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FOREWORD

It is with special pleasure that I write this foreword to the excellent and
contemporary book, “Engineering Physics”, by Dr. P. Sreenivasa Rao and Dr. K.
Muralidhar. I am very happy to note that the authors have long years of experience in
teaching physics, and this culture to share their knowledge and wisdom has finally
resulted in the present form of a book. The authors of this book have a clear and
comprehensive perception of certain complicated topics. Author’s acumen enabled them
to present highly intricate topics in a clear and perceivable manner from the students'
point of view. Nevertheless, organization of the book into various chapters with a note of
coordination among them vouches for its quality. This book is designed to cater to the
wide-ranging needs of the graduate students in Engineering colleges and Technological
institutions.

The authors’ effort to bring out a simple, but qualitatively and quantitatively strong
addressing of the topics, especially with an accessible language bore success through
lucid illustrations. Detailed explanation with specific examples, solved problems and
review questions represents another important aspect. This book is ranked distinct from
other conventional text books, in the sense that it provides the fundamental concepts
followed by their applications. Hence, I strongly consider this book as a hand-in-tool for
graduate engineering students’ to learn and master the basics in engineering physics,
which however is a prerequisite for excelling in the field of engineering education.

I congratulate the authors for their timely completion of this book. I am very sure
that this book will be highly beneficial for the readers.

[Prof. Dr. P. Dakshina Murthy]





PREFACE

The knowledge of physics is a prerequisite to the Engineering Students to
understand the core engineering subjects. The purpose of this book is to present,
in as simple and concise form as possible, the fundamental concepts of physics.
We have taken every necessary step while writing this book to cover the syllabus
of Engineering Physics for the First Year B.Tech. course in a lucid manner. This
book has been written from the student’s point of view. The subject is explained
in a simple language with the help of numerous illustrations to make students
understand the apparently complex concepts of physics in an easy way. All the
topics are explained from the basic principles to advanced levels in a natural way
and sufficient details of mathematical calculations have been provided to create a
lively interest in the subject among the students and facilitate easy understanding
of it. We have given a tangible explanation to each topic so that it is thought-
provoking and helps in clearing any doubts in the minds of the students. At the
end of each chapter, we have given a short summary for quick and ready
reference and also included a number of solved examples to help students apply
the principles in practice. Review questions are provided at the end of each
chapter which will be useful for the students in self-evaluation. The book fulfils
all the requirements of engineering students for the proper understanding of
introductory engineering physics subject for the First Year B.Tech. course both in
theory and application.

Dr. K. Muralidhar
Dr. P. Sreenivasa Rao
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UNIT 1
Interference

Principles of Superposition – Coherent Sources – Interference in Thin Films
(Reflection Geometry) – Newton’s Rings – Construction and Basic Principle of

Interferometers.

1.1 Introduction
1.2 The Principle of Superposition
1.3 Coherent Light Sources

1.3.1 Methods of Producing Coherent Light Sources
1.4 Interference of Light

1.4.1 Constructive Interference of Light
1.4.2 Destructive Interference of Light

1.5 Incoherent Sources
1.6 Conditions for Sustained Interference of Light
1.7 Interference in Thin Films: Division of Amplitude (Reflected Geometry)

1.7.1 Interference Due to Division of Amplitude
1.7.2 Parallel Thin Film of Uniform Thickness

1.8 Production of Colours in Thin Films
1.9 Newton’s Rings (Circular Thin Air Film)

1.9.1 Calculation of Path Difference
1.9.2 Conditions for Constructive and Destructive Interferences
1.9.3 Circular Fringes
1.9.4 Central Dark Spot in Newton’s Rings
1.9.5 Localized Fringes
1.9.6 Theory of Newton’s Rings: Radius of the Bright and Dark Rings
1.9.7 Determination of the Wavelength of Light
1.9.8 Determination of the Radius Curvature of a Plano-Convex Lens
1.9.9 Determination of the Refractive Index of Transparent Liquid

1.9.10 Why the Diameter of the Newton’s Rings Decreases if Liquid Medium is Taken in the
Optical System?
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1.10 Interferometers
(i) Basic Principle of Interferometers

(ii) Construction
1.10.1 The Michelson Interferometer

(i) Principle
(ii) Construction

(iii) Working
(iv) Circular Fringes
(v) Localized Fringes

(vi) White Light Source
1.10.2 Applications

(i) Determination of Wavelength of Light
(ii) Determination of Refractive Index of a Thin Film

(iii) Resolution of Spectral Lines
1.10.3 Mach-Zehnder Interferometer (MZI)
1.10.4 The Fizeau Interferometer

(i) Basic Principle
1.10.5 Fabry-Perot Interferometer

(i) Basic Principle
(ii) Construction

(iii) Working
1.10.6 Difference between Michelson Interferometer and Fabry-Perot Interferometer
1.10.7 Applications of Fabry-Perot Interferometer
1.10.8 Gravitational Wave Detectors

1.11 Summary
1.12 Solved Examples
1.13 Objective Questions
1.14 Questions

1.1 INTRODUCTION
The phenomenon of interference of light was first successfully demonstrated in 1800 by Thomas

Young by his famous double slit experiment and has established the wave nature of light. When we
see a soap bubble or a layer of oil slick on water in day light, beautiful colours will be observed. This
is due to the interference of light by thin films.

Consider two light waves overlapping with each other in some region. The resultant amplitude
and hence intensity of the resultant light wave may be different from the individual waves. At one
point in the overlapping region, the resultant amplitude may be greater than that of individual waves
while at other point, it may be minimum. These effects are known as interference of light. If we
observe that waves beyond the crossed region, they can move without affecting with each other and
also without producing any modification in amplitude. Therefore, in the interaction region, there is a
lack of uniformity in the resultant amplitude of the light wave and it depends on the phase of two
waves. Two light sources are said to be coherent when they emit light of same frequency and phase.
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Phase of waves can be understood by the property of coherent light waves from coherent light sources
so that the interference of light is inherently present in the above example. Thus, the phenomenon of
interference of light could be inferred based on two concepts: the principle of superposition and
coherence.

In this unit, we shall discuss interference of light in thin films (parallel and circular thin films)
based on the principle of superposition and using coherent light sources. Interferometers, based on the
phenomenon of interference of light, are investigating tools used for high precision measurement
which is the order of 10–5 cm, especially in Engineering and Technology. Because of this importance,
we will discuss the construction and working principle of various interferometers.

1.2 THE PRINCIPLE OF SUPERPOSITION
Statement: When two or more waves are simultaneously acted on a particle in the medium at

some instant of time, the resultant displacement of the particle at that time is a vector sum of the
displacements produced on the particle by each wave separately. This is called principle of
superposition.

Explanation: Consider two sinusoidal waves of same amplitude, frequency and travelling in the
same direction are acting on a particle in the medium. Let y1 be the displacement of the particle in the
absence of the second wave and y2 be the displacement of the particle in the absence of the first wave.
Then the resultant displacement y of the particle due to both the waves is given by:

y = y1 + y2 ... (1.1)
The resultant displacement y depends on the phase of two waves.
Case I: When two light waves are in the same phase:
Consider two light waves are having equal amplitudes, say A, after superposition, the amplitude of

the resultant wave is the vector sum of the amplitudes of the individual waves, see Fig. 1.1(a). From
Eq. (1.1), the resultant amplitude of the light wave is given by:

y = A + (+A) = 2A ... (1.2)
This type of superposition of two light waves is known as constructive interference of light.

y1 y2

y

+ =

A

2A

A y1 y2

y

+ =

A

A

(a) (b)

A = 0

Fig. 1.1: Superposition of two waves: (a) in the phase and (b) out of phase

Case II: When two light waves are out of phase:
The resultant amplitude of the light wave, after superposition, is minimum. From Eq. (1.1), it is

given by:
y = A + (–A) = 0 ... (1.3)
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This type of superposition of two light waves is called destructive interference of light. This is
shown in the Fig. 1.1(b).

1.3 COHERENT LIGHT SOURCES
Two or more sources of light are said to be coherent if the phase difference between the waves

emitted by them remains constant with time.
The coherent light sources which emit light waves have the same wavelength, same time period,

same frequency and zero phase difference or constant phase difference. Such light waves are called
coherent light waves as shown in Fig. 1.2(a) and (b) and these waves can produce stationary or
sustained interference pattern if they superpose with each other.

A

A

A

A

(a) (b)
Fig. 1.2: Coherent light waves – constant phase (a) in phase and (b) out of phase

An ordinary light source such as a sun, a candle, an electric bulb, etc. emits incoherent light waves
10–8s, as illustrated in Fig. 1.3. The phase of these waves randomly change with time and after
superposition, instead of interference pattern, a uniform illumination will be observed.

A

A

Fig. 1.3: Incoherent light waves – ordinary light source

1.3.1 Methods of Producing Coherent Light Sources
The coherent light sources can be obtained from the ordinary light source by using special

methods. These methods are:
 Division of wavefront (Young’s double slit experiment)
 Division of amplitude (thin film interference and Michelson interferometer)

Thomas Young first invented an innovative but a simple experimental method to obtain the two
coherent light sources by division of wavefront. The experimental arrangement is shown in Fig. 1.4.
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S1

S2

Waves from S1

Waves from S2

Screen

Interference
region

SLight
source

So

Fig. 1.4: Young’s double slit experiment – two coherent light sources S1 and S2

A slit S is illuminated by monochromatic light from the point light source S0. The light from the
slit S falls on two closely spaced slits S1 and S2. This ensures that the initial phase difference of
wavefronts originating from S1 and S2 do not change with time. When a new wavefront is emitted by
the source S, the phase of this wavefront is randomly changed but this change will be communicated to
both S1 and S2 and the phase difference remains unchanged. Thus, the two slits S1 and S2 can act as
coherent light sources. The light waves emanating from the two slits are called coherent light waves.
This method is known as division of wavefront. The wavelets from the sources S1 and S2 after
superposition and depending on the phase produces interference pattern on the screen in the form of
bright and dark fringes, see the Figs. 1.5(a) and (b). The interference pattern displays the redistribution
of intensity in the region of superposition of coherent light waves.

