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Wave Front 
Such a surface on which all the point have same phase of vibration is known as wave front. 

 

Huygens’s Principle 
“Every point on the wave front act as source for secondary wavelets.” 

 

Interference of Light 
When two or more than two waves travelling in the same medium in the same direction 

combine their resultant effect is called interference. 

 

Types of Interference 

There are two types of interference 

 

Constructive Interference: 

When two or more than two waves travelling in the same medium in the same direction 

combine in such a way that the crest of one wave falls on the crest of other then the 

amplitude as well as intensity of resultant wave increases, this type of interference is called 

constructive interference. 

 

This type of interference obtain when the path difference between the two waves is 

integral multiple to the whole wavelength. 

 

Path difference = mλ  where m = 0, ±1, ±2, ±3 … … … 

 

Destructive interference: 

When two or more than two waves travelling in the same medium in the same direction 

combine in such a way that the crest of one wave falls on the trough of other than the 

amplitude as well as intensity of resultant wave decreases, this type of interference is 

called destructive interference. 

 

This type of interference obtain when the path difference between the two waves is odd 

integral multiple to the half of the wavelength. 

 

Path difference = (m +
1

2
) λ  where m = 0, ±1, ±2, ±3 … … … 

 



 

Conditions for interference 

To observe interference of waves we require to follow the given conditions. 

 

1. Sources must be monochromatic 

2. Sources must be coherent 

3. The distance between the source should be small 

 

Young’s double slits Experiment 
Introduction 

The interference pattern was first observed by Thomas Young. It is the direct evidence of 

wave nature of light. By this experiment we can easily calculate the wavelength of light. 

 

Experiment 

Consider a source of light passing through two slits S1 and S2. As the light source is 
monochromatic and originating from the same source therefore from two slits we have two 
coherent sources of light. Light after passing through these slits interfere with each other. 
The point on a screen at where a bright fringe is obtained is because of constructive 
interference and the point at where the dark fringe is obtained on the screen is because of 
destructive interference. 
 

Mathematical Analysis 

Consider a monochromatic source of light 
passing through two slits S1 and S2 having 
separation d between them. Let a screen is 
at a distance L from the two slits. 
Consider a point P, which is at a distance y 
from the centre of a screen. Let there are 
two waves combining at point P is r1 and 
r2. As shown in figure, 
 

From above figure it is clear that the r2 
covers more distance than r1 therefore the path difference between these two can be 
written as, 

Path difference =  r2 – r1  = ∆r =  d Sinθ 

 

CONDITION FOR MAXIMA OR BRIGHT FRINGE 
For bright fringe or maxima the path difference between the two waves must be integral 
multiple to the whole wavelength, 

d Sinθ = mλ 

Where “λ” is the wavelength of light used and “m” is the order of the fringe, 
m =  0, ±1, ±2, ± 3, … 

The central bright fringe occur at θ = 0 (m = 0) is called 0th order maximum. 



 

CONDITION FOR MINIMA OR DARK FRINGE 
For dark fringe or maxima the path difference between the two waves must be odd integral 
multiple to the half wavelength, 

dsinθ = (m +
1

2
) λ 

Where “λ” is the wavelength of light used and “m” is the order of the fringe, 
m =  0, ±1, ±2, ± 3, … 

 
POSITION OF BRIGHT AND DARK FRINGE 
Consider a fringe (bright or dark) of order number “m” which is at a distance “y” from the 
centre of the screen. If the d <<< L, under this condition “q” becomes very small and if 
taken in radian we can write tanθ ≈ sinθ, 
It is assumed that the distance between the slits “d” is much smaller than the distance 
between the screen and the two slits “L” i-e L>>>d using right angled triangle ∆PEC. 
 

