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ave Optics

Wave front

(i) Suggested by Huygens

(ii) The locus of all particles in a medium, vibrating in the same phase is called Wave Front
(WF)

(iii) The direction of propagation of light (ray of light) is perpendicular to the WF.

(iv) Types of wave front

: o
; , , Plane WF

Cylindrical

Light rays

Point source .
Line source

(v) Every point on the given wave front acts as a source of new disturbance called
secondary wavelets. Which travel in all directions with the
velocity of light in the medium.

Point

A surface touching these secondary wavelets

tangentially in the forward direction at any instant gives the Secondary

wavelets
new wave front at that instant. This is called secondary Primary_ Secondary
wave wave

wave front
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Principle of Super Position lﬁ (= A% @ | \.ﬂ , = /%/g,‘ @)

(1) Graphical view :
Resultant\/ W‘f\9‘\'}’\MC+-v\L lr] LCYfa*(&\f) e

/ S A Waves are meeting at a
point in same phase
Ui + Y, = Y=y +y, | v \

(11) Resultant

Desbruchue Vnleyfadmcee.

Waves are meeting at a
point with out of phase

ﬁy=y1—yz
+ .=

(2) Phase / Phase difference / Path difference / Time difference

Phase difference (¢) : The difference between the phases of two waves at a point is called
phase difference i.e. if y, =q, sinwt and y, =a, sin(wt+¢) so phase difference = ¢

Path difference (Ax) : The difference in path length’s of two waves meeting at a point is
called path difference between the waves at that point. Also

N
o A:ix,,;/ PAH\ difhmmut = ?:/; A(P

- ‘f\\/ 5 g“w”“

& — Patn it rence JIHN”@

Time difference (T.D.) : Time difference between the waves meeting at a point is

pa
\

T.D. =1x¢
2z
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(3) Resultant amplitude and intensity
If suppose we have two waves y, =qa, sinwt and y, =a, sin(wt+¢); where a,,a, = Individual

amplitudes, ¢ = Phase difference between the waves at an instant when they are meeting a
point. I,, I, = Intensities of individual waves

Resultant amplitude

A :\/al2 +a; +2a,a,cos ¢ v

o
N (b = 80
For the interfering wave @) nd, Phase difference between them is

90°. So resultant amplitude 4 =

[

Resultant intensity
I=1I +1,+2,I,I,cos ¢

(AM,P/U""‘J; A \ﬂkns')ln? o[s)b-'jkt
s h
Al T, , AarT, ik phune ditfrence 15 O
A«JT
- Laat 47 ws T - U, w B
Anw= | AT AT +2A,8,0050 Nt = YT, W0 | R
3 2 1 B
Ange = M +AL+10/AL1/0;4; o | . |
4 — — ~ " "‘a’ IW* = (\]’f‘ *ﬂ:,_)
Ty = Li+To+ 2 = J:\:LLOLq) ‘l.mNu - IM?OSL(%) ~ ok
erhmohsimp,

T=1T +T, +2 Jr.x, ‘054)

I A 2> ITor L, 04
speuial tne =71, -1,
T’ zt°+1c,,w.q>
Wwso =

Tuar: 25 (HWw “D

Wers = 2Wstg - |
'H‘Jlil—;g;:’j;f@) ¢|$ PW 0,20 ,Um oo q ﬂ 31‘ SIT
- - / diffrane -:L,,w ~TAI, +2 JLI,_
T e = 21.,(9_005‘4)&) bjw T,45 > (osh~--1|
IWVI)\: ( JTI"_JIZ) INu;II+IL+ ZIEEJOSN

n

;Et T, ws’(é@\ Twee = L +I,-2 (53,
Tnw = Q}, —ﬁ;;

Ty CIE-TR)
Ndc : 0 The ter @ is called interference term. For incoherent interference this

term is zero so resultant intensity /=17, + 1,

(AMP- « T
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(4) Coherent sources
he soqurces of light which emits continuous light waves of th same
frequency and )n same phase or having a constant phase difference are called-eeherent sources.
TWO

oherent sources are produced from a single source of light

Wale : U Laser light is highly coherent and monochromatic.

