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Activity type 10.1 Assessment criteria 10.2 Assessment methods 10.3 Weight in the 

final grade

Course The level of  acquired theoretical 

knowledge and practical skills 

- after 7 courses, 

preliminary exam (oral 

examination) -optional

- Summative evaluation 

written exam (theory and 

problems) – 14 subjects, 

one from each lecture (for 

the students with 

preliminary exam – 8 

subjects)

- T, max 10 pts.

20%

- E, max 10 pts.

60%

Applications The level of  acquired abilities - Continuous formative 

evaluation

- practical lab test  

- L, max. 10 pts.

20%

10.4 Minimum standard of performance

The presence of the course is considered activity and chronic absenteeism requires further verification of

material lost. Presence in all laboratories, obtaining a minimum of 4.5 notes in laboratory activities, and

partly written exam.

Lab (L) ≥ 4.5   and   Essay (E) ≥ 4.5   and   Exam (T) ≥ 4.5    : 0,6E+0,20L+0,20T ≥ 4.5

Examination rules: SYLLABUS

Written score=
10% lecture attending
+90% written exam



Optical 
Communication= 

communication with 
light signal



Duality of Light

Wave

Particle (photons)

Photonics is the science and technology of harnessing light



Photonics and Electronics => OPTO-ELECTRONICS

Photonics bears 

the same 

relationship to 

light and 

photons as 

Electronics 

does to 

electricity and 
electrons

Standard Model of elementary particles. 

The electron is at lower left.

The photon is at upper right.



Standard Model of 
elementary particles

• In the Standard Model of particle physics, cap 4: electrons belong to the 

group of subatomic particles called leptons, which are believed to be 
fundamental or elementary particles.

• Electrons have the lowest mass of any charged lepton (or electrically charged 
particle of any type) and belong to the first-generation of fundamental particles. 

• The second and third generation contain charged leptons, the muon and the tau, 
which are identical to the electron in charge, spin and interactions, but are more 
massive. Leptons differ from the other basic constituent of matter, the quarks, by 
their lack of strong interaction. 

• All members of the lepton group are fermions, because they all have half-odd 
integer spin;

• the electron has spin 1⁄2.

• The positron is symbolized by e+ because it has the same properties as the 
electron but with a positive rather than negative charge.

Heath Salter- Quantum Electronics, English Press, New Delphi, 2011, ISBN 978-93-81157-29-9

Electron



Modelul standard – Fizica

• Inițial (aproximativ între anii 1950–1975) s-a crezut că particulele din 
modelul standard stau la baza întregii materii din univers. La ora
actuală se știe însă că ele formează numai cca 4,6 % din univers, restul
fiind desemnat drept materie întunecată (cca 23 %) și energie
întunecată (cca 72 %).

• Modelul standard nu este o teorie completă a interacțiunilor
fundamentale, deoarece în prezent el nu reușește să integreze a patra
forță fundamentală, gravitația, și de asemenea pentru că este
incompatibil cu recentele observații ale oscilațiilor neutrinilor. 



Modelul standard
• În prezent modelul standard înglobează un total de 61 de particule considerate 

fundamentale (fără structură internă), și 3 din cele 4 tipuri de interacțiuni de bază (forțe). 

• Particulele fundamentale sunt împărțite în două mari categorii după o proprietate numită
spin, și anume

• fermioni fundamentali (a căror valoare a spinului e un număr fracționar) și
• bosoni fundamentali (a căror valoare a spinului e un număr întreg). 

• Fermionii fundamentali sunt împărțiți în quarkuri și leptoni. 
• Există 6 quarkuri și 6 leptoni, cu tot atâtea antiparticule corespondente; fiecare quark există în trei

subtipuri, denumite culori.

• Interacțiunile dintre fermioni sunt mediate prin schimbul unor particule de calibrare
(etalonare), bosonii intermediari(en), asociați celor 4 forțe fundamentale. 

• Bosonii intermediari sunt: 
• fotonul (corespondent forței electromagnetice), 
• 3 bosoni W+, W- și Z (corespondenți forței nucleare slabe) și
• 8 gluoni (corespondenți forței nucleare tari). 
• Acestora li se adaugă bosonul Higgs, detectat experimental în anul 2013. 



Cele 4 forte fundamentale



Standard Model of 
elementary particles

• In the Standard Model of particle physics, cap 5: Cap 5: a photon is an elementary particle, the 
quantum of the electromagnetic interaction and the basic unit of light

• The modern concept of the photon was developed gradually by Albert Einstein

• In 1900, Max Planck was working on black-body radiation and suggested that the 
energy in electromagnetic waves could only be released in "packets" of energy. In his 
1901 article in Annalen der Physik he called these packets "energy elements".

• The word quanta (singular quantum) was used even before 1900 to mean particles or 
amounts of different quantities, including electricity . 

• Later, in 1905 Albert Einstein went further by suggesting that electromagnetic waves 
could only exist in these discrete wave-packets. He called such a wave-packet the light 
quantum (German: das Lichtquant). 

