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WAVE MOTION
It is a periodic disturbance through which

energy and momentum is transferred from
one point to another without the transfer
of material medium.

CHARACTERISTICS OF WAVE MOTION.
(i) In wave motion, the phase of particles of
medium keeps on changing.

(ii) The velocity of the particles during
their vibration is different at different
position.

(iii) The velocity of wave motion through a
particular medium is constant. It depends
only on the nature of medium not on the
frequency, wavelength or intensity.

(iv) Energy is propagated along with the
wave motion without any net transport of
the matter. _
(v) For the propagation of wave, a medium
should have following characteristics,{
Elasticity: So that particles can return'to
their mean position, after having been
displaced from there.

Inertia : So that particles can'Store,energy
and overshoot their mean position.
Minimum friction amongst the,particles
of the medium.

Uniform density of the medium.

TYPES OF WAVE.

Mechanical wave. “Mechanical wave
require materialfmedium for propagation,
like water, sound, seismic waves etc.
Non-mechanical wave. Non-mechanical
wave do net require any material medium
for propagation like electromagnetic waves
e.g. ' heatwaves, light waves, X-rays etc.
Matter Waves: Matter waves are the waves
in whieh matter i.e. electrons, protons,
neutrons, atoms or molecules move.
Electron waves are used in electron
microscope.

Shock waves. When an object moves with
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Place of Learning and Scientific Mental Aptitude

a velocity greater than that ef sound, it is
termed as Supersonic. When such a a
supersonic body or plane. travels in air, it
produces energetic disturbance which
moves in backwatd direction and diverges
in the form of aféene. Such disturbances
are called the'shock waves.

The speed ofisupersonic is measured in
Mach number. ®ne mach number is the
ratio of speed*ef source to the speed of

sound.

Mach'Number= :,

ol 5
0%

Transverse and Longitudinal waves

Transverse wave

Longitudinal wave

Particle of the
medium vibrates
in a direction
perpendicular to
the direction of
propagation of
wave.

Particle of the
medium vibrates in
the direction of wave
motion.

It travels in the
form of crest (C)
and trough (T)

- I:"'

L

It travels in the form
of compression (C)
and rarefaction (R

Maximum C RC _r:,‘ R
=
s i) ..!i| [ |

nressiure and density

Transverse waves
can be transmitted
through solids,
they can be setup
on the surface of
liquids. But they
cannot be
transmitted into

liquid and gases.
a5 C C

Transvarsa-wave in & fod

These waves can be
transmitted through
solids, liquids and
gases because for
propagation these
waves propagation,
volume elasticity is

necessary.
C C c
E R

Lengitudinal wave in a rod

It posses the
property of

It posses the property
of elasticity.
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rigidity.

It can be It cannot be polarised

polarised.

Sound wave travel
air, vibration of air
column in organ
pipes vibration of air
column above the
surface of water in
setup in the the tube of resonance
surface of water. apparatus.

Movement of
string of a sitar or
violin, movement
of the membrane
of a Tabla or
Dholak , wave

NEWTON’S FORMULA FOR VELOCITY
OF SOUND.

Newton, on the basis of theoretical
considerations, deduced the following
formula for the velocity of longitudinal
waves in an elastic medium.

-]

Where E=modulus of
Y — for solid
B — for liquid
and gases

o |’
—_—
—
~

elasticity-

Newton’s assumed that sound wave travel
in air under isothermal conditions, i.e.,
temperature remains constant. So, the
changes in pressure and volume obey"
Boyle’s law. ~ PV = constant

Differentiating, PdV + VdP= 0

=k ,J'J— = B (Bulk modulus of elast1c1ty)

From equation (1), v = J— = J%

280 ms-!. This value is nearly 16% less
than the experimental Value of 332 ms-1.
LAPLACE’S CORRECTION; Laplace’s
suggested that sound waves travel in air
under adiabatic COl’ldlthl’lS and not under
isothermal co_ndltlons as suggested by
Newton. He galve the following reasons for
this. '

(i) Whemssound waves travel in air, the
changesyin volume and pressure take place
rapidly. (i) Air or gas is a bad conductor of
heat.™

Due to both these factors, the compressed
air becomes warm and stays warm
whereas the rarefied air suddenly cools
and stays cool. For adiabatic changes in

pressure and volume, PVY = constant

on differentiation,
PyVY=1dvV + VVdP = 0
vrd d

= = — =B
PV vr-1g -fov

Using equation (1) v = \]I% = -\/i__'z} ;<280

= 331.3ms"1. ;

This result agree very wellswith
experimental value 0£.382 m/s.

This establishes the correctness of
Laplace’s formula, »

FACTORS AFFECTING THE VELOCITY
OF SOUND.IN GASES.

1. Effect.in.change in pressure.

At constant*temperature,

PV = gonst: (Boyle’s Law)

P : .
gmconstor % = const. (m is constant)

or L: = const. = v (= J?]is also const.
i'e., velocity of sound is independent of
pressure.

