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Wave Motion

Wave and Wave motion

>
>

Wauve is a carrier of energy.

Wave is a form of disturbance which travels throagmaterial medium due to
the repeated periodic motion of the particles & thedium about their mean
position. The disturbance is handed over from camtigle to another particle of

the medium.

Characteristics of wave motion

>
>

Wave motion is the disturbance traveling througgiedium.

When a wave travels through a medium, its partiebescute SHM about their
mean positions.

Particles of medium hand over the.energy to theixt meighbors, but their
displacement over one time period is zero.

As the disturbance reaches a particle, it stafsating. The disturbance is
transverse to the next particle a little latter.nele there is a regular phase
difference between consecutive particles.

The wave travels with a uniform velocity where las velocity of the particles is
different atdifferent positions.

The wave velocity depends on the medium and théicfgrvelocity is the
function of time.

In. wave motion, the transfer of energy and momentakes place from one
point to another of the medium, but not matter.

The properties of medium necessary for wave prdpaga

a) The medium should have the property of inertia.

b) The medium should posses the property of elasticity

c) The medium should have low resistance (non viscous)
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Types of Motion
Wave motion is of two types
1) Transverse wave motion and 2) Longitudinalg/motion
Transver se wave motion
» The wave motion in which the particles of the medibrate about their mean
positions at right angles to the direction of prggizon of the wave-is called
transverse waves.
Ex: Waves in a stretched string, ripples on wateface, Electromagnetic Waves etc.
» The region of elevation of the medium through whihl. wave propagates is
called crest and the region of depression is céttmaeyh:
» The distance between two consecutive crests (oughs is called wavelength
(A).
These travel in a medium which has the elastidishape.
These can travel in solids.

Density of the medium does not change during wasgam

YV V V V

The phase difference between the particles at twngexcutive crests (or) troughs
Is 27rradians (org60° .
» These can be polarized.
L ongitudinal wave motien
» The wave motion‘in which the particles of the mateanedium vibrate back and
forth about their mean position along the directodthe propagation of wave is
called longitudinal waves Ex: Waves produced waespring fixed at one end
is placed and released, sound waves in air etc
»._The region in which particles come close to a distaless than the normal
distance is called compression. The region in wihiah particle get apart to a
distance greater than the normal distance betwesn is called rare fraction
» The distance between two consecutive compressmmgadrefactions is called
wave length 4)

» These travel in a medium which it has elasticityaiime.
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» These can travel in solids, liquids and gases.

> Density of the medium changes during wave motiarthe compression region,
the density of the media increases and in the fraction, the density of the
medium decreases.

» The phase differences between the particles atbmsecutive compressions has
rare fraction is277 radians 0B6C .

» These cannot be polarized.

Properties of Progressive waves

» These waves propagate in the forward direction ediom with, finite velocity.

» Energy is propagated via these waves.

> In these waves all the particles of the medium etee§.H.M. with same amplitude
and same frequency.

» In these waves all the particles of the medium plagssigh their mean position or
positions of maximum displacements.one after therot

» In these waves the velocity of the particle anddgtrain are proportional to each
other.

» This wave is an independent one.

> In these waves equal _change in pressure and deostiyrs at all points of
medium.

> In these waves equal strain is produced at alltpoin

» In these waves all the particles of the medium itheir mean position once in
one time period.

> In these waves the average energy over one timedpex equal to the sum of

kinetic energy and potential energy.
» The energy per unit volume of a progressive wave%;i)szmz wherep, is the

density of the medium.

» The equation of a progressive wave along the pesitirection of x-axis is
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= y=Asin(«t -kx)

Ory= Asin2n(%—§)

Or y = Asin2m(t —%) where y = displacement of a particle at an instaft
= amplitude; « = angular frequency =rh; T = time period and k =
propagation constant or angular wave number or waetor and is equal

to2™
A

» The time taken for one vibration of a particle @led time period or period of
vibration

(T= %) and Velocity of the wave=n

» The maximum displacement of a vibrating partictenfrits mean position is called
amplitude.

» The phase of vibration at any moment is.the stawgboating particle as regards its

position and direction of motion‘at that moment.

» Phase differencg; = 2}\—”X Path difference.

