
QT209: Introduction to Quantum 
Communication and Cryptography

(August Semester 2025-26)

Instructors: Manukumara Manjappa (IAP)
Sanjit Chatterjee (CSA)

Varun Raghunathan (ECE)



Class Timing, venue and intended students

• Timing: Monday, Wednesday 10:00-11:30 AM
• ECE department, Room MP30

• Students: Core course for M.Tech. - QT programme
Elective for M.Tech. and Ph.D. students
Undergraduate students



Syllabus
Prof. Manukumara Manjappa:

1. Optics Introduction

2. Wave motion (SHM), Phase and Group velocity, wave propagation and wave equation, Huygens theory

3. Electromagnetic nature of light: Polarization, double refraction (QWPs and HWPs), Maxwell’s equations, Poynting vectors, The Continuity 
conditions, Plane waves in dielectric medium, Total internal reflection and evanescent waves

4. Interference phenomena: two slit interference, coherence, Interferometers (Michelson and F-P)

5. Lasers, Photodetectors and Fiber optics: Laser basics, photodetectors, Fiber basics numerical aperture, Attenuation in optical fibers, 
multimode and single mode fibers (basics).

Prof. Sanjit Chatterjee:

6. Cryptography and one-time pad

7. Public and private key cryptography

8. Quantum key distribution

9. Quantum cryptography.

Prof. Varun Raghunathan:

10. Quantum versions of classical devices - single photon sources, entangled photon sources, number states, coherent states, fiber and free-
space channel, single photon detectors

11. Implementation of BB84 and E91 protocols, implementational non-idealities, side-channels and possible mitigations strategies



Pre-requisites
• Basic linear algebra, differential equations, statistics and probability
• Basic concepts of Number Theory and Algorithm

• (Please fill more details)



Reference books

• Gerry and Knight, Introduction to Quantum Optics
• Mark Fox, Quantum Optics
• Neilsen and Chuang, Quantum Computation and Quantum 

Information
• Ajoy Ghatak, Optics, 6 ed. McGraw Hill Education (India) Pvt Ltd. 2016.
• Eugene Hecht, Optics, 4th ed. Pearson Education, Inc., 2002.
• David J Griffiths, Introduction to electrodynamics, Prentice Hall 1999
• Katz and Lindell, Introduction to modern cryptography, 2nd ed.

• (Please fill more details)



Exams and evaluation

• 2 in-class tests/ quizzes 
• 1 take-home assignment. - 60% weightage
• 1 final exam (in class) – 40% weightage



Academic Integrity
• Ethical integrity is essential in all human endeavours of excellence….A flourishing academic

environment entails rigorous and sincere adherence to ethical practices. Therefore, it is
important that the researchers and students in the Institute are sensitized in this matter,
and are informed about the commonly recognized unacceptable behaviours in classes,
research and research-communications.

• Refer to “IISc Policy for Academic Integrity in Research” for more details.

• Cheating: is unacceptable academic behaviour and may be classified into different categories:
- Copying during exams, and copying of homework assignments, term papers or manuscripts. 

Allowing or facilitating copying, or writing a report or exam for someone else.
- Using unauthorized material, copying, collaborating when not authorized, and purchasing or 

borrowing papers or material from various sources.
- Fabricating (making up) or falsifying (manipulating) data and reporting them in thesis and 

publications.

• Cheating in class tests, take-home exams, final exam will be taken very seriously and will be 
severely penalized

https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf
https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf
https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf
https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf
https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf
https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf
https://iisc.ac.in/wp-content/uploads/2020/07/iisc_policy-for-academic-integrity-in-research_final.pdf


Classical Optics
Instructor: Dr. Manukumara Manjappa

#113, IAP Main building
mmanjappa@iisc.ac.in

QT-209: Introduction to Quantum Communications andCryptography(Aug-Dec 2025),Mondays and Wednesdays, 10:00-11:30AM

1



COURSE CONTENTS
• Optics Introduction
• Wave motion (SHM), Phase and Group velocity, Dispersion, wave propagation and wave equation,
Huygens theory