2. Effect of change in temperature.
Let vo and v be the velocity of sound in a
gas at 0 °C and t °C respectively.

L i .
FL = :—': ..... (1) Here yP is constant.
C *T
Vi T
—t= ( Charle’s Law )
Vl: Tl:
n.l.-'lll- _ l |"_l: _ l
m,.";.,: T Ht T
. . W ?
Using equation (1), sl T
C C

In general, m

Temp coefficient of velocity of sound
1y

o JP I L Lty

e - J 2 (1 + 2 )

_ I _ I

= (tvzz) = (1+5)

= v, +332.—

T
VI=VD+V,:,5—

=V, +0.61t [+ vy — v, = 0.61t ms™}|

When t = 10C, then v —v;; = 0.61ms™! so,
the velocity of sound increases by 0.61ms-!
for every one degree centigrade rise of

}n [-3240, Adfacent Union Bank of India. (dkhla Head, Jamia MNagar, Delhi-110025
PLA I d F=B35, Streed No 1, Soalves Hood, Baile Dggsae, Joomin hug;lr, IHeAhi=T10ZS

75 011-26988514 -



temperature. This is known as the
temperature coefficient of velocity of
sound.

3. Effect of change in density.

ve [2 e vet

o
4. Effect of humidity : With increase in
humidity, density of air decreases. So with
rise in humidity velocity of sound
increases.
Sound travel faster in humid air (rainy
season) than in dry air (summer) at the
same temperature because.

Pm a <Pd a Vi a ~Va a
5. Effect of Wind velocity:
w @
wirﬂ 'fi’

|V = v+wcose|

6. Sound of any frequency or Wavelength
travels through a given medium with the
same velocity. -
WAVE PULSE : It is a short wave/produiced
in a medium when the dlsturbance is
created for a short time.

W W

WAVE TRAINS :
called wave traims,

A serles of wave pulse is

—_—

WAVEFRONT : A wave front is a line or
surfage on which the disturbance has the
same phase at all points. If the source is
periodic, it produced a succession of wave
front, all of the same shape. Ripples on a
pond are the example of wave fronts.

{A) Spherical wavefront (B) Plane wavefront

WAVE FUNCTION: Tt.iS'the mathematical
description of the, distirbance created by a
wave. b

Let us considera‘one dimensional wave
travelling along X%axis. During wave
motion , a_pasticle wWith equilibrium
position X1s displaced some distance y in
the direetion perpendicular to the x-axis.
In thi's_"_ca'se y is a function of position (x)
and. tirﬁ_e (t).

ey =1 (x, t). This is called wave function.

Let the wave pulse be travelling with a

", Speed v. After a time t, the pulse reaches a

distance vt along the +x-axis as shown.
The wave function now can be represented

asy=f(x-vt)

¥t ¥t

o [ —i

@]

(A) Pulse at time t = 0 (B} Pulse after time ¢

If the wave pulse is travelling along —x-axis
theny =f (x + vt).

Thus y = (x —vt)?, /(x —vt) , Ae EG—¥etc
represents travelling waves while

y = (x* = vit?), (vx — Vvt Asin(4x* — 9t4)etc ,
do not represent a wave.

HARMONIC WAVE : If a travelling wave ia
a function of sin or cos function of (x % vt)
the wave is said to be harmonic or plane
progressive wave.

WAVE EQUATION : All the travelling
waves satisfy a differential equation which
is called the wave equation. It is given by
a4y zd _1.' . )

E_V ,WhereV—I
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SPEED OF TRANSVERSE WAVE IN A
STRETCHED STRING

A
[} § £
] +
.:. S P oy t‘] .Ll..--l.-.-
e} |
]
]
L)
L]
]
"
L]
L]
H
¥

@
. =
LT 4‘,. -

!
Let a wave pulse is proceeding in the string
with a speed v and tension T.
Consider a small sector of the pulse, AB.
Al = Length of AB, which forms the arc of a
circle of radius r.
Vertical component of tension = 2Tsin®

=2TO, If 6is small  ............. (1)

This vertical component is the centripetal
force which provides for the centripetal

mass of AB=Al.m ............... (@Ta
2Te=0Y &N
Now , angle = Id— p
_ Al _n 4
20=— 0= ... o _.(4)
Substituting (4) in (3), we get, =\
mAl v )

Al
2T2—— .