S1

S2

B

D

D
B

D
B

D

Source

S

Bright fringe Dark fringe

(a) (b)
Fig. 1.5: (a) Coherent light sources – division of wavefront

(b) Interference pattern

1.4 INTERFERENCE OF LIGHT
Definition: The modification of intensity of light obtained in the region of superposition of two or

more coherent light waves from coherent light sources is called interference of light.
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The interference of light is broadly divided into two types:
 Constructive interference of light
 Destructive interference of light.

1.4.1 Constructive Interference
When two light waves from the coherent sources are in phase or in constant phase with each other,

then after superposition, the resultant wave amplitude is equal to the sum of the amplitudes of
individual waves. Such a type of interference is called constructive interference of light.

Constructive interference of two light waves of equal amplitude is shown in Fig. 1.6.

A

A

2A

Fig. 1.6: Constructive interference of light
Let A be the amplitude of the two coherent light waves, then in the case of constructive

interference:
The resultant wave amplitude R = A + A = 2A
The resultant intensity in the bright fringe I = 4A2

Therefore, at those regions where the maximum intensity is observed gives the bright fringe in the
interference pattern, see Fig. 1.5(a). The maximum intensity occurs in the interference pattern when
the path difference between the interfering light waves is equal to integral multiples of wavelength of
the incident light.

Δ = nλ, n = 0, 1, 2, 3, ..... ... (1.4)
or

In terms of the phase difference, we have,
δ = 2πn, n = 0, 1, 2, 3, ..... ... (1.5)

1.4.2 Destructive Interference
When two light waves are exactly out of phase with each other, after superposition, the resultant

amplitude is equal to the difference of amplitudes of individual waves. Such type of interference is
called destructive interference.

Destructive interference of two light waves of equal amplitude is shown in the Fig. 1.7.
A

-A
Fig. 1.7: Destructive interference of light
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Let A be the amplitude of the two coherent light waves, then in the case of destructive interference:
The resultant wave amplitude R = A － A = 0
The resultant intensity in the dark fringe I = 0

Therefore, at those regions where the minimum intensity is observed gives the dark fringes in the
interference pattern, see Fig. 1.5(b).

The minimum intensity occurs at different regions in the interference pattern when the path
difference  between the interfering light waves is equal to odd integral multiples of half wavelength
of the incident light.

Δ = (2n + 1)
2
 , n = 0, 1, 2, 3, ... ... (1.6)

or
In terms of phase difference

δ = (2n + 1)π, n = 0, 1, 2, 3, ... ... (1.7)

1.5 INCOHERENT SOURCES
If the two slits S1 and S2 are illuminated by two different sources, then the phase difference δ will

remain constant for about 10-8s and after that δ would vary with time in a random way. In such a
condition, the intensities due to two light waves would be different. Let a1 and a2 be the amplitudes of
two light waves. Then the intensity is of these waves are not equal, )()( 2

2
21

2
1 IaIa  .

The total intensity 2
2

2
1

2 aaRI 

I = I1 + I2 ... (1.8)
Thus. the resultant intensity due to two incoherent sources is the sum of the intensities produced

by each source independently and at all points in the pattern, the intensity is same. Hence, interference
pattern is not produced.

1.6 CONDITIONS FOR SUSTAINED INTERFERENCE OF LIGHT
In a sustained interference pattern, the position of maximum and minimum intensity regions

remains constant with time. To obtain the sustained interference, the following conditions are required:
 The two light sources must be coherent.
 The two light sources must emit continuous waves of the same wavelength and having the

same time period.
 The distance between the two sources of light must be small. This gives large fringe width so

that the fringes are separately visible.
 The two light sources must be monochromatic.
 The two light sources must emit waves in nearly the same direction.
 Light source must be a point source.
 The distance between the two sources and screen must be large. This gives again large fringe

width so that the fringes are separately visible.
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1.7 INTERFERENCE IN THIN FILMS: DIVISION OF AMPLITUDE
(REFLECTED GEOMETRY)

Interference in thin films is familiar to anyone who has seen colours on a soup bubble, or colours
produced by a thin film of oil on water and has also many practical applications like non-reflecting
film coating on camera lenses, car window glasses, determination of the wavelength of light source,
refractive index of the transparent liquid, the determination of the optical flatness of a glass plate, etc.
This type of interference that occurs in thin films is due to division of amplitude.

1.7.1 Interference Due to Division Amplitude
When a monochromatic light wave is incident on a thin film, the light is reflected from the upper

and the lower surfaces of the thin film. The reflected light rays, i.e., ray 1 and ray 2 are coherent
waves and interfere with each other to produce interference pattern. This method is called
interference by division of amplitude. This is illustrated in Fig. 1.8. In the following sections, we
consider interference in parallel and circular thin films.

Thin film

Air

Air

A

C

B D

F G

Fig. 1.8: Method – Division of amplitude

1.7.2 Parallel Thin Film of Uniform Thickness
Consider a thin parallel transparent film of thickness t, refractive index μ (> 1) and is surrounded

by air as shown in Fig. 1.9. A light ray AB of wavelength λ is incident obliquely at B on the upper
surface XX′. According to the division of amplitude, there are two reflected light rays; the ray BF is
reflected from the upper surface of thin film and the ray DG is reflected from the lower surface of thin
film. The reflected light rays BF and DG are coherent waves so that they produce interference pattern.
This interference pattern consists of parallel bright and dark fringes with equal thickness, see
Fig. 1.5(b), if it is viewed from the reflected geometry.

A

B
r

F

X X

Y Y

i

C

r

E

D
N

G

i

r

H

t

Fig. 1.9: Interference due to parallel thin film
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Conditions for Constructive and Destructive Interference of Light
In order to find the path difference between the reflected rays BF and DG, draw a normal DE onto

the ray BF so that the reflected rays BF and DG travel equal distances after points D and E.
The geometrical path difference between the rays BF and BCDG is:

Δ = (BC + CD) – BE ... (1.9)
The rays BC and CD travel through the medium, and therefore the optical path difference Δ

between the rays BC and CD is:
Δ = μ (BC + CD) – BE ... (1.10)

where, μ is the refractive index of the medium.
Since BCN and NCD are similar triangles, the lengths of BC and CD are equal so that,

(BC + CD) = 2BC
The optical path difference Δ is:

Δ = 2μBC – BE ... (1.11)
Similarly, BN = ND and BD = 2BN. In the triangle ΔBCN,

BN = BC sin r
or BD = 2BC sin r ... (1.12)
where, r is the angle of refraction. From the triangle ΔBDE, we have,

BE = BD sin i = 2BC sin r sin i ... (1.13)
Using Snell’s law sin i/sin r = μ, Eq. (1.13) can be written as:

BE = 2μBC sin2 r ... (1.14)
Now, substituting Eq. (1.14) in Eq. (1.10) gives,

Δ = 2μBC – 2μBC sin2 r = 2μBC(1 – sin2 r) = 2μBC cos2r ... (1.15)
From ΔBCN, we have,

BC = CN/cos r = t/cos r
Substituting BC in the Eq. (1.15), the optical path difference between reflected rays in terms of μ, t

and r is obtained as:
Δ = 2μt cos r ... (1.16)

Since the ray CD is reflected from the interface of rarer and denser medium, there appears an

additional path difference
2
λ . Then the optical path difference between reflected rays is:

Δ = 2μt cos r +
2
 ... (1.17)

Now, the conditions for constructive and destructive interference are:

Δ = (2n + 1)
2
 (Constructive interference) ... (1.18)

Δ = nλ (Destructive interference) ... (1.19)
where, n = 0, 1, 2, 3, ....
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Constructive interference condition:
From Eqs. (1.17) and (1.18), the required condition for constructive interference is:

2μt cos r = (2n + 1)
2
 ... (1.20)

Destructive inteference condition:
From Eqs. (1.17) and (1.19), the required condition for destructive inteference is:

2μt cos r = nλ ... (1.21)
For normal incidence of light rays on a thin film, the angel of refraction r = 0 or cos r = 1. Then

the path difference between the reflected rays is equal to 2t and the conditions for inteference
become,

2μt = (2n + 1)
2
 (Constructive inteference) ... (1.22)

2μt = nλ (Destructive inteference) ... (1.23)
Since μ = 1 for air film, the Eqs. (1.22) and (1.23) are expressed as:

2t = (2n + 1)
2
 (Constructive inteference) ... (1.24)

2t = nλ (Destructive inteference) ... (1.25)
where, n = 0, 1, 3, ... ... is the order of interference.

1.8 PRODUCTION OF COLOURS IN THIN FILMS
When a transparent thin film is illuminated with a white light, coloured fringes are observed.

These fringes are due to the interference of light waves reflected from the top and bottom surface of
the thin film. The path difference between the reflected waves depends on thickness t of the film,
refractive index μ of the film and the angle of refraction r. The reflected light from the thin film of
particular thickness t should satisfy the constructive interference condition, i.e.,

2μt cos r = (2n + 1)
2


Only this wavelength λ would be present at that point with maximum intensity in the interference
pattern in the reflected system. In the interference pattern, each fringe represent the locus of constant
film thickness. In such a way, at different portions of the thin film, the reflected light must satisfy the
above said condition so that we can observe colours in the interference pattern when thin film is
illuminated with white light.

Example: Soap bubble: When white (sun) light is incident on a film of irregular thickness, say
soap bubble, at all possible angles, there appears coloured fringes on the film. These fringes are due to
interference of light reflected from the two surfaces of the thin film. The interference pattern is
produced at a certain place on the soap bubble when its thickness and the angle of incidence of light
satisfies the condition of constructive interference for certain wavelength of light. Hence, a soap
bubble at that portion would appear with maximum intensity corresponding to that particular
wavelength present in the white light. And this happens for each colour in white light. In such a way,
colours appear on a soap bubble when sunlight is incident on it.
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1.9 NEWTON’S RINGS (CIRCULAR AIR THIN FILM)
When a plano-convex lens with its convex surface is placed on an optically plane glass plate, a

circular air film is formed with increasing thickness from the contact point of convex surface and
plane glass plate. This arrangement is shown in Fig. 1.10.

