference
i) Constructive interference.

ii) Destructive interference.

Constructive interference

The microphone is placed at various points in front of loud speakers, as shown in

figure.

At Py, P2 and Ps o large signalis seen on CRO, as shown in figure. At these points’

compression meets with compression ond rarefaction meets with rarefaction.

S0. the displacement of two wave are cdded up at these points and g large

resultant displacement is produced.

Sgre Gere ator

-

® Maxmum Intensily
L Mlnlxnum Intensity

(/Z:a- o

"lé' *‘.’-"

p | M g~ )

We can find the path difference at point Py between two waves is

A = S2Py — $HiPy
=4'%A-3% A
= A

Condition for constructive interference
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whenever path difference is an integral multiple of wave length displacements,

the two waves are added up. This effect is called constructive interference.

AS = nA Where n=0, £, £2, $3.........
Destructive Interference:

At P2 and P4, no signal is obtained on CRO, as shown in fig. At these points’

compression meets with rarefaction and they cancel the effect of each other,
sO resultont displacement becomes zero. We con calculate the path ditference

between the waves.

At P2
AS = S2P2 — $\P2
=4A-3'%2A
=2 A
Similarly, ot p2
AS = 52P4 — 1P
=3%A=-4A
=% A

Condition for destructive interference

whenever the path difference 1s odd integral multiple of half of wavelength, the
displacements of two waves cancel the effect of each other. This effect is

colled destructive interference.,

AS =(2n+1) % weren =0, £1, +2, 13............

Or AS = (n+ 2 )A
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Q.9 What are beats? Explain it with the help of example as well as graphically?

Also mention some uses of beats?

Answer

When two waves of slightly different frequencies and travelling in the same
direction overlap o each other then there 1s a penodic vanation of sound

between maoximum and minimum loudness are called beagts,

= NV N ‘I AR ’ A M7 A
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N Y0 TG A Y " v / v 4 V v vV
v v ol phmaw

Consider two tuning forks A and B of same frequency say 32 Hz are sounded
separately then they will produce pure notes. But when they are sounded
simultaneously then it is difficult to differentiate the notes. The sound waves of
two will be superposed on each other and will be hearg by the human ear as
single pure notes. If the frequency of tuning fork B is lowered slightly by loading i

with some wax, say it becomes 30 Hz.

; 4 : The number of beals per
' second s equal 10 the
; tj ""‘W b aifference in lreqQuoency
N4 \ Boats

R —

: .'1
'z’\/\/\/\/\/
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Now if A and B sounded together, ¢ sound of clternately increasing cnd
decreasing intensity will be heard. Such ¢ note is called beat, which is due to
interference between the sound waves from A and B as shown in figure below.
At some instant X the displacement of the two waves is in the same direction.

The resultant displacement is large and a loud sound is heard. After time -l-sec,

the displacement of wave due to one tuning fork i1s opposite to the
displacement of waves due to the other tuning fork. As a result, @ minimum
displacement is produced at Y. So, a low or no sound is heard. After f14 sec, the
displacements are agoin in the scme direction ond a loud sound is hecrd again
at Z.

It represents a loud sound is heard two time in one second because the

frequency of tuning fork.
Mathematically,
fa - e = n (No. of beats)

If the frequency difference is greater than 10 Hz, then it is difficult to recognize
them. We can use beats to tune a stning instrument or to find the unknown

frequency.
Uses of beats:

1) Beats are used to tune ¢ stnng instrument such as piano or violin, by beating
a note cgainst a note of known frequency. The string can then be adjusted to

the desired frequency by tightening or loosening it until no beats are heard.
2) Beats are used to find unknown frequency of vibrating body.

3) Beats are used to produce variety in music.

Q.10 Explain the reflection of waves from rare and denser mediums?
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Answer

Reflection of Waves

‘The bouncing back of wave from the boundary of c medium is called reflection

of wave."

when a wave produced in one medium travel to the boundary to enter Iinto

another medium, then a part of incident wave is reflected from the boundary.
This reflected part has same frequency and wavelength as the incident wave

naQs.