• Electromagnetic nature of light: Polarization, double refraction (QWPs and HWPs), Maxwell’s
equations, Poynting vectors, The Continuity conditions, Plane waves in dielectric medium, Total
internal reflection and evanescent waves

• Interference phenomena: Coherence, Interferometers (Michelson and F-P)
• Lasers, Photodetectors and Fiber optics: Laser basics, photodetectors, Fiber basics numerical
aperture, Attenuation in optical fibers, multimode and single mode fibers (basics).
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BOOKS/REFERENCES
• Ajoy Ghatak, Optics, 6 ed. McGraw Hill Education (India) Pvt Ltd. 2016.
• Eugene Hecht, Optics, 4th ed. Pearson Education, Inc., 2002.
• David J Griffiths, Introduction to electrodynamics, Prentice Hall 1999.
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OPTICS
Optics is the branch of physics that studies the behavior and properties of light.
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TIMELINE OF OPTICS
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A BRIEF HISTORY
Corpuscular Theoryof light

Christiaan Huygens
Wave Theory oflight

James Clerk Maxwell
ElectromagneticTheory of light QuantumTheory of light

Traite de La Lumiere(1690)

Albert Einstein

1704 1865 1905

Issac Newton
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THE CORPUSCULAR MODEL OF LIGHT
1600-1700s: Rene Descartes, Issac Newton (1704)
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Refraction of a corpuscle



THE CORPUSCULAR MODEL OF LIGHT

• The rectilinear propagation of light which results in the
formation of sharp (dark) shadows, and

• Light could propagate through vacuum.
• It is not consistent with experimental observations. It predicts
that if the ray moves towards the normal (i.e., if the refraction
occurs at a denser medium) its speed would become higher.

p1 sinθ1 = p2 sinθ2
1600-1700s: Rene Descartes, Issac Newton (1704)

𝑝2
𝑝1

=   𝑠𝑖𝑛𝜃1
𝑠𝑖𝑛𝜃2

=   𝑣2
𝑣1

(conservationof momentum)
(Snell’s law)
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Refraction of a corpuscle
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THE WAVE MODEL OF LIGHT (Hooke, Huygens (1678), Thomas Young (1802), … )
Propagation of the disturbances in time and space is termed as wave

Example: Propagation of transverse waves on a string
𝑦 𝑥,𝑡 = a sin 𝑘𝑥 −𝜔𝑡 = a sin [𝑘 𝑥−𝑣𝑡 ]

                        𝑣 = 𝜔
𝑘
 and ω = 2𝜋𝜈 ; 𝜆 = 2𝜋

𝑘

The wave theory was not accepted until 1802 whenThomas Young performed the famous interference experimentwhich could only be explained based on a wave model of light.
1808: Polarization of light (Malus)1816: Fresnel's diffraction experiments1849 and 1856: Measurement of speed of light1865: Maxwell’s EM Theory1888: Heinrich Hertz: Experimental realization/detection ofEM waves 10



MAXWELL’S ELECTROMAGNETIC (EM) WAVES
Light waves are electromagnetic waves and EM waves aretransverse in nature.
Propagation of EM waves: Plane wave solutions of Maxwell’swave equations

𝑬 𝑧,𝑡 = 𝑥 𝐸0 cos 𝑘𝑧 −𝜔𝑡
𝑯 𝑧,𝑡 = 𝑦 𝐻0 cos 𝑘𝑧 −𝜔𝑡

Where, 𝐻0 = 𝜀0/𝜇0 𝐸0 
 𝜀0 = 8.86 × 10−12 𝐶2𝑁−1𝑚−2 and 𝜇0 = 12.57 × 10−7 𝑁𝑠2𝐶−2

Maxwell’s theory: One of the greatest unification in Physics

11
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MAXWELL’S ELECTROMAGNETIC (EM) WAVES
Light waves are electromagnetic waves and EM waves aretransverse in nature.
Propagation of EM waves: Plane wave solutions of Maxwell’swave equations