Circular air film

Plane glass plate

Plano-convex lens

Fig. 1.10: Circular air thin film

Definition: When a monochromatic light is allowed to fall normally on a circular air film, a
series of concentric alternate bright and dark rings with central dark spot at the point of contact is
observed when viewed in the reflected light. The circular fringes are first discovered by Newton and
hence these are called as Newton’s rings. Newton’s rings are shown in Fig. 1.11 and the experimental
set-up for observing Newton’s rings is drawn in the Fig. 1.12.

dn A B

Monochromatic
light beam

Plano-convex lens

Glass plate at 45o

Plane glass plate

Fig. 1.11: Newton’s rings Fig, 1.12: Newton’s rings experimental set-up

1.9.1 Calculation of Path Difference
If a monochromatic light ray AB of wavelength λ falls

on the circular film of refractive index μ, as shown in
Fig. 1.13, light is reflected from a point B at glass-film
interface without any phase reversal. The refracted light BC
is reflected at a point C with a phase change of π. These
reflected rays BE and CDF interfere and produce
interference pattern. Due to symmetry of the air film about
point of contact O, circular interference fringes are formed,
see Fig. 1.13.

The geometrical path difference between the reflected
rays BE and BCDE is:

Δ = (BC + CD) ... (1.26)

O

B

A

C

D

E F

Fig. 1.13: Calculation of optical path
difference between the waves reflected
from upper and lower surfaces of the

circular air film
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As the thickness of the film is very small, we approximate the paths BC and CD are equal, then
we have:

BC = CD ... (1.27)
From Eq. (1.26), the path difference is:

Δ = 2BC ... (1.28)
Then the optical path difference is:

Δ = 2μBC ... (1.29)
If the thickness of the film is t at point C, then BC = t. Since, the ray BC reflects from film-glass

interface, it gives an additional path λ/2. Then the optical path difference is:

 = 2μt +
2
 ... (1.30)

1.9.2 Conditions for Constructive and Destructive Interference
The condition for constructive interference is:

2μt = (2n + 1)
2


... (1.31)

The condition for destructive interference is:
2μt = nλ ... (1.32)

However, for an air film μ = 1 and the conditions becomes:

2t = (2n + 1)
2
 for constructive interference ... (1.33)

2t = nλ for destructive interference ... (1.34)

1.9.3 Circular Fringes
When a monochromatic light is allowed to fall normally on a circular air film, Newton’s rings are

formed. The maximum or minimum intensity regions in Newton’s rings are at a locus of constant film
thickness. Since the locus of points having the same thickness fall on a circle having its centre at the
point of contact of the plano-convex lens with the glass plate, therefore the fringes are circular as
shown in Fig. 1.11.

1.9.4 The Central Dark Spot in Newton’s Rings
In Newton’s rings, the central spot is dark. This is

due to the fact that at the point of contact of the
plano-convex lens with the glass plate, the thickness
of the air film is very small compared to the
wavelength of light so that t = 0. Therefore, the path
difference introduced between the interfering waves
is λ/2. Consequently, these waves at the centre are
opposite in phase and interfere destructively which
produces a central dark spot as shown in Fig. 1.14.
For the transmitted light through the circular air film,
the ring system is exactly complementary to the
reflected ring system so that the centre spot is bright.

dn

Dark spot

Fig. 1.14: Central dark spot of the fringes
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1.9.5 Localized Fringes
In the Newton’s rings experiment, even though the optical system is illuminated with a parallel

beam of light, the reflected rays are not parallel. They interfere nearer to the top surface of the air film
and appear to diverge from there when viewed from the top. Therefore, the fringes are seen near the
upper surface of the film and hence they are said to be localized in the film. The circular fringes get
closer as the order n increases as the diameter does not increase in the same proportion.

1.9.6 Theory of Newton’s Rings: Radius of the Bright and Dark Rings

R
R t

t

E

O

BD A

rn

C

Fig. 1.15: Geometrical depiction of Newton’s rings by reflection

In the Fig. 1.15, let AB = rn be the radius of nth dark ring and R be the radius of curvature of the
curved surface of the plano-convex lens. The thickness of the film at point B be t and OA = t. Since
OC = R, the distance AC = R – t. From the triangle ABC, we have,

BC2 = AC2 + AB2 ... (1.35)
R2 = (R – t)2 + rn2

= R2 + t2 – 2Rt + rn2 ... (1.36)
As 2Rt >> t2, t2 term in Eq. (1.36) can be neglected, then we have,

rn2 = 2tR ... (1.37)
Using Eq. (1.34), the expression for the radius of nth dark ring is:

rn2 = nλR ... (1.38)
or

rn = nRn  ... (1.39)

Thus, the radii of dark rings are proportional to the square root of natural numbers. Now, using
Eq. (1.33), the radius of nth bright ring can be expressed as:
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Rnr2
n 2

1)(2 


or  12  nrn ... (1.40)

This implies that the radii of bright rings are proportional to the square root of odd numbers.

1.9.7 Determination of the Wavelength of Light
If dn = 2rn, the diameter of nth dark ring. From Eq. (1.38), we have,

2
nd = 4nλR ... (1.41)

and for mth dark ring, the diameter is:
2
md = 4mλR ... (1.42)

Subtracting Eq. (1.41) from Eq. (1.42) gives:
22
nm dd  = 4(m – n)λR ... (1.43)

From Eq. (1.43), the expression for the wavelength λ of the light wave is:

 =
)(4

22

nmR
dd nm


 ... (1.44)

This is the expression for the determination of wavelength of light. From Newton’s ring
experiment, we can find the diameters of the mth and nth dark rings, and from the known value of
radius of curvature R of a plano-convex lens, we can determine the wavelength of the light using
Eq. (1.44).

1.9.8 Determination of the Radius Curvature of a Plano-Convex Lens
From the knowledge of wavelength of light and diameters of various dark rings in the Newton’s

rings, we can easily determine correct value of radius of curvature of the given plano-convex lens by
the following equation:

R =
)(4

22

nmλ
dd nm


 ... (1.45)

1.9.9 Determination of the Refractive Index of a Transparent Liquid Medium
Newton’s ring experimental set-up is shown in Figs. 1.16(a) and (b). The liquid whose refractive

index μ is to be determined is taken between the plano-convex lens L and the plane glass plate P of the
Newton’s ring set-up shown in Fig. 1.16(b).

Let μa and μl be the refractive index of the air and liquid respectively, then from Eq. (1.43), we have,

a )( 22
nm dd  = 4(m – n)λR ... (1.46)

where, dm and dn are the diameters of the mth and nth dark rings with air medium as shown in
Fig. 1.16(a) and

l )( 22
nm DD  = 4(m – n)λR ... (1.47)

where, Dm and Dn are the diameters of the mth and nth dark rings with liquid medium.
From Eqs. (1.46) and (1.47), we have,

 
 22

22

nm

nma
l DD

ddμ
μ




 ... (1.48)
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Since, the index of refraction of air is μa = 1, then the Eq. (1.48) becomes:

 
 22

22

nm

nm
l DD

ddμ



 ... (1.49)

The Eq. (1.49) gives the expression for the refractive index of any transparent liquid medium.
Using the Newton’s rings method, we can determine diameters of mth and nth dark rings of Newton’s
rings for liquid as well as for air medium. Now, substituting these values in the Eq. (1.49), one can
calculate the refractive index of the liquid medium.

1.9.10 Why the Diameter of the Newton’s Rings Decreases if Liquid Medium
is Taken in the Optical System?

When air is taken as a medium between the plano-convex lens and plane glass plate, we can
obtain Newton’s rings of constant diameters, so that, according to the Eq. (1.49), we have,

 
     222222

22 1constant

nmnmnm

nm
l DDDDDD

dd
μ












or

lμ
D 1
 ... (1.50)

From this equation, the diameter D of the dark rings is inversely proportional to the square root of
the refractive index μl of the liquid medium. Thus, with the liquid medium in between the plano-
convex and plane glass plate, the diameter of the Newton’s rings decreases.

dn

With air film

Dn

With liquid
film

O

B

A

C

D

E F

(a)

(b)

Fig. 1.16: Comparison between the diameters of
(a) air film and (b) liquid film in Newton’s rings experiment
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Since, μl > 1 for liquid medium so that, (Dn)liquid < (dn)air, when liquid is introduced between the
plano-convex lens and the plate the velocity of light is diminished. Thus, wavelength is effectively
shortened, and the distance between successive rings is reduced. According to the Eq. (1.50), the
diameters of the rings are contracted.

1.10 INTERFEROMETERS
The interferometry is a word used to study and exploitation of interference of light in optical

devices in which two or more beams originate from the same source and after passing through
different paths, they interfere with each other. The interference pattern can be analyzed to get the
information about the objects or phenomenon being studied. This idea involves the principle of
division of amplitude.

An interferometer is designed to make the use of two-beam interference (Michelson
Interferometer) and multiple-beam interference (Fabry-Perot Interferometer) of light. There are two
types of interferometers: (1) wavefront division interferometers in which the different portions of the
same wavefront of coherent beam of light is used to produce interference (Young’s double slit,
Lloyd’s mirror, Fresnel Biprism, etc.) and (2) amplitude division interferometers in which a beam
splitter is used to divide the initial coherent beam into two parts.

1.10.1 Basic Principle of Interferometers
When a beam of light is incident on a beam splitter or half-transparent mirror (a glass plate

partially coated with sliver acts as a partially reflective surface), the incident light beam spits into two
beams; one is directed towards a fixed mirror and the other is transmitted towards another movable
mirror. The two beams reflected from these mirrors are subsequently recombined and produce
interference pattern due to phase or path difference between them.