[j
l”" _— 1 | ‘N
| b =
Fixed e ~— Froe om0

—’—\_\t A ) .E g__‘__-;’"b:‘_ . I[

I!-g.n. d'» ! I-I‘:;;‘f@

But there may be the change of phase which depends upon the nature of
boundary of medium.

Reflection of waves from the boundary of denser medium:

Let us take a long slinky spring whose one end is fixed to a ngid support on @
horizontal surface of a table. The other end of this spnng is free to oscillate. A
sharp jerk is given to which crest or trough 1s produced on it. It travels on the
spring from it send A towards the end B. On reaching at end B spring exerts @
force on the ngid support to produce similar motion in it. But the rigid body has
large density so it exerts equal and opposite reaction on the sprnng. Due to

which crest is converted into trough and it fravels back from end B to A.
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Reflection of waves from the boundary of a rare medium:

If we attach end B of long slinky spring with a light string and keep its end A free,
ike before. Then giving ¢ sudden jerk to end A, a crest is produced which travels
on the spnng from its end A, a crest is produced which travels on the spring from
its end A to end B when the crest produced reaches the boundary of string.

Then string being rare medium, do not give reaction to the spring. So that a crest

s reflected back as a crest on the sprnng from end B to end A.
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Resvult:

1) If ¢ transverse wave fravelling in a rarer medium is incident on a denser
medium, it is reflected such that it undergoes c phase change of 180° (path

difference of A/2).

i) If ¢ transverse wave travelling in a denser medium in incident on a rarer
medium, it is reflected without any change in phase (no path difference).
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Q.11 Differentiate between echo and reverberation?

Answer
Difference between echo and reverberation

1) Echois a single reflection of a sound wave off a surface. Reverberation is the

sound or the pattern created by the superposition of such echoes.

2) An echo can be heard only when the distance between the source of sound
and the reflecting body i1s at least 17 m. A reverberalion can occur when sound

wave is reflected by a nearby wall also.

3) An echo is usually clear and can be clearly distinguished. A reverb is not @

clear replica of the onginal sound sample.

4) Echo can be used to determine the distance of areflecting object such as @
large buillding or @ mountain, if the ambient temperature 1s known.

Reverberation cannot be vhilized for distance measurement applications.

5) An echo can be heard both in open and closed spaces. Reverberction is

usually experienced in closed spaces with multiple reflecting objects.

Re%chon of o Digtore C.™ Refe1on 0" 5 Nearty Vvl

e
(

= - Soung Vieves

My~ Sazvee
NI

ECHO

Q.12 Define stationary waves and how they are produced? Give properties of

stationary waves. Also define node and anfi-node.

Answer
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Stationary Wave

The resultant wave produced by the superposition two identical waves fravelling
along scme line but in opposite direction is called stationary wave.,

Production of Stationary Waves

Consider the superposition of two waves moving along a straight line along ¢

stnng in opposite direction, The picture of such two waves at instants t=0, 1/2,
1/4, 31/4 and T, as shown in figure (a) and (b).

resunant
| A A4 e

49 P @ ——--P ¢ @- —
.

AN AN

28 | , 29
| A
N
N N N N
AN AN AN

when two waves superpose to each other, we want to find out the
displacements of the points 1, 2, 3, 4, 5, 6 and 7 shown in fig. It is clear that points
1,2, 3 etc. are at a distance A/4 apcart from each other. The resultant

displacements at these are calculated by cpplying the superposition prnciple.

Fig (C) shows that the resultant cisplacement of the point 1, 3, 5, 7 at the instants
t=0,T7/4,7/2, 31/4 and 1. It can be seen that the resultant displacement is always

zero at all the instants.

Fig (d) shows the resultant displacement of points 2, 4 and 6 at instant =0, T/4,
1/2, 31/4 and T, These points move with moximum displacement from mean
positions,

Properties of Stationary waves
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1) There are points of medium in stationcry woves which permanently show zero

displacement are called nodes.

Lf

P e s . e P
\ N

Fo.T

LA

2) The points between two successive nodes are in phase with each other.
3) Each point along the stationary waves vibrates with different amplitudes.

