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Wave Optics

Nature of Light:-

Newton’s Corpuscular Theory of Light:-

This theory was given by Newton.

Characteristics of the Theory:-

(i) Extremely minute, elastic particles and
very light has been uniformly emitted
by all light source (luminous bodies)
in all directions which are known as
corpuscles.

(ii) When these corpuscles strike the retina of
our eye then they produce the sensation of
vision.

(iii) The velocity of these corpuscles in vacuum
is 3 x 108 m/s.

(iv) The different colours of light are due to
different size of these corpuscles.

(v) The rest mass of these corpuscles is zero.

(vi) The velocity of these corpuscles in an
isotropic medium is same in all directions
but it changes with the change of
medium.

(vii) These corpuscles travel in straight lines.

(viii) These corpuscles are invisible.

The phenomena explained by this theory
(i) Reflection and refraction of light.
(ii) Rectilinear propagation of light.

(iii) Existence of energy in light.

The phenomena not explained by this theory:-
(i) Interference, polarisation, double refraction,
diffraction and total internal reflection.

(ii) Velocity of light being more in rarer medium
than that in a denser medium.
(iii) Compton effect and photoelectric effect

Huygen’s Wave theory of light
Huygen produced this theory in a hypothetical
medium known as luminiferrous ether.

KEY POINTS \

Corpuscle

Interference
Diffraction

Polarisation

Total internal reflection
Photoelectric effect
Compton effect

Sr‘ ~ Concept Reminder

Ether is that imaginary medium
which prevails in all space and
is isotropic, perfectly elastic and

mass-less
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Ether is that imaginary medium which prevails in
all space and is perfectly elastic, isotropic and
mass-less.

The velocity of light in medium is uniform but
changes with change of medium.

Huygen’s Principle :

The various postulates are :

1.  All source of light is a centre of disturbance
from which waves spread in all directions.
All particles equidistant from the source
and vibrating in same phase lie on the
surface known as wavefront.

2. Wave propagates perpendicular to wavefront

3. Each ray take equal time to reach from one
wavefront to another wavefront

4. Each point on a wavefront is source of new
disturbance which generates secondary
wavelets. These wavelets are spherical
& travel with the velocity of light in all
directions in that medium.

Original
Wavefront

Secondary
Wavefront
Secondary
wavelets

Ar A A

s!" _ Concept Reminder

Every point on a wavefront is a
source of new disturbance which
produces secondary wavelets.
These wavelets are spherical &
travel with the speed of light in all

directions in that medium

Propagation
of light-wave

5. Only forward envelope encircling the
tangents at the secondary wavelets for
any instant gives the new position of
wavefront. There is no reverse flow of
energy when a wave travels in the forward
direction.

¥ . Concept Reminder

According to Huygen’s theory,
There is no backward flow of
energy when a wave travels in the
forward direction.



The phenomena explained by this theory

(i) Reflection, refraction, diffraction,
interference.

(ii) Rectilinear propagation of light.

(iii) Speed of light in rarer medium being more
than that in denser medium.

Phenomena not explained by this theory
(i) Photoelectric effect and Raman effect.

Electromagnetic Spectrum :

Electromagnetic Spectrum

Sr‘ _ Concept Reminder

The speed of light in vacuum
doesn’t depend on nature of the
source, direction of propagation,
motion of the source or observer
wavelength and intensity of the
wave.

l
oo

Radio Micro Infrared ROYGBIV Ultra violet
waves waves Rays Visible lights Rays

X-Rays
r-Rays

v

aft

Visible light is that part of E.M. spectrum which

is visible to us

Light can be studied under two sections.

1.  Geometrical optics (If the dimensions of the
body is greater as compared to wavelength
of light)

2. Wave optics (If the dimensions of the body
is comparable to wavelength of light.)

KEY POINTS \

Wavefronts
Wavelets
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Wave Front

Wave front is a locus of particles which has same
phase.

Direction of propagation of wave is vertical to
wave front.

Each particle of a wave front act as a new source
& is known as secondary wavelet.

Types of Wave front

The shape of wave front is dependent upon the
shape of the light source from the wave front
generates. On this basis we can classify wave
front in three types.

Shape of wave fronts vary from source to source.
Point source — Spherical Wave fronts

Distant Parallel Rays — Planar wave front

Line source — Cylindrical wave fronts

Spherical
wave fronts

// planner
e
/ wave fronts

R

% . Concept Reminder

We use geometrical optics if a >>
A and wave optics if a << A. where,
a = dimension of body
A = wavelength of light

Rack your Brain ﬂ

At the first minimum adjacent to
the central maximum of a single-
slit diffraction pattern, the phase
difference between the Huygen’s
wavelet from the edge of the slit
and the wavelet from the mid-
point of the slit is

(1) n/8 radian

(2) /4 radian

(3) m/2 radian

(4) © radian



Line
source

Cylindrical
wave front

Variation of amplitude and intensity with
distance for three wavefront

S.No | Wavefront Shape of light | Diagram of shape of |Variation of amplitude | Variation of intensity
source wavefront (A) with distance (1) with distance
1. Spherical | Point source 1 1 1
Ax— or Ao - | or—
d r r?
2. | Cylindrical| Linear source - 1 | 1
or slit Ax— of Ac— e
7’ r
-
3. Plane Extended large A = constant | = constant
source of point
source situated
at very large
distance

Characteristic Of Wave front

(@) The phase difference between several
particles on the wave front is zero.

(b) These wave fronts travel with the velocity
of light in all the directions in an isotropic
medium.

(c) A point source of light will always give rise

Wave Optics
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to a spherical wave front in the isotropic
medium.

(d) In an isotropic medium it will travels with
different speed in different directions.

(e) Normal to the wave front shows a ray of
light.

(f) It always propagate in the forward direction
in the medium.

Interference Of Light

When two light waves of equal frequency with
uniform phase difference superimpose over
each other, then the resultant amplitude (or
intensity) in region of superimposition will
be different from amplitude (or intensity)
of individual waves. This modification in
intensity in region of superposition is known as
interference.

(a) Constructive interference

When resultant intensity is more than the
addition of two individual wave intensities
[l > (I, + )], then the interference is called
constructive.

(b) Destructive interference

If the resultant intensity is less than the addition
of two individual wave intensities [I < (I, + 1)],
then the interference is known as destructive.
There is no breaking of the law of conservation
of energy in interference. In this case, the energy
from the points of minimum energy shifts to the
points of maximum energy.

Types Of Sources

Coherent Sources

Two sources are will be called coherentifthey emit
light waves of the same frequency and start with
equal phase or have a uniform phase difference.
They are obtained from a single source.

Definitions

When two light waves of same
frequency with constant phase
difference superimpose over
each other, then the resultant
amplitude (or intensity) in the
region of superimposition is
different from the amplitude
(or intensity) of individual waves
This modification in intensity in
the region of superposition is
called interference

S?‘ ~ Concept Reminder
Reflection and refraction arise
through interaction of incident
light with the atomic constituents
of matter. Atoms may be viewed
as oscillators, which take up the
frequency of the external agency
(light) causing forced oscillations.
The frequency of light emitted
by a charged oscillator equals its
frequency of oscillation. Thus, the
frequency of scattered light equals
the frequency of incident light.



Note : Laser is a source for monochromatic light
waves of high degree of coherence.
Incoherent sources

Lamp \/_-
P e
Sy
Ly
Screen
Lamp Dud
- =~
Sy
Lo

independent source
(Non-coherent source)

Two independent monochromatic sources, emits
waves of same frequency. But the waves are not
in same phase. So, they are said to be incoherent.
This is because, atoms can't emit light waves in
equal phase and these sources are known to be
incoherent sources. By using the two independent
laser beams it has been possible to record the
interference pattern.

Methods Of Obtaining Coherent Source:-
Division of wave front:-

In this method of obtaining coherent source, the
wave front is divided into the two or more parts
by reflection or refraction using mirrors, lenses
or prisms.

Illustration : Young’s double slit experiment
(YDSE). Lloyd’s single mirror method and Fresnel's
Biprism.

Sy

YDSE

Rack your Brain ﬂ

In a double slit experiment, the
two slits are 1 mm apart and the
screen is placed 1 m away. A
monochromatic light of
wavelength 500 nm is used. What
will be the width of each slit for
obtaining ten maxima of double
slit within the central maxima of
single slit pattern?

(1) 0.02 mm (2) 0.2 mm

(3) 01 mm (4) 0.5 mm

¥ . Concept Reminder

When light travels from a rarer to
a denser medium, it loses some
speed but it doesn’t imply a
reduction in the energy carried by
the light wave
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S Lloyd’s mirror

Division of amplitude
The amplitude of incoming beam is divided into two or more parts by partial refraction or
reflection and these divided parts travels into different paths and at last brought together
to produce interference.
Illustration : The brilliant colour seen in a thin film of transparent material like soap film, oil

film, Michelson’s Interferon Meter, Newton’s ring etc.

N

Thin film

N

Condition for sustained interference:
To get stationary interference pattern, the
following conditions should be fulfilled :

()

(b)
(©
(d)
(e)

(f)

The two sources must be coherent, that
means they must vibrate in the equal phase
or there must be a uniform phase difference
between them.

The two sources must emit continuous
waves of equal wavelength and frequency.

Fresnel biprism

DM

KEY POINTS \

Coherent

Incoherent

Constructive interference
Destructive interference

The separation between the two coherent sources should be small.

The distance of the screen from two sources should be large.

For the good contrast between maxima and minima, the amplitude of the two interfering
waves must be as nearly same as possible and background should be dark.

For a large number of fringes in field of view, the sources should be narrow and

monochromatic.



Analysis Of Interference Of Light:-

Let two waves having amplitude a, and a, and
same frequency, and constant phase difference
¢ superpose.

Let their displacement are :
y, =a,sinot and y, = a, sin(ot + 0)
y=Y,+Yy, =Asin(ot + ¢)

Where A = Amplitude of resultant wave

6 = New initial phase angle

Phasor Diagram
By right angle triangle:

A% = (a,+a,cos o) + (a, sin 9)°

Resultant amplitude A = \/af +a) +2aa, cosd

a,sing J

Phase angle 0 =tan' | —2————
a,+a,cos¢

Intensity o« (Amplitude)’ =1l A2 = |=KA?

_ 2 _ 2
so |, =Kaj &I, =Ka}

I:I1+|2+2\/E\/Ecos¢
here, Qﬁ\/gcosq) is defined as interference

factor.

If distance of a source from the two points ‘A" and
'B' is x, and x, then

Path difference & = x, - x,

2

s

Phase difference ¢ = %(XQ -X,)=>¢ = .