U Two sources of light, whose frequencies are not same and phase difference
between the waves emitted by them does not remain constant w.r.t. time are called
non-coherent.

U The light emitted by two independent sources (candles, bulbs etc.) is non-coherent
and interferenc@phenomenon cannot be produced by such two sources.

il inbex beecante o) gl -
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Interference of Light

When two waves of exactly same frequency (coming from two coherent sources) travels in
a medium, in the same direction simultaneously then due to their superposition, at some points
intensity of light is maximum while at some other points intensity is minimum. This
phenomenon is called Interference of light.

Low di1hon FoyY Lovs Hm chwe  Tnkey {—mﬂm%
AQ: 0, 2m, M, 6% ---- 2nn
Y

A :OI >\,Z7\/ ‘

- -~ M

ondi Hows fov dishpuc Hue Mhevfavance
Aqs - NpormSro- - - - Cin-NDK

bt = A~ 38 S_i\ .....--(2n—;)_1\
2



(1) Types : It is of following two types
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Constructive interference

Destructive interference

(i) When the waves meets a point with same phase,
constructive interference is obtained at that point
(i.e. maximum light)

(i) When the wave meets a point with
opposite phase, destructive interference is
obtained at that point (i.e. minimum light)

(ii) Phase difference between the waves at the point
of observation ¢ =0° or2nx

(ii) ¢=180°0r2n—1)z; n=1, 2, ...
or 2n+1)z; n=0,12.....

(iii) Path difference between the waves at the point
of observation A =nA (i.e. even multiple of 1/2)

(iii) A=Q2n- 1)% (i.e. odd multiple of 1/2)

(iv) Resultant amplitude at the point of observation
will be maximum

a, =a, => Ay =0

If a =a,=ay = A4, =2a,

(iv) Resultant amplitude at the point of
observation will be minimum

Amin =a; —ay

If a1=a2:>Amjn=0

(v) Resultant intensity at the point of observation
will be maximum

I =1, +1, +241,1,

e = (T +VE, )

If 1, =1, =1y = I, =2I,

(v) Resultant intensity at the point of
observation will be minimum

Loiw =1, +1, =211,

A :(\/Z_\/Z)Z

If I, =1, =1, =1, =0

(2) Resultant intensity due to two identical waves :

For two coherent sources the resultant intensity is given by /=1, + 1, +2,/1,1, cos ¢

For identical source [, =1, =1, = =1, +1, + 2,11, cos¢ =4I, cos 5

[1 + cosd =2cos2§]

2 9
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Young’s Double Slit Experiment (YDSE)

Screen

.. o

3 Dark

A 3 Bright

2 Bright

2 Dark

1 Dark

Central bright fringe
(or Central maxima)

i s, L | Q 1 Bright

-~

vl
2 Bright
3 Bright

2 Dark

Parh )i fumce Ay - <2n—\ )7\ AW l:/"v'vxzok_ UJJH’)’:
Kx = 06we = dhane = 4 — ke
A 2 i = e
b= 9N- =y
b @ fomace Yy _ (2»«\)7\ o
Coy Lovshpun Chve e B - 2 P\w
T T 2P ‘)
D -
ooy s B | Yo ) 2D A
b it Gk Fatm Lmfre. " 2 I .
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Lnow a5 Fringe wrdth () POt Faum e
WA X1 VWA 0= &=
P, 27\9_)_\2:12 )\TQJ“AD
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‘i J Wave Optic-
pwe v ieane D D
P (intan [pinge widbhJuli]| alg lndeptndtn From O,
efe : O If the shts are Vertlcal the path difference (A) is d siné@, so as 0 increases, A also
increases. But if slits are horizontal path difference is d cosé, so as @ increases, A

decreases.
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equal width. Width of each fringe is g = ATD and angular fringe width @ = g =%

(7) More about fringe
(i) All fringes are of

(ii) If the whole YDSE set up is taken in another medium then A changes so g changes
. A
e.g. inwater 4, =——= g, = Pa :iﬁa
Hyy My 4

(iii) Fringe width g« 7 i.e. with increase in separation between the sources, g decreases.