? o N
V= J— S
m

(i) If suspended weight is immersed in a
liquid of density o“and,p ="density of
material of the suspended load then

- T

T=Mg(1—E) V= JM (1-o/p)

[§ m

T = YAoA sz _J

(ii) If string is stretched by some weight

then
l B -
= !
T = Mg V- i

(iii) If two rigid supports of stretched string
are maintaihed at'temperature difference
of AB the_n" due to elasticity of string

) 7
I' ’ \\- _-_‘-J'_. \\
‘\ f‘
N K (6+40)

acceleration of point P directed towards O.gn,
Let m = mass per unit length of the stringy, |

¥ oAb VoAl

d

m

3 Y = Young’s modulus of elasticity of the

string, o = Temperature coefficient of

thermal expansion, d = Density of the wire
m

A
(iv) If A is the area of cross-section of the

wire then m = pA

_Ir_ |5 _ T
V_JFA_JF , WhereS-sress-A

(v) In a solid body v = Ju

Where n = Modulus of elasticity, p = density
(vi) A wave is generated at the lower end O
in the string as shown.

gy
A

|

X

I

I O

N

4\
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The velocity at position x is given by

_|T _ Mg+ xmg
T m m

(a) When mL<<Mg
I T
rmg l

A

1

In this case Mg + xmg = Mg

=

g

Then speed does not depends upon x, we

Lot oy [
gett_v_l'i t=1L -
W m

(b) When mL not negligible.

In this case, speed depends upon x I;ie-ife:"

a _ M ax AT C.
LI——J - Accln(a)—uJ -
N 4
T m +gXx|]
= V£

o
n dl:“_.g 1 d Ym + 0% J—+gx

m El
—l E — =_-
=i xng -gr,gx _

y m '
This pulse moves WIth acceleration g/2 up

ward. e N
_ Ly . 'd_— _ ™ m_
L= ;{:;)I_tf < _-;Lm t t= Jm—(Jl + 1]

PROGRESSIVE WAVE. A periodic
disturbance in a medium or space is called
progres_sive wave. In progressive wave
energy is transferred from one place to
another by the vibration of the medium.

EQUATION OF PLANE PROGRESSIVE
WAVE.

Suppose a plane simple harmo_n'ic_:wa've_
travels from the origin along the positive®
direction of x-axis from left to! rlght as
shown in figure.

1 2
e NS
The displacem'eﬁt y of'a particle 1 at O
from its mea_ri-.posit-ion at any time t is
given by y (0,%). =+a sinwt.
The wave reaches*the particle 2 after time

t=x/v. Hence displacement y of of a
Particle 2 is glven by

Y 0= aSine (t—2) =asin(@ —k ) k=2]

The general equation of plane

_progressive wave with initial phase is

' Displacement Amplitude Chiciflating term
—— " Phase
e _,_ﬂ\-\_‘\.
vix. ) = asin (@i kx + #&)
- Initial phase
Ayl Friipcinicy Pesition

Propegation eonstant

¥ Various forms of progressive wave

function.
f)y=a (wt—kx)

(ii)y=a (wt - ‘!Tx)
(iii) y = a (t-3)
ivy=a >(t—1x)

Wy=a (t-x)

Vv = e
(vi) v = @ {:t U)
PARTICLE VELOCITY:

We have y = a

Differentiating with respect to t
d _ in _ 4n ..
= acos— (vt —x). ( X v) ......... (ii)

Particle velocity(V) = L:‘— = aw cos - (Vt = X)

Again differentiating with respect to x.

LL'I =acos 7 (vt — ). ( T) ........ (i)

Dividing (11) by (iii), we get
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< d d
d — —
T =-V T \Y;
]

d

Which is the relation between particle and
wave velocity.

i.e., velocity of particle = - v x slope of the
displacement.

Using equation (ii) we get,

_ £ _ i@ im _
\Y —a(Tv) Jl sin® T (vt—x)

= a(%nv) J —;—: = wyjat — y¢
i.e., Maximum velocity aty = 0, V;;, = aw
PHASE VELOCITY: v = nA is called phase
velocity of the wave.
NOTE : In a pure harmonic wave the
phase velocity and the wave velocity are
the same. In a group of velocity and the
wave velocity are two separate entities.
PARTICLE ACCELERATION.

From particle acceleration
d _ Fud _ £ .
T =a cosT(vt X). ( X v) ........... (i)
Differentiating with respect to t

d<y . 21 2m 2m

F = —a SInT(Vt - X). (TV] . (TV]
.r.'_r[
A

Differentiating (i) with respect,to X
Py o 5 sinZ (vt —

a< a(Ax) SmA(Vt X) ¥
Dividing equation (ii) by (iii),we get
a4 Ny,
[i] : = V.r.'

Fl =

. i
Particle Accl” -7 = —a (

[

Ey _ iy
"ERR R

=1
L]

=13
k

i.e., Acceleration of particle =5,
v* x the curvature of thesdisplacement curve.
0y _ g Oyl

F o i N

which is called differential equation of
wave. W
Using equation(ii) we get

33' =R (:oo)i-s'in%H (vt —x) = wiy
i.e.,fAecln will be maximum aty = a
fn —==-a

IMPORTANT RELATIONS FOR
NUMERICAL SOLVING

(i) Angular frequency w = co-efficient of t
(ii)Propagation constant k =co-efficient of x

v)£ sin %H (Vie X) ..:('ii)

_C ol __w
Wave speed v = -
_ 2
(iii) wave length A = . -
N . _ 2
(iv) Time period T = - 4
e 1] o

(v) Frequency n = = . _

PHASE DIFFERENCE AND PATH

DIFFERENCE. At any.instant t, if ;& .

are the phases of two, particles whose

distances from the,origin, are x; and x>

respectively then, =%t — kx,) and
z:(wt_kx.:) 8. Y zzk(xl_x.—:)

P d @y==<xpr d )

PHASE DIFFERENCE AND TIME
DIFFERENCE:

P di @)=%xp d ()

RARER AND MEDIUM: A medium is said
to be denser (relative to the other) if the
speediof wave in this medium is less than
théyspeed of wave in other medium.