4) There are points of medium in stationary waves which have maximum
amplitude are called antinodes.

5) The distance between two consecutive nodes is A/2.
é6) The distance between one node and next antinode is A/4.

7) The energy remains standing in the medivm between nodes because the
nodes remain at rest, so energy cannot flow through these points. That is why

stationary waves are also called standing waves.
8) Energy oscillates between P.E. and K.E. between nodes.
Note

. When antinodes are at their extreme positions the whole energy is P.E. while
at passing through equilibrium position, the whole energy is K.E.

. Commonly the standing waves are produced due to superposition of
waves traveling down & string with its reflection travelling in opposite

direction.

Nodes

The points of zero displacement on stationory waves are called node points.
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Antinodes

The points of maximum displacement on stctionary waves are called anfinodes.

Q.13 Show that frequencies of stationary waves in stretched string are
quantized.

OR

Prove that for stationary waves in a stretched string f,=nf,.

Answer

Stationary Waves in Stretched String

Let us consider a string of length 1. It is stretched and is clamped ot its two ends.

The tension in the stnng is denoted by F.

When the stnng 1s plucked and then released, two waves are generated which

moves In opposite direction along the stnng. Both of these are retlected back
from the clamped enads of stnng with opposite phase to generate stationary

waves on the sinng.

As the two ends are clamped with ngid support, so these do not vibrate and we

get nodes at these ends.
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L = i A }
Fundamental or first harmonig, /
[l =A-
Farst overnone or second harmonwe, /5 =« 2f,
- e ] )
(L~ ,A\

Scevond ovenone or4hird harmonwe, /= VY,

(L)
Copynght © 2005 Pearson Prantce Mall. Inc.

Speed of waves on string

The speed of wave depends upon tension F in the stning and mass per unit

length m (i.e. thickness and nature of wire).

First mode of vibration

when the stinng is plucked at the middie of its length then the stnng vibrates in @
single lop as shown in figure, Such c mode is called fundamental mode of

vibrafion.

: : A
Distance between two consecutive nodes = 5

If 2, be the wave length and f, be the frequency of vibration in this mode, then

I:-f-'-;'l or A=2
2

Thus, speed of wave v is

\,I:f!),1 or f = —
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Putting value of 4, we get

"2

Putting value of v from equation (1) in equation (3), we get

1 JF
| = s5ivm e (4)
Second Mode of Vibration

When the string is plucked from one quarter of its length then the stning vibrates
Nnto two loops as shown in figure. If Az be the wave length and f2 be the

frequency of vibration in this mode, then

2 2
1= 4,
Or 4. =l

Thus, speed of wave v is

v = [2A2

k.
A;
Putting value of Az, we get

f =

v
]

2V

t T —

‘2

=0

www.topstudyworld.com



www.topstudyworld.com Physics

So f, = 2% [Since%- =1,

=il

Thus, when the string vibrates in two loops, its frequency is double than when it
vibrates in one loop. {; is called second harmonic.

Third mode of vibration

When the strnng is plucked from one sixth (1/6) of its length then the stnng

vibrates into three loops as shown in figure. If 2, be the wave length and f, be

the frequency of vibration in this mode, then

=5, 5.4
2 2 2
1= 2%
2
2|
}.3-_-—3—

S0, the speed becomes,

v="1A
L4
> 2
=3

: Vv
f, =31 [smce T =f J

The frequency fi is called third harmonic.
ny mode of vibration

If string vibrotes in n loops then,

L, =n(%)=nf,
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And wavelength is

A =%1- where n=1,2,3,.4.5..........
So the stationary wave have a discrete set of frequencies fy, 2fy, 3f........... nfy,

which is known as harmonic senes. The frequency f; is known as fundomental

frequency, and the other are called over tone.
Note

The stationary waves can be set up in the string only with the frequencies of
harmonic series determined by the tension, length and mass per unit length of

the stnng. Waves not in harmonic senes are quickly damped out,

Q.14 How can we change the frequency of string on a musical instrument? Also
discuss resonance of air column in resonance tube?