Rack your Brain >

For a parallel beam of
monochromatic light of
wavelength A, diffraction is
produced by a single slit whose
width a is of the order of the
wavelength of the light. If D is
the distance of the screen from
the slit, the width of the central
maxima will be

n=22 @2
(04

DA Da
CESNCES

Sr‘ _ Concept Reminder
If the distance of a source from
two points A and B is x, and x,

then Path difference § = X, = X,

Phase difference

27 21
q):T(XQ _X1):>¢=T8
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S A B
@ @ L ]
< X1 >
< Xq >

Time difference At = it

21
Phase difference B Pathdifference B Timedifference
2n - A - T
¢ _8_At
21 A T

Conditions for having constructive and destructive Interference

Constructive Interference

When both waves are in same phase then phase difference is an even multiple of
T=¢=2n1;n=0,1,2 ......

Path difference is an even multiple of %

1) 2nt 6
—_— — :> —_— e —
A 21 A
A
= &= 2n[5 = 8=n\ (Wwheren=0,1,2..)

When time difference is even multiple of %

At =2n [IJ
2

In the above condition the resultant amplitude and intensity each maximum.

Amax = (a‘l + a2)

= Imax =|1+|2+2\/E\/E=(\/E+\/E)2

Destructive Interference
When both waves are in opposite phase. So phase difference is odd multiple of «.

o=02n-Nn;n=1,2...

When path difference is odd multiple of % d=(2n- 1)%, n="12..

10.



When time difference is odd multiple of %

At = (2n - 1)%, (h=12..)

In the above condition the resultant amplitude
and intensity of wave will be minimum.

Amin = (a‘l - 3.2) = Imin - (\/E B \/E)2

Note :
Interference follows law of conservation of
energy.

I +1 .
i — max _ min _ Z g2 4 52
Average Intensity |, = 5 =l +l,=aj +a,

Intensity « width of slit « (amplitude)?
I W a

2
Ioch><:a2:>—1=—1=—12
|2 W2 a2

- e | [ ][]

I .
Fringe visibility V =-M&_—T0 x100% when | . =0 then fringe visibility is maximum that
I I

max min

sf‘ _ Concept Reminder

¢ Condition of
interference

(i) phase = 2nz difference

(ii) path difference = nA where n =

0,1,2,3 ...

¢ condition of
interference

(i) phase difference = (2n - 1)n

constructive

destructive

(i) path difference = (2n - 1)%

wheren=1,2, 3 ......

means when both slits are of same width the fringe visibility is best and 100%.

Ex. If two waves represented by y, = 4sinot & y, = 3cosot interfere at a point. Calculate

the amplitude of the resulting wave

Sol. Resultant amplitude (A) = \/af +a; +2aa,cos¢ = \/42 + 32 +2(4)(3)cos 90° = 5Unit

Ex. Two waves having the intensities in the ratio of 9 : 1 produce interference. The ratio of

max. to min. intensity is equal to

I
Sol. Intensity ratio Ii :%
2

. . a 3
Amplitude ratio — ==
a, 1
If a, = 3 units, then a, =1 unit.
At maximaa,_ =a +a,=4

1.

Wave Optics



Ex. The interference pattern is observed intensity ratio between the bright and dark fringes
as nine. Find the ratio of (a) intensities, and (b) amplitudes of the two interfering
waves?

Sol. In case of interference, we have

I=1,+1, + 2,1}, cos¢
@ 1 =l 2l = (L)

and I, =1, +1, -2l = (i, =1, )?
I N D - T (R |
bin (=%

Here,

By componendo and dividendo, we get

| |
Jioser L4,

Jo -1

(b) Now, as | A?,

Ex. If ii=3sinot and i, = 4coswt, find i, which is given by i, =i, + 1,

;

Sol. i, =i +i,
. . T
= 3sinot + 4 sin(ot + 5)

. 44
= 5sin(ot + tan 15)

12.



Ex. S, &S, are two source of light which produce individually disturbance at point P given
by E, =3sinot, E, =4cosot. Suppose E1&E> to be along the same line, find the

result of their superposition.

Sol.
S‘l
—»
E =—E’1 "'_Ez
S, E=E, +E, =5sin(wt + tan"' 4/ 3)

Ex. Light from two source, each of same frequency and travelling in equal direction, but
with intensity in the ratio 4 : 1 interfere. Calculate ratio of maximum to minimum
intensity.

\/K+1

' 2

ol. s [y | [\l - (227 2o
I ﬁ—ﬁ L 2-1

lz

Ex. Find the max. intensity in case of interference of 'n' identical waves each of intensity
I, if the source is (a) coherent and (b) incoherent.
Sol. The resultant intensity is given by

I=1,+1, + 2], cos¢
(a) The sources are known as coherent if they have constant phase difference

between them. Then intensity will be maximum when ¢ = 2n1; the sources are in
same phase.

Thus | =1+l +2ll, =(\/E+\/E)2

Similarly, for n identical waves,

(b) The incoherent sources have phase difference that changes randomly with time
Thus [cos¢], =0
Hence I =1, +1,

Hence for 'n' identical waves,

13.
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Young’s Double Slit Experiment (Y.D.S.E.) :

In 1802, the Thomas Young purposed a method to
generate a stationary interference pattern. This
was based upon the division of a single wave
front into 2 ; these 2 wave fronts acted as if they
emanated from 2 sources having a fixed phase
relationship. Hence when they were permitted
to interfere, stationary interference pattern was
observed.

Sr‘ _ Concept Reminder

In the photon picture of light, for a
given frequency, intensity of light
is determined by the number of
photons per unit area.

Figure: Young’s Arrangement to generate stationary interference pattern by the division of

the wave front S into S, and S,

Incident \
S

Wave

/

Max

Max

Max

Max

Max

Max

Max

14.



Figure : In Young’s interference experiment, light
diffracted from pinhole S, encounters pinholes
S, and S, in screen B. Light diffracted from these
two pinholes overlaps in the region between
screen B and viewing screen C, producting an
interference pattern on screen C.

The geometry of experiment is simple Parallel
wave front of a monochromatic wave are incident
on two identical narrow slits, each of width a
separated by a distance d. The slit widths & their
separation are of the order of the wavelength of
theincident monochromatic light. Monochromatic
light after passing through two slits S, & S, acts
as coherent sources of light waves that interfere
constructively & destructively at different point
on the screen to produce a interference pattern.

Bright fringe

.. (constructive
interference)
central maxima

Dark fringe
(Destructive
interference)

Bright fringe
(Constructive
interference)

KEY POINTS \

Young’s double slit
interference.

Maxima

Minima

Fringe width

% . Concept Reminder

Astronomers call the increase in
wavelength due to doppler effect
as red shift since a wavelength in
the middle of the visible region of
the spectrum moves towards the
red end of the spectrum. When
waves are received from a source
moving towards the observer,
there is an apparent decrease in
wavelength, this is referred to as
blue shift.

Rack your Brain ﬂ

Two slits in Youngs experiment
have widths in he ratio 1: 25. The
ratio of intensity at the maxima
and minima in the interference

I .
pattern, Imi is

min

4 9
(1) Bl (2) v

121 49
(3) ) 4) =

15.
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Analysis of Interference Pattern:

We have insured in the above arrangement that
the light wave passing through S, is in phase with
that passing through S,. However the wave
reaching P from S, may not be in phase with the
wave reaching P from S, because the latter must
travel a longer path to reach P than the former.
We have already discussed the phase-difference
arising due to path difference. if the path
difference is equal to zero or is an integral
multiple of wavelengths, the arriving waves are
exactly in phase and undergo constructive
interference. If the path difference is an odd
multiple of half a wavelength, the arriving waves
are out of phase and undergo fully destructive
interference. Thus, it is the path difference
Ax, which determines the intensity at a

| ’ //
A
\ Screen

Path difference

dY’ dY
Ax=SP-SP= [y+5] +D? - [y—Ej +D?

. ()

point P.

Approximation | :
For D >> d, we can estimate rays r, and r, as

being approximately parallel, at angle 6 to the
principle axis.
Now, SP-S,P=SA =SS, sind

= path difference = dsin0 .. (2)

“ -

In YDSE

Path difference =

% . Concept Reminder

el
D

16.



Approximation Il :

Later if 6 is small, i.e.,y << D, tan6 =%

and hence, path difference = dFy ... (3)

S

for maxima (constructive interference)

Ax:d—y:nk
D
= y:MTD,n:O,iLJ_rQ,iS . (4)

| IR

A BQH
Il minima D,—7—— B

ST I'minima D,—{1"

D o Central maxima
S 1
B
Dz——L I B
. - (U
L
B

Here n = 0 corresponds to central maxima
n = * 1 correspond to the 15t maxima

n = * 2 correspond to the 2" maxima and later

on.
for minima (destructive interference)
2 2 2

s!" _ Concept Reminder

. -

In YDSE, the position of maxima is

%where n=0,+1, +2, + 3 ......

Sr‘ _ Concept Reminder

In YDSE, position of minima is
2n — )AD
,_ 0=
2d
wheren=1,2,3 ...

17.
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(2n—1)% n=12,3....

= AX = N
(2n + 1)5 n=-1-2,-3.....

consequently,

(2n—1)7;—3 n=12,3....
y = D ... (5)
@2n+17)— n=-1-2,-3.....
2d

Here n = +1 corresponds to first minima,
n =12 corresponds to second minima and so on.

Fringe Width
The distance between 2 successive bright or dark
fringe is known as fringe width.
(n+ 17DA nDA
d d

Fringe Width B = %

l3=xn-H_Xn =

(n+1)th
dark fringe

th
n

dark fringe Xn+1

Xn

Second dark - B

First bright--

First dark - B CITIJ
x

Central bright

[3/2
First dark - -

First dark

> Second dark -

A/

\/

Central bright

§ . Concept Reminder

The distance between two
successive bright or dark fringe is
known as fringe width.
(n+ 1)DX nDA

d d

Fringe Width B = D%

B=Xnq =%, =

Rack your Brain ﬂ

In the Young’s double-slit
experiment, the intensity of light
at a point on the screen where
the path difference is L is K,
(A being the wavelength of light
used). The intensity at a point
where the path difference is A/4,
will be

() K @ %

) % (4) zero

18.