(iv) Position of n™ bright fringe from central maxima x, = anD =nf; n=0,1,2...

(v) Position of n"™ dark fringe from central maxima x, = @2n ;;) AD = (2n ;1) B s n=123...

(vi) In YDSE, if », fringes are visible in a field of view with light of wavelength 1,, while
n, with light of wavelength 1, in the same field, then n, 4, =n,4, .

(vii) Separation (Ax) between fringes

Between n™ bright and m™ bright fringes | Between n™ bright and m™ dark fringe
(n>m)

(a) If n>m then Ax=(n—m+%jﬂ
Ax =(n—-m)p

(b) If n <m then Ax =[m—n—%)ﬂ
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(8) Identification of central bright fringe

To identify central bright fringe, monochromatic light is replaced by white light. Due to
overlapping central maxima will be white with red edges. On the other side of it we shall get a few
coloured band and then uniform illumination.

(9) Condition for observing sustained interference

(i) The initial phase difference between the interfering waves must remain constant :
Otherwise the interference will not be sustained.

(ii) The frequency and wavelengths of two waves should be equal : If not the phase
difference will not remain constant and so the interference will not be sustained.

(iii) The light must be monochromatic : This eliminates overlapping of patterns as each
wavelength corresponds to one interference pattern.

(iv) The amplitudes of the waves must be equal : This improves contrast with 7, =4/, and
]mm = O.

(v) The sources must be close to each other : Otherwise due to small fringe width (ﬂ oc éj

the eye can not resolve fringes resulting in uniform illumination.
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v

(10) Shifting of fringe pattern in YDSE

If a transparent thin film of mica or glass is put in the path of one of the waves, then the
whole fringe pattern gets shifted.

If film is put in the path of upper wave, fringe pattern shifts
upward and if film is placed in the path of lower wave, pattern shift

downward.
c

) . D B
Fringe shift= —(u—-1)t = —(u—-1)t
g d(/t ) /1(/1 ) L e U

Additional path difference=(u— 1)t | .
= If shift is'equivalen nmiringes then n = _(ﬂ:ll)f or zz( ”’11) D
ILI J—

— Shift is independent of the order of fringe (i.e. shift of zero order maxima = shift of n™

order maxima.
= Shift is independent of wavelength.

+
Mme
n pat
ath Jiffremce «f e
’_TE'_ e [ /Q;(-I-Yn P a ‘Y A\‘F{r
Mmb -t ot (u-) = sk v

(11) Fringe visibility (V)
With the help of visibility, knowledge about coherence, fringe contrast an interference

pattern is obtained.

. LI
_ e “loin oy NI If I

=0, V=1 (maximum) i.e., fringe visibility will be
Imax +]min (11 +]2)

best.
Alsoif I =0,V=-1landIf I =1_,V=0
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(12) Missing wavelength in front of one of the slits in YDSE A=+ T; )I/L— =" "“'{‘@‘D
From figure S,P = VD> +d* and S,P=D N Gﬁ
A
So the path difference between the waves reaching at P Tsl h—— ) >
> 5 d? 12 d |-t Central
A=S,P-S,P=+D*+d° -D=D 1+E -D 18 3/} position
2 v
. . . 1d’ d’
From binomial expansion A=D|1+—— |-D=— D
2 D’ 2D
2 _ 2
For Dark at P A= - = @Grn=D4 = Missing wavelength atP 4= _
2D 2 2n-1)D
d2 d? 42