𝑬 𝑧,𝑡 = 𝑥 𝐸0 cos 𝑘𝑧 −𝜔𝑡
𝑯 𝑧,𝑡 = 𝑦 𝐻0 cos 𝑘𝑧 −𝜔𝑡

Where, 𝐻0 = 𝜀0/𝜇0 𝐸0 
 𝜀0 = 8.86 × 10−12 𝐶2𝑁−1𝑚−2 and 𝜇0 = 12.57 × 10−7 𝑁𝑠2𝐶−2

Maxwell’s theory: One of the greatest unification in Physics

12
Max Planck: “Maxwell’s theory remails for all time one of the greatest triumphs of human intellectualendeavors”
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WAVE PARTICLE DUALITY
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Einstein, de Broglie, Wilson, Millikan, Compton, …



WAVE PARTICLE DUALITY

14Diffraction patterns for X-rays and electron beam

Einstein, de Broglie, Wilson, Millikan, Compton, …
Theory of Photoelectric effect in 1905: E = hυ

Particle nature of radiation

 Wave Nature of electrons developed by de
Broglie

 Diffraction experiments by Wilson,
Davidson and Germer, and Thomson



GEOMETRICAL (RAY) OPTICS

15

screen

Propagation of light employs the concept of Rays.



GEOMETRICAL (RAY) OPTICS

The field of optics under the approximation of zero wavelength limit (0) (i.e. neglectingthe finiteness of the wavelength) is called Geometrical (Ray) optics. 16

screen

Propagation of light employs the concept of Rays.



The actual ray path between two points is the one for which the optical path length is
stationary with respect to variations of the path: Fermat’s Principle

∮𝐵
𝐴 𝑛 𝑑𝑠 = Optical Path length

Fermat’s principle𝛿
𝐵

𝐴
𝑛 𝑑𝑠 = 0

𝑛 : 𝑛 𝑥,𝑦,𝑧  is the position dependent Refractive index

17

FERMAT’S PRINCIPLE
According to this principle the ray will correspond to that path for which the time taken is an extremum
in comparison to nearby paths.

E
E’



WAVE OPTICS
A classical traveling wave is a self-sustaining disturbance of a medium, which movesthrough space and in time transporting energy and momentum.

1



WAVE OPTICS

• Simple Harmonic Waves
The simplest kind of periodic motion, where the displacement variessinusoidally with time and space.

A classical traveling wave is a self-sustaining disturbance of a medium, which movesthrough space and in time transporting energy and momentum.

Consider any progressive harmonic wave function, 𝜓 𝑥,𝑡 = 𝐴 sin [𝑘 𝑥−𝑣𝑡 ]

2

𝜓 𝑥,𝑡 |𝑡 = 0 =
𝐴 sin  𝑘𝑥A harmonic function, which serves as the profile of a harmonic wave.
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Simple Harmonic Waves
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5
A harmonic wave moving along the x-axis during a time of one period (). A harmonic wave moving along the x-axis, with =0

Simple harmonic motion
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PHASE VELOCITY
Consider any harmonic wave function, 𝜓 𝑥,𝑡 = 𝑎 sin (𝑘𝑥−𝜔𝑡 + 𝜀)
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PHASE VELOCITY



SUPERPOSITION OF WAVES

8

Let’s consider two sinusoidal waves having same frequencyand same propagation direction
𝑦1 𝑥,𝑡 =  𝑎1sin (𝑘𝑥−𝜔𝑡 + 𝜀1)
𝑦2 𝑥,𝑡 =  𝑎2sin (𝑘𝑥−𝜔𝑡 + 𝜀2)
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SUPERPOSITION OF WAVES
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SUPERPOSITION OF WAVES
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SUPERPOSITION OF WAVES



RECAP

1



GROUP VELOCITY

Variation of rapidly varying term (a) and slowly varyingenvelope (b) of the wave at t = 0.