Answer

The freguency of a stnng on a musical instrument can be changed either by
varying the

e Tensioninsting

e Length of string

For example

The tension in guitcr and violin stings is varied by tightening the pegs on the
neck of the instrument. Once the instrument is tuned, the musicians vary the
frequency by moving ther fingers along the neck. By doing so that changes the

length of the vibrating portion of the sinng.

Resonance of air column in resonance tube:
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Vibration of air column can be set up In a resonance column gpporatus. It
consists of a long metal tube held vertically in g tall jar containing the water. The
tube con be fixed in vertical position. The length of the air column can be vaned

by raising or lowenng the tube.

(A 9

Here, the surface of water will act s the closed end. When a vibrated tuning
fork is held cbove the open end, longitudinal waves are sent down the air
column. These waves are reflected at the water surface and thus produce
standing waves. Nodes are produced at the water surface and antinogdes are

produced at the open end.

when the frequency of waves in the arr column becomes equal to the natural

freguency of tuning fork, ¢ loud sound i1s produced Iin the air column. It i1s the
condition for resonance. It occurs only when the length of air column is

proportional to one-fourth of the wavelength of sound waves having frequency

equal to frequency of tuning fork.

Q.15 Find the frequencies produced in organ pipe when it

i) Open at both ends.

ii) Closed at one end.
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Answer

Stationary Waves in Air Column

Stationary waves can be set up in air column inside a pipe or tube.
A common example vibrating air column is an organ pipe.

Organ Pipe

An organ pipe is a wind instrument in which sound is produced, due to setting
up of staticnary waves in air column. It consists of ¢ hollow long tube with both
end open or with one end open and the other closed. There are two types of

organ pipes.
i) Open Organ pipe: It is that organ pipe whose both ends are open.

ii) Closed Organ pipe: It is that organ pipe whose one end is closed.

Modes of vibrations in organ pipe open at both ends

Let us consider an organ pipe of length I which is open at both ends. As the
open ends air molecvules have complete freedom of motion so it octs as
antinode. Longitudinal waves set up inside, the pipe have been represented by
transverse curves which represent the displacement and amplitude variations of

air at vanous points.
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Fundamental Mode of Vibration:

In this case there i1s only one node at the middie of the pipe. As both ends of
pipe are pen, so there are two antincdes at both the ends. If A is the wavelength

of sound,

A A
|=_'.+._'.

4 4

“
2

T —
—

Iif 115 the frequency of sound, then the velocity of sound is

v=ﬂq

A4
"=

Putting value of 4 , we get

This frequency is called fundamental frequency for first harmonic.
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Second mode of vibration:

In this case, there are three antinodes and two nodes.

it 2, is the wavelength of sound then

Or A, =

Iif f2 15 the frequency of sound, then speed becomes,

v=LA,
f, = —
4;

Putting value of 4,, We get

| 4

[2 - T
Or f, = Q’i.
Or , = 2[1)

21
Or L =21 since— = f,}
| 2|

Third mode of vibration

For three loops, there are four antinodes and three nodes. If 4, is the

wavelength of sound, the length of the pipe is
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v=%A4,
f = -
3v
=25
v
= 3] =
it
f, = 31 [since ~ = ! ]
" 7]

The freguency f3 is called third harmonic.

nth mode of vibration

If air column vibrates in n loops then,

L fn[%]:nf,

And wavelength is

2.3:3! whereé N®,2,3,8,..cc.005005:
n

So, the longitudinal stationary waves have a discrete setoff frequencies fy, 2,
%, | { THReeey nf1, which is known as harmonic senes. The frequency fy 1s known as

fundomental frequency. And the other are called over tone.
Modes of vibration in organ pipe closed at one end

Let us consider an organ pipe of length | which is closed at one end. Then ot the

closed end we get node while at the open end we get anti-node.
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Fundamental mode of vibration:

Fundamental mode of vibration has one node and one antipode. If 4 is the

wavelength of fundamental mode then length of the pipe is:

A
= —
4

4 =4I

S50 the speed becomes,

Or f=— as A =4l

The frequency f is called fundamental frequency.

