
20-10-2024 Dept. of Physics, IIT Delhi 1

Qualifications

2022-23 ▪ Postdoctoral Scholar, Stanford University, CA, USA.

2016-21 ▪ PhD, Indian Institute of Technology Guwahati, 
India.

2013-15 ▪ M.Sc., Indian Institute of Technology Guwahati, 
India.

2010-13 ▪ B.Sc., Banaras Hindu University, Varanasi, India.

Research Interest

Wavefront sensing, diffractive optics, thin film deposition, Adaptive 
optics, retinal imaging, Quantum Optics (laser cooling and atom 
trapping and imaging).

Name: Nagendra Kumar
Languages:
Hindi, and English 
Address: Dept of Physics, IIT 
Delhi
Email: ird600315@iitd.ac.in, 
nagendra123iitg@gmail.com
Contact No. +91 9085295899

Dr. Nagendra Kumar
Scientist ‘D’, IIT Delhi
August 9, 2023…to present

Publications 12 Papers (peer-reviewed journals and proceedings), 1 
Patent, 6 Journal submitted, 2 manuscript preparation, 4 
book chapters.

mailto:ird600315@iitd.ac.in


Diffraction of Light

• Introduction

• Fraunhofer diffraction from a single slit

• Fraunhofer diffraction from a circular aperture

• Diffraction grating and its resolving power

• Fresnel’s Half-Period Zones for Plane Wave.

• Fresnel diffraction pattern of a straight edge and at 

a circular aperture. 

• Fraunhofer diffraction: Single slit, Double slit, 

Diffraction grating. 

• Resolving power of grating.



• It is also defined as a surface on which the wave disturbance is in same phase at all the points.

• The direction of propagation of a wave at a point is always perpendicular to the wavefront through

that point.

• Depending on source, the shape of the wavefront may be circular, spherical, cylindrical or planar.

• Point source produces spherical wavefront and linear source produces cylindrical wavefront.

Figure1.(a) Circular (b) Spherical (c) Cylindrical (d) Plane Wavefront

Concept of Wavefront



• Interference: When two or more coherent light waves traveling along the same direction superpose,

then there is redistribution of light energy, at some points energy is maximum (constructive Interference)

and at some points energy is minimum (destructive Interference). This phenomenon is called as

Interference. This phenomenon is based on superposition principle.

• Condition for constructive interference: When two light waves travelling through a medium arrive at a

point in phase simultaneously, the resultant light intensity at that point is maximum and the point appears

bright. This is called the condition of constructive interference.
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• The path difference between the two waves = nλ where n the order of fringe is 0, 1, 2, 3…..

• Condition for destructive interference: When two light waves travelling through a medium 

arrive at a point out of phase, the resultant light intensity at that point is minimum and the 

point appears dark. This is called the condition of destructive interference.

• The path difference between the two waves = (2n+1) the order of fringe is 1, 2, 3…..



Interfernce in thin films:Natural thin film and related phenomena: Iridescence Thin film: 

Iridescence caused by interference : Colours as seen due to interference phenomena on oil layer,

soap bubbles, peacock feathers, beetle body, oil film on rock and morph, butterfly wings. 

A film is said to be thin when its thickness is of the order of one wavelength of visible light ~ 5500 Å (0.55μm) or 
of incident light.



Techniques of Interference

Division of wavefront Division of amplitude

Figure 1

Figure 2

Figure 3

Figure 4



DIFFRACTION OF LIGHT: INTRODUCTION

• Diffraction is 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 of the obstacles; we do not

encounter diffraction effects of light in everyday observations.

• Also, the finite resolution of our eye or of optical instruments such as telescopes or microscopes is limited

due to the phenomenon of diffraction.

• The first scientist who recorded accurate observations on the diffraction phenomenon was an Italian scientist

Francesco Maria Grimaldi, in 1660.

• He coined the word "diffraction“ from the Latin word ‘diffringere’,meaning ‘to break into pieces', referring

to light breaking up into different directions.

• Diffraction is defined as the bending of light rays around the corners of an obstacle or encroachment of

light within the geometrical shadow of the obstacle or aperture.