In cémparison to air speed of sound is
more in water; hence water is rarer
medium for sound wave w.r.t. air.

In reflection and refraction frequency

remains same.
Incident wave

Reflected wave

In case of refraction or transmission,

5 Vi

= r = 1.._[
REFLECTION OF WAVE. When the
incident wave reaches a fixed end, it exert
an upward pull on the end, according to
Newton’s third law the fixed end exerts an
equal and opposite downward force on the
string. It results as inverted pulse or phase
change of . Crest (C) reflects as trough (T)

and vice- versa. Time change by E and path

changes by% .

[-3240, Adfacent Union Bank of India. (dkhla Head, Jamia MNagar, Delhi-110025
PLA }md F=B35, Streed No 1, Soalves Hood, Baile Dggsae, Joomin hug;lr, IReIhi=TT1025 ﬁ "11 -Zﬁq 5851 4 -



—
= dsimlmd — Ry IC

= sinlen + ky =7 )

F - T
When a wave is reflected from a free end,

C i =.'.lh||'|l-el|."4|':.'|lc
S

— —
V= stniloof — K /..\

Then there is no change of phase (as there
is no reaction force).

Crest (C) reflects as crest (C) and trough
(T) reflects as trough (T), Time changes by
zero and path changes by zero.

Exception : Longitudinal pressure waves
suffer no change in phase from rigid end.
i.e., compression pulse reflects as
compression pulse. On other hand if
longitudinal pressure wave reflects from

free end, it suffer a phase change of T, i.e. g%

compression reflects as refraction and
vice-versa.
WAVE IN A COMBINATION OF STRING

(a) Wave goes from thin to thick strmg

>
Incident wiave
= ginf et — & 1)

R|g1|:! bﬂDL!I'ldﬂJ'!.l’
",

Rarer Denser

v

ainear + &1 ?\, - Tranmll'l.edwa-.,ve )

HPHEI’.‘TEC' WIVE s ¥, = i, sanwf — kL xh
(b) Wave goes from thick to thin string.

Incichent wawe —=
i oF, i ioar — &, 5

Free boundang

Transmilted wawe —
g, AEngoef = & 1)

d_ mlg L L

Heflected wave « !

Ratio'of ‘amplitudes:

EP V-V
=y = and
E Ky, L PR ]

@ _ 24 _ 2y
a  Kpthy  wydwg

ECHO.

An eco is simply the repetition of*speaker’s
own voice caused by reflection at a dlstant
surface. J %y

If there is a sound reflectordatia dis_fcance d
from source, then the timé interval
between original sound'andj'it_’-é.,"'echo at the
site of source will be # ;

5\
Source e ------- - -
#*|

....... * - ..
Detector
- d »
t= 4,4 =%, . "As the persistence of
L W LY e

hearing fofyiuman ear is 0.1 sec, therefore
in order that an echo of short sound will

be-heéfd ift>0.1 d>-=

2
—>ua.1
W 2

dfy =.épeed of sound = 340 m/s

thend > 17m

% Sound Lens .A large convex lens made of

plastic sheets filled with a denser gas COo,
such lenses are used to concentrate sound

) wave at a particular point.

GOE

0 ¥

—Uu e L #
Sound lens

em

A watch may be placed as an object at O;
and on gradually moving to the other side,
a point I is obtained where the ticking of
the watch is loudest. This is the image I.
Knowing the distance u of the object, and
of the image, v from the lens, the focal
length of this sound lens is obtained as
r_r, 1 f="

1 v ou uswv

SUPERPOSITION OF WAVE

The displacement at any time due to a
number of waves meeting simultaneously
at a point in a medium is the vector sum of

?l ! }md [-3240, Adfacent Union Bank of India. (dkhla Head, Jamia MNagar, Delhi-110025

F=B35, Streed No 1, Soalves Hood, Baile Dggsae, Joomin hug;lr, IHeAhi=T10ZS

75 011-26988514 -



the individual displacements due to each
one of the waves at that point at the same
time.

If ¥1,¥4,Y5 -« ... ... . are the displacement at a
particular position, due to individual
waves, then the resultant displacement.
¥=VY;+VY,+VY;...... This principle holds
good as long as the amplitude of wave wire
is not too large.

APLICATION OF SUPERPOSITION
PRICIPLE.