Second Mode of Vibration
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Second mode of vibration contains two nodes and two anti-nodes. If 4, is the

wavelength, then length of the pipe is

Or A, =—

f— \"4
*4/3

3v
f ==

\'4

f =3| —
-33)
f, = 3t [since ~ = ]
- 4)

This is called second harmonic or first overtone.

Third Mode of vibration

Third mode of vibration contains three nodes and three anti-nodes. If As is the
wavelength, the length of the pipe is
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4
<

If As is the frequency of sound, then speed becomes,

v =1

v
or fo = —
- AS

Putting value of, we get

f - Vv
- 4l/5
Or f, :5—;—
()
f =51 [since i:f,]

Which is the frequency of third harmonic or second overtone.
nth mode of vibration

If air column vibrates in n loop then,

fn = n[i] = l’\fI
4|

And wavelength is

)..,=— where N'= 1,.3.'9; 7..oiazsssses
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So the longitudinal stationary waves have a discrete set of frequencies fi, 3f,
Y { T—— nfy, which is known @s harmonic sernies. The frequency fy is known Qs
fundomental frequency and the other are callegd over tone.

Conclusion

By studying the both these cases, we conclude that the pipe which is open ¢t

both ends is ncher in harmonics.

Q.16 What is Doppler Effect? Discuss its different cases.

Answer
Doppler Effect

The apparent change in the frequency (or pitch) of sound waves due to the

relative motion between the source and observer is called Doppler's Effect.

Note

This effect was first observed by John Doppler while he was cbserving the
frequency of ight emitted from a star, In some cases, the frequency of emitted
ight was found to be slightly different from that emitted from @ similar source on
the Earth.

He found that the change of frequency of ight depends upon motion of star
relative to Earth.

Example

1) The pitch of whistle of an engine coming toward the plctform appears to

become higher to cn observer standing on the plctform.

2) The pitch of whistle of an engine going away from the platform appears to
become lower to an observer standing on the platform.

Different cases
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Consider ¢ source of sound S at rest emits sound waves having wavelength A.
Let speed of the sound for a stationary observer is v. Then, the number of waves

received by observer in one second 15

_,,
| <

Case |

[When observer moves towards stationary source]

Let observer A moves towards the source with velocity up. Then the relative

veloCity of the waves and the observer = v+ug.

Now, the number of waves received by observer in one second is,

V+U, | .
J (using equation 1)

fo=| —= |f (2)
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Result

Thus the apparent frequency of sound heord by the observer will iIncrease.
Case li

[Observer moves away from the stationary source]

Let observer B moves away from the source with velocity up, then the relative
velocity of the sound and cobserver = v-up. Thus, the number of waves received

by observer in one second is,

|5

6 =] Vv';:”] (using equation 1)
Vv -U,
g=[ = "]f .......... (2)
=
-1<]l sO
v
= fo <f

Result

Thus the apparent frequency of sound heard by the observer will decrease.
Case lll

[When source moves towards the stationary observer]

when source moves towards the stalionary observer C with velocity us then
waves are compressed and their wavelength is decreased. In this case the

waves are compressed a in distance equal to v-u: In one second,
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Thus

The wavelength of sound waves for observer is

Y
A._—.-
f
Al = =3
/___
f
A.=A—-AR
s ¥ b
Apm—==2 ... 3
s (3)

Putting value of 4i_ from equation (3) in (4)

v

(v-u, )/t

Since - ]
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So f.>f

Result

Thus the apparent frequency of sound heard by the observer will iIncrease.
Case IV

[Source move away from the stationary observer]

Wwhen source moves away from the stationary observer D with velocity us then
waves are expanded and ther wavelength is increased. In this case the waves

expand in a distance equal to v-us In one second.
Thus

The wavelength of sound waves for observer D is

de= 0 (6)

f
Or A/'.‘.=%-

A, =2+ AA

s V.Y

I
V+U

= = aasseesd 7

2= (7)

| V+U,
: v
since < |
V4U,
So fu = f
Result

Thus the apparent frequency of sound heard by the cbserver will decrease.
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Note