Angular Fringe Width

fringe
width

angular fridge
width

w-B ot [E&}
D d D d

The distance between n' bright fringe and the central bright fringe x_ = MTD =np

The distance between n, and n, bright fringe x, —x =n, X?D_ n17”FD

_(@m-7Dpr _ (2m -1

= (n2 - n1 )B

The distance of m'™ dark fringe from central fringe x_

2d 2
The distance of n™ bright fringe from m™ darkfringe x_, —x = n% - (2m2—d1)Dx _np- (2m2— 0B

X —X = |:n — M}B
n m 2
Ex. In aY.D.S.E. 2 narrow slits at 0.8 mm are illuminated by a source of yellow light (A =

5893 A). At what distance the adjacent bright bands in the interference pattern observed
on a screen 2 m away?

Sol. Given: d=0.8x10°m, L =5893A =5893x10°m, D=2m

_AD _5893x107°x2
d 0.8x10°°

The fringe width : B m = 1.47mm

19.
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Ex.

Sol.

EXx.

Sol.

EXx.

Laser light of 630 nm wavelength incident on a set of slits generates an interference
pattern in which the fringes are separated by 81 mm. A second laser light produces
an interference pattern in which the fringes are separated by 7.2 mm. Calculate the
wavelength of the second light.

A
Fringe separation is given by B = ) ie., Py 2y
d B'I 7\"I
= A, = ﬁ—zxk1 =72, 630=560nm
B, 8.1

A  Y.D.S.E. arrangement generates interference fringes for sodium light
(A= 5890 A) which are 0.20° apart. Find the angular fringe separation if the entire
arrangement is immersed in water? (Refractive index of water = 4/3)

A
The wavelength of light in water is %,, = —

n
. . . A
Angular fringe-width in air, (0,), = g
. . . A
Angular fringe-width in water, (6,), = ?W
(eo)w = K_WX L = (GO)a
6 ud u
2 029° 5150
4/3

In a Young’s double slit experiment, two wavelengths of 500 nm and 700 nm were
used. What is the minimum distance from the central maximum where their maxima’s
coincide again? Take D/d = 10°. Symbols have their usual meanings.

Sol. n, Bk1 =n, BKQ (for the maxima to coincide)
d d

n A

- 1_"2_ L
n, k1 5
n=7,n,=5

.. . D B
Minimum distance n1ak1 =7x10® x5x107’

=35%x10*m =3.5mm

20.



Ex.

Sol.

In Young's double slit experiment, D=1m,d=1mmand A =1/2 mm

(i) Calculate the distance between the first and central maxima on the screen.

(ii) Calculate the number of maxima and minima obtained on the screen.
D>>d
Hence AP =dsin®

clearly, n << % =2 is not possible for any value of n.

Hence Ap = % cannot be used

for ISt maxima, Ap =dsind =X
= sin6=&=l = 0=230°
d 2

1
Hence, y =Dtan0 = —meter

J3

(ii) Maximum path difference
AP =d=1mm

ma

=  Highest order maxima, n__ = {I} =2

and highest order minima n_. = {% + —} =2

Total no. of maxima=2n__ +1=5
(for central maxima 1 is added)

Total no. of minima = 2N, =4

21.
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Ex. Monochromatic light of wavelength 5000 A is used in Y.D.S.E, with slit-width, d =1 mm,
distance between screen and slits, D = 1 m. If the intensity at the two slits are I, = 4,
l, =1, find
(i) fringe width B
(ii) distance of fifth minima from the central maxima on the screen

(iii) Intensity at y = %mm

(iv) Distance of the 1000 maxima
(v) Distance of the 5000 maxima

_AD _5000x107 x 1
d 1x107°

=0.5mm

Sol. (i) B
(i) y=(2n—1)><7;—2,n=5:>y=2.25mm

(iii) At y-= %mm,y <<D

Hence Ap = ﬂ
D

21 dy 4=
Ap=Zap=2n—L ="
b= Ap=2mo =

Now resultant intensity
=1 +1,+ 21, cosAd

4
= 41, +1, + 2,4 cos A = Bl + 41, cos?n - 3|,

-3
(iv) E = _10° = 2000
L 05x107°

n = 1000 is not << 2000
Hence now Ap = dsin® must be used

Hence, dsin® =ni = 1000 A

= sin9:1000&:l:>6:30O
d 2

1
y =Dtan0 = —meter

J3

(vi) Highest order maxima
n = {E} = 2000
max }\‘

Hence, n = 5000 is not possible.

22.



Intensity : e )
Assume the electric field components of the light A Concept Reminder

waves arriving at point P (in the Figure) from the The Doppler effect for light is

2 slits S, and S, vary with time as very important in astronomy. It is

E, =E,sinot the basis for the measurements

of the radial velocities of distant

and E, = E; sin(ot + ¢) salaxies

Here ¢ = kAx = %Ax

and we have assumed that the intensity of the two slits S, and S, are same (say |,); hence
waves have same amplitude E  then the resultant electric field at point P is given by,

E=E,+E, =E;sinot +E; sin(ot + ¢)
=E,'sin(ot+¢")
where E >=E2 +E2 + 2E.E  cos¢ = 4E cos® ¢ / 2
Hence the resultant intensity at point P,

| = 4, coszg . (2)

= 4| when

max 0

m

¢
2
i :Owhengz[ ——Jn, n=0, £1, £2.......
2

Here ¢ = kAx = %Ax
If D>>d, ¢=%dsin9
If D>d& y<<D,¢=Edl
A D
However, if the two slits were of distinct intensities |, and 1,
say E, =E, sinot
and E, =E, sin(ot + ¢)

then resultant field at point P,
E=E,+E, =E; sin(ot + ¢)

2 2 2
Where E; =Ey +Eg, +2E, By, COSO

Hence resultant intensity at point P,

=1 +1,+2ll, cos¢

23.
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Ex.

Sol.

EXx.

Sol.

A beam of light consisting of 2 wavelengths, 6500 A and 5200 A, is used to get

interference fringes in a Young’s double slit experiment. If the distance between the

slits is 2 mm and plane of the slits and the screen is 120 cm apart then,

(a) Calculate the distance of the 3™ bright fringe on the screen from the central max.
for the wavelength 6500 A

(b) Find the least distance from the central maximum where the bright fringes due
to both the wavelengths coincide?

Given : L, = 6500A = 6500x10"°m,
A, =5200A =5200x 10 "°m
d=2mm=2x10"m,D =120cm = 1.2m

niD
@ v, =g
10
v - 3x6500x107"" x1.2 -
2x107°

(b) The least distance from the central max. where the bright fringes because of both
the wavelength coincide corresponds to that value of n for which
Ny =Nk,
n, 6500 5
or —“Z=——=—
n, 5200 4
n =4
_nAD  4x6500x107° x 1.2
d 2x107°

=1.56x10°m = 1.56mm

In aYoung’s double-slit experiment the distance between the slits is1 mm and distance
of the screen from slits is 1 m. If light of wavelength 6000 A is used, find the distance
between the second dark fringe and the fourth bright fringe.

The position of the 2nd dark fringe,

A D
dark) =(2n-1)——
y,(dark) = ( )54

=(4_1)&B=§7‘_D
2d 2d

The position of the 4™ bright fringe,

nAD _ 4AD

y, (bright) = ;

24,



Therefore, the distance,

— y, (bright) - y, (dark) = (4 _ gj%{’

_5 6000x 107" x 1
2 10°°

=15x10"° =1.5mm

Ex. In a YDSE bi-chromatic light of wavelengths 400 nm and 560 nm are used. The slits
are 01 mm apart and plane of the slits and the screen is 1 m apart. Find the minimum
distance between two successive regions of complete darkness.

Sol. Let n™ minima of 400 nm coincides with m* minima of 560 nm then

(2n-1)400 = (2m - 1)560

2n-1 7 14 21
om-1 5 10 15
i.e. 4™ minima of 400 nm coincides with 3™ minima of 560 nm.
The location of this minima is
_ 7(1000)(400 x 10°°)
- 2x0.1
Next, 11* minima of 400 nm will coincide with 8™ minima of 560 nm
Location of this minima is
21(1000)(400 x 10*6)
B 2x0.1

Required distance = 28 mm

=14 mm

=42mm

Ex. In aYoung’s double-slit experiment B is the fringe width and |, is the intensity at the
central bright fringe. At a distance 'y' from the central bright fringe, find the intensity

Sol. The fringe width is given as B = )

d
The path difference for the given point is
d
AX =y—
Y D

phase difference, A¢ = %Ax

If a is the amplitude due to each slit, at the screen,
l, = k(2a)* = 4ka®

where k is a constant.

25.
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Ex.

Sol.

EXx.

Sol.

For a phase difference of A$, the amplitude is
A =2acos(Ad/2)

Therefore, the intensity at the given point,

| = kA? = k 4a” cos? AP _ 4ka? cos? 2Ap
2 2\

d y D
ez (3] ]

In a Young’s double-slit experiment using a monochromatic light the fringe width is
found to be 2.66 mm. If the whole set up is submerged in water of refractive index 1.33,
the new fringe-width will be

A
Wavelength in water is given as A'= —
n

The fringe width in water will become
pr-2D_2D_1[1D) P _266_
d pd pld p o 1.33

2mm

The white light is used to illuminate the 2 slits in a Y.D.S.E. The separation between the
slits is 'b' and the screen is at a distance 'd' (>>b) from the slits. At a certain point on
the screen directly in front of one of the slits, certain wavelengths are missing. Some
of these missing wavelengths will be

Path difference = S,P-SpP

From figure, (S,P)" - (Sp)° = b
or (s,p-SP)(S,p+SP)=b = ® 4 ~{p
b2 *
or (82P - S1P) =—
2d
b
, b’ A
For dark fringes, — =(2n—-1)—
2d 2 é
: 2 . s
Forn=1,—=£ orkzb— ¢
2d 2 d
2 2
Forn =2, L orx=b—
2d 2 3d
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NOTE :
If the whole apparatus is submerged in a liquid of
refractive index K, then wavelength of light

A

A= Esince n>1 so A'<i= wavelength will
decrease. Hence fringe width (B o« 1) will decrease
so fringe width in liquid B'=p/pn. Angular width
will also decrease.

With increase in distance between the slit and
the screen 'D', angular width of maxima does not
change, fringe width B increases linearly with 'D'

but the intensity of fringes will decrease.
If the additional phase difference of = is created

in one of the wave then the central fringe becomes
dark.
When the wavelength 1,is used to get a fringe n..