1. Interference of waves (Adding waves
that differ in phase)

When two waves of same frequency, same @

wavelength, and same velocity are
superimpose to each other then it called *
interference of wave. A\ O
In interference energy is neither created
nor destroyed but is redistribated. «
Ify: = a; sinwt , y2 = as s1n(oot ] ) then by
principle of superposition
Y = a; sinwt + az sin(Wtet "y :
= a; sinwt + ap { sinwt.cos, * coswt sin }
= sinwt (a; + a2 cos Jt(@z2 sin ) coswt
= sinwt . A cosd + A sinf “coswt
Y = Asin(wt +0)|
Where A cos@=(amt+ az cos )
A Sinf'= (va2 sin )

Hence

A = ]ag +a% + 2a,a, cos

And [tan b =

) _,_ rl!"'li
(Amplitude)* L (“:_J

Therefore resultant intensity is, given by

Intensity ()

=1, + 1+ 2\J| 4c0s "

IfI, =1 = o (say) then |l = 4_IEQQS4:

Im ol Pt A
APLICATION OF INTERFERENCE OF
SOUND ( Stethoscope)

Stethoscope 1s.a medical instrument used
frequently by docters for making a rough
diagnosis'ofithe diseases in that part of the
body whieh are either inaccessible or
accessiblesonly through major operation. It
consistssof a cup-shaped metal piece
having a diaphragm encased in it. Two
rubber tubes of equal lengths are attached
"co_ the metal piece. Sound waves picked up
by the diaphragm from the heart or lungs
are in phase when they reach the ear
through the rubber tubes and due to
constructive interference, a loud sound is
heard.

CONSTRUCTIVE & DESTRUCTIVE
INTERFERENCE.

CONSTRUCTIVE
INTERFERENCE

DESTRUCTIVE
INTERFERENCE

When the waves
meet a point with
opposite phase,
destructive
interference is

When the wave meet
a point with same
phase, constructive
interference is
obtained at that

point obtained at that
(i.e., maximum point (i.e., minimum
sound) sound)

Path difference Path difference

between the waves | p =
at the point of
observation A = nA

(@n- 1%
(i.e., odd multiple of

(i.e., even multiple 2

of A/2)

Phape=( 0“ or2nm | Phape=(80 oor
(2n-)m

Resultant Resultant

Amplitude Amplitude

Amax= a1t a Anin = a1 - a
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QUINK’S TUBE. This is an apparatus used
to demonstrate the phenomenon of
interference and also used to measure
velocity of sound in air. This is made up of
two U-tube A and B as shown in figure.
Here the tube B can slid in and out from
the tube A. There are two opening P and Q
in the tube A. At opening P, a tuning fork
or a sound source of known frequency no
Is placed and the other opening a detector
is placed to detect the resultant sound of
interference occurred due to superposition
of two sound waves coming from the tube
A and B.

o,

s Bound source

e T

// : ! B
al )
% - R
Q % —{

Dietector

Initially tube B is adjusted so that detector ™

detects a maximum. At this instant if

length of path covered by the two waves ™ :'
from P and Q from the side of A and 81de of '

B are 1; and 1, respectively then for % © -
constructive interference we must have s
-1 =NA (1), v

If now tube B is further pullediout by a
distance x so that next maximumsis
obtained and the length of pqth from the
side of B is I’> then we havew, ', -

=1, +2x (2)

Where x is the d1sp1acement of the tube.
For next constructive 1nterference of sound
at point Q, we have

I> -1 = (N+1)A X
From equation (1) (2) and (3 (3), we get
12—12—2X .)x_ x—;

Thus by exper1ment we get wavelength of
sound as fortWo successive point of
constructivérifiterference, the path
difference,must be A. As the tube B is
pulled out by x, this introduced a path
diffefence 2x in the path of sound wave
through tube B. If the frequency of the
source is known, no, the velocity of sound
in the air filled in tube can be gives as

V = no.A = 2npX.

BEATS (Adding waves that differ in frequency).
The phenomenon of alternate rise.and fall
of sound at regular intervals is Called
beats.

Formation of beats and frequencv of beats:

Beats is a result of superpesitien of two
waves of nearly same frequeneies: If two
waves of frequency Vll_and' V3, SUperimpose
on one another then r_l-u_fnb_er' of beats
formed per unit time, i_.e.',_j the frequency of
beats is given by "W

Frequency of beats V= \)1 - V2

Graphical representation of beats: The
graphical forthatien of beats has been
shown in fellowing.fig. Plot (a) represents
one superposing wave of frequency

vi= 11HZ'and plot (b) represents another
wave(of frequency v» = 9Hz. The plot (c)
shows the effect of superposition i.e., beats
formation. The number of beats formed is

2 beaté per second.