» The distance travelled by a wave in the time inckithe particles of the medium
complete one vibration or the distance betweennearest particles in the same
state of vibration (i-e., same phase) is calledelength ¢ ).

Reflection and Refraction of Waves

» Rigidend: When the incident wave reaches a fixed end, ittexar upward pull

on the end; according to Newton's law the fixed ererts an equal and opposite

down ward force on the string. It result an invenpellse or phase changeof

Crest C) reflects as troughT] and vice-versa, Time changes I%y and Path

changes bg.

» Free end: When a wave or pulse is reflected from a free ¢hdn there is no

change of phase (as there is no reaction force).
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Crest C) reflects as crestd) and trough T) reflects as troughTj, Time changes

by zero and Path changes by zero.
Principle of Superposition
» The displacement at any time due to any numberavew meeting simultaneously

at a point in a medium is the vector sum of theviddial displacements due each

one of the waves at that point at the same time.

» Ay voys e are the displacements at a particular time garticular position,

due to individual waves, then the resultant disghaent.

Properties of Stationary waves
a) All the particles except a few (at nodes) execukt 8.
b) The period of each particle is the same but thelifidp of vibration varies from
particle to particle.
c) The distance between any two successive nodedinpdes is equal ta/2.
d) The distance between a node and neighboring amsigdequal to /4.
e) The wave is confined to‘a limited region and doatsaavance.

f) All the particles of a wave-in-a loop are in thensgphase and the phase difference
IS zero.

g) Stationary waves are formed by combining two lamgjital progressive waves or
two transverse.progressive waves.
h) These waves do not transfer energy.

i) Thewchange in pressure or density or strain will haximum at nodes and
minimum at antinodes.

]) The particle velocity at a node is zero and atreaes it is maximum.

k) The phase difference between the particles in adjaoops in a stationary wave
ism.

l) The equation of a stationary wave is

y = 2A sinkx.cos:t or y = 2A coskx.Simt.
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Types of vibrations

>

Whenever a body, capable of vibration, is displdecenh its equilibrium position
and then left to itself, the body begins to vibraeely in its own natural way
called the free or natural vibration of the bodyhna definite frequency. This
frequency is called natural frequency.

The free vibrations of a body have a unique frequeand it is dependent on the
elasticity and inertia of the body and the modeilofation.

When a body is set into vibration with the helpsbbng periodic force having a
frequency different from its natural frequency,rttibe. vibrations of the body are
called forced vibrations.

If the amplitude of vibrations progressively deaes with time, then they are
called damped vibrations. E.g. Vibrations of aingrfork.

Bells are made of metals and-not of wood becausslwlampens the vibrations
while the metals are elastic.

If the natural frequency of a vibrating body is abto the frequency of the
external periodic.force-and if they are in phake,ftequencies are said to be in
resonance.

Tuning a radio or television receiver is an exangflelectrical resonance.
Optical resonance may also take place between tibmsain a gas at low

pressure.

Vibrationsef a string

a) String can have only transverse vibrations thatwben it is under tension.

b) The velocity of transverse wave propagating alosgiag or wire under tension is

V:\/f where T is tension and m is linear density of gteng or wire.
m
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M:¥ =Ad=m?d where M is total mass of wire of length ‘I, A &@ea of cross-

section of wire and r is its radius. HenceJ[/?—-:\/i = /l =T

c) If s is stress in the wire, S=T/A, hence y%; also V:W/Y'S;rai“ .

d) A wire held at the two ends by rigid support istjteut at temperaturq.tThe

Ya(ty ~ty)

velocity of transverse wave at a temperatyrés tvV= where o =co-

efficient of linear expansion, Y=Young’'s modulus,dgnsity.
Frequency of avibrating string
a) The waves formed in a string under tension arestrense stationary.
b) Always nodes are formed at fixed ends and antinedlgducked points and free
ends.
c) A string can have number of frequencies dependmigsomode of vibration.
Fundamental frequency: When a string vibrates in a single loop, it idsai vibrate
with fundamental frequency.

a) Frequency is minimum and wavelength is maximunhis tase.

b) If | is the length of the string %: A=2l.

c) The fundamental frequency, %:\/; where T=tension, m=linear density.