An optical device which works on the above said principle is called an interferometer. It is a
scientific tool working on the principle of interference of light waves for making precise
measurements with extraordinary accuracy such as the surface irregularities of the optical elements
like lens, mirrors and so on, to measure thickness of a thin wafer in terms of wavelength of light, to
study spectrum lines and for the determination of refractive indices of transparent materials as well as
gases. In astronomy, interferometers are used to measure the distances between stars and the diameters
of stars.

1.10.2 Construction
For the construction of any interferometer, the following basic components are required:
 A light source
 Beam splitter
 Compensator
 Mirrors
 Detector
 Filters or prisms
Light source: We can use different light sources but the selection of proper light source depends

on the requirements of application or results to be obtained by the interferometer. General light
sources are Sodium vapour lamp, Laser or LED, and mercury vapour lamp (white light source).

Beam splitter: The beam splitter is a partially silvered glass plate and it splits an incident beam of
light into two beams by division of amplitude.
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Compensator: Its function is to compensate the difference in path length between the two light
beams from the mirrors. It is made up of same quality of glass, with same thickness and orientation of
the beam splitter.

Mirrors: It consists of two optically plane polished plane mirrors, one is held fixed and the other
movable, which are held perpendicular to each other. Its function is to vary the path length of the light
beams reflected from it in order to get the desired interference pattern.

Detectors: It is a camera or a telescope to detect and obtain the interferograms (interference
pattern). From the analysis of the interferograms, the desired results can be obtained.

Other components: An additional components such as filter, prism, etc. will be used if required.
We have several different kinds of interferometers. However, each one works on the principle of

interference we have outlined above but they differ in their arrangement and nature of the basic
components discussed above. There are different types of interferometers and the following types of
interferometers are considered in this unit.

 Michelson Interferometer
 Fabry-Perot Interferometer
 Fizeau Interferometer
 Mach-Zehnder Interferometer (MZI)

1.10.3 The Michelson Interferometer
The Michelson interferometer, first designed by Albert Michelson in 1881, played a vital role in

the development of modern physics. The interferometer was used to establish experimental evidence
for the validity of special theory of relativity, to detect and measure hyperfine structure in line spectra,
to provide a substitute standardization of a meter in terms of wavelengths of light and to measure the
wavelengths of the two main lines of the sodium spectrum and the refractive index of air, etc.

(i) Principle: When a beam of light is incident on a beam splitter, it splits up into two beams. One
is directed towards a fixed mirror and the other is transmitted towards another movable mirror. The
two beams are reflected from the mirrors and are subsequently recombined to produce an interference
pattern due to phase or path difference between them.

(ii) Construction: A schematic diagram of
the Michelson interferometer is shown in the Fig.
1.17. It consists of an extended light source S, a
partially coated glass plate G1 called as beam
splitter, two highly polished plane mirrors M1

and M2, a compensating glass plate G2 and a
telescope T. The glass plate G1 is placed at an
angle 45º to the directions of AM1 and AM2 which
are perpendicular to each other. The mirror is
mounted on a fine pitch screw having a least
count of about 10–5 cm. The mirror M1 can be
moved parallel to itself by this vernier
arrangement. The mirrors M1 and M2 are
provided with level fixing screws at its back and
with the help of these screws, the mirrors can be
made exactly perpendicular to each other or any
other desired position.

Fig. 1.17: Michelson interferometer

T

M1

M2

G2G1
S

A

d
x1

'
2x '

2M



Engineering Physics18

(iii) Working: A light beam from the source S falls on the beam splitter G1. It splits into two
perpendicular beams AM1 and AM2 of equal intensity. The light beam SA is partially reflected at the
back of the glass plate G1 to produce the beam AM1 and it is partially refracted through G1 to produce
the beam AM2. The two beams are then reflected back along their original path by two separate mirrors
M1 and M2 which are located at different distances from the beam splitter. The reflected beam M1 will
be transmitted through G1 while the reflected beam M1A suffers reflection at the back of G1 and both
reach the telescope T. Thus, telescope receives two reflected beams which are originally derived from
the same source so that these are mutually coherent. Hence, the two beams M1AT and M2AT will
interfere and produces interference fringes in the field of view of the telescope. This process is known
as interference by division of amplitude.

It should be noted that the beam reflected to the mirror M1 passes thrice through G1 while the
beam AM2 passes only once through G1. Therefore, a compensating plate G2 of same thickness as G1 is
placed exactly parallel to it to equalise the two paths of the light rays when white light is used as a
light source.

When one looks into the beam splitter from telescope, there appears both the mirror M1 and a
virtual image 'M 2 of M2 formed in G1 which are separated by a distance d = x1 ~ x2. Thus, the two

interfering beams reflected by the mirrors M1 and M2 appears as reflected from M1 and 'M 2 . Hence, the

Michelson interferometer is equivalent to an thin air film enclosed between M1 and 'M 2 , see Fig. 1.17.

The path difference between the reflected beams depend on the separation between M1 and 'M 2 and the

inclination of M1 and 'M 2 respectively, Therefore, the interference fringes may be straight, circular and
parabolic are formed.

(iv) Circular fringes: If the two mirrors M1 and M2 are exactly perpendicular, the reflecting
surfaces M1 and 'M 2 is parallel, so that air film between M1 and 'M 2 is of constant thickness. Hence, it
produces circular fringes of equal inclination corresponding to the different values of θ, see Fig. 1.18.
These fringes are called as Haidinger’s fringes.

Fig. 1.18: The circular fringe interference pattern
produced by a Michelson interferometer

To view these fringes with monochromatic light, the mirrors must be almost perfectly
perpendicular to each other. The conditions for constructive and destructive interference pattern can be
understood from Fig. 1.19.
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Fig. 1.19: Virtual images from the two mirrors created by the light source
and the beam splitter in the Michelson interferometer

Let S1 and S2 be the virtual images of a source S, see Fig. 1.19. If the distance between M1 and 'M 2

is d, then the distance between the virtual images S1 and S2 will be 2d. The geometrical path difference
Δ between the virtual images S1 and S2 can be obtained from the ΔS1S2B (see Fig. 1.19).

Δ = S2B = 2d cos θ, ... (1.51)
where, d = x1 ~ x2 and θ is the angle that the ray from virtual source makes with the normal S2S1. When
viewed obliquely into the interferometer, the line OS2 makes an angle θ with the axis. If the light beam

reflected from mirror M2 undergoes an abrupt phase change of π or path difference of ,
2
 then the

optical path deference is:

Δ
2

cos2   d  ... (1.52)

The condition for destructive interference (dark fringes) is:

2d cos θ +
2
 =

2
)12( 

m

or 2d cos θ = mλ, m = 0, 1, 2, ... the order of interference ... (1.53)
When viewed along the axis θ = 0, then we have:

2d = mλ, m = 0, 1, 2, ...
The condition for constructive interference (bright fringes) is:

2d cos θ +
2
 = mλ, m = 1, 1, +2, ... ... (1.54)
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or 2d cos θ =
2

)12( 
m , m = 0, 1, 2, ...

For given values of m and λ, the above conditions are satisfied by the reflected light from the
mirrors M1 and 'M 2 . The reflected light rays form circular interference pattern. Expanding the cosine
function, it can be shown that the radii of bright fringes are proportional to square root of integers.

Formation of circular fringes for different conditions is shown in Fig. 1.20.

 When M1 and 'M 2 are separated by few centimetres, the fringe system has a general appearance

as shown in Fig. 1.20(a). If M1 is moved towards 'M 2 , the distance d decreases and from
Eq.(1.54), as d cos θ is constant, the order of the fringes m decreases and the fringe radius
decreases. Thus, the rings shrink and vanish at the center. For a ring disappearing each time,
2d decreases by λ or d by λ/2.

2d = mλ since cos θ = 1

 When M1 approaches 'M 2 , the rings are more widely spaced as shown in Fig. 1.20(b).

 When M1 coincides with 'M 2 , the distance d = 0, so that path difference becomes zero and the
field of view becomes dark or the central fringe spreads out to give dark field of view as
shown in Fig. 1.20(c).

 If the mirror M1 is moved further, the distance between M1 and 'M 2 again increases to give
widely spaced rings (Fig. 1.20(d)) and finally when the distance is large in centimetres, we get
rings with smaller radius (Fig. 1.20(e)).

(a) (b) (c) (d) (e)

Fig. 1.20: Shape of circular fringes by varying the movable mirror M1

(v) Localized fringes: If the two mirrors M1 and M2 are not perfectly perpendicular, i.e., M1 and
M2 are not exactly parallel, but they are inclined with a considerable distance d as shown in
Figs. 1.21(a), the fringes are not exactly straight but it appears as shown in Fig. 1.21(a). This is due to
the variation of the path difference with angle between M1 and 'M 2 . The fringes are curved and are
always convex towards the thin edge of the wedge-shaped film. These fringes are called as localized
fringes. When the separation between M1 and 'M 2 decreases, the fringes will move to the left across
the field of the telescope, and new fringes crossing the centre of the telescope if d changes by λ/2. If
M1 and 'M 2 are exactly cross with each other, fringes become straight as shown in Fig. 1.21(b), where
a wedge-shaped air film is formed. Further movement of M1, as shown in Fig. 1.21(c), the fringes are
again curved but in opposite direction. When the distance between M1 and 'M 2 is too large, the fringes
cannot be observed. We conclude that due to the variation of path difference between the reflected
light from the mirrors M1 and M2 by changing the distance, the fringe pattern observed contains fringes
of equal thickness.
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Fig. 1.21: The localized fringe interference pattern – (a) and (c) are depictions of curved fringes,
and (b) shows straight, parallel fringes due to wedge-shaped air thin film

(vi) White light source: Presently, in most interferometers, sodium vapour lamp, laser, etc. are
used as light source. The reason for using monochromatic light beam from these sources is that it has a
long coherence length and one can obtain easy interference fringes regardless of the path difference
between the two interfering light beams. But at the same time, some stray reflections will give
spurious interference fringes and hence it leads to incorrect results. In order to avoid the spurious
interference fringes, filters can be used. In the case of monochromatic light, maximum contrast fringes
can be obtained with precisely defined focus. Therefore, white light source will be required in the
interferometers. Normally, if a white light is used as a source, no fringes will be observed for large
path difference. However, for small path difference of the order of few wavelengths, coloured fringes
are observed. For observing white light interference, the mirrors are tilted slightly as for localized
fringes discussed above and the position of M1 is such that it intersects 'M 2 . At the same time, two
important conditions need to be satisfied.