At the same point wavelength A,is required to
obtain a fringe n, then ni, =n,i,

When waves from two coherent sources S, and
S, interfere in space the shape of the fringe is
hyperbolic with foci at S, and S,

Geometrical Path & Optical Path:

Actual distance travelled by the light in a medium
is known as geometrical path (Ax). Assume a light
wave given by the equation

E =E, sin(ot —kx + ¢)
If the light travels by Ax, its phase changes by

kAXx =9Ax, where ® is the frequency of light
v

which doesn't depend on the medium, but v, the
speed of light depends on the medium as Vv =§
Consequently, change in phase,

Ad = kAX = %(qu)

It is clear that a wave which travels a distance

Sr‘ _ Concept Reminder

If the whole apparatusis immersed
in a liquid of refractive index p
then wavelength and fringe width

both decreases.

ot

o)

and B'=E
u

S‘-‘ _ Concept Reminder

A wave travelling a distance Ax in
a medium of refractive index

suffers the same phase change as
when it travels a distance pAx in
vacuum. i.e., a path length of Ax
in medium of refractive index K is
equivalent to a path length of pAx

in vacuum.

27.
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Ax in a medium of refractive index r suffers the

equal phase change as when it travels a distance
pAx in vacuum. i.e., a path length of Ax in

medium of refractive index K is equivalent to a

path length of uAx in vacuum.

The quantity pAx is called the optical path
length of light, HAXt. And in terms of optical

path length, the phase difference can be given
as,

® 2n
AP = ;AxOpt =—MX o ()

0

where 2, is wavelength of light in vacuum
However, in terms of geometrical path length Ax

A = %(pr) - %Ax (2

where A is wavelength of light in the medium

=20y
i

Effect Of Thin Films:

When a glass plate of thickness 't' and refractive
index U is placed in front of one of the slits in
YDSE then the central fringe shifts towards that
side in which glass plate is placed because of the
extra path difference introduced by the glass
plate. In the path S P distance travelled by wave
in air = (S, P - t)

shifted central
t fringe

\d

central fringe

|E)ath difference (u-1)t

A

d

e

Rack your Brain ﬂ

In Young’s double-slit
experiment, if the distance
between the slits is halved and
the distance between the slits
and the screen is doubled, the
fringe width becomes

(1) Half

(2) Double

(3) Four times

(4) Eight times

¥ . Concept Reminder

If the two sources are coherent
(i.e., if the two needles are going
up and down regularly) then the
phase difference ¢ at any point will
not change with time and we will
have a stable interference pattern;
i.e., the positions of maxima and
minima will not change with time.
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Distance travelled by a wave in the sheet =t
Time taken by the light to reach up to point P will
be same from S, and S,

AX = S,P - (SP -t + put)
AX = (S,P— SP)— (1 — Dt

Ax =dsinf® —(u -1t

dy
AX =———(n-1Nt
D (H )

D tD
= AX—+(u—1)—
=y . (n )d

at C.B.F Ax=0

_(un-MtD
="

Path difference = (u -1t
= Phase difference o= il(“ _ )t

(=1t

Number of fringes displaced = ”

Distance of shifted fringe from central fringe

d(pn — Nt xd_
— 05 [ o (n 1)t}
_ Blu-—t _ DA
X = N and B = F
Note :

If a glass plate of refractive index My and Mo
having same thickness t is placed in the path of
rays coming from S, and S, then path difference

D
X = H(M — )t

Distance of displaced fringe from central fringe

_ By — )t
A

X

B_D
. d

Sr‘ _ Concept Reminder

If a glass plate of refractive index
Ui and M2 having same thickness t

is placed in the path of rays
coming from S, and S, then path

D
difference x = a(m -yt

29.
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Ex. IntheYDSE, L =6000A,D=2m,d=6mm.Ifa film of refractive index 1.5 is introduced
in front of the lower slit, then the 3™ maxima shifts to the origin.
(a) Find the thickness of the film.
(b) Find the position of the fourth maxima.
Sol. (@) The position of 3rd maxima on the screen is given as
_nAD _ 3AD
559 T Td
Since this maxima shifts to origin, the lateral shift due to introduction of film in
lower slit is

D 3\D
—(n-Nt="2
r (T) 4
3L,  3x6000x107"°
or t= _2x 210 =3.6um
w1 1.5 -1
(b) There are 2 fourth maxima — one above and the other below the central max., as
shown.
Bright fringes
| i n=4
S =
| %
d ’ y g T n=3
EEEmes—— N=2
| o n=l
1 n=0
Yy
e n=1
e n=2
e N=3
<t Y » =
D n=4
-10
v, z_lxﬁzk_D: 6000x10 " x2 —02mm
d 6x107°
7AD

y'4 :_7><[3:T:—7x0.2mm:—1.4mm

Ex. InYDSE with d =1 mm & D =1 m slabs of thickness Tum & 0.5 um, Refractive index 3

& 2 are respectively introduced in front of upper & lower slit respectively. Find the shift
in fringe pattern.

((3 -N1-(2-1) %] x107°

Sol. x = =15 mm upward
107°
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Colour In Thin Films:

When the white light is incident on a thin film

(for example oil film on surface of water or a soap

bubble) then the interference will take place

between the waves reflected from its 2 surfaces
and waves refracted through it.

The intensity becomes max. and min. as a result

of interference and colours are seen.

(i) The source of light source must be an
extended source.

(ii) The colours achieved in reflected
and transmitted light are mutually
complementary.

(iii) The colours obtained in thin films are
because of interference whereas those
achieved in prism are because of dispersion.

Interference Due To Thin Films:
Assumed a thin transparent film of thickness 't'
and refractive index K. Suppose a ray of light AB

be incident on the film at 'B". At 'B), a part of light
is reflected along BR,, and a part of light refracted
along BC. At 'C' a part of light is reflected along
CD and a part of light transmitted along CT,. At
'D', a part of light is refracted along DR, and a part
of light is reflected along DE. Thus interference in
this film takes place because of reflected light in
between BR, and DR, also in transmitted light in
between CT, and ET,. Here coherent sources are
obtained by division of amplitude.

.R2

1 Rs

e

¥ . Concept Reminder

If we use two sodium lamps
illuminating two pinholes we will
not observe any interference
fringes. This is because of the fact
that the light wave emitted from
an ordinary source (like a sodium
lamp) undergoes abrupt phase
changes in times of the order of
107° seconds. Thus the light waves
coming out from two independent
sources of light will not have
any fixed phase relationship and
would be incoherent.

Rack your Brain “

If two waves, each of intensity |,
having the same frequency but
differing by a constant phase
angle of 60°, superimposing at a
certain point in space, then the
intensity of the resultant wave is
) 21, (2) 31,

@A) 1, (@) 41,

31.
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Reflected System
The path difference between BR, and DR, is x = 2utcosr. Reflection from the surface of the

denser medium involves the additional phase difference of n or path difference 1/ 2.
Therefore the effective path difference between BR, and DR, is.
= x'=2utcosr—1/2

Maximum or constructive Interference occurs when path difference between the light
waves is ni .

2utcosr—A/2=nk = 2utcosr=ni+i/2

So, the film will appear bright if
2utcosr=2n+MNr/2 (n=0,12,3.....)

Form minima or destructive interference :

When path difference is odd multiple of %
A A
2utcosr—-—=(2n-1)—
= 2p 5 ( )2

So, the film will appear dark if 2utcosr =ni

For transmitted system
Since no additional path difference between transmitted rays CT, and ET,. So, the net path
difference between them is 2x =putcosr

For maxima 2utcosr =ni,n =0,1,2........

For minima 2utcosr = (2n+1)%,n =0,1,2.cc....

Ex. In aYoung's double slit experiment with d =1 mm and D =1 m, slabs of (t = 1um,u = 3)
and (t=0.5um,u =2)are introduced in front of upper and lower slit respectively.

Calculate the shift in the fringe pattern.
Sol. Optical path for light coming from the upper slit S, is

SP+1um(2-1)=S,P+0.5m

Similarly the optical path for light coming from S, will be
Path difference : Ap = (S,P + 0.5 um) — (S,P + 2 um)
= (S,P-S,P)—15um

==—-15um
D n

for central bright fringe Ap =0
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Ex.

Sol.

Ex.

Sol.

1.5um
= X1m:1.5mm
= y Tmm

So the whole pattern is shifted by 1.5 mm upwards.

Interference fringes were produced by Y.D.S.E. the wavelength of the light used is 6000
A. The distance between the 2 slits is 2 mm. The slits and screen are 10 cm apart.
When a transparent plate of 0.5 mm thickness is placed over one of slits, the fringe
pattern is displaced by 5 mm. Find refractive index of material of the plate.

Here d=2mm=2x10"°m, D =10cm = 0.10m
t=0.5mm=0.5x10"m, Ax=5mm=5x10"m,
A = 6000A = 6000x10"m

As X, =%(u—1)t

Xo-d 5x10°%x2x1073
= = 3 = 0.2
Dxt 0.10x0.5x10

n—

or p=1+02=12

In a YDSE light of wavelength A = 5000 A is used, which arises in the phase from the
two slits at a distance d = 3 x 10~ m apart. A transparent sheet of refractive index n =
117, thickness t = 1.5 x 10" m is placed over one of slits. Where does the central maxima

of the interference now appear?
The path difference introduced because of introduction of the transparent sheet is
given by Ax = (u— 1t. If the central maxima occupies of nth fringe,

then (u—1)t=nA =dsin®

(u-Nt  (117-1)x15x10""
d 3x107'

=0.085

sin0 =

33.
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Hence the angular position of central maxima is
0 = sin"'(0.085) = 4.88°

For small angles sin6 =6 =tan6

As tanezl
D

y _(p-Nt
so 5 —d

D(u — Nt

g . This formula can be used if 'D' is given.

Shift of central maximais Y =

YDSE With Oblique Incidence:
In YDSE, a ray is incident on the slit at an inclination of 6, to axis of symmetry of the

experimental set-up for the points above the central point on screen, (say for P))

o
v
o

(0]
. PQ

dsinfy
ol

Ap =dsin0, +(S,P, - SP,)
= Ap =dsinf, +dsin0, (If d << D)

For point O, Ap =dsin6, (because S,0 = S.0)

and for points below 'O’ on the screen, (let for P))
Ap =|(sin0, +S,P,) -SP, |
=|(sin6, —(S,P, =S,P,) |

= Ap =|dsin0, —dsin6, | (if d << D)
We get the central maxima at a point where, Ap =0
(dsin6, —dsin0,) =0

or 0, =0,

This relates to the point O’ in the diagram
Hence we have finally for path difference.
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EXx.

Sol.

Ap =

d(sin@, +sin0) — forpoints aboveO
d(sin@, —sin0) — forpoints between0 & O’
d(sin6, +sin®) — forpoints below O’

InaYDSE D =1m, d=1mm light of 500 nm wavelength is incident at an angle of 0.57°
with respect to the axis of symmetry of experimental set up. If centre of symmetry of
screen is '0' as shown.

