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WAVE OPTICS

1. WAVEFRONT

A source of light sends our disturbanee in all directions. Ina
homegeneous medinm. the disturbance reaches all those
particles of the medinn in phase. which are located at the
same distance from the source of light and hence at any nstant,
all such particles must be vibrating i phase witl each other,
The locus of all the particles af medvum, which ar any instant
are vibrating in the same phase, is called the wavefront

Depending upon the shape of the source of Lghi, wavelont can
be the following types :

1.1 Spherical wavelront

A spherieal wavefont is produced by a pobt soice of light, Tr is
because, the locus of all such pomts, winch are equidisiant from
the point source, is a sphere fgure (a).

Lah

1.2 Cylindvical wavefront

When the source of light is linear in shape (such as a slit), a
cvlindrical wavefrout is produced. It is because, all the pouts,
which are equidistant from the linear source, lie on the surface
of a evlinder figure (1),

1.3 Plane wavefront

A csmall part of a spherical or a cylindrical wavefront eriginating
froan a distant source will appear plane and hence it s ¢alled a
plane wavefront figure {c).

1.4 Ray of light

An arrew drawe narmal te the wavefront and pointing in the
direction of propagarfon of disterbance represents a rav af
light A ray of light is the path aleng which light travels. In
figure thick atrows represent the ravs of lght,

Smee the vy of Teaht 18 nonuel to the wavefront, it is sometiones called
as the wave normat,

Key points
The phase difference between any two points on a
wavefront is zero,

2. HUYGENS'S PRINCIPLE

Huyieen's principle 15 a peometrical construction, wlich 1s used

to determine the pew position of a wavefront at a later tine from

its given position at any instant. In erder words, the principle

givesa method o know asto how light spreads out in the medium.

Huvgen's prineiple is based on the following assumptions

L Each point an slie given oF pringy wavefront acis as 0 sonrce
af vecondary winelews, sendtie ool disturbance i all directions
ire cb il e as the ariginal sonece of lighe does,

&

2 Dhe e pasifien af the wavefront at any instant (called
secondi wavefraudt 15 the envelope of the secondary
wavelets at that insrant.

The above two assunphions are known as i gen's
prineiple or Huygens ‘consirnelian,

Krey pofnts
Huygen's principle 1s simply a geometrical construction
to find the position of wavefront at a later time.

3. PRINCIPLE OF SUPER POSITION

When fwo or more than two waves superimpose over each
other at a conunon particle of the medinm then the resultam
displacemment (1) of the particle is equal to the vecior sum of
the displacements (v, and v.) produced by individual waves.
fe ¥=¥
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with eue of phase
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(ii)

3.2 PhaseP hase differencePath differen e Tine difference
()

Phase : The argument of sine or cosime in the exprassion
for displacement of a wave 15 defined as the phase, For
displacement ¥ = a sin @t ¢
instantaneous phase

term et = phase or

(i) Phase difference (¢ ; The difference between the phases
of two waves at a poant is called pliose dilference i e. iI'
(=8 smedand y, = a, s (e + i so phase difference =
(m)  Path difference (A) : T|1|: difference m path length's r.!-l'
g waves meeting al a pednt is called path difference
: i
between the waves at that peant. Also A = —=¢
b
(v} Time difference (70} : Tune diflvrence between the
- h ) .. |lg
WAVES meeting at a poit s TD = — - o

A3 Resultant amplimde and intensiry

If suppose we have two wavesy, = a, smod & ¥, =a, su (e + Ok
= Individual amplitudes, ¢ = Phase difference
bemw een the waves at an instant when they are meenng a
point. [, 1, = Intensities of individual waves

where a,

Resultant amplitude : Alter supernuposition of the given
waves resultant amplimnde {or the amplinide of resultant wave)

L R
s given by A= a’+ai+2a,a,c080

For the interfering waves y, = a, sin@@ t and ¥, = a, cose 1,
Phase difference between them 15 Sﬂl}’ Soresultant n1|1p|L1ud+:

.1"'L=i|.'llﬂ-__:+ﬂ§
s As we know intensity o {Amplimde)?
> [, =ka, I, =ka; and [ = kA® (k is a proportionality

cotstant). Hence fromm the formnla of resultant amplimde, we
the fellowing formula of resultant intensity

Resultant intensity

gel

I=1+1.+ --II Crs

The term 2\'1. [. cosd is called interference term. Fer

mcolierer
I=1 =1.