2Ref: Ajoy Ghatak, Optics
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GROUP VELOCITY AND DISPERSION
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GROUP VELOCITY AND DISPERSION

5
https://web.bryanston.co.uk/physics/Applets/Wave%20animations/Sound%20waves/Dispersive%20waves.htm



GROUP VELOCITY AND GROUP INDEX
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GROUP VELOCITY AND GROUP INDEX

Variation of group velocity with wavelength forpure silica

7

Ref: Ajoy Ghatak, Optics



PULSE BROADENING (DISPERSION)

Time variation of pulse intensity at different values ofz: Temporal broadening of the pulse in the positivedispersion regime of silica

8
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GROUP VELOCITY DISPERSION (GVD)
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PROPAGATION OF THE PULSE IN OPTICAL FIBER
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GROUP VELOCITY AND DISPERSION

1



GROUP VELOCITY AND GROUP INDEX

2



GROUP VELOCITY AND GROUP INDEX

Variation of group velocity with wavelength for 
pure silica
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PULSE BROADENING (DISPERSION)

Time variation of pulse intensity at different values of z: 
Temporal broadening of the pulse in the positive 
dispersion regime of silica
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GROUP VELOCITY DISPERSION (GVD)
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PULSE BROADENING (DISPERSION)

Temporal broadening of the pulse in the positive 
dispersion regime of silica
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PULSE BROADENING (DISPERSION)

Temporal compression in the negative dispersion regime 
and broadening in the positive dispersion regime of silica
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PROPAGATION OF THE PULSE IN OPTICAL FIBER
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ELECTROMAGNETIC WAVES

9



THE LIGHT WAVES: Maxwell’s Equations
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THE WAVE EQUATION
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HOMOGENEOUS AND INHOMOGENEOUS WAVES
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HOMOGENEOUS AND INHOMOGENEOUS WAVES
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HOMOGENEOUS AND INHOMOGENEOUS WAVES
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BOUNDARY CONDITIONS

Continuity of Normal and Tangential Components of EM waves at the interface
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BOUNDARY CONDITIONS

Plane boundary between 
two homogeneous media

Continuity of Normal Components of EM waves at the interface
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BOUNDARY CONDITIONS

Plane boundary between 
two homogeneous media

Continuity of Normal Components of EM waves at the interface
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Plane boundary between 
two homogeneous media

BOUNDARY CONDITIONS

Continuity of Tangential Components of EM waves at the interface



REFLECTION AND TRANSMISSION AT THE BOUNDARY
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REFLECTION AND TRANSMISSION AT THE BOUNDARY
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EXTERNAL REFLECTIONS
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INTERNAL REFLECTIONS
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TOTAL INTERNAL REFLECTION AND EVANESCENT WAVES
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TOTAL INTERNAL REFLECTION AND EVANESCENT WAVES
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TOTAL INTERNAL REFLECTION AND EVANESCENT WAVES
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TOTAL INTERNAL REFLECTION AND EVANESCENT WAVES
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Source: https://physics.stackexchange.com/

Incident wave Reflected wave Transmitted wave

 < c

 = c

 > c

1



FRUSTRATED TOTAL INTERNAL REFLECTIONS

Geometry to frustrate total internal reflection n2 < n1.

2



FRUSTRATED TOTAL INTERNAL REFLECTIONS

Geometry to frustrate total internal reflection n2 < n1.

3



BEAM SPLITTER

The thickness of the resin layer is adjusted such that (for a certain 

wavelength) half of the light incident through one "port" (i.e., face of 

the cube) is reflected and the other half is transmitted due to FTIR 

(frustrated total internal reflection)
4



WAVE PROPAGATION AND WAVE EQUATIONS

General form of wave equations
𝜕2𝑦

𝜕𝑥2
=

1

𝑣2

𝜕2𝑦

𝜕𝑡2

𝑦 𝑥, 𝑡 = 𝑎 cos(𝑘𝑥 ± 𝜔𝑡 + 𝜑)

5

𝑦 𝑥, 𝑡 = 𝑎 𝑒𝑖(𝑘𝑥−𝜔𝑡+𝜑)



COHERENCE OF WAVES

6

𝑦 𝑥, 𝑡 = 𝑎 cos(𝑘𝑥 ± 𝜔𝑡 + 𝜑)

(a) Perfect monochromatic source
(b) An actual source

Time/Temporal coherence
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QUANTIFICATION OF COHERENCE
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QUANTIFICATION OF COHERENCE
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THE LINEWIDTH

1



2



3
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THE SPATIAL COHERENCE

Interferometric visibility (V) of the fringes

𝑉 =
𝐼𝑚𝑎𝑥 − 𝐼𝑚𝑖𝑛

𝐼𝑚𝑎𝑥 + 𝐼𝑚𝑖𝑛 
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THE SPATIAL COHERENCE
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THE SPATIAL COHERENCE