O]
(ii)
(iii)
O]

(i)

(iii)

> P
y
0.57°

find the position of central maxima
Intensity at point 'O" in terms of intensity of central maxima |
Number of maxima lying between 'O' and the central maxima.

0=0, =057

y =-Dtan0 = -D6 = -1 meter x [05577 radj

y =-1cm e
. % . Concept Reminder
for point 0, 6=0 Al
Hence, English physicist, physician and

Egyptologist. Young worked on a
wide variety of scientific problems,
ranging from the structure of
Ap =201\ the eye and the mechanism of
Hence point 'O' corresponds to 20t vision to the decipherment of the
maxima Rosetta stone. He revived the wave
intensity at O = I, theory of light and recognised that
interference phenomena provide
proof of the wave properties of
light.

Ap = dsin6, =d0, = Tmm x (10 *rad)
=10,000nm = 20 x (500 nm)

19"  maxima lie between central
maxima and O, excluding maxima at O
and central maxima.

35.
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Shape Of Interference Pattern :
1. Shape of the Pattern when interference takes due to waves produced by two slits.

dark fringe

Bright fringe

central maxima

side view of slits linear fringes

2. Shape of Pattern when interference takes place due to waves produced by two-point
sources (where line of sources is perpendicular to screen).

Rack your Brain ﬂ
S Screen 4

In an interference experiment
monochromatic light is replaced
by white light, we will see

(1) Uniform illumination on the

Point sources

3. Shape of the Pattern when interference
takes place due to waves produced by two-
point sources (where the line of sources is

screen
parallel to the screen). (2) Uniform darkness on the
screen
(3) Equally spaced white and
dark bands
‘/S1 (4) A few coloured bands and

then uniform illumination

Point sources

N

2
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Ex.

Sol.

Ex.

White light, with a constant intensity across the visible wavelength range 430-690 nm,
is perpendicularly incident on the water film, of index of refraction p=133 and

thickness d = 320 nm, that is suspended in air. At what wavelength A the light reflected

by the film brightest to an observer is brightest.
This situation is as that of Figure shown, for which equation written below gives the
interference maxima.

]
2ud =(m+ E)X for constructive interference.

Incident & Reflected light

A A

v v vy Air

4 A A .
Air

v A 4 Y

Transmitted light

Solving for A and putting the given data, we get
~2ud  (2)(1.33)(320nm)  851nm
T m+1/2 m+1/2 T m+1/2

for m = 0, this give us A= 1700 nm, which is in infrared region. For m = 1, we find
| = 567 nm, which is the yellow-green light, near middle of the visible spectrum. For
m = 2, L= 340 nm, which is the ultraviolet region. So wavelength which light seen by

the observer is brightest is
A =567nm

Note: When the light gets reflected from a denser medium, then there is an abrupt
phase change of © no phase change occurs when reflection takes place from rarer

medium

Find the minimum value of 'x' for which a maxima is obtained at 'P".

X=7

11117 T 17 TT 7777777
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Sol.

Ex.

Sol.

EXx.

Sol.

For maxima, Ax = A (because x should be minimum)
Path difference between the direct & reflected ray

=X +%+ x (due to reflection, a phase change of n or path change of % takes place)
k:x+&+x
2
2X = & =X =—
2 4
Find the value of 6 for which a maxima is obtained at P.

UL

o

For maxima at P, Ax = A

Path difference between direct & reflected ray = dsec6cos26 + % +dsecO =X\
A
dsecO(1+ cos20) = 5
2 A
dsec6(2cos” 0) = 5

cos0 =l:> 0 =cos™ A
4d 4d

White light may be considered to have Afrom 4000 A to 7500 A. If an oil film has
thickness 10° m, deduce the wavelengths in the visible region for which the reflection
along the normal direction will be (i) wealk, (ii) strong. Take pn of the oil as 1.40.
The condition for dark fringe or weak reflection when seen in reflected light is
2utcosr =ni, where n is an integer.
For normal incidence, r = 0 and cos r =1

2ut
so that 2ut =ni or k=%

Substituting the values of 1 and t, we get
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2x1.4x10° 28x107'
= = m
n n
For values of n < 4 or n > 7, the values of A do not lie in the visible range 4000 A to
7500 A. But for values of n = 4, 5, 6, 7, the following wavelengths lie in the visible

A

region :
-7
M r= % =7.0x10"m=7000A
-7
(i) = % - 5.6x10'm = 5600 A
-7
(iii) A = % — 4.667x 10 "m = 4667 A
-7
(iv) *= % = 4.0x10"m = 4000 A

The condition for bright fringe or strong reflection is
_@n+ 5 = 4ut

2ut =
" 2n+1)

Substituting the values of 1 and t, we get
_ 4x14x10° 56-107" -
2n +1 2n + 1

For values of n < 4 or n, > 6, the values of A do not lie in the visible range. But
for n = 4, 5, 6 the following wavelengths lie in the visible range

A

-7
) 5= 28210 655004 107m = 62224

2x4 +1

Uses Of Interference Effect
Thin layer of oil on water and soap bubbles show different colours due to interference

of waves reflected from two surfaces of their films. Here we get two coherent beams by
division of amplitude making use of partial reflection and partial refraction

Uses :

Used to determine the wavelength of light precisely.

Used to determine refractive index or thickness of transparent sheet.

Used in holography to produce 3-D images.

Ex. Light of the wavelength 6000 A is incident on thin glass plate of refractive index 1.5
such that the refraction angle into the plate is 60°. Find the smallest thickness of plate
which will make it appear dark by reflection.

Sol. 2utcosr=ni
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Ex.

Sol.

EXx.

Sol.

t = n. 1x6x107'
2ucosr 2x1.5xcos60
~6x1077

4x10'm
1.5

Light is incident on the glass plate (# = 1.5) such that the angle of refraction is 60°.

Dark band is observed corresponding to wavelength of 6000 A. If thickness of glass
plate is 1.2 x 103 mm. Calculate the order of the interference band for reflected system.
u=15r=60%%=6000A=6x10"m

t=12x10"°mm=12x10"m
For dark band in the reflected light 2utcosr = ni

 _ 2utcosr _ 2x1.5x1.2x10°° x cos 60°
A 6x10°"

2x1.5x1.2x10‘6x1
- 2 _3
6x107’

Thus third dark band is observed.

A parallel beam of the white light is incident normally on a water film 1 x 10~* cm thick.
Find wavelength in the visible range (400 nm =700 nm) which are strongly transmitted
by the film. (u =4/3)

2ut =ni

water

2xix10‘6
3

=X
n

ﬂ>< 107 =2
3n

when n=4,L=666nm
n=5xA=533nm
n=6,A=444nm

Diffraction of Light:

Bending of the light rays from sharp edges of an opaque obstacle or aperture and its
spreading in the geometrical shadow region is defined as diffraction of light or deviation of
light from its rectilinear propagation tendency is defined as diffraction of light.
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> Definitions

: Diffraction
— 4 Bending of light rays from sharp
f edges of an opaque obstacle or
: aperture and its spreading in
: . the geometrical shadow region
diffraction from obstacle & ¢efined as <ifrasten of B

YyVYY Jr Yy YyYyYVvYYyYy

diffraction from aperture

Diffraction was discovered by Grimaldi. s("\ Concept Reminder
Theoretically explained by Fresnel C

Diffraction is possible in all the type of waves
means mechanical or electromagnetic waves
shows diffraction.

Diffraction depends on two factors: ie., a_q
(i) Size of obstacles or aperture A

(ii) Wavelength of wave

Condition of diffraction is size of
obstacle or aperture should be
nearly equal to wavelength of light

Condition of diffraction: The size of obstacle or aperture should be nearly equal to the
wavelength of light

ie. A=a =1

a
A

q1.
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If the size of obstacle is much greater than
wavelength of light, then the rectilinear motion
of the light is observed.

Itis practically observed when the size of aperture
or obstacle is greater than 50 A . The obstacle or
aperture does not shows diffraction.

Wavelength of light is of the order 10" m. In
general obstacle of this wavelength is not present
so the light rays does not show the diffraction
and it appears to travel in straight line Sound
wave shows more diffraction as compared to the
light rays because wavelength of sound is large
(16 mm to 16 m). So, it is generally diffracted by
objects of our daily life.

Diffraction of ultrasonic waves is also not
observed easily because their wavelength is of
order of about 1 cm. Diffraction of the radio waves
is very conveniently observed because of its very
large wavelength (2.5 m to 250 m). X-rays can be
diffracted easily by crystals. It was discovered by
Lave.

sound Id\j\j\f_'
sound

s

Diffraction of sound from a window

Fraunhoffer Diffraction

In the Fraunhoffer diffraction both the source
and the screen are effectively at infinite distance
from diffracting device and the pattern is the
image of source modified by diffraction effects.
Diffraction at single slit, diffraction grating
and double slit are the example of Fraunhoffer
diffraction.

Sr‘ _ Concept Reminder

Diffraction is a general
characteristic exhibited by all
types of waves, be it sound waves,
light waves, water waves or matter
waves. Since the wavelength of
light is much smaller than the
dimensions of most obstacles;
we do not encounter diffraction
effects of light in everyday

observations

KEY POINTS \

Diffraction
Geometrical shadow
Fraunhoffer diffraction
Diffraction grating
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Fraunhoffer Diffraction Due To Single Slit:

AB is single slit of width 'a), the plane wave front is incident on a slit AB. The secondary
wavelets coming from every part of AB reach axial point 'O’ in equal phase forming central
maxima. The intensity of the central maxima is max. in this diffraction. where represents

direction of n®™ minima, Path difference

for nt" minima a

(if is small)

When the path difference between secondary
Concept Reminder

wavelets coming from A and B is or or
No one has ever been able to

define the difference between
interference and diffraction
satisfactorily. It is just a question
of usage, and there is no specific,
important physical difference
between them.

even multiple of  then minima occurs.

For minima wheren=1,2,3 ...

When the path difference between secondary

wavelets coming from A and B is or odd
multiple of  then maxima occurs

For maxima wheren =1, 2, 3, ...

Alternate ordered minima and maxima occurs on the both sides of the central maxima.
For n** minima

If the distance of n*» minima from the central maxima = x_
distance of slit from screen = D, width of slit = a

43.
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The path difference 6 = asinf_ = % = sing, = ﬂ
a

Rack your Brain ﬂ

Waves that cannot be polarised
are

(1) Light waves

(2) Electromagnetic waves

(3) Transverse waves

(4) Longitudinal waves

A
A

X
In APOP' ; tanf =-"

D
If 6, is small sin® ~tan6 =06

nAD X, nNnA _. .
, =—— =0, =-—=-— First minima occurs on
a D a

both sides of central maxima.