A4 Coherent sources

it iterference this t1enm is Zero so resultant mtensity

The senrces of lizht wlich emits cominuous light waves of the
satttie Wi e bzl sane frequeney and i same phase or hanving a
colsstant phase difference are called coberent sources,

&l NIERFERENCE OF LIGHT

When roo wives of exactly same frequency (conung from two
colizrent somuces) travels i a mediun, 1n the same direction
simultaneously then due 10 their superposition, at some peints
wetensity of leht s masinnon while at some other pomts infensity
15 o, Thes pheaonenon is called Interference of light.

4.1 Tvpes of Interference

Constructive interference

Destructive interference

When the waves meets a pomt with same phase,
constructive interference s oblained at thal peim
(f.e, tmaxaemam bight)

(i (i)

(o)

Phase difference between the waves at the point of
observation = 0F or 2 nx

(i)

(i) Path difference berween the waves at the point of
ebservation A = w. {i.e. evenmuluple of 42)
Resultant amplitude at the point of obsenvation
will be maxinnun

a =a, = ﬁm =0
If A, =a,=a, = A =14
R:sulT:Lu[ |1|t4.1|':.|[‘-r at the pmm of elservation

will be maxinmon
[ —
Ly = [w,.'ll +yL JII—

(v}

(v} V)

-II

Lo, =1 +1, +2T

[

If I=1,=I=1_=2I

(i)

(v}

When the wave meets a poimt with opposite phase, destrucnve
mterference is obtained at that peint {r.e mininnm light)

d=180"or(2n-1)ymn=12, ...
or (Zn-mn=012, .

A= I:En—i}%' {i_e. odd nnltiple of 4/2)

Resultant amplitude at the point of ehsernvation will be
mininmn

AT a8,

Ifa=a =A_=0

Resultant mtensity at the point of observation will be nimonm

NN

I, =1L+1

—
) _'|,‘| I I"

If 1=L=I=1_=0
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4.2 Resultant intensity due to two identical waves

For two coherent sowrces the resultant intensity 1s given by
]
I=1, +L+ 2,11, cos¢

Foridentical source I, =L =1

= I=1y+1, + 21,1, cosdp =41, cos’

J =

[ar]

[1 +cnsﬂ=1fﬂ-‘i1:]

= In interference redistmbution of eneroy takes place m
the fonm of maxinma and numa.

T

Lo _ \'ITl+VE :.1:[: i-:-“‘1. —|f5-:'1"—i: [a,/a.+] |
lw =y M- R, T tay a1 )

also \IIE a. | [[— |
) : l g o=l

\I lﬂm J
= Iftwo waves having equal intensity (1, = I, = 1) meets

at two locations P and Q wath path difference A and A,
respectively then the ratio of resultant intensity at point

n—:ﬂ_l :—”“‘—”\

s af mh
I cos” % cus ?_IJ

Pand Qwillbe L = = =
o costhy oo™ ]

2 A

5. YOUNG'S DOUBLE SLIT EXPERIMENT (YDSE)

Monochromatic light (single wavelengrh) falls on two narrow
slits 5 and 5, which are very close together acts as two
coherent sources, when waves coming from two coherent
sotrces (S, 5,) superimposes on each other, an interference
pattern is obtained on the screen. In YDSE alternate bright
and dark bands obtained on the screen. These bands are called
Fringes.

a = Distance berwvesn slits
D = Distance between slits and screen

= Wavelength of monochromatic light emitted from
SOUTEE

meneen

. Eh: I¥ark
Y Brnght

S G hark

T Hrnight T Ik

. . 0
5 I Bright

+ 1 ark

| R I -=------=- Ceniral hright fringe

* | sk for central nhisnng

: I Brigh
n = M hark

2 Bright

i nighi

3 rark
E'-T"ﬂ 4 rark

i1y Cemgpal friee s always bright, becanse at central
position g =0 ar A =10

+ [

(] Tle fringe pattern obtamed due 1o a slin is more brght
than that due 10 a [mi:]t.

{41 1t the slit widths are nnegnal, the minima will not be
complete dark. For very larze width uniform
o aton occurs

(1 1 one slit s illunnnated with red hebt and the otber slit
g5 Llnmanated witly blie Light, po interference pattern is
observed on the screemn

(5] I e two colierent sources consist of object and it's
retlected mnage. the central fringe is dark instead of
bright one.

51 Path difference

Path difference Letween the interfering waves meeting at a

L d : .
pont & oo the sereen 15 given by X = E =dsin 0 where v is

the position of point P from central maxima.

] Screen
r— ) ——

For maxima at P X =1nk;

wheren=0,z1,+2,.......

xff:u—i]:u.