Complex degree of coherence and Fringe Visibility
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Complex degree of coherence and Fringe Visibility
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Complex degree of coherence and Fringe Visibility
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Complex degree of coherence and Fringe Visibility
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Complex degree of coherence and Fringe Visibility

11
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The Spatial Coherence

𝑉 =
𝐼𝑚𝑎𝑥− 𝐼𝑚𝑖𝑛

𝐼𝑚𝑎𝑥+ 𝐼𝑚𝑖𝑛 

https://rafael-fuente.github.io/
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𝑉 =
𝐼𝑚𝑎𝑥− 𝐼𝑚𝑖𝑛

𝐼𝑚𝑎𝑥+ 𝐼𝑚𝑖𝑛 

https://rafael-fuente.github.io/

The Spatial Coherence



https://rafael-fuente.github.io/
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The Spatial Coherence



15

The Spatial Coherence
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The Temporal Coherence : Hanbury-Brown-Twiss Interferometer (g(2) correlations) 



POLARIZATION OF LIGHT WAVES
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MALUS’ LAW
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Wire grid polarizers Polarization by Reflection

Polarization by TIR

Polarization by Double refraction



ELLIPTICAL AND CIRCULAR POLARIZATIONS
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ELLIPTICAL AND CIRCULAR POLARIZATIONS
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ELLIPTICAL AND CIRCULAR POLARIZATIONS
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DOUBLE REFRACTION IN UNIAXIAL CRYSTALS
Phase retarders: Use of the birefringence property of anisotropic media to 
introduce the phase shift between the two orthogonal polarization 
components (Ex and Ey). 

Uniaxial crystals: The two rays have the same velocities only along one 
direction (called optic axis)

The anisotropic media (e.g. Uniaxial crystals) exhibit double refraction 
(birefringence) property, in which the light travels through the crystal at 
different speeds along the orthogonal directions called Slow axis (SA) and 
the Fast axis (FA).

The wave polarized along the Slow axis (e.g. Ex component) moves slower 
inside the crystal (retarder) than the one (e.g. Ey component) polarized along 
the Fast axis. The propagation direction will remain same for both the waves 
but with different wave numbers (k = /). 

When an unpolarized light beam is incident on a 
calcite (uniaxial) crystal, it splits up into two linearly 
polarized beams along ordinary and extraordinary 
axes.

Velocities of ordinary (no) and extraordinary (ne) rays.no and ne are the 
refractive indices and 
 is the angle that the 
ray makes with the 
optic axis 
(ordinary/slow axis) 

Positive crystal (Quartz), when no < ne
Negative crystal (Calcite), when no > ne
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LINEAR OPTICAL DEVICES

• The thickness of the phase retarder (d) must not exceed the coherence length (Lc) of the light wave.

• The phase difference (0) introduced by the phase retarder transforms a plane polarized wave into an elliptically 

polarized wave with circular and linear polarizations as special cases depending on the thickness d of the phase 

retarder and angle  between the polarization direction of the incident light and the slow axis of the phase 

retarder.
• The phase retarder changes only the phase, and not the amplitude of the wave.

The difference in the velocity of the two components Ex and Ey will create phase difference of 
magnitude

d: light propagation thickness inside the crystal,
no: Index of refraction for light polarized along the ordinary (slow) axis
ne: Index of refraction for light polarized along extraordinary (fast) axis
 : Wavelength of light in vacuum

e o

e o

e o

Negative

Positive



27

LINEAR OPTICAL DEVICES
• The Right circular polarization (RCP) or Left Circular Polarization (LCP) is defined by the rotation made of 

the polarized light (at 45o) towards the slow (ordinary) axis of the crystal 

• If the slow (ordinary) axis is in the ‘horizontal’ direction, then the polarized light at 45o will be converted to 
Right circular polarization (RCP): The phase difference (o) between Slow and Fast axes is negative.

• If the slow (ordinary) axis is in the ‘vertical’ direction, then the polarized light at 45o will be converted to Left 
circular polarization (LCP): The phase difference (o) between Slow and Fast axes is positive.