DIFFRACTION OF LIGHT:IN REAL LIFE

• Some examples of diffraction phenomenon in real life are formation of rainbow after rain, CD and

DVD’s reflecting rainbow colours, Sun appears red during sunset, bending of light at the corners of

the door as shown in figure

• Diffraction in the atmosphere by small particles can cause a bright ring to be visible around a bright

light source like the sun or the moon.

Some examples of diffraction phenomenon in real life



CONDITIONS FOR DIFFRACTION OF LIGHT

• The amount of diffraction depends on the wavelength of light and the size of the opening. 

• If the opening is much larger than the light's wavelength, the bending will be almost unnoticeable.

• However, if the size of the opening, is of the order of the wavelength of light, then the amount of

bending is considerable,i.e.the condition of diffraction.(Slit width should be of the the order of the

wavelength of light,

• An obstacle or opening will diffract shorter wavelength slightly and longer wavelengths more. 

(a) and (b) As slit opening decreases, diffraction increases. (c) With shorter 

wavelength and no change in size of opening, diffraction decreases.



TYPES OF DIFFRACTION

Types of 
Diffraction

FraunhoferFresnel

• The source or the screen or both are at finite

distances from the obstacle (or aperture).

• In this case, no lenses are used to make

the rays parallel or convergent.

• The incident wavefronts are either

spherical or cylindrical.

• The source and the screen or the telescope is 

placed at infinite distance from the obstacle.

• Lenses are used to make the rays converge.

• The incident wavefront on the aperture or 

obstacle and the telescope is plane 

wavefront.



Difference between interference and diffraction
S.No. Interference Diffraction

1. Interference phenomenon is due to 

superposition of light waves from two

separated wavefronts.

Diffraction phenomenon is due to superposition of 

secondary wavelets originating from different 

points of the exposed parts of the same wavefront.

2. In the interference pattern, the

contrast between maxima and  minima is

good.

In the diffraction pattern, the contrast between

maxima and minima is poor.

3. In the interference pattern, regions of 

minimum intensity are perfectly dark and all 

bright fringes are of equal intensity.

In the diffraction pattern, regions of minimum

intensity are not perfectly dark and only the first 

maxima has maximum intensity and the intensity

decreases as the order of maxima increases.



FRAUNHOFER DIFFRACTION THROUGH SINGLE SLIT

• Experimental arrangement is shown in figure

• The wavefront from source S is incident on the slit AB of width‘d’.

• According to Huygens’ Principle, each point of wavefront passing through the

slit AB acts as a source of secondary wavelets.

• A real image of diffraction pattern is formed on the screen with the help of

converginglensL2.

• Thus, diffraction pattern on screen consists of a central bright band and alternate

dark and bright bands of decreasing intensity on both sides.

• Let C be the center of the slit AB. The secondary waves, from points equidistant

from center C of the slit lying on portion CA and CB of wave front travel the

same distance in reaching Q and hence the path difference between them is zero.

• These waves reinforce each other and give rise to the central maximum at 

point O.

Fig: Fraunhofer diffraction through single slit

f



Derivation of width of slit and position of minima and secondary maxima.

The path difference between the secondary wavelets 

Draw AN perpendicular on  originating from A and B is BN.

𝑨𝑩
From Δ BAN, 

𝑩𝑵 
= sinθ or BN = AB sinθ

Path difference, BN = d sin θ ≈ dθ (as θ is small),

For Minima: If the path difference is equal to one wavelength, i.e., BN= d sin θ = λ, position P will be of

minimum intensity.

A

NB









Intensity pattern of diffracted light through single slits



For secondary maxima:



2x



Observation:

• The width of the central maximum is proportional to the wavelength of light.

• For longer wavelengths, the width of the central maxima is more than with light of shorter wavelength.

• With a narrow slit (smaller ‘d’value), the width of the central maximum is more.

• The diffraction pattern consists of alternate bright and dark bands with monochromatic light.

• With white light, the central maximum is white and the rest of the diffraction bands are coloured.

• We can see that the maxima and minima are very close to the central maximum.

• But with a narrow slit ‘d’ is small and hence θ is large.(because d sin θ = λ )

• Hence, distinct diffraction maxima and minima are on both sides of the central maximum.



FRAUNHOFER DIFFRACTION THROUGH CIRCULAR APERTURE

❖ When a parallel beam of light is passed through circular aperture of an opaque board, then the

light is diffracted by the aperture.