By puttin =1,2,3.... Missing wavelengths are4A=——,—....
yPp g n g g D 3D 5D

Q\A/P\ooéﬁ. ol %&t’ A{Q"'MCL\M

ﬁi\n ){)\(’O\/&M we af- P.

vg
~
1)
Q-
N
\
N
V
>
1
NI
| >

-
- -
- -~

P 40| ean Svlvu’vﬁ Iv %
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Interference in reflected light

Interference in refracted light

Condition of constructive interference (maximum
intensity)

A
A=2putcosr=02nt 1)5
For normal incidence r = 0

so 2ut=Q2n+1)%

Condition of constructive interference (maximum
intensity)

A=2utcosr =(2n)%

For normal incidence
2ut=nAl

Condition of destructive interference (minimum
intensity)

A=2utcosr :(2n)§

For normal incidence 2ut=nAi

Condition of destructive interference (minimum
intensity)

A= Zytcosr:(Znil)%

. A
For normal incidence 2ut=(2n+ 1)5

Wole : O The Thickness of the film for interference in visible light is of the order of 10,000 4 .

(2) Lloyd's Mirror

QYCW Lovd | 1 owh Q‘E

Lwe X J i¢hm caune

(0 Vb T L

_ b
2) 3

J-

4 mrfﬂY%

Jonle gpof T

Lot s

n*n

QnD?\D N brg WPGPM'
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0\
¢ &

Concepts

N

B

The angular thickness of fringe width is defined as 6 = - % , Which is independent of the screen distance D.

Central maxima means the maxima formed with zero optical path difference. It may be formed anywhere on
the screen.

All the wavelengths produce their central maxima at the same position.

The wave with smaller wavelength from its maxima before the wave with longer wavelength.

The first maxima of violet colour is closest and that for the red colour is farthest.

Fringes with blue light are thicker than those for red light.

In an interference pattern, whatever energy disappears at the minimum, appears at the maximum.

In YDSE, the nth maxima always comes before the nth minima.

.1 . . . .
In YDSE, the ratio /% is maximum when both the sources have same intensity.

For two interfering waves if initial phase difference between them is ¢, and phase difference due to path

. . . . 2
difference between them is ¢ '. Then total phase difference will be ¢ =¢, +¢'= ¢, +T”A .
Sometimes maximm number of maximas or minimas are asked in the question which can be obtained on the
screen. For this we use the fact that value of sin 6 (or cos ) can't be greater than 1. For example in the first
case when the slits are vertical

sin @ = % (for maximum intensity)
. ni d
sin 0 *1 —*1 or n¥—
d A

Suppose in some question d/A comes out say 4.6, then total number of maximuas on the screen will be 9.
Corresponding to n=0,£1,£2,+3 and +4.
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Diffraction of Light

Wale : U Diffraction is the characteristic of all types of waves.

U Greater the wavelength of wave, higher will be it’s degree of diffraction.

U Experimental study of diffraction was extended by Newton as well as Young. Most
systematic study carried out by Huygens on the basis of wave theory.

O The minimum distance at which the observer should be from the obstacle to

observe the diffraction of light of wavelength A around the obstacle of size d is
2

given b x—d—
y 42"
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(1) Types of diffraction : The diffraction phenomenon is divided into two types

Fresnel diffraction

Fraunhofer diffraction

(i) If either source or screen or both are at
finite distance from the diffracting device
(obstacle or aperture), the diffraction is
called Fresnel type.

(ii) Common examples : Diffraction at a
straight edge, narrow wire or small
opaque disc etc.

SA(J)%(/
Screen

Slit

(i) In this case both source and screen are
effectively at infinite distance from the
diffracting device.

(ii) Common examples Diffraction at

single slit, double slit and diffraction

grating.
|
| )>

Source

Screen
at ©

Slit

hote o350

(2) Diffraction of light at a single slit

Screen

i)Y U’w/‘ﬂéﬁ-

VNG § | v@n Q;, N | v

(i) width of central maxima g, = 24D

22

; and angular width = -
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(ii) Minima occurs at a point on either side of the central maxima, such that the path
difference between the waves from the two ends of the aperture is given by A=ni ; where
n=1273...

i.e. dsinf =nl = sinf = %
(iii) The secondary maxima occurs, where the path difference between the waves from the
.. A
two ends of the aperture is given by A =(2n + 1)5 ; where n=1,2,3....