PIAANAAANAAND

S VAVAVAVAVAVAVAVATATAVAT

(a)

Analytical treatment of beats:

Let y1 = a sinwt & y2 = a sinwat

Applying the principle of superposition, we
get

y = asinw:t + a sinwst

2 a sin (%) t.cos (“’;“‘) t
[Zacos (%) t sin (“’:"‘) t

Where A = 2acos (2) t
2
W1 =21 V; & W = 2TV,
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w = 2TV

y = Asin 2nvt

Condition for maximum sound:

Intensity of sound will be maximum when
2 (wy—w )l

cos (%) t = cos

wheren =o, 1, 2, 3,
(v —vt=n t=

= =*1 = cos2nm

LF Tl ]

So, the time interval between two

successive maxima is

Wa—Wy

Condition for minimum sound:

I—
cos{ujt:cos

Wheren =1, 2, 3,

(Vl - V:)t =0

2 (wg—u)t

=0=cos(2n—1)1/2

- 2(V1 - Vz)

So, the time interval between two

successive minima is

USE OF BEATS

LF Tl ]

(a) To determine unknown frequency

Suppose a tuning fork of known frequency

(na) is sounded together with another

tuning fork of unknown frequency (nB) and

N beats heard per second.

ng=na-N ng=na+N
If N remains same If N remains_same
ng=na-N ng = na + N

If N begomes zeroy,
ng = l’lA + N

If N becomes zero
np = Na - N

aul I s I
K/, N '}
Hﬂ""‘-u\.
Known g Unknown
Nbps
BY LOADING
If B is loaded with | 4. If A is loaded with
Wax g Wax
If N increases % If N increases
ng =na- Na ng =na+ N

If N decreases
ng=na+ N

If N decreases
np = Na - N

If N remains same
ng = na+N =

If N remains same
np = Na - N

If N beeothes zero

If N becomes zero

ng = nxg N ng=na-N
y BY FILING
If B is filed If A filed

If N increases
ng=na+ N

If N increases
np = Na - N

If N decreases

If N decreases

(b) use in mines \

The presence of dangerous gases in mines
may be detected by the use'ef beats. The
apparatus consists of twosdentical pipes;
one blown from the ‘air'from a reservoir
and other from the aif-'in the mines. If two
‘airs’ are the samepthen the two pipes will
give the notes .of thessame frequency. But if
the air in the'mine'is polluted with
dangerousgases, ‘these lighter gases would
be having a‘greater velocity of sound waves
and thdt pipe will give a note of higher
frequency®This will produced beats. Thus,
the method serves as an early warning
system to safeguard workers against

‘possible dangerous explosions.

N STATIONARY WAVE (Adding waves that

differ in direction)

Whenever two progressive waves of the
same wavelength and amplitude travel
with the same speed through a medium in
opposite direction and superimpose to
each other, they give rise to waves called
stationary or standing wave.

Stationary waves are of two types:

(i) Transverse stationary wave. These are
formed due to the superposition of two
progressive transverse waves.

Example. The stationary waves produced
in the vibrating string of a sonometer.
(ii)Longitudinal stationary waves. These
are formed due to the superposition of two
progressive longitudinal waves.

Example. The stationary waves formed in
the vibrating air columns in the pipes.

STANDING WAVES IN STRING.

Let a progressive wave pulse moving —ve
x-axis we get, Yy, = asin(wt + kx)

After reflection, the wave pulse travels in
+ve x-axis it is given by y, = —asin(wt — kx)
On superposition of two wave pulses, the
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displacement of the resultant wave pulse

will bey =vy; +V,
(kK #wl-—K )si

wl+hk —wl+hk
n( - )

y = 2C0s

= (2a sinkx) coswt

y = {:Za siniTx) cosiTvt

y=AcosiTvt ............... (1)

Where A = (Za SiniTx)= Resultant

amplitude
Which is the equation of stationary wave.
POSITION OF NODE.

. 2 R . R .
2a sme = 0 = sino“, sinm, sin2m... ... sinnm

2asin—x =*1 =sin—,sin—,sin—..... sin

- _A-trt3 5
X=@n—-1)=c05
DIFERENT MODE OF VIBRATION. :_
= =0 '.
x=0

At first boundary, y = 0 atx = (_)-fbr all t
Equation (1) satisfy the'second boundary
condition, If A = 0 at x ="l for all t

2a smTL = 0 = sino", sinm, SN2 ... ... sinnTt

_ ah LN
L= n: .............. . (2)
Heren =1, 2, 3, .i%... Correspond to the

first, second*andsthird mode of vibration.
FIRST MODE.OF VIBRATION.
(FUNDAMENTAL FREQUENCY)

Letn = i; s

wave length of stationary wave is A

From equation (2) L= ? or \; =2L

= L=£——-___H

= —

g From equatlon (2)

SECOND MODE OF VIBRATION.

(First over tone)

Letn =2,

wave length of statlonary wave, 1s Az
-

From equation (2) L= 2?"- or A\, =L

THIRD MODE OF VIBRATION.
(Secondsover tone)

Let n'= 3,

‘wave length of stationary wave is A,

L—3— or)\j—z?

ie., fy,fufe .. =123
It give odd and even harmonic both.