 The position of the zero order interference fringe must be independent of wavelength, i.e.,
a dark fringe at the centre of the interference pattern.

 The spacing of the interference fringes must be independent of wavelength.
Overall, the position of interference fringes is independent of order number and wavelength.

Generally, in a white light interferometer, only the first condition is satisfied.
The white light interference pattern contains a central dark fringe and coloured fringes on either

side of dark fringe. When M1 and 'M 2 coincide, the path difference between the light beams is zero
and hence the central fringe is dark in white light fringes. After 8 to 10 fringes from the central dark
fringe, so many colours are present at a given point so that it appears white. White light fringe pattern
is shown in Fig. 1.22.

Central dark fringe

Fig. 1.22: The formation of white light fringes with a dark fringe at the center
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1.10.4 Applications
(i) Determination of wavelength of light: For the determination of wavelength of light, first the

Michelson interferometer is set for circular fringes with central bright spot. The mirror M2 is kept
fixed and when the mirror M1 is moved, each fringe gets displaced to itself in the field of view of the
telescope. If the mirror is moved over a distance d, let m fringes cross the field of view of the telescope,
then we have,

2d = mλ ... (1.55)
The the wavelength of light source

λ = 2d/m ... (1.56)
Be measuring the values of d and m, the wavelength λ can be determined.
(ii) Determination of refractive index of the thin film: Consider a thin film of thickness t

whose refractive index μm is to be measured will be introduced in one of the paths of interferometer
beams, say in the path of beam going towards mirror M2. The thin film causes an additional path
difference between the two interfering beams. If m be the number of fringes cross the centre of the
field of view, then we have,

2(μm – 1)t = mλ
If the reflective index μm and the wavelength λ are known, we can determine the thickness of the

thin film.

 1–  2 mμ
mλt 

or
In the thickness of the thin film t and the wavelength λ are known, then the refractive index μm of

the thin film can be determined.

1
2


t

mλ
μm ... (1.57)

(iii) Resolution of spectral lines: When a source produces two nearby wavelengths, say λ1 and λ2,
then it gives two sets of interference pattern. When the mirror is advanced, the two sets get in step or
out of step alternatively. When a bright fringe of λ1 falls on bright fringe of λ2, there will be a
maximum intensity in the field of view of the telescope. On the other hand, when bright fringe of λ1

falls on dark fringe of λ2, there will be a minimum intensity in the field of view of the telescope. If the
distance corresponding to the change from maximum intensity to the minimum intensity is measured
as d, then

d
λλλλδλ

2
12

12  ... (1.58)

If λ = (λ1 + λ2)/2, then the spectral resolution is given by the ratio λ/δλ.

1.10.5 Mach-Zehnder Interferometer (MZI)
The Mach-Zehnder interferometer is a particularly simple device for demonstrating interference

by division of amplitude similar to the Michelson interferometer.
Basic Principle: The basic principle of the interferometer is that a light beam is first split into two

parts by a first beam splitter. The two beams are reflected at two mirrors and then recombined by a
second beam splitter. One beam acts as a reference beam and the other as a test beam. The relative
phase shift between two light beams is measured.
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Fig. 1.23: Mach-Zehnder interferometer

Schematic diagram of the Mach-Zehnder interferometer (MZI) is shown in Fig. 1.23. The MZI is
a simple device and works on the same principle, i.e., division of amplitude, as in the Michelson
interferometer. It has two half-silvered plane glass plates, i.e., two beam splitters, two mirrors, detector
and light source. When light is incident on the first beam splitter, it splits into two beams – one is
reflected and the other transmitted. The reflected beam goes towards mirror M1 and again reflected by
it. The reflected light is incident on the second beam splitter and reflected towards to the detector. This
beam is called reference beam. The transmitted light through the first beam splitter is incident on the
mirror M2 and it is reflected by the mirror and reaches the detector through the second beam splitter.
The transmitted beam is called test beam. The two light beams are at the second beam splitter so that it
can acts as combiner. The optical path difference between reference beam and test beam is equal to
wavelength λ or a phase shift of 2π. Thus, the two beams interfere constructively.

Let l1 and l2 are the total path lengths for the light travelling from the source to the detector for the
upper and lower paths respectively. Then the phase shift is given by:










212 l~lπδ ... (1.59)

By inserting a plane parallel glass plate into the test light beam, one can find the thickness or
refractive index of glass. The inserted glass plate causes a new phase shift between the light beams.
The extent of the shift is a sensitive measure of the change of the optical path length of the beams. We
can also use this principle, for a number of devices such as optical sensors, all optical switches, optical
add-drop multiplexer and modulator.
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Laser source

Detector

M1

M2

Beam splitter 2

Beam splitter 1

Reference beam

Test beam

Cell

Fig. 1.24: Mach-Zehnder interferometer – Refractive index of a gas

A schematic diagram of MGI for the measurement of refractive index of gas is shown in Fig. 1.24.
Without gas in the cell C, the fringes are observed in the field of view of the telescope. Now, gas is
introduced into the cell C. Then the number of fringes that cross the centre of the field of view of the
telescope is counted. Suppose the length of the cell C is l and n fringes cross the field of view when
the refractive index changes from μ1 to μ2, then we have

(μ2l – μ1l) = nλ
or

(μ2 – μ1)l = nλ
or

l
nλμ Δ ... (1.60)

Thus, the change in the refractive index can be measured from the known values of n, λ and l.

1.10.6 The Fizeau Interferometer
The Fizeau interferometer is one of the most common types of two beam interferometers. It is the

most commonly used interferometer for testing optical components and systems used in optical
instruments. It provides a guide for the manufactures to manufacture the quality optical components,
and also gives justification of system performance.

(i) Basic principle: This interferometer also works on the principle of interference due to division
amplitude. But in this interferometer, two flat reflecting surfaces are placed facing each other and
separated by an air gap. When illuminated with a collimated beam, the arrangement gives interference
pattern.
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(ii) Working:

Laser

Detector

Test surface

Reference flat

Collimating lens
Beam splitter

Fig. 1.25: Fizeau interferometer

A schematic diagram of Fizeau interferometer is shown in Fig. 1.25. It consists of a laser source
and a pinhole which is located at the focal point of a collimated lens. A beam splitter is placed
between the collimating lens and pinhole. There are two reflecting surfaces – one is reference flat
surface and the other is the test surface. When a light beam is incident on the tilted beam splitter, it
will be split into two light beams. The refracted beam is rendered parallel by the collimating lens and
the collimated beam falls on slightly wedged glass plate. The incident light is reflected from lower
surface of the reference plane and upper surface of the test surface. The reflected light beams act as
coherent light waves and combine at the detector and forms an interference fringes of equal thickness
as shown in Fig. 1.26(a).

Reference flat
Test surface flat Defective test surface

(a) (b)

Fig. 1.26: Typical interferogram obtained using Fizeau interferometer:
(a) without defect and (b) with defect

The fringes constitute a contour map of the surface to be tested. If any defect is present in the
surface, the irregular fringes pattern would be seen at the site of defect, see Fig. 1.26(b), so that it
enable us to see and to remove defects from flatness.

Fizeau interferometer is used for the following applications:
1. Measurement of speed of light
2. Evaluation of the quality of optical components and systems
3. As a guide for manufacturing of optical components
4. Validation of system performance
5. Measurement of flat and spherical surfaces
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1.10.7 Fabry-Perot Interferometer
When two plane glass plates with inner surfaces coated with a partially reflective material are

arranged parallel together where one plate is fixed while the other is movable, such a system is called
as Fabry-Perot interferometer. It is also called as “Multiple Beam Interferometers”.

The Fabry-Perot interferometer is the best example for multiple beam interferometers in optics. In
this type of interferometer, due to involvement of the multiple beams in interference, sharp
interference fringes will be formed when compared to those of interferometers in which interference
pattern is formed by two beams. Therefore, Fabry-Perot interferometer has high resolving power and
much better than, for example, a Michelson interferometer, hence finds applications in high resolution
spectroscopy, in telecommunications, lasers and spectroscopy to control and measure the wavelengths
of light.

(i) Basic principle: A monochromatic light from the extended light source is entered into the two
plane parallel glass plates where it undergoes multiple reflections and these are reflected and
transmitted from it with reduced amplitude. These beams are interfering with each other and produce
interference fringes with constant inclination.

(ii) Construction: A schematic diagram of Fabry-Perot interferometer is shown in Fig. 1.27. It
consists of two plane parallel glass plates G1 and G2 separated by a distance d forms an air film also
known as optical cavity. The inner surfaces of the glass plates are partially silvered to produce
multiple reflections and thereby to produce multiple refracted beams. A fine vernier screw is fixed to
one of the plates so that the separation between the plates can be changed. When the spacing between
glass plates is fixed, the instrument is often referred to as a Fabry-Perot interferometer etalon.

S

G1 G2

L

F



d

n– 2
n – 1

Higher orders
towards center

n

Fig. 1.27: Fabry-Perot interferometer

(iii) Working: A ray of light of wavelength λ from an extended light source S is incident on the
Fabry-Perot interferometer with an angle θ relative to the plate normal, see Fig. 1.27. The incident
light undergoes multiple reflections at the slivered surfaces of the glass plates. A series of parallel light
rays are transmitted from the interferometer with the same angle θ. These parallel rays are coherent as
they are derived from the single light source. The parallel light rays are brought together by a lens L at
a point F on the screen at the focal plane of converging lens L. The other light beams from different
points of the source makes the same angle θ with axis normal to the plate satisfy the same path
difference and reaches same point. Therefore, the transmitted light waves from the interferometer
arrives together in phase, i.e., the path difference between them are an integral number of wavelengths
of light:

Δ = nλ ... (1.61)
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where, n is the order of the fringe. After interference of these light rays, a narrow bright circular
interference pattern is formed as shown in Fig. 1.28. It should be noted here that the light is incident
with the angle θ on the interferometer, it produce a series of parallel rays with the same angle, see Fig.
1.28. Thus, the fringes are formed at constant inclination.