Qn+1)A
2d
(3) Comparison between interference and diffraction

i.e.dsinfd =Q2n+ 1)% = sinf =

Interference Diffraction

Results due to the superposition of waves | Results due to the superposition of wavelets
from two coherrent sources. from different parts of same wave front.
(single coherent source)

All fringes are of same width $ =Q All secondary f?inges‘ are of same wid.th but
the central maximum is of double the width
AD
Bo=2p= 27
All fringes are of same intensity Intensity decreases as the order of maximum
increases.
Intensity of all minimum may be zero Intensity of minima is not zero.
Positions of nth maxima and minima Positions of nth secondary maxima and

nAD minima

AD
X n(Bright) = 7 s Xp(Dark) = (21’[ - 1)7 nAD

AD
Xy (Brighty = (21 + 1)7 s Xp(Dark) = 4

Path difference for nth maxima A =nA for nth secondary maxima A = (21 + 1)%

Path difference for nth minima A=2n-1)1 Path difference for nth minima A =nAl
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Polarisation of Light

----- >

Direction of
propagation

propagation oscillation

5 Direction of [ Vertical oscillation 4 Horizontal

LN o\
Modms  [alD ) ( Cos d>>a\/ -
= TL{wos r})

Tout = f\;—@

- 2

P A P A

Toutr

L1 BRIV
BER TTTTTTE

Ordinary light Polarised light Polarised light Ordinary light Polarised light
Transmission axes of the polariser and analyser are Transmission axis of the analyser is perpendicular
parallel to each other, so whole of the polarised light to the polariser, hence no light passes through the

passes through analyser analyser




(4) Malus law
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This law states that the intensity of the polarised light transmitted through the analyser
varies as the square of the cosine of the angle between the plane of transmission of the analyser

and the plane of the polariser.
Intensity = I, A

BERNINNRY EE
T

I ' Intensity = I
‘ Amplitude = A
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1 -1
Wcle : 1 Percentage of polarisation= M x 100
+

max min

(5) Brewster’s law : Brewster discovered that when a beam of unpolarised light is
reflected from a transparent medium (refractive index =u), the reflected light is completely
plane polarised at a certain angle of incidence (called the angle of polarisation 6, ).

Also p=tan6, Brewster’s law

0
(i) Fori< Gpori> 6p IL/‘ = “"a\f)]P

Both reflected and refracted
rays becomes  partially

polarised
.. Unpolarise Plane
(ii) For glass 6, =57°, for water 6, = 53° d light polarised
\/ Partial
polarised
Q # light
\ - H Y]’\ ( M) Polarisation by

(6) Optical activity and specific rotation

Polariser Analyser @ Laevo-rotatory
l l l ﬂHHH l l l Substance @/
Unpolarised Polarised light ~ @ dextro-
Polarimeter
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(7) Applications and uses of polarisation

(i) By determining the polarising angle and using Brewster's law, i.e. u = tanép, refractive
index of dark transparent substance can be determined.

(ii) It is used to reduce glare.

(iii) In calculators and watches, numbers and letters are formed by liquid crystals through
polarisation of light called liquid crystal display (LCD).

(iv) In CD player polarised laser beam acts as needle for producing sound from compact
disc which is an encoded digital format.

(v) It has also been used in recording and reproducing three-dimensional pictures.

(vi) Polarisation of scattered sunlight is used for navigation in solar-compass in polar
regions.

(vii) Polarised light is used in optical stress analysis known as 'photoelasticity’.

(viii) Polarisation is also used to study asymmetries in molecules and crystals through the
phenomenon of 'optical activity'.