ORGAN PIPE.

It is a wind instrument in which sound is
produced by setting into vibrations an air
column in it. It consists of a wooden or
metallic hollow or closed tube called
resonator (R).

{ ey ovgan pipe

C s gL T
A narrow tapering opening called mouth-
piece (M) is provided at one end of the
resonator as shown in figure. A slanting
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called bevel (B) is fitted near the mouth
piece. The height of the bevel is such that
there is only a narrow slit S between the
bevel and the wall of the resonator. A sharp
edge (L) is provided in the wall of the
resonator. This is called lip of the pipe.

STATIONARY WAVE IN CLOSED

ORGAN PIPE.

Let a progressive wave pulse moving —ve
x-axis we get, Yy; = asin(wt + kx)

After reflection, the wave pulse travels in
+ve x-axis it is given by y, = —asin(wt — kx)
On superposition of two wave pulses, the
displacement of the resultant wave pulse
willbey =y, +VY.

(T K #wT—K )Sin (wT+K ;h."[-H )

y = 2cos
= (2a sinkx) coswt

y = (Za sinsz] cosvat

y=AcosETvt ............... (1)

Where A = (Za sinsz)= Resultant

amplitude _
This is the equation of stationary wave:

POSITION OF NODE.

.2 s . s 5
2asin—x=0= sino", sinTt, sin2mg. . sinnm

A A, 3
X=nN-=0,-A—,.cc.ce....
Fd Fd Fd

POSITION OF ANTINODE'%,

2asin2—x:ilzsini',sinj—_,sin_!T ...... sin(z;_:')I
_ _ X 3 Ca
Xx=(2n 1) e % N

MODE OF VIBRATION IN CLOSED
ORGAN PIPE.

At first boundary y = 0, x = O for all t,
equation (1) satisfy the second boundary

condition if A = maxm atx =L forallt

.2 | .3 .5 . 2 —Mr
2asmTL:ilzsm—_',sm—_,sm— ...... smu

"l frprri the equation (2), we have L = 34‘

L=(n-1)2

Heren=1, 2,3, ....... Correspond touthe
first, second and third mode of vibrat@dn-._
FIRST MODE OF VIBRATION. '
(FUNDAMENTAL FREQUENCY),

Let A; is wavelength of the statlonary
waves set up correspondmg ton = 1 then

from the equation (2); e have L = ?

bmn_—zf

It is called fundamental frequency or pitch
of the tofie ox the first harmonic.
SECOND-MODE OF VIBRATION.
(FIRST*OVER TONE )

Let A5is wavelength of the stationary

iwaves set up corresponding to n = 2, then

=0 x= L

N
K‘*Xﬂ

na p=tt ———

4
but f, ——

_3——3n

It is called third harmonic.

THIRD MODE OF VIBRATION.

(SECOND OVER TONE )

Let Az is wavelength of the stationary
waves set up corresponding to n = 3, then

from the equation (2), we have L = ET-

K><><

5?\]
4
but fy =~ =52 =3f,

It is called fifth harmonic.

ie., fy,fufy ... =135 ...

It give odd harmonic only.

OPEN ORGAN PIPE.

Let a progressive wave pulse moving +ve
x-axis we get, Yy, = asin(wt — kx)

After reflection, the wave pulse travels in
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-ve x-axis it is given by y; = asin(wt + kx)
On superposition of two wave pulses, the
displacement of the resultant wave pulse
will bey =vy; +V,

y = 2 sin (i T—k E-t..."[-l-: )COS (wT—k jh."[—}': )

£

= (2a coskx) sinwt

y = (Za cosiTx) siniTvt

y=Asin“-vt| ... (1)

Where A = (Za COSETX)= Resultant

amplitude
This is the equation of stationary wave.
POSITION OF NODE.

2a cosi—x =0= cosE , cos?’—]T , cos%T ...... oS (Zn;l)n
ERE

X—(2n—1)— 3 g

POSITION OF ANTINODE.

2a cosiTx = #+1 = co0s0, COST, COS2T, ... ... cosnTt

At first boundary y = maxmjatx = 0 for
all t, equation (1) satisfy thé' seeond
boundary condition if y maxmy at x = L
for all t

cos— L = *1 = cosO, cosT, cosQn ......... cosnTt

L= n— AN Y 2
FIRST MODE.OF VIBRATION
(FUNDAMENTAL FREQUENCY)

Let A; is wavelength of the stationary
waves set up corresponding to n = 1, then

fromitheveqiiation (2), we have L = %

but f, = Al = ET It is called fundamental

. -
frequency or pitch of the tone onthefirst

harmonic.

SECOND MODE OF VIBRATION.

(FIRST OVER TONE ) '

Let A2 is wavelength of the stat1onary
waves set up correspondmg to'n = 2, then

from the equation (2),.we have L = 2:

£=0 k=L
N

- - -

butfizl—z——'—Zfl

It is called:seeond harmonic.