Slow axis

Fast axis

45o

RCP

Fast axis

Slow axis

45o

LCP

Calcite (no > ne)
o is negative

Quartz (no < ne)
o is Positive

Positive

Negative

no

ne

no

ne
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 = 45o





LASER: Light Amplification by Stimulated Emission of Radiation

1

Townes, Basov and Prochorov were awarded the 1964 

Nobel Prize in physics for their fundamental work in the 

field of Quantum Electronics and for MASER-LASER 

Discovery.Special characteristics of LASERs

• Directionality

• High Intensity

• Spectral purity

• Tight Focusing

• Coherent
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MAIN COMPONENTS OF THE LASER
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MAIN COMPONENTS OF THE LASER

✓ The Active medium

✓ The Pumping source

✓ The Optical Resonator
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LASER medium

z = 0 z = L

Iin Iout

Near 
monochromatic 
radiation input

Medium where the radiation 
interacts with the matter Output intensity of 

the radiation

OPTICAL GAIN AND POPULATION INVERSION
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N3 N2 N1 N3 N2N1

OPTICAL GAIN AND POPULATION INVERSION
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At thermal equilibrium,

Number of upward transitions = Number of downward transitions

A21 N2 + B21N2 u() = B12 N1 u() 

2-LEVEL ATOMIC SYSTEM



3-LEVEL AND 4-LEVEL ATOMIC SYSTEM: LASING REQUIREMENTS

7
Lifetimes: τ00 > τ 10 > τ 21 Lifetimes: τ00 > τ 21 > τ 10 > τ 32
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3-Level Laser system 4-Level Laser system

Requires 3-energy non-degenerate energy levels Requires 4-energy non-degenerate energy levels

The terminal level is the Ground state and hence it 
requires more than half of atoms (>50%) are to be 
transferred to the metastable state for the 
population inversion condition

Since the Ground state is not involved in the Laser 
transition states, therefore a any number of atoms 
greater than the energy level |1> can give rise to 
Population inversion 

Can realize population inversion More-easier to realize Population inversion

Optimum/less Laser Efficiency (more number of 
spontaneous emission)

Much better Laser emission efficiency (Less 
spontaneous emission)

This requires more pumping power (higher 
pumping rates)

Requires less pumping power (Lower pumping 
rates)

Only Pulsed Laser Operation is Possible Both Continuous and Pulsed Laser operation is 
possible

Higher Lasing Threshold Lower Lasing Threshold

E.g. Ruby laser E.g. He-Ne laser, Nd-YAG Laser

4-Level Laser system is Better than the 3-Level Laser system

3-LEVEL AND 4-LEVEL ATOMIC SYSTEM: LASING REQUIREMENTS
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OPTICAL FEEDBACK: OPTICAL CAVITY/RESONATOR

• A system of two parallel mirrors reflecting (confining) the light within : 

Resonators/Cavities

• A laser cavity/resonator acts a feedback to provide a portion of energy back into the 

active (amplified) medium to create a sustained stimulated emission for coherent 

laser action.   

Fabry-Perot resonator/interferometer
𝐹 =

𝜋  4 𝑅1𝑅2

1 − 𝑅1𝑅2

R1 R2
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TYPES OF LASERS
• Continuous Lasers: The lasers wherein the output of the laser is characterized by continuously 

distributed power in time.

• Monochromatic laser

• 4-Level atomic lasers (He-Ne (632nm), Nd-YAG lasers (1064 nm))

• Diode/Semiconductor Lasers (Tunable)



TYPES OF LASERS

• Pulsed Lasers: The lasers wherein the output of the laser comprise of the light pulses that are 
periodic in time

11

Applications: 

1. Optical Communication: Binary Digital communication with ON and OFF pulses at very high data rates.

2. Laser Surgery/Precision Cutting: Highly localized ablation of materials/tissues.

3. Nonlinear Optical Processes: High Peak Powers can aid in inducing the nonlinear optical processes in materials

4. Ultrafast Processes: Investigate the processes in the time scales of  10-9 (nano-sec) – 10-18 (atto-sec)
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TYPES OF LASERS