sinθ =
P

H
 

sinθ =
y

PE̅̅̅̅  

Since, PE̅̅̅̅ ≈ PC̅̅̅̅  

sinθ =
y

PC̅̅̅̅  

sinθ =
y

L
 

Multiplying ‘d’ on both sides, we get 

dsinθ =
dy

L
 

 
For position of Bright Fringe, let us call it ‘𝐲𝐦’ 

dsinθ = mλ 
Or, 

dym

L
= mλ 

ym =
mλL

d
 

 
Also, for position of Dark Fringe, let us call it ‘𝐲𝐝’ 

dsinθ = (m +
1

2
) λ 

Or, 
dyd

L
= (m +

1

2
) λ 

yd = (m +
1

2
)

λL

d
 



 

FRINGE SPACING 
Distance between two consecutive bright fringes, 
For y0, m = 0 

y0 =
(0)λL

d
= 0 

For y1, m = 1 

y1 =
(1)λL

d
=

λL

d
 

Spacing, 
∆y = y1 − y0 

∆y =
λL

d
− 0 

∆y =
λL

d
 

 
Distance between two consecutive dark fringes, 
For y1, m = 0 

y1 = (0 +
1

2
)

λL

d
=

λL

2d
 

For y2, m = 1 

y1 = (1 +
1

2
)

λL

d
=

3λL

2d
 

Spacing, 
∆y = y2 − y1 

∆y =
3λL

2d
−

λL

2d
 

∆y =
λL

d
 

 
Hence it is clear from above results that distance between two consecutive bright or two 

consecutive dark fringes is 
λL

d
. 

 

Interference in Thin Films 
Coherent light waves can also be obtained with the help of thin film of some material by 
which incident light splits up into two parts 
due to reflections from upper and lower 
surface of the film as shown in fig. 
 
Incident light 1st reflects from upper surface 
gives Part I and also refracts into the film 
which again reflects from bottom surface and 
comes to the eye as part II. 
 
Part I of light has phase change of 1800 as it is 
reflected from a surface beyond which there is a medium of higher index. But part II of light 



 

has no phase change as it is reflected from a surface beyond which there is a medium of 
lower index. Therefore the conditions for constructive and destructive interference are 
reversed. For nearly normal incidence the path difference between the two interfering rays 
is twice the thickness of the films i.e. equal to ‘2t’ where ‘t’ is the thickness of the film. If ‘n’ 
is the refractive index of medium of the film then, 
 

Path difference = 2t 
Hence conditions for maxima or constructive interference is, 

2t = (m +
1

2
) λn 

2t = (m +
1

2
)

λ

n
 

2nt = (m +
1

2
) λ 

Where, m = 0, ±1, ±2, ±3, … … … 
 
Similarly, conditions for minima or destructive interference is, 

2nt = mλ 
Where, m = 0, ±1, ±2, ±3, … … … 
 
In case of varying thickness of film, there will be a pattern of alternate dark and bright 
fringes. 
 

Newton’s Rings 
Whenever monochromatic light is incident upon a 
system of Plano-convex lens and the plane glass 
sheet then interference takes place due to thin film 
or air-wedge formed between lens and plane glass 
surface. At a particular thickness of air film same 
type of interference takes place around the Plano-
convex lens which results in alternate dark and 
bright rings which are known as Newton’s Rings. 
As the thickness of air film varies from zero at the 
point of contact to maximum value at the end of 
lens then there will be alternate dark and bright rings with central point remain dark. 
 
Let us consider a system of Plano-convex lens of radius of curvature ‘R’ placed on flat glass 
plate it is exposed to monochromatic light of wavelength λ normally. 
The incident light is partially reflected from upper surface of air film between lens and 
glass and light is partially refracted into the film which again reflects from lower surface 
with phase change of 1800 due to higher index of glass plate. Therefore, the two parts of 
light interfere constructively and destructively forming alternate dark and bright rings. 
 