d) The fundamental frequency is also given b%rc/%—l = %\/g :% /de :%\E.
T

e) For._small change in tension in string, the fraciochange in frequency is

f) The fundamental frequency is also called the fiesmonic.
Overtones. If string vibrates with more number of loops, heghfrequencies are

produced called overtones.
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a) If string vibrates in p loops, it is called'pnode of vibration or p harmonic or (p—

1)" overtone. The corresponding frequenqy:% %:p.n Hence, for a string,

nap; :—1 = S—l when other, quantities are constant.
2 2

b) The fundamental and overtone frequencies are inati®1:2:3:4...

c) The wavelength is above case\js= e, wavelengths are in the rati

I
p

T
Oo_l_l—\

» Lawsof transver se waves along stretched string
a) Law of length: The frequency of a stretched stisgwversely proportional to the

length of the stringha1/1 where T & m are constants, nl=constanl;=m,l,.

b) Law of tension: The frequency of a stretched stismgnversely proportional to

square root of tensioma+T When | & T are-constant’_ =constant,"L = "2_
R
c) Law of mass: The frequency of a stretched stringniersely proportional to

square root of linear densitynai when | & T are constants.

Jm
n/m =constanta,Jm; =n,mj
» Sonometer is used to determine the velocity ofstrarse waves in strings and to

verify the laws of transverse waves.

- 1
12 -2
1 2

Stationary waves in Or gan pipes

» Antorgan pipe is a cylindrical tube having an aoluenn. The vibration of a
cylindrical air column are made of two progresdwmegitudinal vibrations moving in
opposite directions with equal and opposite spegerposed on each other. Hence

the waves are longitudinal stationary waves.

» The possible frequencies in which standing wavedamed are called harmonics.
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Closed pipes

» A Pipe whose one end is closed and the other emgeis is called closed pipe. At the
closed end of the pipe always a node is formed.
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» If ¢is the length of the pipe
n :% This is called fundamental frequency (6t) harmonic

> In the £ overtone (or) % harmonicytwo nodes and two antinodes are formekdd pipe

Y
n, :4—£:C’>n1

> Similarly for the 2%overtone (or) § harmonic three nodes and three antinodes are
formed in the pipe
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Open pipes

» A pipe whose both ends are open is called open pipine open ends of the pipe

always antinodes are formed.
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» If vis the length of the pipe in the simplest modeibfation two antinodes are

formed, one at each end with a node at the middieeopipe.
n :é This is called the fundamental frequency (Gtharmonic.

> In the £' overtone (or) 2 harmonic, two nodes and three antinodes are forme

pipe.

\%

> Similarly.forthe 2% overtone (or) % harmonic, three nodes and four antinodes are

formed-in the pipe.
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It is observed that in an open pipe all harmonresfarmed where as in a closed pipe

only odd harmonics are formed.

In General Antinodes are formed nearer to the apehoutside the pipe. The exact
distance between the position of the antinode hrdriouth of the pipe is measured

as end correction (e). The end correction is dofdslepen pipe.

End correction =2=0.3d = 0. where d is the diameter and r is the radius of the

pipe.
The distance of the exact antinode from the brithefpipe is called-end correction.

For a closed pipe/, + e:%

E/‘_MCJ
e=
4

For an open pipe/, +2e :%

»When two sounds’ of slightly different frequenciagperimpose, the resultant
sound consists-of alternate waxing and waxing. phenomenon is called beats.

» One waxing and one waning together is called olaé be

> If simple harmonic progressive waves of frequencie& n, travelling in same

direction  superimpose, the resultant wave is reoiesl by

- +
y= {Za cos 2{%}} sin 2!{%} .

» The amplitude of resultant wavezigos 2{%} .

» The maximum amplitude is 2a and minimum amplituele®z
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> The frequency of resultant wave{?é%) :

»The number of beats produced per second or begténey is equal to the
difference of frequencies of nodes producing besats,~mn,.

> If two sound waves of wavelengths and A, produce n beats per second, then

velocity of sound can be determined by—\ﬁz M orv=_tt2
A Ao (A2 ~Aq)

»The maximum number of beats heard by a person jssib@e. persistence of

hearing is 1/10 sec.

» The time internal between two consecutive maximaioima isﬁ.
1~ M2

» The time interval between consecutive maxima. andma isﬁ.
1~ M2

> Beats can be produced by taking two identical tgrforks and loading or filing
either of them and vibrating them together.
»When a tuning fork is loaded its frequency decreasal when it is filed frequency

increases.