THIRD MODE OF VIBRATION.
(SECOND QVER TONE )

Let A3 1s wavelength of the stationary
wawves set up corresponding to n = 3, then

frotethe equation (2), we have L = %

x=0 =L

I
o= —
fy=—=31=3f

It is called third harmonic.

ie., fy,fufy .. =1,2,3. .0

It give odd and even harmonic both.
TUNING FORK . A tuningfork isan acoustic
resonator in the form of atwo-pronged fork with the
prongs (tines) formed from a U-shaped bar of eastic
metal (usually steel). It resonates at a specific
constant pitch when set vibrating by striking it
against a surface or with an object, and emits a pure
musical tone after waiting a moment to allow some
high overtones to die out. The pitch that a particular
tuning fork generates depends on the length and
mass of the two prongs. It is frequently used asa
standard of pitch to tune musical instruments.
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The frequency of atuning fork depends on its
dimensions and the material from whichiitis
made:

_ 18 ? [E
T2 12 AlpA

Where;

f isthe frequency thefork vibratesat in
hertz.

| isthe length of the prongs in metres.

E isthe Y oung's modulus of the material
the fork is made from in Pascal’s.

| isthe second moment of area of the
cross-section in metes to the fourth
power.

P isthedensity of the material the fork
is made from in kilogram’s per cubic
meter.

A isthe cross-sectional area of the

prongs (tines) in square meters

RESONANCE TUBE.

It is used to determine velocity of souﬁd" in

air by the help of a tuning fork of kneWwn
frequency. e :

It is a closed organ pipe havingan air
column of variable length .When a tuning

e} =

fork is brought over it’s mouth. It’s air
column vibrates with the frequency of the
fork. If the length of the air column is
varied until it’s natural frequency equals

the frequency of the fork, then the column
resonant and emits a loud note. =
If 1, and 1, are lengths of first aﬁd_'second

resonances, then we have I+ %~ %
As2(I" 2-1w)
Speed of sound at room te_n_lpé';"afure
v=mnA=2n(l2-11) N

Also =*=

i A
and 12+e=3; Ii—I1=~5-

=3 |; =38l 2eiie., second

Iy+e . 3 .
resonance is obtaingd'-'at length more than
thrice the length offirst resonance.

DOPPLER EFFECT. The change in the
frequency of sotmnd because of relative
motion between the source and the
observerofisotind is called Doppler’s effect.
This gives information regarding the
change:iﬁ frequency only. It does not say
about intensity of sound.

/Apparent frequency ( £ ).

Seurce emits sound at a certain frequency.

% I_t"is called the actual frequency ( f) and

the observer receives this sound is called
apparent frequency ( ), it is given by

ft = v (W a s r oo )

AW aw n ol ) (1)
vVi=vty, &

NV (vtwe)
Wavelength (\') = = )

. i b (vxvp)
Using eqn (1) we get, |f' = (vEve) - (2)

This is such formula which describes
Doppler effect for all possible situation.

RS |.+-:' |ll.+} o P BT

¥ 2 5 a

= - ——

— =}
fa) (b}
The direction from O o S is kaken as posilive
and the direction from 5 to O is taken as
negative whatever be the situation.
(a) Source in motion and observer at
rest.
(i) When source moving toward stationary
observer. In this casev. - —ve,v; - 0
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using equation (2), we get

ie,f'>f

(ii) When source moving away from
stationary observer.

In this case v. - +ve,v; - 0

using equation (2), we get  |f' = I" f

ie,f'<f

(b) observer in motion and source at
rest.

(i) When observer moving toward
stationary source.

In this case v. - 0,v; - +ve

using equation (2), we get
ie,f'>f
(i) When observer moving away from

stationary source.
In this case v, - 0,v; - —ve

fr=2cy

using equation (2), we get

ie,f'<f

(c) Source and observer both in mot1on_.-

(i)If the source and observer are
approaching each other.
In this case v. - —ve,v; - +ve

using equation (2), we get  |f' = :_':"f ]

ie,f'>f :
(i) If the source and observer, are movmg
away from one anothers,

In this case V. - +Ve, V- =Vver

using equation (2), we géty ! |f' = :_:‘f

ie,f'<f
NOTE. The effect of angle between the
velocities of the source (S) and

observer (0).",
- sin f, [

s
5 o, oo ()

Where 0, = Angle which the velocity of
observer in making with the direction 0s

Bs- Angle which the velocity of source is
making with the direction OS.

CONDITION WHEN DOPPLER EFFECT IS
NOT APPLIED.

(i) When source (S) and observer (@) both
at rest. P, »

(ii) When medium alone i_s-rr_iov;ihg.

(ii) When S and O mdveésin'such a way
that distance betweensS and O remains
constant.

(iv) When source S and observer O, are
moving in mutually perpendicular
directions.

(v) If the velocity of source and observer is
equal to or'greater than the sound velocity
then Doppler éffect is not seen.
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