 

Now consider a ring of radius ‘r’ due to thickness ‘t’ of air film as shown in fig. 
According to Pythagoras theorem, 
 

H2 = B2 + P2 
R2 = (R − t)2 + (rn)2 

R2 = R2 − 2Rt + t2 + rn
2 

0 = −2Rt + t2 + rn
2 

Since t ≪ R, therefore we may write t2 ≈ 0 
0 = −2Rt + rn

2 
Or, 

rn
2 = 2Rt 

rn
2 = R(2t) − − − (1) 

 
Radius of Bright Ring 
The condition for constructive interference in 
thin films is, 
 

2nt = (m +
1

2
) λ 

For air, n = 1 

2t = (m +
1

2
) λ 

Substituting this value in equation (1), we get 

rn
2 = R (m +

1

2
) λ 

rn = √(m +
1

2
) λR 

For 1st bright ring, we put m = 0 

r1 = √(0 +
1

2
) λR = √

1

2
λR 

For 2nd bright ring, we put m = 1 

r2 = √(1 +
1

2
) λR = √

3

2
λR 

For 3rd bright ring, we put m = 2 

r3 = √(2 +
1

2
) λR = √

5

2
λR 

Similarly, for Nth bright ring, we put m = N − 1 

rN = √(N − 1 +
1

2
) λR 



 

rN = √(N −
1

2
) λR 

Radius of Dark Ring 

rm = √mλR 
For m = 0, 

r0 = 0 
Which shows that centre of Newton’s Rings is dark spot. 
 

Diffraction of Light 
Whenever light passes through a small slit or 
aperture comparable in size to the wavelength of 
light then light bends or deviates from its straight 
path and produces a pattern of alternate dark, and 
bright fringes on the screen. This diffraction 
phenomenon is known as diffraction of light.  
Actually the diffraction is a special type of 
interference phenomenon as pattern is formed due 
to interference between diffracted wave fronts from the two edges of the aperture. 
Similarly, if we place a sharp edge or an opaque object between light source and screen, a 
shadow of the obstacle is formed on the screen and we further observe that: 
 

i) No light reaches within the geometrical shadow of the obstacle at the screen 
ii) Outside the geometrical shadow the screen is uniformly illuminated. 

 
Types of Diffraction 
There are two types of diffraction of light, 
 

i) Fresnel’s Diffraction 
ii) Fraunhofer’s  diffraction 

 
Fresnel’s Diffraction 
The diffraction pattern is said to be Fresnel diffraction if both source of light and the screen 
lie at finite distances from aperture or diffracting obstacle. 
 
Fraunhofer Diffraction 
The diffraction pattern is said to be Fraunhofer diffraction if both source of light and the 
screen lie at infinite distances from aperture or diffracting obstacle. 
 

Diffraction Grating 
A device which is used to analyse light sources. It consists of a glass plate having large 
number of equally spaced parallel slits of uniform width. Usually a common grating 
consists of about 5000 to 6000 lines per cm of its length. The thin clear strips between lines 
transmit light and act as slits. A diffraction grating is a very useful device for analysing light 
sources. 



 

Let us consider a diffraction grating having ‘a’ 
as the separation between two consecutive 
slits and ‘b’ as the width of each slit such that 
a + b = d; called grating element which me 
be obtained as, 
 

d =
length of grating

Total No. of lines or slits
 

 
Suppose parallel beam of light from the 
monochromatic source are falling on the 
grating normally which sends out waves from 
each slits. A convex lens is used to bring the 
diffracted waves together at a point on the 
screen along certain definite direction as 
shown in fig. 
 
Rays of particular wavelength from adjacent slits are in phase and reinforce each other i.e. 
they will interfere constructively, 
 
As we know that the condition for constructive interference at a point is the path difference 
between two waves must be an integral multiple of wavelength ‘λ’ 
 

path difference = mλ − − − (1) 
m = 0, ±1, ±2 … … … 

As ray no. 1 covers more distance to reach at point P as compared to ray no. 2 which is 
determined by drawing perpendicular from ray 2 to ray 1. 
 