2

and For monmna at P

e

wheren=+1,
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Mote :- [fthe shits are vertical, the path difference (x} is
d singd?, so as & mereases, A also inereases. Butal shits
are horizental path difference is o cos@, 50 as &
increases, X decreases.

— ) ———

e ‘
5 5,
i —

I 5.2 More about [ringe |

(1} All fringes are of aqual width. Widih of each fiinge is

PR
B= - and angulor fooge widih ©

&

d

(L} Ilhewhole YDSE set upis taken in anctler medinm then
changes so fchanges

L
Dﬂw ].lw ) 4[}1

) S
ez inwater =2

-

(i) Fringe width [t — ie. with mcrease inseparabon berween
2 q Y

e sowrces, J decreases.
(v}  Position of »* bright fringe from central maxima

n:.D
X =z——=qgf.n=0,1,2, ...
q [

) Position of n® dark fringe from central maxima

_ (2n-1)aD _ {an-1Jp

. n=1.23..
2d X

X

(vi)  InYDSE, ifwm, fringes are visible in a field of view with
light of wavelength A whale #, with light of wavelength

- e same feld, then i, =k, .

I 5.3 Shifting of Mringe pattern in YNSE |

If a transparem thin {1lm of nuea or glass 1s put in the path of
one of the waves, then the whoele fringe pattern gets shifted.

If film 1s put in the path of upper wave, fringe pattern shifts
upwird and il filu s placed inthe path of lower wave, pattern
shift downward,

g M
|_1 "{I
b
Scroen
— 1 ———»
b
Frinpe shifl fn=1)1= ﬂ fj -1t
d '8
= Ackditional path difference = {(u -1y
- . ¥ L=1)t
= [f shaft 15 equivalent to i fringes then n= u
nh
oF | =——
=1}

= Shift s mdependem of the erder of fringe (e, shift of
Zero opder maxina = shi ft of i order maxima.

=> Shift is independent ef wavelength,

6. ILLUSTRATIONS OF INTERFERENCE

Interference effects are commwnly observed in thin fibns when
their thickne ss is comparable to wavelength of ineident light (Ifit
15 to0 i as compared to wavelenath of helbt ot appears dark and
i is too thick, this will resulr inwaform lhudnation of film), Thin
layer of oil on water surface and spap bubbles shows varous
colours in white light due to mterference of waves refected from
the two swrfaces of he il

Aar

Chl il on water surface

\.'\ Air

Aar
Soap bubble i e
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6.1 Thin llms

T thin Alivs interference takes place between the waves reflacred
from it's two swrfaces and waves refracted through it

Reflecim ravs

Helrscied riys

Interference in reNected
light

Interference in refract ed
light

Coodition of constructive
interference { maxiomim

tensity)

7
A=2ut cnsr={21t:l|;

For normal incidence =

so 2ut={2n* 1]%

Condition of copstmctve
interfera1ce (maxinmumn
irtensing

'
A=t cosr=[2n 1=

For nontial modence

2l = 1.

Condition of destructive
mterference
(Tininmem intensityy

A
A=2ult cosr= {111]:

For normal incidence 2 pr = ni.

Condition of desmuctive
mier{erence
(T intensiey)

o = 8
A=2utcosr={In+1)Z

For normal meidence

ks
2ur={2n= ”:

At /

The Thickness of the film for interference in visible light

is ofthe order of 10,000 A,

7. DOPPLER'S EFFECT IN LIGHT

The phenomenon of apparent change in frequency [or
wavelength) ef the light due to relative motion between the source
of light and fhe observer is called Dopplers effect.

According to special theory of relativiry

l&v/ic

If v = actal frequency, v* =Apparent frequency, v= speed of

source w.rt stationary ohserver, ¢ = speed of light

Somrce of light moves
towards the stationary
observer (v=-<y¢)

Sowrce ol light moves
away [rom the stationary
observer {yr=-<y¢}

(i Apparent fequency
. v

v =V 1+—| apd

I._ c | 1

Apparent wavelength

(%)
! '}"._I . |

) Apparent frequency

C
v':v[]--— |ﬁud

\ =
Apparent wavelength

P
h':;a,{n-‘]
C

i

() Doppler’s <lufl : Apparent
waveleeth < acral
wavelength, So spectmm of
the hiation from (he source
of light shifts towards the
red end of spectnen. This

1= citlled Red shift Dopplea’s

) Doppler s shift : Apparem
wavelength = acrual
wavelength, So spectmm
of the mdiation from the
sowrce of light shifts
towards the violet end of

spectiu. This is called

Wiolet shift Doppler’s shali

=,
C

8. DIFFRACTIONOF LIGHT

It 15 the phenomenon of bending of light around the comers
of an obsiaclerapermire of the size of the wavelengil of light,

Shaclin

— *
—_— e gl
_.. o

_--_L-"H“

L Aperiune
Laght
Shadinw
Clbstacle
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8.1 Types ol dillraction

The diffraction phenomenon is divided into two types

Fresnel diffracton

Fraunhofer diffraction

{1 If either sowrce or screen

or both are at finite distance
from the diffracting device
(obstacle or aperture ). the
diffraction s ¢alled Fresnel
type.