For first minima x = b and 0 =2 = L
a D a
Linear width of central maxima s(" _ Concept Reminder
2D). - : :
W, =2x=>w, = — (i) Linear width of central maxima
2DA
. . 2}\4 WX =
Angular width of central maxima w, =26 = — a
a
(i) Angular width of central
Special Case: maxima w, =20 = 2x
a

The lens L, is shifted very near to the slit AB. In
this case distance between the slit and the
screen will be nearly equal to focal length of the
lens L, (i,e. D~ f)

X ni
" T
nif
"
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v -

¢ Fringe width in diffraction is

B=x,-x,=(N+1)

4
A 4
o

AD_mD _ 2D
B a a a
.= 218 and angular width of central maxima w, = QTX 2k
a a

Fringe width : Distance between 2 consecutive maxima (bright fringe) or minima (dark
fringe) is cold fringe width. Fringe width of the central maxima is doubled then width of
other maxima i.e.,

B=yq =X, = (D= = 22

(other than central maxima)

Intensity curve of Fraunhoffer’s diffraction

b Intensity
lo
22 o
J1f
S —

2Ma Mo o Mo 2%/a

v

A

Angle 0

Ex. Light of 6000 A wavelength is incident normally on the slit of width 24 x 10-% cm.

Calculate angular position of second minimum from central maximum?

-7
Sol. sin9=%=—2X6X1o =l
a 24x107" 2

given L =6x10"'m,a =24x10"°x107°m
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Ex.

Sol.

EXx.

Sol.

EXx.

Sol.

. 20 2x6x1077 1
sinf=—=——=—
a 24 x 107’ 2

Light of the wavelength 6000 A is incident normally on the slit of width 0.2 mm. Find
out the angular width of central maximum on a screen distance 9 m?

A=6x10"
a=2x10"*m
20 2x6x1077
wW="—"">—>—"-—-—
a 2x107*

= 6 x 10°radian

radian

Calculate half angular width of the central bright maximum in the Fraunhofer diffraction
pattern of the slit of width 12 x 10-° cm when slit is illuminated by monochromatic light
of wavelength 6000 A.

sinezﬁ
a

0 = half angular width of the central maximum.

a=12x10"°cm,\ = 6000A =6x10°cm

-5
sin® :&:ﬂ: 0.50
a 12x10°°

= 0=30°

Red light of 6500 A wavelength from a distant source falls on a slit 0.50 mm wide. What
is distance between 1t two dark bands on each side of central bright of diffraction
pattern observed on the screen placed 1.8 m from slit.
Given that; A =6500A =65x10®¥m,a=0.5mm=0.5%x10°m., D=18m.
Required distance between first two dark bands will be equal to width of central
maxima.
_2.D 2x6500x10 """ x1.8
“a  05x10°

=468x10°m = 4.68mm
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DIFFERENCE BETWEEN INTERFERENCE AND DIFFRACTION (FOR FRAUNHOFFER SINGLE

SLIT):

Interference

Fraunhofer diffraction

M

@)

©)

(4)

it is the phenomenon
of superposition of
two waves coming
from two different
coherent sources.

In interference pattern,
all bright lines are
equally bright and
equally spaces.

All dark lines are
totally dark.

In interference bands
are large in number

M

(2)

3

(4)

Their contrast with bright lines

It is the phenomenon of
superposition of two waves
coming from two.

All bright lines are not equally
bright and equally wide.
Brightness and width goes on
decreasing with the angle of
diffraction.

Dark lines are perfectly dark.

and width goes.

In diffraction bands are few
in number.

Circular Aperture Diffraction
The diffraction pattern of circular disc shaped inter mediate dark & bright fringes with the
central bright spot, formed when the light passes through a small circular aperture diffraction.
This circular spot formed at the centre known as airy disc. The concentric rings will get

fainter as it moves from the central spot. The first minima is given by 6 =

d = diameter of aperture

B

122 %
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Rayleigh’s Criterion For Resolution

When the point source of the light is imaged by an
optical system with the circular aperture image is
an Airy disc. If the two points are very close, their
Airy discs will overlap and we may not be able
to resolve them, i.e., distinguish separate images.

/ Resultant

S\

Resultant

Clearly resolved

Just resolved

/\fa—~ Resultant

unresolved

Sf" ~ Concept Reminder

In interference and diffraction,
light energy is redistributed. If it
reduces in one region, producing
a dark fringe, it increases in
another region, producing a bright
fringe. There is no gain or loss of
energy, which is consistent with
the principle of conservation of
energy.
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Two points are just resolved by the optical system
when central maximum of diffraction pattern
due to one falls on the 15t minimum of diffraction
pattern of other.

Resolution Limit

The limit of resolution is measure of ability of
objective lens to separate in the image adjacent
details that are present in object. It is the distance
between two points in the object that are just
resolved in the image.

Resolving Power (R.P.):

Alarge no. of images are formed as a consequence
of light diffraction from the source. If 2 sources
are separated such that their central maxima
don't overlap, their images may be distinguished
and are known to be resolved R.P. of the optical
instrument is its ability to distinguish two
neighbouring points. Reciprocal of resolving limit
is called resolving power.

(1) Microscope : In reference to a microscope,
minimum distance between two lines at which
they are just distinct is called Resolving limit (RL)
and it’s reciprocal is called Resolving power (RP)

122, 2usi
RL =224 Rrp o280 pp L
2usin® 1.22% A

A = Wavelength of light used to illuminate the
object

KEY POINTS \

Rayleigh criteria
Resolution limit
Resolving power

Definitions

The Llimit of resolution is a
measure of the ability of the
objective lens to separate in the
image adjacent details that are
present in object.

s(" _ Concept Reminder

For microscope

(i) Resolving limit

(ii) Resolving power
_1.22

" 2usin®

RP. — 2usin®

= R.P. o« l
1.22 A A
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u = Refractive index of the medium between object and objective,

0 = Half angle of the cone of light from the point object, usin® = Numerical aperture.

(2) Telescope: Smallest angular separations (d6) between two distant object, whose images
1.22)\
a

are separated in the telescope is called resolving limit. So resolving limit and d6 =

resolving power
1 a

RP) = — = ——
RP)= 36 = o1

1 S
= R.P. « y where a = aperture of objective.

Ex. Find limit of resolution of a microscope if an object of numerical aperture 0.0 is viewed
by using light of wavelength 6000 A :-
=7
sol. RL. = 1220 1.22x6x10

= b =3.66x10°m
2usin® 2x 0.1

Ex. Find ratio of resolving powers of an optical microscope for two wavelengths
A, =4500A &%, =6000A "
1

Sol. RP.x —
A

RP, 6000 4

R.P. 4500 3

2

Ex. The Hale telescope of Mount Palomar has a diameter of 200 inch. What is its limiting
angle of resolution for 600 nm light?

Sol. Here; a =200 inch =200 x 254 cm =508 cm = 5.08 m
A =600 nm =600 x10° m = 6.00 x 107" m

-7
20 = 1.22| 2 | = 1.0 89010 M | 44 1077 rad
a 5.08

Validity of Geometrical Optics
When a slit of width d is illuminated by a parallel beam of light, the angular spread of
diffracted light is approximately A / d. Therefore, after travelling a distance D, the diffracted
beam acquires a width DA/ d.
Geometrical optics is based on rectilinear propagation of light, which is just an approximation.
We can say that geometrical optics is valid, if the width DA / d of the diffracted beam is less
than the size of the slit, that is
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2
I:)—7“<d or D<d—
d A

Ex. For what distance is the ray optics a good approximation, if the slit is 3 mm wide and
the wavelength of light is 5000 A?

& (Bx107)
A 5000x107"°
Thus, upto a distance of 18 m, we can assume rectilinear propagation of light to a good
approximation.

Sol. =18m

Polarisation

The phenomenon of restricting the vibration of

light (electric vector) in a particular direction ‘

perpendicular to the direction of propagation of s(" . Concept Reminder
wave is called polarisation of light. In polarised L

light the vibration of the electric vector occur
in a plane perpendicular to the direction of
propagation of light and are confined to a single
direction in the plane (do not occur symmetrically
in all possible directions). After polarisation
the vibrations become asymmetrical about the
direction of propagation of light.

Polaroids can be used to control
the intensity in sunglasses,
windowpanes, etc. Polaroids are
also used in photographic cameras
and 3D movie cameras.

Unpolarised Light
An ordinary beam of light consists of a large number of waves emitted by the atoms of the
light source. Each atom produces a wave with its own orientation of electric vector E so all

direction of vibration of E are equally probable.

Unpolarised light Unpolarised light
propagating along .
X-axis

Wave Optics
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The resultant electromagnetic wave is a
superposition of waves produced by the individual
atomic sources and it is called unpolarised light.
In ordinary or unpolarised light, the vibrations
of the electric vector occur symmetrically in all

KEY POINTS \

Polarisation

possible directions in a plane perpendicular to Polarf)id

the direction of propagation of light. Polariser
Analyser

Polariser Tourmaline crystal
Nicol Prism

Tourmaline crystal: When light is passed through
a tourmaline crystal cut parallel to its optic
axis, the vibrations of the light carrying out of
the tourmaline crystal are confined only to one
direction in a plane perpendicular to the direction of propagation of light. The emergent light
from the crystal is said to be plane polarised light.

Nicol Prism: A nicol prism is the optical device which can be used for production and
detection of plane polarised light. It was invented by William Nicol in 1828.

Polaroid: A polaroid is a thin commercial sheet in form of the circular disc which makes
use of property of selective absorption to produce an intense beam of plane polarised
light.

Plane of polarisation

Plane Of Polarisation And Plane Of Vibration:

The plane in which the vibrations of light vector and the direction of propagation lie is called
plane of vibration. A plane normal to the plane of vibration and in which no vibration takes
place is known as plane of polarisation.

plane of
vibration

A Y B

plane polarised
light

[ ]
!

>’

Unpolarised
light

plane of
polarisation
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Experimental Demonstration Of Polarisation of
Light

Take two tourmaline crystals cut parallel to their
crystallographic axis (optic axis).

% @O 1L
11T 1T

Ordinary
light

polariser

First hold the crystal A normally to the path of a
beam of colour light. The emergent beam will be
slightly coloured. Rotate the crystal A about PO.
No change in the intensity or the colour of the
emergent beam of light.