Classification based on the type of active (gain) medium or pumping scheme employed

1. Gas Lasers: He-Ne (632nm), Ar-ion (~500nm), N2 (337nm), CO2 (10m) lasers

              Pumped using electric discharge mechanism

2. Solid-state Lasers: Ruby (694nm), Nd:YAG (~1064 nm), Ti-Sapp (670-1100nm), Fiber Lasers (1030nm – 
2050 nm)

 Pumped using a flash lamps or by diode lasers or by electrical signals

3. Liquid Lasers: Dye Laser, Rhodamine 6G (Visible light)

 Pumped using UV sources (SHG) 

4. Semiconductor Lasers: Heterostructure p-n diodes (AlGaAs/GaAs, InGaAsP/InP) (Tunable wavelength); 
Quantum Cascade Lasers, QCLs (3um (Mid-IR) – 150um (THz)) 

 Pumped by Injection current through the forward biased p-n junction 
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SEMICONDUCTOR LASER
Invented in 1962

Advantages

• Compact

• Efficient

• Direct Modulation (Electrical)

• Optoelectronic integration (On-Chip)

• Tunable wavelength (Spectrum)

• Cost-effective

• Single mode and Multimode operation

• Continuous Laser
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SEMICONDUCTOR LASER
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SEMICONDUCTOR LASER
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SEMICONDUCTOR LASER

Insulating layer
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ENERGY BAND DIAGRAM OF P-N JUNCTION LASER DIODE

Valence band

Conduction bandE

Ef
(Fermi energy)Eg

Intrinsic Semiconductor
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SEMICONDUCTOR LASER: OPTICAL GAIN SPECTRUM

𝛾 𝜈 =
(

𝑐
𝑛)2

8𝜋𝜏𝑟𝜈2

(2𝑚𝑟)3/2

𝜋ℏ2
(hν −  𝐸𝑔)1/2

Where, h  Eg
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SINGLE MODE LASING CONFIGURATION
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DISTRIBUTED FEEDBACK LASER: SINGLE MODE OPERARTION

Distributed 
feedback 
(DFB) laser 
diode

Fabry-Perot (FP) 
Laser diode
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DISTRIBUTED FEEDBACK LASER: SINGLE MODE OPERARTION
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FIBER LASERS: A Laser with doped Fiber as a gain medium

Advantages of Fiber Lasers

• High Efficiency (70-80%)

• Very good beam output quality

• CW, and Pulsed Operations (fs lasers available)

• Very high output powers (several kW)

• Long Maintenance-free lifetime (~10,000 hrs)

• Tunable Spectrum (Wavelength range: 1um – 2um)

• Optical fiber communication
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ERBIUM-DOPED FIBER LASER AMPLIFIER (EDFA): 
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ERBIUM-DOPED FIBER LASER: GAIN SPECTRUM 



FIBER BRAGG GRATINGS: Fiber Resonators

4



5

ERBIUM (Er)-DOPED FIBER LASER
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An optical fiber consists of a central dielectric core, which is cladded by a material of slightly lower refractive index. 

THE OPTICAL FIBER



THE OPTICAL FIBER

7

An optical fiber consists of a central dielectric core, which is cladded by a material of slightly lower refractive index. 
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THE NUMERICAL APERATURE
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THE NUMERICAL APERATURE
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THE NUMERICAL APERATURE



ATTENUATION IN OPTICAL FIBERS

1

Loss Mechanisms

Absorptive Radiative
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ATTENUATION IN OPTICAL FIBERS
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ATTENUATION IN OPTICAL FIBERS
Ref: Ajoy Ghatak, Optics (Sterlite Industries, India)



OPERATING TELECOMMUNICATION BANDS

4

Wavelength (nm)



• The light propagation in Fibers is determined by the Maxwells equations 

• The boundary conditions at the interface dictate the allowed modes in a Fiber

• Transverse Modes: Allowed field distribution

5

‘MODES’ IN OPTICAL FIBERS

Normalized Waveguide Parameter
a : core radius
n1: core refractive index
n2: cladding refractive index
0 : wavelength of light

0 < V < 2.41 : Single mode (LP01: fundamental mode) 