(i) Conmmon exanples:
Diffraction at a straight edge
parrow wire or sniall opague
disc elc.

S e Sooeen

Sh

() Iothis case both sowce
and screen are effectively
at infinite distance from
the diffracting device.

(1) Conunon exangples
Diffrac uon at sinzle s,
double slit and diffraciion

gl

L 2K 2 2

Sinrae ”
ul o

[ i
LI iy |}

Minima occurs at a point on either side of the central

maxnna, svuch that the path difference berween the
waves from the two ends of the apermure is given by

(i)

A=ni; wheren=1,23_
—, sing = 2
(1L}

fe.dsin 8 =ni;

The secondary maxima occurs, where the path

difference berveen the waves from the mwo ends of the

. s
aperture 1s piven by A = (2n+1 ]: cwheren=121__.

fo dsinB=1{2n+ 1]%

(2o +1)5
2d

= s b=

I 33 Comparison between interference and diffraction |

Tuterlerence

Dillraction

I 8.2 Diffraction of Lizht at a single slit ]

In case of diffraction at a single shit, we pet a central bright
band with alverpate beight (oo aad dagk (o) leasds
of decreasing intensity as shown

Lureen

()] Widih of central maxima B =

2h

d

2.D
d

and angular width

Fesults duc to tle superposition
ofwaves from two coherent

=OUTCE.

Besults due to the super-
position of wavelets fom
different parts of sane
wave front. (single coberent
source)

All fringes are of saane width

i1y

d

p=

All secondary fringes are of

same width bur the central

mas it is of double the
width

p=op=22P

All fringes are of same intensity

lntensity decreases as the
otder ofimaximun mereases,

Intensity of all minimun may be
zero. Posttions of ath nexona
and minima

X D

“tglHegte) .

) D
l'u Dk | ={:Il_ I]?

lotensity of minima is not
zero. Positions of nth
secondary nwxima and

D
X::Fl.:-.p".-i , = [:]l +”T
. wr.[
}Lulb.llll = d

Path difference for mth maxima

A=nd

for nth secondary maxima

?\-
A=(Zn+1)z

Path difference for mh minima
A=(2n- 11k

Path difference formuth

g A =
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B4 Diffracticen and opfical instruments

The objective lens of optical instmment like telescope or
microscope ete. acts like a circular aperture. Due to diffraction
of light at a circular aperture, a converging lens cannot form a
point image of an object rather it produces a brghter dise
known as Ay disc surrounded by altermate dark and brght
CONCEUne Igs,

I-\.-\.-

The angular half width of Ay dise = B - (where ) -

apernue of lens)
The lateral width of the waee = & (where /-
the lens)

focal length of

it / Diff action of light limits (e ability of optical
instruments o form clear mpages of olyects when they
are close to each other,

9. POLARISATION OF LIGHT

Light propagates as transverse EA waves. The magnitude of
electric field is mmch larger as compared to maguitude of
magnetic fleld. We generally prefer to deseribe lgh as electiic
field oscillations.

[ 9.1 Unpolarised light |

The light having electric field oscillations in all divections in
the plane perpendicular to the direction of propagation is
called Unpolarised light. The oscillation may be resolved into
horizental and vertical component,

P

Ihrce e o
Presragalion

rrtrrt
R

I Verncal oscallation

N

—p [ hircenom of
propasitise

# oz

wscallaticn

2.2 Polarised light

The light having escillations ondy in one plane is called Polarised or

plane polarised light.

{1} The plane i1 which oscillation ocours in the polarised light
15 called plane of oscillation

{ii) The plane perpendicular to the plane of oscillation is called
plane of polarisation.

{m)  Lizght can be polarised by transnutiing through cerfain
crvslals such as wumalme or polarouds.