Fig. 1.28: Circular fringes with equal inclination

To obtain the path difference, consider two adjacent transmitted beams as shown in Fig. 1.29. The
path difference Δ between these waves is given by:

Δ = BC + CD ... (1.62)
If the line BK is normal to CD, then the angle between BC and CD is equal to 2θ. From BCK, we

get:
CK = BC cos 2θ ... (1.63)

But BC can be written in terms of the distance d between two plates as:
d = BC cos  ... (1.64)

Therefore, the path difference,
Δ = BC + CD = BC + BC cos 2 = BC (1 + cos 2) = 2BC cos2

= 2BC cos  cos  = 2d cos  ... (1.65)

G1 G2

d

θ

A
B

C K D

Fig. 1.29: Transmitted beams of light going through the two glass surfaces
of a Fabry-Perot interferometer

From Eqs. (1.61) and (1.65), the condition for reinforcement (constructive interference) of the
transmitted rays is given by:

2d cos θ = nλ ... (1.66)
or

2dμ cos θ = nλ0
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Since
μ
λλ 0 , where, λ0 is the wavelength in vacuum and μ is the refractive index of the medium

between two plates. This condition will be fulfilled by all points on a circle through F with their centre
at O, see Fig. 1.27. For different values of n = 1, 2, 3, ..., we have for maxima a series of concentric
rings on the screen with O as their centre, see Fig. 1.30. If the spacing d between the plates satisfies
the Eq. (1.66) for an incident angle , the point at S1 is bright. If not, it is dark.

The corresponding phase difference δ is:

0

2 2 4 cos 4 cos2 2 cos dd     
 

   
    

or
0

2 cosd 



 ... (1.67)

n

n – 1
n – 2
n – 3 Order of

interference
rings

θ1

Fig. 1.30: Schematic diagram of circular fringes

For destructive interference:

2d cos  = (2n + 1)
2
λ ... (1.68)

where, d is the spacing between glass plates, n is the fringe order and λ is the wavelength of light in
the gap. If we now decrease d, the angle subtended by the second fringe θ1 must also decrease, in order
to keep both sides of Eq. (1.66) balanced. In other words, the second fringe will collapse towards the
centre (the opposite will happen if we increase d). The other fringes will also shrink. Continuing to
decrease d to some new value d′ will eventually cause the second fringe to become the new central
fringe, while the original central one has vanished. Thus, we can slowly vary d, the fringes disappear
in the centre of the field of view, thus it is almost exactly the same measurements as we could do using
a Michelson interferometer.

1.10.8 Difference between Michelson Interferometer and Fabry-Perot Interferometer
Michelson Interferometer Fabry-Perot Interferometer

It works on the principle of interference between
two light beams.

It works on the principle of interference due to
multiple light beams.

The interference fringes may be circular,
straight or parabolic that depends on inclination
and separation between two mirrors.

The interference fringes are narrow sharp
circular fringes with constant inclination.

The interference fringes are not much sharper
than those obtained with multiple beam
interference.

The interference fringes are much sharper than
those obtained with two-beam interference.
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Michelson interferometer is also used for
measuring small difference between
wavelengths.

Because of constant inclination of circular
fringes, it can be used for resolution of spectral
lines having only small difference of
wavelength.

Multiple beams are not produced in this
instrument.

Multiple-beam fringes of constant thickness
have been used to detect surface irregularities
down to less than a nanometre.

With some modifications in Michelson
interferometer, this can be used for scanning
objects with white light source.

By adjusting the spacing between the two plates,
the instrument can scan over the spectral range
of interest, i.e., specific wavelengths will build
up inside the cavity and be transmitted out the
back end for specific wavelengths.

1.10.9 Applications of Fabry-Perot Interferometer
The Fabry-Perot interferometer is widely used for the measurement of wavelengths, filters the

wavelengths of light and because of its high accuracy, it can be used to analyze hyperfine structure
spectral lines. It is also used in the calibration of standard meter in terms of wavelengths.

(i) Fabry-Perot Filter (Interference Filter): If a collimated white light is incident normally on a
Fabry-Perot interferometer, it produces different order of maxima in the transmitted light.

The wavelength corresponding to the transmitted light is given by:

m
nd2

 ... (1.69)

where, n is refractive index, d is the distance between the two glass plates and m is order of maxima.
When d gradually decreases, a situation will be reached in which only one or two wavelengths
corresponding to the maxima are obtained in the visible region and are widely separated. In these
wavelengths, one can be masked so as to transmit only one wavelength. In such a way, it filters a
particular wavelength out of a white beam. Such an arrangement is called as interference filter.

1.10.10 Gravitational Wave Detectors
Laser interferometer gravitational observatory (LIGO) is an interferometer used for the

observation of gravitational waves which are recently detected. LIGO interferometer incorporates both
Michelson and Fabry-Perot interferometers and the interferometer has the arm-length of about 45 km
long. The interferometer measures feeble strength of gravitational waves. Since the force of
gravitation is very weak, gravitational waves will be observed only when events like black hole
collision or supernovae explosion takes place in the universe.

1.11 SUMMARY
1. The Principle of Superposition: When two or more waves are simultaneously acted upon a

particle of the medium at some instant of time, the resultant displacement of the particle at
that time is the vector sum of the displacements produced on the particle by each wave
separately. This is called principle of superposition.

2. Coherent light sources: When two or more sources of light are said to be coherent if the
phase difference between the waves emitted by them remains constant in time.

3. Interference of light: The modification of intensity obtained in the region of superposition of
two or more coherent light waves from coherent light sources is called interference of light.
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4. Constructive interference: When two light waves from the coherent sources are in phase or
constant phase with each other, after superposition the amplitude is equal to the sum of the
amplitudes of individual waves. Such type of interference is called constructive interference
of light.

5. Destructive interference: When two light waves are exactly out of phase with each other,
after superposition the resultant amplitude is equal to the difference of amplitudes of
individual waves. Such type of interference is called destructive interference.

6. Incoherent light sources: If the phase difference between interfering waves changes very
rapidly in random manner with time, then a stationary interference pattern cannot be observed.
Such light waves are incoherent waves, hence, sources produced by these waves are called
incoherent light source. If the sources are incoherent, then the resultant intensity is the sum of
the intensities produced by each source independently.

7. Interference in thin films: Parallel air thin film: When a plane wave falls on a parallel thin
film, the wave is reflected from the upper surface interfere with wave reflected from the lower
surface, a parallel bright and dark fringes with equal thickness are observed. In the case of
Newton’s rings, symmetric circular interference rings are formed.

8. Interference – A parallel thin film:
(i) Conditions of maxima and minima:

For constructive interference: 2μt cos r = (2n + 1) λ/2, n = 0, 1, 2, 3, ...
For destructive inteference: 2μt cos r = nλ, n = 0, 1, 2, 3, ...

(ii) Normal incidence of plane wave on the thin film:
For constructive interference: 2μt = (2n + 1) λ/2, n = 0, 1, 2, 3, ...
For destructive inteference: 2μt = nλ, n = 0, 1, 2, 3, ...

9. Interferometers: An interferometer is a scientific tool working on the principle of
interference of light. It is designed to measure things with extraordinary accuracy. An
interferometer is designed to exploit the interference of light in variety of ways.

10. Michelson interferometer: When a beam of light is incident on a beam splitter (a glass plate
coated partially with a sliver acts as a partially reflective surface) which splits into two equal
amplitudes one is directed towards a fixed mirror and the other transmits towards another
movable mirror. The two beams after reflection from these mirrors are subsequently
recombined and produce an interference pattern.

11. Mach-Zehnder interferometer (MZI): The Mach-Zehnder interferometer is a particularly
simple device for demonstrating interference by division of amplitude similar to the
Michelson interferometer. The basic principle of the interferometer is that a light beam is first
split into two parts by a first beam splitter. The two beams are reflected at two mirrors and
then recombined by a second beam splitter. One beam acts as a reference beam and the other
as a test beam. The relative phase shift between two light beams is measured.

12. The Fizeau interferometer: The Fizeau interferometer is one of the most common types
of two beam interferometers. It is the most commonly used interferometer for testing optical
components and systems used in optical instruments. It provides a guide for the manufactures
to manufacture the quality optical components, and also gives justification of system
performance. In this interferometer, two flat reflecting surfaces are placed facing each other
and separated by an air gap. When both are illuminated with a collimated beam, an
interference pattern with same thickness will be observed.
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13. Fabry-Perot interferometer: A monochromatic light from the extended light source is
entered into the two plane parallel glass plates where it makes multiple reflections. They are
transmitted on both sides of the plate with reduced amplitude. These beams interfere to
produce interference fringes with constant inclination.

1.12 SOLVED EXAMPLES
Ex. 1: In the Newton’s rings arrangement, the radius of curvature of a plano-convex lens is 100 cm

and a beam of monochromatic source of wavelength 5890Å falls normally on it. Find the
diameter of 5th and 8th bright rings in the Newton’s rings pattern.

Ans.: Wavelength of the light, λ = 5890Å = 5890 × 10–8 cm
The radius curvature of the plano-convex lens, R = 100 cm
We have,

λRndn 4
2
12 
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The diameter of 5th bright ring is d5 = 0.3605 cm
Similarly,

2 8 2
8

1 14 8 4 5890 10 100 0.2003 
2 2

d n R cm             
   

The diameter of 8th bright ring is d8 = 0.4475 cm
Ex. 2: In the Newton’s rings experiment, a light source containing nearly two wavelengths 5015Å

and 5047Å is used. The radius of curvature of lens is 80 cm. What will be the effect of the
presence of these wavelengths on Newton’s rings?