❖ If received on a screen at a large distance, the pattern is a bright disc called Airy disc

surrounded by alternate dark and bright concentric rings called Airy rings of decreasing

intensity.

❖ The wavefront is obstructed by the opaque board and only the points of the wavefront that are

exposed by the aperture send the secondary wavelets.

❖ The bright and dark rings are formed by the superposition of these wavelets.

❖ The diffracted secondary wavelets are converged on the screen by keeping a convex lens

between the aperture and the screen. The screen is at the focal plane of the convex lens.



FRAUNHOFER DIFFRACTION THROUGH CIRCULAR APERTURE

❖ The secondary wavelets travel same distance to reach Po and there is no path difference between

these rays. Hence a bright spot is formed at Po which is known Airy’s disc. Po corresponds to the

central maximum.

❖ The secondary waves which travel at a certain angle θ with respect to central axis form a cone and

hence, they form a diffracted ring on the screen.

❖ The radius of Airy’s disc is given by = 1.22
𝝀𝒇

𝒅

❖ Therefore, the radius of Airy’s disc is inversely proportional to the diameter of the aperture.

Therefore, by decreasing the diameter of aperture, the size of Airy’s disc increases.

❖ Since the lenses used as objective and eyepieces in telescopes and microscopes are

circular in shape and constitute a circular aperture. Hence Fraunhofer diffraction using circular

Aperture is of the most practical interest.



DIFFRACTION GRATING

❖ Diffraction Gratings are optical components used 
to separate light into its component wavelengths.

❖ Diffraction Grating consists of a series of closely 
packed grooves(deep line cut in a surface) that 
have been engraved or etched into the Grating’s 
surface.

❖ Plane transmission Grating is a plane sheet of
transparent material on which opaque rulings
are made with a fine diamond pointer.

❖ Thus, it consists of a large number of equally 
spaced parallel transparent spaces called slits.

❖ Grating element and grating equation:

If light is incident normally on a transmission 
grating of wavelength λ, then the

direction of principal maxima is given by 

d sin θ = nλ

where‘d’is the distance between two consecutive 
slits and n =1, 2, 3----, is the order of principal 
maxima.

❖ This Equation is called Grating equation and
gives the position of principal maxima.

❖ The rulings on the grating act as obstacles having 
a definite width ‘b’ and the transparent space 
between the rulings act as slit of width ‘a’.

❖ The combined width of a ruling and a slit is 
called grating element d = a + b.



DIFFRACTION THROUGH PLANE TRANSMISSION GRATING
❖ Let MN is the plane transmission grating

having AB, CD, EF as successive slits of equal

width ‘a’ and BC, DE represent rulings of

width ‘b’.

❖ The path difference between the wavelets

from one pair of corresponding points A and

C is CH = (a + b) sin θ.

❖ The point P1 will be bright, when

(a + b) sin θ = n λ where n = 0, 1, 2 3 --------

❖ Therefore

or

𝒏𝝀

𝒂+𝒃

where
𝟏

𝒂+𝒃
, gives

number of lines per unit width of the grating.

Also from above equation n =
𝐚+𝒃 𝒔𝒊𝒏 𝜽

𝝀

❖ Since the maximum angle of diffraction is 90o,
hence the maximum possible order available
in grating is given by

max.n =
𝐚+𝒃

𝝀
for sin θ = 1



RESOLVING POWER OF GRATING

❖ Resolving power of the grating is defined as the ability of a grating to form  

separate diffraction maxima of two wavelengths which are very close to each other.

1❖ For two nearly equal wavelengths and 2, between which a diffraction

grating can just barely be distinguished, the resolving power ‘R’ of the grating 

is defined as

❖ R = =
𝛌 𝛌

𝛌𝟐– 𝛌𝟏 𝐝𝛌

where 1 2

𝛌𝟏+ 𝛌𝟐 is the mean value of the two wavelengths and and
𝟐

the smallest difference dλ= 𝟐 𝟏

❖ Also Resolving power of grating is found as

R.P. =
𝛌

𝒅𝛌
= nN

Where the order of spectrum is ‘n’ and total number of lines on the grating  

surface ‘N’.
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