Take another crystal B and hold it in the path of
the emergent beam of so that its axis is parallel
to the axis of the crystal A. The beam of light
passes through both the crystals and out coming
light appears coloured.

JILEO AN
\ 4

| 1

Ordinary

light polariser

Now, rotate the crystal 'B' about the axis 'PO" It
will be seen that intensity of the emergent beam
decreases and when axes of both crystals are at
right angles to each other no light comes out of
the crystal B.

L] :

I 1]

Ordinary

light polariser

Rack your Brain ﬂ

In a Fraunhofer diffraction at a
single slit of width d with incident
light of wavelength 5500 A, the
first minimum is observed at
angle of 30°. The first secondary
maximum is observed at an
angle equal to

(1) sin” [%J (2) sin™ [%]

(3) sin™ [%] 4) sin™ (%J

83.
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If the crystal 'B' is further rotated light reappears
and the intensity becomes maximum again when
their axis are parallel. This occurs after a further
rotation of 'B' through 90°. This experiment
confirms that light waves are transverse in
nature. The vibrations in the light waves are
perpendicular to direction of propagation of the
the wave. First crystal 'A' polarises the light, so
it is called polariser. 2" crystal 'B' analyses the
light whether it is polarised or not, so it is called
analyser.

Law Of Malus

When completely plane polarized light beam is
incident on analyzer, then intensity of the
emergent light changes as the square of cosine
of the angle between the planes of transmission
axis of the analyzer and the polarizer.

loc cos® 0 = | =1, cos® 0

Plane of
polariser 4.

<
\S‘/'
i

S‘-‘ _ Concept Reminder

oo

According to Law of malus

_ 2
| =1,cos” 0

54.



(i) If 6=0°then | =1, max. value (Parallel arrangement)

(ii) If 6=90° then | = 0 min. value (Crossed arrangement)

If plane polarized light of the intensity I (= KA?) is incident on a Polaroid and its vibrations
of amplitude A make angle '0' with transmission axis, then component of vibrations parallel
to transmission axis will be Acos6while perpendicular to it will be Asin6.

Polaroid will pass only those vibrations which are parallel to the transmission axis i.e. Acos6

’

l, o A®

So, the intensity of emergent light

| = K(A cos 0)? = KA? cos® 0
If an unpolarised light is converted into the plane polarized light its intensity becomes half.
If light of intensity I, emerging from one Polaroid called polarizer is incident on a second
Polaroid (called analyzer) the intensity of light emerging from the second Polaroid is
|, =1,cos” 0

0 = angle between transmission axis of the two Polaroid’s.

Methods of Obtaining Plane Polarised Light

e .
Polarization by reflection: The simplest method ‘\\\ S R or

to produce plane polarized light is by reflection. Polaroids can be used to control
This method was discovered by Mauls in 1808. the intensity in sunglasses,
When beam of ordinary light is reflected from windowpanes etc. Polaroids are
a surface, then the reflected light is partially also used in photographic cameras
polarized. (Degree of polarization of the polarized and 3D movie cameras.

light in the reflected beam is greatest when it
is incident at an angle called polarizing angle or
Brewster’s angle).

unpolarised
light

C‘IOO% polarised
perpendicular
to the plane of
incidence

A
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Polarizing angle: Polarizing angle is that angle
of incidence at which the reflected light is
completely plane polarization.

Brewster’s Law: When unpolarized light strikes

at polarizing angle 6,0n an interface separating

the rare medium from the denser medium of
refractive index m, such that 1 =tan6, then the

reflected light (light in rare medium) is completely
polarized. Also refracted and reflected rays are
normal to each other. This relation is known as
Brewster’s law. The law state that the tan function
of the polarizing angle ofincidence of atransparent
medium is equal to its refractive index K = tan®,
In case of polarisation by reflection:

(i) Fori=0,refracted lightis partially polarised.

(ii) For i=6,reflected and refracted rays are

perpendicular to each other.
(iii) For i<®6, or i>06, both reflected and

refracted light become partially polarized.

‘ sin 0, )
According to Snell’'s saw M = Sino, (@)
sin 0,
Butaccordingto Brewster’s law 1 = tan6, =
cos 6,

... (i)

smep sin ep

(i) & (i)

From equation - =
sin®,  cos ep

= siner = CcoS ep
sin®, = sin(90° - ep) =6, =90° - ep
or ep +9r = 90°

Thus refracted and reflected rays are mutually
perpendicular.

By Refraction:

In this method, a pile of glass plates is made
by taking 20 to 30 microscope slides and the
light is made to be incident at polarising angle

sf‘ _ Concept Reminder
Brewster’s Law

The law state that the tan function
of the polarizing angle of incidence
of a transparent medium is equal

to its refractive index =tan6,

S‘; _ Concept Reminder

Most interference and diffraction
effects exist even for longitudinal
waves like sound in air. But
polarisation phenomena  are
special to transverse waves like

light waves.
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57°. According Brewster’s law, reflected light will be plane polarised with the vibrations
perpendicular to plane of incidence and transmitted light will be partially polarised. Since
in one reflection about 15% of light with vibration perpendicular to the plane of the paper is
reflected therefore after going through a number of plates the emerging light will become
plane polarised with the vibrations in the plane of paper.

Reflected light

Reflected light

By Dichroism:

Some crystals such as the tourmaline and the sheets of iodosulphate of quinone have
property of strongly absorbing light with vibrations perpendicular of a specific direction
(called transmission axis) and transmitting light with vibration parallel to it. This selective
absorption of the light is known as dichroism. So, if unpolarised light passes through proper
thickness of these crystals, the transmitted light will plane polarised with vibrations parallel
to transmission axis. Polaroid’s work on this principle.

< »
< >

Optic axis is - tourmaline
perpendicular crystal

to the plane

of paper

Polaroid
SM [ [ ] I %
transmission
Oordinary  ,yis
light
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By Scattering :

When the light is incident on small particles of dust, air molecules etc. (having lesser size as
compared to the wavelength of light), then it is absorbed by the electrons and is re-radiated
in all directions. The phenomenon is called as scattering. Light scattered in a direction at
right angles to the incident light is always plane-polarised.

By Double Refraction:

Unpolarised
light

Polarised
light

Polarised
light

Unpolarised
light

It was found that in certain crystals such as calcite, quartz and tourmaline, etc., incident
unpolarised light splits in into two light beams of equal intensities with perpendicular
polarisations. One of the rays behaves as ordinary light and is called O-ray (ordinary ray)
while the other does not obey laws of refraction and is called E-ray (extra-ordinary ray). This
is why when an object is seen through these crystal is rotated, one image (due to E-ray)
rotates around the other (due to O-ray).

light

Unpolarised

v

O-ray
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Canada balsam layer

111
py

Unpolarised
light

Blackened surface

By using the phenomenon of double refraction and isolating one ray from the other we can
obtain plane polarised light which actually happens in a Nicol-prism. Nicol-prism is made
up of calcite crystal and in it E ray is isolated from O-ray through the total internal reflection
of O-ray at Canada balsam layer and then absorbing it at the blackened surface as shown
in figure.

NOTE :
Our eyes are nearly insensitive to polarisation of light, but this is not universally true for

animals.
If angle of incidence is 0° or 90° then the reflected beam is unpolarised.
A Nicol prism is made by cutting a calcite crystal in a certain way.

Ex. For a given medium, the polarising angle is 60°. What will be the critical angle for this
medium? Also find speed of light is medium.

Sol. Here ip =60°

Thus, = ‘canip = tan60° = \/§

Ifi_is critical angle for the medium.

1 L 1 1 o
=—— or sini, =—=—= or sini_, = 0.5774
sini_ J3
or i, =35°16'
c ~ 3x10°

V=—=vV
J3

:\/§x108m/s

Ex. Polarisation of light proves
(1) longitudinal wave nature of light
(2) transverse nature of light
(3) quantum nature of light
(4) corpuscular nature of light
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Sol.

Ex.

Sol.

Ex.

Sol.

Ex.

Sol.

As only transverse waves and not longitudinal waves are polarised so polarisation of
light proves light waves are transverse waves.

Plane polarised light is passed through a Polaroid. On seeing through the Polaroid we
find that when Polaroid is given one complete rotation about the direction of light, one
of the following is observed

(1) the intensity of light gradually decreases to zero and remains at zero

(2) the intensity of light gradually increases to a maximum and remains at maximum
(3) thereis no change in intensity

(4) the intensity of light is twice maximum and twice zero

Intensity after passing through Polaroid |, = Icos? © as we given one rotation it becomes
twice maximum and twice zero.

An unpolarised light is incident upon a glass plate of refractive index 1.48 at Brewster’s
angle and gets completely plane polarised. The angle of polarisation is (tan 56° =1.48)
At Brewster’s angle i of incident ray the refractive index K = tani,

or iy =tan”(u) =tan '(1.48) = 56°

Two polaroids P, & P, are placed with their axis perpendicular to each other. Unpolarised
light 1, is incident on P.. A third polaroid P, is kept in between P, & P, such that its axis
makes an angle 30° with that of P..

Find the intensity of transmitted light through P,?

J31,
8

|
| = %cos 30°cos 60° =
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EXAMPLES

Two sources of intensity | and 4l are used in an interference experiment.
Calculate the intensity at points where the waves from the two sources su-
perimpose with a phase difference of

(a) Zero

T
(b) 2

(c) They meet at phase difference of n.

We know that | =1 +1, + 2\/E\/E cos (cl))

(@) les =1+ 4 +241 x21cos(0°) =9,
(o) I, =1+4l+ 2 x zﬁcos[g — g

(€) hes =1+41+ 21 x2Vicos(180°) =1,

2 slits separated by a distance of 1 mm are illuminated with red light of wave-
length 6.5 x 10" m. The interference fringes are seen on a screen placed 1 m
apart from the slits. What is the distance between the 3™ dark fringe and the
5t bright fringe on the same side of the central maxima.

As D >> d and A << d.

2D
Hence we can use 3 = o

So the distance between 5™ bright fringe and 3" dark fringe = 58 — (2B + B/2)

5 5 6.5x107" x1
:_B:_Xi
2 2 1072
=1.625 mm.
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In a Y.D.S.E., the fringe width is observed of 0.4 mm. If the whole apparatus is
submerged in water of refractive index (4/3) without changing the geometri-
cal arrangement then find the new fringe width ?

AS B:%D:OA mm

= by changing u; A becomes A
il

= B’:%xOA = 0.3 mm.