Ans.: For comparison, we can find the diameter of the first dark ring using the given wavelengths
separately.
The radius of curvature of lens, R = 80 cm
The wavelength of light, λ = 5015 × 10–8 cm
The radius of nth dark ring is rn, then we have,

rn2 = nλR
For n = 1, we have,

r12 = nλR = 1 × 5015 ×10–8 × 80 = 0.004012 cm2

The radius of 1st dark is r1 = 0.0636 cm
The wavelength of light λ = 5047 × 10–8 cm
For n = 1, we have,

r12 = nλR = 1 × 5047 × 10–8 × 80 = 0.00404 cm2

The radius of 1st dark ring is r1 = 0.0636 cm
The difference in radii due to change in wavelength λ = 32 × 10－8 cm λ, which is negligible
when compared to the radii. Hence, the Newton’s rings will be clearly visible.
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Ex. 3: In Newton’s rings experiment, the diameter of the 5th and 25th rings is 0.3 cm and 0.8 cm
respectively. If the radius of curvature of the plano-convex lens is 100 cm, find the
wavelength of the incident light. [Feb. 2014, Feb. 2015]

Ans.: The diameter of the 5th dark ring d5 = 0.3 cm
2
5 0.09 d cm

The diameter of the 25th dark ring d25 = 0.8 cm
2
25 0.64 d cm

The radius of curvature of the plano-convex lens R = 100 cm
The wavelength of light,

2 2 2 2
25 5 0.64 0.09 0.64 0.09

4 ( ) 4 (25 5) 4 100(25 5) 4 100(25 5)
m nd d d d

R m n R


   
   

     

6875    0.00006875    
8000
0.55   Å

Ex. 4: In the Newton’s rings, arrangement is illuminated by a beam of monochromatic source of
wavelength 5890Å. The diameters of 5th and 10th dark rings are measured as 0.34322 cm and
0.48539 cm respectively. Now, a drop of transparent oil is introduced between plano-convex
lens and the plane glass plate. Then the measured diameters of 5th and 10th dark rings are
0.28355 cm and 0.4010 cm respectively. Find the radius of curvature of plano-convex lens and
refractive index of the oil.

Ans.: Air thin film:
The wavelength of light λ = 5890 × 10–8 cm
d5 = 0.34322 cm, d10 = 0.48539 cm and m – n = 5
Radius of curvature of plano-convex lens is:

cm
n

d
R m  100    

10  5890  5)–  (10  4
(0.34322)–  (0.48539)    

λ)–  m4(
d–  

  8–

222
n

2






When oil is introduced between the plano-convex lens and plane glasses plate, the diameters
are:

D5 = 0.28355 cm and D10 = 0.4010 cm
Refractive index of oil is:

1.4652    
0804.0

0.1178    
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–  
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22

22
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nm

nm

DD
dd

μ

Ex. 5: A parallel beam of light (λ = 5890Å), is incident on a glass plate (μ = 1.50) such that angle of
refraction into plate is 60°. Calculate the smallest thickness of the plate which will make it
appear dark by reflection. [Jan./Feb. 2015]

Ans.: The wavelength of light, λ = 5890Å
The refractive index of the glass plate, μ = 1.5
The angle of refraction, r = 60°
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The minimum thickness t of the glass plate such that where the dark fringe should appear is:
2μt cos r = nλ

For minimum thickness, n = 1
The minimum thickness t of the glass plate,

 392.7    
60 cos  1.5  2

10  5890    
r cosμ 2

λ  
–8





t nm

Ex. 6: In Newton’s rings experiment, diameter of the 10th dark ring due to wavelength 6000Å in air
is 0.5 cm. Find the radius of curvature of the lens. [July/Aug. 2015]

Ans.: The wavelength of light, λ = 6000Å
The diameter of the tenth dark ring d10 = 0.5 cm

2
10d = 0.25 cm2

and 2
0d = 0

The radius of curvature of the plano-convex lens R is:
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= 1.042 × 102 = 104.2 cm
Ex. 7: In Newton’s rings experiment, the diameter of the 10th dark ring changes from 1.40 cm to

1.27 cm when a liquid is introduced between the lens and the plate. Calculate the refractive
index of the liquid.

Ans.: The equation for refractive index is:
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Ex. 8: In a Michelson interferometer, 200 fringes cross the field of view when the movable mirror is
displaced through 0.0589 mm. Calculate the wavelength of monochromatic light used in the
experiment.

Ans.: The expression for wavelength of light is:
λ = 2d/m

where, d the distance displaced the movable mirror with respect to the fixed mirror
d = 0.0589 mm = 0.0589 × 10–3 cm

m = 200




 5890    10    5890    

200
10    0.0589  2  2  8–

–3

m
d  λ

Ex. 9: Calculate the distance through which the mirror of the Michelson interferometer has to be
displaced between two consecutive positions of maxima of D1 and D2 lines of sodium where
D2 = 5890Å and D1 = 5896Å.

Ans.: The expression for path difference between the reflected waves from the two mirrors is:
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where, λ1 = 5896Å = 5896 × 10–8 cm
λ2 = 5890Å = 5890 × 10–8 cm
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1.13 OBJECTIVE QUESTIONS
1. Which of the following concepts can be used to understand the interference of light?

(a) Coherence (b) The principal of superposition
(c) a & b (d) None of the above

2. When two light waves with same phase are superposed with each other and then such
interference is called as ____________.
(a) Destructive interference of light (b) Constructive interference of light
(c) Diffraction (d) Refraction

3. When a monochromatic light is incident on two reflecting surfaces it produces two coherent
light waves. This method of producing coherent light waves is known as ____________.
(a) Division of wave front (b) Division of amplitude
(c) Division of intensity (d) Superposition

4. When the constructive interference of light occurs?
(a) Δ = nλ (b) .Δ = (2n + 1)λ
(c) .Δ = (2n + 1)λ/2 (d) None of the above

5. When the destructive interference of light occurs?
(a) Δ = nλ (b) Δ = (2n + 1)λ
(c) Δ = (2n + 1)λ/2 (d) None of the above

6. What would be the phase of coherent light waves emitted by the coherent sources?
(a) Constant (b) Zero
(c) Both a & b (d) None of the above

7. Modification in the distribution of intensity in the region of superposition of two or more
coherent waves is known as ____________.
(a) Refraction (b) Reflection
(c) Diffraction (d) Interference

8. What would be phase difference in the case of constructive interference of light?
(a) 2nπ (b) nπ
(c) (2n – 1) π (d) None of the above

9. What would be phase difference in the case of destructive interference of light?
(a) 2nπ (b) nπ
(c) (2n + 1) π (d) None of the above
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10. What would be the resultant amplitude of the two light waves are superposed with each other?

(a)  cos222 abba (b)  cos222 abba

(c)  sin222 abba (d) None of the above
11. What would be the phase change if light is reflected from the surface of denser medium?

(a) π (b) No phase change
(c) π/2 (d) None of above.

12. What would be the phase change if light is reflected from the surface of rarer medium?
(a) π (b) No phase change
(c) π/2 (d) None of above.

13. What would be the time if emitted light waves from the light source maintain a constant phase?
(a) 10−8 s (b) 10−6 s
(c) a & b (d) None of the above.

14. What are the conditions to get sustained interference pattern?
(a) Two light sources must be coherent and emits monochromatic light waves
(b) Two light sources must be in-coherent and emits different light waves of different

wavelengths
(c) a & b (d) None of the above.

15. When light waves came from two individual light sources interfere with each other then can it
produce interference pattern ?
(a) Yes (b) No
(c) Uniform illumination to be observed at the region of superposition
(d) None of the above

16. What would be the reason for observing colours when sun light is incident on a thin film of
soap bubble?
(a) Diffraction (b) Polarization
(c) Total internal reflection (d) Interference

17. What would be the condition for constructive interference of light if a monochromatic light is
incident on a parallel thin film?
(a) Δ = (2n + 1)λ/2, n = 0, 1, 2, etc., (b) Δ = (2n + 1)λ/3, n = 1, 2, 3,
(c) Δ = (n – 1) λ/2, n = 1, 2, 3... (d) None of the above

18. What would be the condition for destructive interference of light if a monochromatic light is
incident on a parallel thin film?
(a) Δ = nλ, n = 1, 2, etc., (b) Δ = (2n + 1)λ/3, n = 1, 2, 3, ...
(c) Δ = (n – 1)λ/2, n = 1, 2, 3.. (d) None of the above

19. What would be condition for constructive interference of light if a monochromatic light of
wavelength λ is incident on a thin film of thickness t and refractive index is μ?
(a) 2μt cos r = (2n+1)λ/2 (b) 2μt cos r = nλ
(c) 2nλ (d) None of the above
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20. What would be condition for destructive interference of light if a monochromatic light of
wavelength λ is incident on a thin film of thickness t and refractive index is μ?
(a) 2μt cos r = (2n+1) λ/2 (b) 2μt cos r = nλ
(c) 2nλ (d) None of the above

21. What would be condition for constructive interference of light if a monochromatic light of
wavelength λ is incident on a thin film of thickness t and refractive index is μ=1?
(a) 2t cos r = (2n+1)λ/2 (b) 2μt cos r = nλ
(c) 2nλ (d) None of the above

22. Which type of interference pattern would be observed when a circular air thin film is
illuminated by a monochromatic light of wavelength λ?
(a) Parallel (b) Circular
(c) Curved (d) None of the above

23. What would be the method for produce coherent light waves in Newton’s rings experiment?
(a) The division of wavefront (b) The division of amplitude
(c) Both a & b (d) None of the above

24. Why the center spot appears dark in Newton’s rings experiment?
(a) Δ = λ/2 (b) λ
(c) λ/4 (d) Both a and c

25. What would be the diameter of the n̂ th dark rings?
(a) dn = 2√nλR (b) dn =√nλR
(c) dn = nλR (d) None of the above

26. What would be happened that air is replaced by transparent oil in a Newton’s ring experiment?
(a) The diameter of the Newton’s rings increases
(b) the diameter of the Newton’s rings decreases
(c) No change in the diameter of the Newton’s rings
(d) None of the above.