From fig. in right angled triangle QPR, 

sinθ =
rq̅̅̅

rp̅̅̅
=

rq̅̅̅

d
 

Or, 
rq̅̅̅ = dsinθ 

Where, rq̅̅̅ = path difference between ray 1 and 2 
∴ path differnce = dsinθ − − − (2) 

 
Now comparing eq. (1) and eq. (2), we get 
 

dsinθ = mλ − − − (3) 
 
For central maximum there is no path difference, so we call it zero order (m = 0) 
 
Now if angular deviation θ of mth order is experimentally determined then wavelength of 
light used can be calculated from eq. (3) 
 



 

Diffraction of X-Rays (Bragg’s Law) 
X-Rays have very short wavelength less than that of visible and ultraviolet light. Therefore 
diffraction of X-rays cannot be observed with the help of common grating as X-rays pass 
straight through the slits of grating. However it is possible to obtain X-rays diffraction by 
making use of crystals such as rock salt in which the atoms are uniformly spaced in planes 
and separated by a distance of the order of 2 – 5 0A. Therefore, the diffraction of X-rays 
takes place when they incident on the crystal as shown in fig. 
 
Suppose parallel lattice planes having spacing ‘d’ between each other. It is clear from figure 
that 2nd ray covers more distance as compared to 1st ray and the path difference between 
two reflected rays is, 
 
Path difference = BC̅̅̅̅ + BD̅̅ ̅̅ − − − (1) 
 
In right angled triangle ABC, 

sinθ =
BC̅̅̅̅

AB̅̅ ̅̅ =
BC̅̅̅̅

d
 

BC̅̅̅̅ = dsinθ 
 
Similarly, BD̅̅ ̅̅ = dsinθ 
 
Hence eq. (1) becomes, 
path difference = dsinθ + dsinθ 
path difference = 2dsinθ 
 
Now for constructive interference, 

path difference = mλ 
m = 0, ±1, ±2, ±3, … 

Or, 
mλ = 2dsinθ 

 
This is known as Bragg's Law. Now if ‘d’ is the inter-planar distance of crystal is known 
where ‘m’ and ‘θ' are experimentally measured then wavelength of x-ray light used can be 
calculated with the help of this equation. 
 

Polarisation of Light 
The interference and diffraction phenomena verify the wave nature of light but these 
phenomena do not provide any information about the type of light waves. 
 
It is Polarisation phenomenon which tells us that light waves are transverse in nature. 
Actually, there is a periodic fluctuation in electric and magnetic fields along the 
propagation of light waves. These fields vary at right angles to the direction of the 
propagation of the light wave, so light wave is a transverse wave and this makes it possible 
to produce and detect polarised light. 
 

𝜃 𝜃 



 

Unpolarised light means ordinary light whose waves have electric and magnetic field 
vibration in all directions in a plane perpendicular to the direction of propagation of light. 
 
Polarised light means light waves having vibration in certain directions perpendicular to 
the direction of propagation of light. 
 
Tourmaline crystals are often used to polarise the light and to analyse the polarised light. A 
tourmaline crystal has its crystallographic axis parallel to its face and it transmits only 
those vibrations of light waves which are parallel to the axis of crystal. 
 
When unpolarised light is incident on two tourmaline crystals placed with their 
crystallographic axes parallel, the light beam is transmitted. If however, one of the crystal is 
rotated with respect to other the emergent beam becomes dimmer and ultimately light is 
totally cut off when the axes of the two crystals become perpendicular to each other. On 
further rotation, the light re-appears and become brighter when the axes of crystals again 
parallel as shown in fig. 
 
When a beam of light passes through crystal one component of the vibration is absorbed 
and the other component is transmitted. Consequently the emerging beam differs from 
incident light in the sense that all the vibrations are in one direction. Such a beam is said to 
be plane polarised. When it falls on a second crystal, vibrations can only pass if they are 
parallel to the transmission direction of the crystal i.e. crystallographic axis of the crystal. 