When source and cbserver move towards each other with velocities v, and
Ugrespectively, then waves are compressed in @ distance equal to v - ucin
one second and the relative velocity of the sound and observer becomes
v+up .In this case both the relative velocity and the wavelength of wave

changes . So, the apparent frequency

C[veu ] | vy, ViU, | L v-u,
f-: '# = | e— - f AL ’
A | (v-u ) /] [v+y, | f

When source and observer move away each other with velocities u, and ug

respectively, then waves expand in ¢ distance equal to v+u; In one second
and the relative velocity of the sound and observer becomes v — up. In this
case both the relative velocity and the wavelength of wave changes. So
the apparent frequency is

£ V“Uo-_ V= =-F'V"U:—1f il T =1
o (e v i ke A

.

-

Q.17 Wirite down the uses of Doppler's Effect.

Answer

Application of Doppler Effect

Now we discuss some important application of Doppler’s effect.

)

Radar System

RADAR 1s an acronym.
It is denved from Radio Detection and Ranging.

Radar is ¢ device which transmits and receives rcdio waves.
The rcdar system uses to determine the height and speed of ceroplane.
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» This system emits radio waves which cre reflected from aeroplone andc
received by the system.

o Ifreflected waves have longer wavelengths, then the object is moving
towargs a radar system.

. If reflected waves have longer wavelengths, then the object is moving

oway from the rcdar system.

CPS Showns pdots Ihew DOSMHON
Uil vl U My uneQ Dy ATC

. N Ny
Seconcary radar
fracxs plane o s
WOy via I anspONGe(

l

| 3 ACARS Transmas

| —_— arcraf Cela o e ground
| ' ’

- »
Ax Uraf< control (ATC)

FaQht data

Primary rader Can onty show 8porox posibon. NO racar coverage 240wm from lend

i) Speed of Satellite

The speed of satellite can also be determined by sending electromagnetic
radiations from earth. wWhen these are reflected back ofter coliding with the
satellite, then these are received on the earth. The value of Doppler's shift in

wave length of these radiations given the estimation of speed of satellite.
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Sonar (Sound Navigation and Ranging)

Sonar is a technique for detecting the presence of objects under water by
an acoustic echo.

This system uses the ultrasonic waves because they can travel longer
distances in water.

Doppler detection depends upon the relative speed of the target ond the
detector.

The apparent change in frequency is observed, which is Doppler’s shift.

In this way we can locate and detect submarnnes, antisubmarine weapons

and miens efc. Also, the depth of sea can be measured.
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Echo Ranging and Sonar Parameters

Recewing

eleclrormucs -~ ——

Source level SL
& Target strength TS |

iv) Speed of Star

By companng the hen spectrum of ight coming from @ cistant star and the ight
emitted from laboratory source, Doppler's shift can be measured to calculate
the speed of star with respect to Earth.

Stars moving towards the earth show blue shift and away from source show red

shift.

Blue Shift

The frequency of ight emitted by the star increagses (1.e. wavelength decreagses)
if it 1Is moving towards the earth, as compared to the light emitted by stationary

star. Thus, spectrum is shitted towards shorter wavelength 1.e. to the Blue end of

spectrum, which i1s called Blue Shift.
Red Shift

The frequency of light emitted by the star decreagses 1.e. wavelength increqgses) if
it 1Is moving away from earth. Thus, spectrum is shifted towards the longer

wavelength i.e. towards the Red end of the spectrum, which i1s called red shift.
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shifted 10 Dblue

—

4y

il
”~

shifted to red

Note

As astronomers have clso discovered that all the distant galaxies are moving

away from us and by measurnng ther red shifts, they have estimated their speed.

v) Speed of Car

Microwaves are emitted from a source in form of short bursts. Each burst 1S
reflected back by any moving car, in therr way. The reflected bursts are
detected in the detector by which speed of car is calculated. Microwaves are

used to calculate the speed of car by computer program.
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