27. The air thin film in a Newton’s ring apparatus is replaced by liquid film, and then the
refractive index of the liquid is:

(a) 22

22
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(c) 22
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 (d) None of the above

28. What would be happen in Newton’s rings system when a drop of water is introduced between
the glass plate and plano-convex lens?
(a) Contracts (b) Expands
(c) Remains same (d) None of the above

29. In Newton’s rings experiment the radii of the mth and (m + 4)th dark rings are represents √5 mm
and √7 mm respectively. What is the value of m?
(a) 2 (b) 4
(c) 8 (d) 10
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30. The path difference between two monochromatic light waves of wavelengths 4000 Å is 2 ×
10−7 m. What is the phase difference between them?
(a) π (b) 2π
(c) 3π/2 (d) π/2

31. A thin film of thickness 120 nm has a refractive index of 1.35. When viewed in the reflected
system form it, what wavelength of light is strongly reflected?
(a) 4000 Å (b) 6480 Å
(c) 5000 Å (d) 7000 Å

32. A camera lens of refractive index 1.5 is coated with a film of magnesium fluoride of
refractive index 1.25. What is the minimum thickness of the film to minimize the reflection of
light has wavelength 550 nm?
(a) 110 nm (b) 95 nm
(c) 100 nm (d) 96 nm

33. What would be the change of phase of reflected light when it suffers reflection at the interface
of air and glass?
(a) 0 (b) π
(c) π/2 (d) 2π

34. If the glass plate G1 in Michelson Interferometer is un-silvered and the geometrical paths
between G1 and the two mutually perpendicular mirrors are adjusted to be identical, the field
of view appears as -------.
(a) Uniformly dark (b) Uniformly bright
(c) Circular fringes (d) Straight line fringes

35. The circular fringes formed in Michelson Interferometer are localized at:
(a) Rear of M1 (b) Between G1 and G1

(c) Infinity (d) None of the above.
36. A Michelson Interferometer is set up for obtaining circular fringes using light of wavelength

500 nm. How much distance should move to cross 100 fringes from the central field of view?
(a) 2.5 cm (b) 5.0 cm
(c) 50 μm (d) 25 μm

37. As the mirror spacing d in Michelson Interferometer increases, the width of the circular
fringes:
(a) Decreases (b) Increases
(c) Remains constant (d) Can’t say

38. The number of fringes shifting in response to motion of the movable mirror in Michelson
Interferometer, depends upon:
(a) Wavelength of the source used
(b) Distance moved by the mirror
(c) Interference order of the central fringe
(d) Both a & b

39. What would be the fringe pattern in Michelson interferometer when the mirrors M1 and M2 are
perfectly perpendicular with each other?
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(a) Straight fringes (b) Circular
(c) Elliptical (d) Inclined

40. What would be the fringe pattern in Michelson interferometer when the mirrors M1 and M2 are
in wedge shaped position?
(a) Straight fringes (b) Circular
(c) Elliptical (d) Inclined

41. What is the reason by placing a compensator in Michelson interferometer?
(a) To make paths equal to the two light rays
(b) to make unequal paths between two light rays
(c) Both a and b
(d) None of the above

42. In Fabry-Parot interferometer, fringes are formed by the ----.
(a) Division of amplitude (b) division of wave front
(c) both a and b (d) None of the above.

43. Two light waves having their intensities in the ratio 9 : 1 produce interference. In the
interference pattern the ratio of maximum to minimum intensity is equal to
(a) 2 : 1 (b) 9 : 1
(c) 3 : 1 (d) 4 : 1

44. Two light wave of amplitude ratio 2 : 1interfer with each other and then the intensity ratio of
bright and dark fringes is
(a) 2 : 1 (b) 1 : 2
(c) 9 : 1 (d) 4 : 1

45. A phase difference π between two interfering beams is equivalent to path difference.
(a) 2λ (b) λ
(c) λ2 (d) none of them

46. In Newton’s ring arrangement the diameter of rings formed is propositional to
(a) λ (b) λ2

(c)  (d)


1

47. In Newton’s ring arrangement with air film in reflected light the diameter of nth ring is dn . If
the air is replaced by liquid of refractive index μl, the diameter of the nth ring will
become____of the original.

(a) 1 - times (b)
1

1


- times

(c)
1

1


- times (d) μ - times

48. When two light waves of same frequency and the same amplitude will reach a point
simultaneously. What should be the phase difference between two waves so that the
amplitude of the resultant wave be 2a?
(a) 90° (b) 120°
(c) 0° (d) 180°
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49. When Newton’s ring is observed under white light, which of the following statement is true :
(a) Only first few coloured rings will be visible
(b) All coloured rings will be visible.
(c) All rings will appear white
(d) None of the above.

50. The spacing between the Newton’s ring ______ with the increase of the order of the ring.
(a) Increases (b) Decreases
(c) Remains same (d) None of these

Answers
1. (c) 2. (b) 3. (b) 4. (a) 5. (c) 6. (c) 7. (d) 8. (a) 9. (c) 10. (a)

11. (a) 12. (b) 13. (a) 14. (a) 15. (b) 16. (d) 17. (a) 18. (a) 19. (a) 20. (b)

21. (a) 22. (b) 23. (b) 24. (a) 25. (a) 26. (b) 27. (a) 28. (a) 29. (d) 30. (a)

31. (d) 32. (a) 33. (b) 34. (a) 35. (c) 36. (d) 37. (a) 38. (d) 39. (b) 40. (a)

41. (a) 42. (a) 43. (d) 44. (c) 45. (c) 46. (c) 47. (b) 48. (c) 49. (a) 50. (b)

1.14 QUESTIONS
1. Describe the interference pattern obtained due to superposition of coherent sources.

[June 2005, June 2006]
2. Discuss why two independent sources of light of the same wavelength cannot produce

interference fringes. [May 2008, July 2011]
3. What are the necessary conditions for obtaining interference fringes? [May 2008]
4. Define interference of light. [May 2008]
5. Describe and explain the phenomenon of interference of light. [May 2008]
6. What do you mean by constructive and destructive interference of light? [Sept. 2008]
7. Explain how Newton’s rings are formed. [June 2009]
8. State and explain the principle of superposition of waves. [April/May 2011]
9. Compare the distance between the consecutive bright bands and dark bands formed by

interference. [April/May 2011]
10. Explain the fundamental conditions for the production of interference fringes.

[April/May 2011]
11. Mention the conditions for good interference. [April/May 2011]
12. With ray diagram, discuss the theory of thin films and the condition for constructive and

destructive interference in the case of reflected system.
[April/May 2011, July 2011, Jan./Feb. 2015]

13. Explain the interference of light due to thin films. [April/May 2011]
14. Explain the colours in a thin film when exposed it to sunlight.

[April/May 2011, July 2011, Aug. 2014, Jan./Feb. 2015]
15. Determine the refractive index of transparent liquid by using Newton’s ring method.

[April/May 2011]
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16. What is superposition principle and explain the interference of light? [April/May 2011]
17. Explain why soap bubbles exhibit colours. [April/May 2011]
18. What are the necessary conditions for obtaining interference fringes?

[July 2011, Feb. 2014, Jan./Feb. 2015, July/Aug. 2015]
19. Discuss the theory of Newton’s rings with relevant diagram. [July 2011]
20. With necessary theory, explain the experimental procedure to determine the wavelength of the

light using Newton’s rings set-up. [July 2011]
21. Explain the principle of superposition of waves. [July 2011]
22. What is interference of light waves? What are the conditions necessary for obtaining

interference fringes? [Jan. 2012]
23. What are Newton’s rings? How are they formed? Why are they circular?

[Jan. 2012, Aug. 2014]
24. Show that the radii of Newton’s rings are in the ratio of the square roots of the natural

numbers. [Jan. 2012]
25. Explain why the centre of Newton’s rings is dark in the reflected system. [Jan. 2012]
26. Describe how you would use Newton’s rings to determine the wavelength of a

monochromatic radiation and derive the relevant formula. [Jan. 2012]
27. Account for the circular shape of Newton’s rings in interference pattern. [Jan./Feb. 2015]
28. Discuss why two different sources of light of the same wavelength cannot produce

interference fringes. [Jan./Feb. 2015]
29. Obtain an expression for the diameter of the nth dark ring in the case of Newton’s rings.

[Jan./Feb. 2015]
30. If the air film in the Newton’s rings apparatus is replaced by an oil film, then how does the

radius of the rings change? Explain. [July/Aug. 2015]
31. How interference phenomenon occurs in Newton’s rings? Derive the conditions for bright and

dark rings in terms of diameters. [Dec./Jan. 2015/16]
32. State and explain the Principle of Superposition of Waves. [Sept. 2014]
33. Describe Michelson interferometer? How will you find the wavelength of monochromatic

light with its help?
34. Explain the working of Michelson interferometer. How will it produce circular fringes with it?
35. Describe principle, construction and working of Michelson interferometer.
36. Describe principle, construction and working of a Fabry-Perot interferometer.
37. Describe Fabry-Perot interferometer and explain its action.
38. How do you determine refractive index of a material using Newton’s Rings? [May 2016]
39. What is interference? Prove that the diameter of the dark nth ring in a Newton’s ring set-up is

directly proportional to the square root of the ring number. [May 2016]
40. Newton’s rings are observed in reflected light of wavelength. The diameter of the 10th dark

ring is 0.5 cm. Find the radius of curvature of the lens and thickness of the corresponding air

film.
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:Hint [May 2016]
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41. When the movable mirror of a Michelson interferometer is shifted through 0.0589 nm,
200 fringes are crossed the field of the view of the telescope. What is the wavelength of the

light used? 



 

n
d2

:Hint .

42. When a thin plate of refractive index 1.5 is placed in the path of one of the interfering beams
of Michelson interferometer, a shift of fringes across the field of view is observed. If the

thickness of the plate is 0.018 nm. Determine the wavelength of light used.  
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