Polarization by Scattering

When a beam of white light is passed through a mediun
containing particles whose size is of the order of
waveleneth of Light, then the beam pets scattered.
When the scattred light 15 seen in a direction
perpendicular to the direction of ineidence, it is found
1o be plane polarized (as detected by the analyser).
The phenomenon 1s called polarzation by scattering.

z

Y

9.4 Polarization of Light by Rellection

When unpolarized light is reflected from a surface, the
reflected light may be completely polarised, partially
polarized or unpolarized. This would depend on the
angle of incidence,

The angle of incidence at which the reflected light is
completely plane polarized is called polanzing angle or
Brewsters angle, {'IF‘]

RARER

N
I
1
1
1

DENSER

%= 1N
9]
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9.5 Polaroids

It is a device used 1o produce the plane polarised light. It is based
o the principle of selective absorption and is mere effective than
the toaumaline cryseal. or

Itis a thin film ef ultramicroscepic crystals of quinine idesulphate
watly thedr optic axis parallel te caclhather.

{u)

{( Prolarond
e

[T

Pl |'-|-'!,|r:x._'.} lse=hid

Polaroids allow the light oscillations parallel o the
risnnssion axs pass trough e

The erystal or polaroid on whach nnpolapsed light is
incident is called polariser. Crystal or peliroid on which
polansed Light 15 madent 1s called aoalveer

Transmssien aves ol T |1|'|'|.|r|~|'r.||'u| s gy oyl L eagh

I i

1ttt Attt
HT\ T

Parlarsey] ||=:|'.|
|

i -.||||:|r} |Jg!|l

uther, sowheele b e polarcacd higln passes thoous oo

Crrderary Dight Pulimseel higha

Trarsrnassenn asis of the analyser s perperdsastas e
pobirrse . hence mo hight passes throaeh the analyser

(1)

A / When unpolarised light is incident on the

polariser. the intensity of the transmitted polarised light
is half the intensity of unpolarised light,

Mainuses of polaroids are in wind shields of atomobiles,
sun glassess etc. They reduce head light glare of cares
and unprove celowr couwrast in old paimiogs. They are
alsoused m e dunensional o oot pietures and i optical
stress analysis,

5.0 Malus Iaw

This law states that the intensity of the polarised light
transmitted throueh the analyser varies as the square of the
cosing of the angle berween the plane of ransmission of the
amabyser and the plane of the polariser.

(if)

1 Intenssty = 1,

Elp Amplinnde = A, A

L1t
IRy

l‘l
I 1 Ky
E _-'r Inlensaty - |
H - :
H o
i o Amplitde = A
T
o3

[ = !_ cos’ B and and A7 :Aé cos B A= A cos 3]
=1, A=A,

I08 = 45°.1=1 /2, NSaies

g =90°. I=0.A=0

Lf ! = Imensity of unpolansed light.

[£6 — G

Sol, = Lo if an unpolarised light is converted into

plane polarised light (say by passing it through a
polarond or a Nicol-prism). its intensity becomes half

atxd I—[—‘ cos” [
2
Nt /
o T . -1_1}
Percentage of polanisation =-—"=* "= 100
[ +1)

5.7 Brewster’s law

Brewster discovered that when a bearn of unpolarised light is

reflected from a transparent mednum (refractive index = 2, the
reflected light is completely plane polarised at a certam angle
of incidence (called the angle of polarisation 8 ).

Also = tan 8 Brewster's law

{(bFori<f, or N
L npularised Plang paslazisail
ligha Teghn
Fart Ll
paolarised
H light
Faslierisatuon by gollection
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Both reflected and refracted rayvs becomes partially

polarised

(ii) For glass By = 377, for water 0p = 537

10. VALIDITY OF RAY-OPTICS

When a parallel beam of light travels upio distances as large
as few metres it broadens by diffraction of heht travels.

10.1 Fresnel Distance

Fresoel distance 15 the mumunmm distance a beam of
light can mwavel before its deviation fom stiaight lioe
path becomes significant noticeable

Since wavelength of hght is werv <mall deviation s
very small and light ean be assumed as wavelling ma
straight line.

Henee we ean igoore broadeing of ean by diffraction
upto distances as large as a fev eters, pe., we can
assumie that light travels aleng straight lines. Hence
ray optics can be taken as a hnuling case ol wave opties

waveoprics.

11. RESOLVING POWER

When two pomt elects are close to each ather thewr
images difftaction panerns are also elase and overlap
cach other.

The minimum distance between two objects which can
be seen seperately by the object instrument 15 called
Limit of reselution of the msmument,

1
Limit of Revolution

Fesolving Power (R} =

11.1 Resolving power of Microscope

2usm o

E. P. of microscope = ?

DBRJECT

11.2 Resolving power of Telescope

: ]
B P ol telescope = L = :
dg 1224

wlhere I 1s aperture of telescope.

Sz, . OBJECTIVE |
S OF TELESCOPE




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9