2.41 < V < 3.83 : Multimode (LP01, LP11) 

3.83 < V < 5.14 : Multimode (LP01, LP02, LP11, LP21)

…
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‘MODES’ IN OPTICAL FIBERS
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MULTIMODE AND SINGLE MODE FIBERS

a
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MULTIMODE AND SINGLE MODE FIBERS
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MULTIMODE AND SINGLE MODE FIBERS

~50m

~5-
10m



DISPERSION COMPENSATION IN FIBERS

10



11

DISPERSION COMPENSATION IN FIBERS



12

A typical WDM Fiber optic system with each wavelength carrying an independent challenl

FIBER OPTIC COMMUNICATION SYSTEM
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PHOTODETECTORS

2



3



4

Photodiode: 



5



6



PIN-photodiode

7



Properties of Semiconductor photodetectors

8
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Noise in Photodetectors:

13
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p-i-n Photodiode

15
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The Spatial Coherence

𝛾 =   𝐼𝑚𝑎𝑥− 𝐼𝑚𝑖𝑛
𝐼𝑚𝑎𝑥+ 𝐼𝑚𝑖𝑛 

https://rafael-fuente.github.io/
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𝛾 =   𝐼𝑚𝑎𝑥− 𝐼𝑚𝑖𝑛
𝐼𝑚𝑎𝑥+ 𝐼𝑚𝑖𝑛 

https://rafael-fuente.github.io/

The Spatial Coherence
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The Spatial Coherence



QT209: Classical Optics: Sample numerical questions for practice 

1. Two waves of wavelength 1.53 um and 1.56 um are travelling in a medium of 
refractive index 1.50 and 1.49 respectively. Calculate the group velocity of the 
waves in the respective medium.  Consider velocity of wave in vacuum 3 x 108 
m/sec 
 

2. Calculate the wave number for the light of wavelength 632nm. Calculate the 
phase and group velocity of the wave when its angular frequency is twice the 
wavenumber. 
 

3. For calcite the values of n0 and ne for the wave of λ0 = 500nm are 1.6 and 1.5 
respectively, and corresponding to the wave of λ0 = 1000nm, the n0 = 1.58 and ne 
= 1.48. The calcite works as a quarter wave plate for the wave λ0 = 500nm. If a left 
circularly polarized beam of λ0 = 1000nm falls on this plate, then calculate the 
phase and the state of polarization of the emergent beam. 
 

4. A Michelson interferometer is illuminated by a light source of spectral width 
Δν=6×1010 Hz. Calculate the maximum path difference for which interference 
fringes are still visible.  
 

5. Explain how spatial coherence depends on the size of the source and the aperture 
used in the experiment. 
 

6. Calculate the numerial aperture of a step index fiber having refractive index 
n1=1.48 and n2=1.46. What is the maximum launching angle for this fiber if the 
outer medium is air? 
 

7. A certain optical fiber has an attenuation of 0.6dB/km at 1300nm and 0.3dB/km at 
1550 nm. Suppose these two optical signals are launched simultaneously into the 
fiber: an optical power of 150uW at 1300 nm and optical power of 100uW at 1550 
nm.  What are the power level in uW of these two signals at a) 5 km b)25km. 



Practice questions:
1. Unpolarized light passes through a linear polarizer with its transmission axis along the y-axis. The output intensity of the light is I0 . This light then passes through a secondpolarizer with its transmission axis at an angle of 600 to the y-axis. Find the final intensityof the light after passing through both polarizers.
2. Consider an electromagnetic wave incident on a boundary between air and a dielectricmaterial with a refractive index n= 2. If the incident angle θi=450 and the wavelength inair λ0=600 nm, calculate the penetration depth of the inhomogeneous wave inside the airmedium.
3. Determine the core radius required for a fiber with wavelength λ=1.31 μm to ensuresingle-mode operation, given that core refractive index n1=1.52 and Δn=0.02
4. If an optical pulse of width 0.5 ps experiences a dispersion of 10 ps/(nm km) over 200 km,what is the new width of the pulse?

5. A laser with a wavelength of 600 nm and spectral width of 0.2 nm has coherence time of_________________________.
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