Doppler Effect

The apparent change.in frequency due to relativeomdetween the source and the
listener is calledoppler Effect.
> Let Vo and \ represents the velocities of a listener and acsotespectively.
Let 'V be the velocity of sound and n ang lbe the true and apparent
frequencies of the sound. Then if

\Y

S

a) The source alone is in motion towards the obsem@rm( ] Clearly n> n.

b) The source alone is in motion away from the obserye=n (v :/v

j. Clearly n<

S

n.
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V+ Vo

c) The observer alone is in motion towards the sourpem( j Clearly n>n.

V-Vo

d) The observer alone is in motion away from the wun_c—-n£ j Clearly n<n.

e) The source and the observer both are in motionrasv@ach other,Fn [V *Vo j

— Vs

f) The source and the observer both are in motion afsayn each' other, n
YY)
V + Vg
g) The source and the observer both are in motiorrcedwollowing:the observer,;n
- [v -Vo J .
V -V
h) The source and the observer both are in motiorerebs following the source; &
. (v +Vgo J '
V + Vg

1) The source, observer and the medium all are mowiritge same direction as the

sound,

V+V, -V

ViV, -V, ] where.\{;.= velocity of wind.

]) the source and the observer are moving in the tthreof the sound but the

direction of wind is opposite to the direction bétpropagation of sound,

V-V, -V
nl:n(#j'
Vo=V, <V

» If the source of sound is moving towards a wall dhe observer is standing
between the source and the wall, no beats are hgate observer.

»>.When source and observer are not moving along tames line then

n! :n{ﬁ} where 8 is angle between source velocity and line joining
~ Vs

source and observer
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When source and observer do not move along the jbi@ng them, then
components of their velocities along the line jomithem must be taken as

velocity of observer and velocity of source in Digpis formula n =

n V +V, coso,
ol V-V cosh, )

If ¥ is unit vector along line joining source and observ is velocity of sound

(taken from the source to observer), is velocity of observer andg-is velocity

of source then Doppler’s effect in vector forml! isi

<l <I
=i =

_\70.
V..

=i =)

In.
)

Doppler Effect in sound is asymmetric. This means thange in frequency
depends on whether the source is in motion or @bses in motion even though
relative velocities are same in both cases.

Motion of source produces greater change than maifoobserver even though

the relative velocities are same in both cases.

Eg:n' = (L]n

vV-—-u

1l vV+u
n" = n
\Y

n'>n

Doppler Effect «in. sound is asymmetric because soimdnechanical wave
requiring material'medium and v, Ws are taken with respect to the medium.
Doppler effect in light is symmetric because ligidves are electromagnetic (do
not require medium)

Doppler effect is not applicable if

1) Vo=V=0 (both are at rest)

2) Vo=Vs=0 and medium is alone in motion

3) Vo=V&u (Vy, Vs are in same direction)

4) Vsis O to line of sight

Doppler effect is applicable only whengd&v and \{<<v. (v=velocity of sound)
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» a) Doppler Effect in sound is asymmetric.
b) Doppler Effect holds good for light also. An incseaof frequency is called blue
shift and it indicates that the source is appraaghihe observer. Red shift

indicates that the source is receding from the viese
Red shiftan) = % XA

c) Doppler Effect in light is symmetric.
d) The red shift observed by Hubble in many stars stupphe ‘Big Bang Theory’
of the universe.
» Usesof Doppler effect
Itis used in
a) SONAR
b) RADAR (Radio detection and Ranging used to deteenspeed of objects in
space) (Radio waves)
c) To determine speeds of automobiles by traffic golic
d) To determine speed of rotation of sun and to ergaturn’s rings.
e) Led to the discovery of double stars/Binary stars.
f) In accurate navigation and accurate target bomigicigniques.
g) In tracking earth’s satellite.
» Doppler's effect is ‘used in the estimation of thelocities of aero planes and
submarines, the.velocities of stars and galaxidglaa velocities of satellites.
» If the observer is standing behind the source ngpwwards a wall with a velocity

Vg ‘then the number of beats heard is equal {tg—vn— -V
V-V V+V

} and is approximately

S

equal tozrl/ﬁ.
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