Calculate the angular fringe width in a Y.D.S.E. with blue-green light of
wavelength 6000 A. When the slits is 3.0 x 10~ m apart.
As A <<d; = we can use

AD
b= d
So
|1t maxima
710
< 5 central maxima

o B _2_ 6000 x 107"

= =2x107* radian.
D d 3x107°

x2x107* degree = 0.011°



A source emitting 2 light waves of wavelengths of 580 nm and 700 nm respec-
tively is used in a Y.D.S.E. The separation between slits is 0.20 mm and the
interference is found on a screen placed at 150 cm from the slits. Calculate
the linear separation between the 1°t maximum (next to the central maximum)
corresponding to the two wavelengths.

As A << d
A.D A,D
= = ana g,
(A, -2,)D  (700-580)x10°° x 1.5
So B, B, = = = 0.9 mm.
d 0.20x107°

A flint glass and a crown glass are fitted on the 2 slits of a double slit method.
The thickness of strips is 0.40 mm and the separation between slits is 0.12
cm. If the refractive index of crown glass and flint glass are 1.62 and 1.52 re-
spectively for light of wavelength 480 nm which is applied in the experiment,
then the interference is observed on a screen a distance one meter away.

(a) Find fringe-width ?

(b) Find the distance from the geometrical centre where the nearest maxi-
mum be located?

(a) By inserting the strips, B does not change.

480x107° x1m
B:&B: =4.0x107*.
d 0.12 x 1072

(b) Lets try to observed the point at which the path difference is zero. (central
maxima).

So at 'P' path difference due to extra travelling (i.e. d sinf) must be same to
optical path difference at the centre point path difference = (u, — p,)
t=83.33 1A
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B

So as we move up the path difference will decrease so at height 3 we will

2B

get maxima and at a distance 3 on lower side maxima will formed.

Calculate the thickness of a plate which will produce a change in the optical
path equal to 1/4 of the wavelength A of the light passing through it normal-
ly. The refractive index of the plate is p.

Clearly, optical path difference
A

4(u—1)'

| P
(h=1t=7

A parallel beam of monochromatic light of wavelength ) is used in a Y.D.S.E.
The slits are separated by a distance 'd’' and the screen is put parallel to the

plane of slits. The beam incidents at an angle of 0 = sin™’ [%} with the normal

to plane of the slits. A transparent sheet with refractive index ¢\’ and thick-

ness t= ﬁ is introduced Infront of one of the slit. Find the intensity at
-

the geometrical centre.

maximum
Clearly, at O, no difference of path due to
inside motion of rays. 90 - @_\*
Only path difference = S.Q .
=d cos (90 - )
=d sin 6.
A A

=dx—==2

2d

N

Net phase difference

So A(b:%x%i(p—'l)t.%:ni(p—'l) %:275,0

2

= constructive interference and hence | __ = maximum.
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A soap film of thickness 0.3 um appears dark when seen by the refracted
light of wavelength 580 nm. Find the refraction index of the soap solution, if
it is known to be between 1.3 and 1.5 ?

The path difference is 2ut.
Now for destructive interface it can be
_ % 3% B
T TTY
_ 580x10"° 3x580x107°
 4x0.3x10° 4x0.3x10°
= 0.4833, 3 x 0.4833 .........
So only p = 3 x 0.4833 = 1.45 is the answer, {1.3 < u < 1.5}.

A parallel beam of light of wavelength 560 nm falls on a thin film of oil of re-
fractive index = 1.4. Find the minimum thickness of the film so that it weakly
transmits the light ?

Clearly for strong reflection, it should be destructive interference.

= 2ut :% {for smallest thickness}

A 560x107°
4n 4 x1.4

=100 nm.

A narrow monochromatic beam of light of intensity I is incident on a glass
plate as shown. An another identical glass plate is kept close to the 15t one
and parallel to it. Each plate of glass reflects 25% of the light incident on it
and transmits the remaining. Find the ratio of the minimum and the max. in-
tensities in the interference pattern formed by 2 beams obtained after one
reflection at each plate.

o
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The shown diagram represents the reflection and refraction intensity.

3, 3
M6 * &

| 9l
Hence the 2 waves interfering, 1 and 2, have intensities % and —2%

(- e

min_ _

= — = —

| 2 2 49"
(o, [ (w}
4 \ea 2 8

Figure shows two coherent sources S, — S, vibrating in equal phase. AB is a

straight wire lying faraway from the sources S and S,. Let - 10°. ZBOA =

0.12°. Find the number of bright spots will be seen on the wire, including
points A and B.

Say ‘n’ fringes are present in the region shown by ‘y’
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nAD

- =Np = ——
y=np=—
= lztan(o_OGO)zm:ﬂ
D 180 d
3
S0 xm 0.06="51.
180 3

Hence; only one maxima above and below point O. So total 3 bright spots will
be present (including point ‘O’ i.e. the central maxima).

White coherent light (400 nm-700 nm) is sent through the slits of a Y.D.S.E.
(as shown). The slits are at 1 mm distance and the screen is 100 cm the slits.
There is a hole in screen at 1.5 mm away (along the width of the fringes) from
the central line.

(a) Find the wavelength(s) for which there will be minima at that point ?

(b) Find the wavelength(s) which will have a maximum intensity ?

%.Smm

‘ |
1.0mm
\

—_—

100cm

As A<<d = B:%) can be used

For minima

(@) y=(n+%j[3:[n+%J%D

. 1.5x10° x1x10°  1.5x10°°
x| n+— n+—
2 2

n=1, x=§x1.5x1o*6 =1000 nm

=2, xzéxmsxm*e = 600 nm
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n=3,x:%x1®do6=mmnm

Putting integral values of ‘n’
n=1; A=1000 nm
n=2; A=600nm
NnN=3; A=428 nm
So only A = 428 nm and A = 600 nm, will have minima at the hole. Hence
they will be absent in the light coming out.
(b) .5 mm =np
_1.5x107° x1x107°

= A
n x 100 x 102
forn =1. A =1500 nm
forn = 2. A =750 nm
for n = 3. A =500 nm

Hence only & = 500 nm will have maximum intensity.

A beam of light consisting of 2 wavelengths, 6500 A and 5200 A is used to
obtain slit experiment (1A =10-"° m). The the slits are at a distance of 2.0 mm
and the distance between the plane of the slits and the screen is 120 cm.

(a) Find the distance of the third bright fringe on the screen from the central
maximum for the wavelength 6500 A.

(b) What is the least distance from the central maximum where the bright
fringes due to both the wavelengths coincide ?

(a) Clearly 3@ bright fringe will be aty = 3.

3x(6500x1o4° «1.2
_3xAD ) = 0117 cm. = 117 mm.

d 2x107°
(b) Say mt bright fringe of 6500 A coincides with nt bright fringe of 5200 A.
= np, = mp,
n b5

m 4
Hence, for least distance, 5™ bright fringe of 5200 A coincides with 4t
bright fringe of 6500 A.

4x(6500x1o4°)x12
= 0156 cm =156 mm.

= Yy =4p =
2x107°
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In a YDSE a parallel beam of light of wavelength 6000 A is incident on the slits
at angle of incidence 30°. 'A' and 'B' are two thin transparent films each of
Refractive index 1.5. Thickness of A is 20.4 um. Light coming through 'A' and
'B' have intensities 1 and 41 respectively on the screen. Intensity at point 'O’
which is symmetric relative to the slits is 3I. The central maxima is above 'O

A

T ;
/ 800 B lOJmm

Tm

(a) What is the maximum thickness of 'B' to do so.
Use the thickness of 'B' to be that found in part (a) answer in the following
parts.
(b) Find fringe width, max. intensity and min. intensity on screen.
(c) Distance of nearest minima from 'O".
(d) Find the intensity at 5 cm on either side of 'O".

(a) For maximum thickness of B, the central maxima is just above O.

= Phase difference at O must be = %

{-+ cos¢ = —% for 31 intensity}.

= Path difference at O = 2n x i = &
2n 3

= dsin30°+(p, —)xt, — (1 — 1)ty = A/3
get t, =120 pm.
(b) Now t, =120 pm.
AD  6000x107" x 1

B=— =6 mm.
d 0.1x 1073

| ax :(\/Z+\ﬂ)2 =9l
(VZT—JU2:|

| .
min
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(c) AP path difference at ‘O’

=

(d)

AP =dsin®+ (1, —1)t, —(1g — Nt,
= 0. sin 30° + (1.5 — 1) x 20.4 — (1.5 — 1) x 120
AP =2 x107m

D
= — AP
=3
D 1 .
y=—AP=——x2x10"" = y=2mm.
d 0.1x107°
central maxima
@) TR,
l I1mm = distance
minima-—{— of nearest minima
from O’
B= b 6 mm
d
distance between maxima and minima = % =3 mm

distance of nearest minima from ‘O’ = % =1mm

P
50mm
T8 [y=2mm
[¢]
50mm
.__.P2

So phase difference at P,

ap_ ¥, 2
D A
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_48x107°x10™" y 2
1 6000 x107°
Ap =16~
Intensity at ‘P’

l, = 41+ 1+ 24P cos (16r)

=9I
Intensity at point ‘P,
Phase difference at ‘P’

21

Ad = — x AP
¢ A
52mmx 0.Tmm

ap=Yd _ -

D m

52mmx 0. 1mm

Ad = 2n X

6000 x 107" m

Ab =525 = 16m+ 2T
3 3
2 4n
l, =4l +1+2V4l cos(16n+?j
|, = 41+ 1+ 242 cos(ﬂ)
3
;
=4 +1-2x21~
2

I,=31

2

.
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MIND MAP

Wave front

—l_l-luygen's wave theoryJ—» \:

Interference
> Phase difference should Spherical Cyllndrlcal plane
not change with time — —
cohererlt S°‘jr°e Young's double slit experiment
> A = A+ A + 2AA, cosd
> e =1+ 1, + 21Vl cosf Barrier with __LiEht
“ Fringe width B=2AD narrow slit intensity
Single Slit Diffraction 2 Position of bright d
[, < :
fringe x,= nAD }B
d di ) B, )
- « Position of dark
(7)) _'}B
%) [ fringe X,=(2n-1)AD )
I= u— —d g
g 51 )) - — <«—D—>
s~ ol =
2 ol
= -} B Diffraction
iti h mini _nkx
D [ % Angular position of nth minima 0, =
< Angular position of nt
s - maxima = 6, = (2n+ 1A
‘7 Malus law 2d
|—> , < Width of central maxima B,=2p3 =2DA
Iocos 6 e
Polarisation 2
Unpolarized —
incident beam Transmission
axis Brewster's |ncident ray Reflected ray
angle (unpolarized) (polarized)
Transmission n
: 0, = tan" =

Polarizer

Refracted ray
(slightly polarized)

Analyzer
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