• The name photon derives from the Greek word for light, φως (transliterated phôs), and 
was coined in 1926 by the physical chemist Gilbert Lewis, who published a speculative 
theory in which photons were "uncreatable and indestructible". Although Lewis' theory 
was never accepted as it was contradicted by many experiments, his new name, photon, 
was adopted immediately by most physicists. 

• Isaac Asimov credits Arthur Compton with defining quanta of energy as photons in 
1927.

• for the explanation of the photoelectric effect, Einstein received the 1921 Nobel Prize 
in physics.

Heath Salter- Quantum Electronics, English Press, New Delphi, 2011, ISBN 978-93-81157-29-9

Photon



Optoelectronics – 3rd year of 
study -> basic concepts

That will be used for the 
SOT course = 

Optoelectronic Systems for 
Telecommunication:

Advanced Optoelectronics 
concepts: Optical waveguides 

and Optical components, 
Special optical fibers

Introduction to Optical 
Communication: Design, 

Linear and Nonlinear 
Phenomena etc

Applications: Photonics for 
5G, Quantum computing, 

Microwave Photonics, 
Artificial Intelligence in 

Photonics

PREREQUIREMENTS

Optical emitter Optic channel Optical receiver

Electric
signal

Electric
signal

A generic optical communication system

- Optic properties
- LEDs
- Lasers
- Waveguides
- Optical fibers
etc

SOT Course – 4th year



www.Photonics21.org



………….Alfredo Viglienzoni, Ericsson ………. 

Chair of Photonics21 Work Group 1 –

Optical Communication

“Each person will soon have at least a 
mobile smart phone with the capability of 
accessing extremely high data rates. This 
will require more power generation which 
will have a severe impact on the 
environment. Therefore the future network 
is required to be fast, cheap, clean and 
cognitive (FCCC). To achieve an FCCC 
network, the wired and wireless networks 
need to be fully merged to have a 
transparent and widely seamless network 
with as much optical fibre close to the end 
user as possible to reduce power 
consumption, increase the data rate and 
reduce the cost of the transmitted and 
routed bit. “



Optech Consulting Market 
Research Study 24.1.2017 “access network by exploiting the vast 

bandwidth, low loss and dispersion of new 
types of fibres currently being developed 
to set up a massive pool of WDM channels 
at aggregate rates “

2 Research Priorities................... 6 
2.1 Making optical networks more 
transparent and secure.............. 6 
2.2 Making optical networks more 
dynamic and cognitive ............... 9 
2.3 Making optical networks faster .. 12 
2.4 Making optical networks greener ...15 
2.5 Bringing optical networks closer to 
the customer ............................. 16 



ICT

• Information and Communication Technologies (ICT) will continue to be a key driver 
for the future economy of Europe as evidenced by the national infrastructure of 
broadband Internet, mobile communications and web services. 

• The ICT infrastructure is now considered in most countries to be part of a Critical 
National Infrastructure and is the key to future economic growth. 

• The ICT sector is directly responsible for 5 % of Europe’s gross domestic product, 
with an annual market value of €660 Billion [1]. However, ICT contributes considerably 
more to overall productivity growth (20 % directly from the ICT sector and 30 % from 
ICT investments). As an enabler, ICT plays a vital role in enhancing other sectors’ 
business growth.

• According to the Information Technology and Innovation Foundation, a $10 Billion 
investment in broadband networks, in one year, would create almost 500,000 jobs in 
the US [2]. Europe is home to the world’s largest and most successful telecom industry, 
with 7 out of the 10 largest telecom operators (Telefonica, Deutsche Telekom, 
Vodafone, Orange, BT, Telecom Italia, Telenor Group) alongside major world telecom 
manufacturers (Alcatel‐Lucent, ADVA Optical Networking, Ericsson, Nokia Siemens 
Networks and Intune Networks), leading manufacturers of optical components (e.g. 
Oclaro, u2t, Leoni, and ULM Photonics) and manufacturers of network test equipment 
(e.g. JDS Uniphase and Agilent).

• Maintaining the strong European leadership in communications is essential for its 
economy, employment and innovation. Europe’s communications industry has the 
strength to remain competitive and to establish leadership in a new wave of 
broadband networking technologies and business innovations. 

• All this is motivated by the end users’ demand for higher bandwidth: Better quality 
video on smart phones, IP‐based television, smart homes with networked appliances, 
data‐hungry business applications and 3D‐video conferencing ‐ all of these need data 
rates which require efficient network infrastructure based on photonic technologies. 

………….Alfredo Viglienzoni, Ericsson ………. 

Chair of 

Photonics21 Work Group 1 –

Optical Communication

BRUSSELS, EU

Next Generation Optical Networks 

Enabler for Future 

Wireless and Wireline Applications 

[1] Photonics21, “Second Strategic Research Agenda in Photonics, Lighting the way ahead.”
[2] R. Atkinson, D. Castro and S. Ezell, “The Digital Road to Recovery: A Stimulus Plan to Create Jobs, Boost Productivity and Revitalize America”, Report by the Information Technology and 
Innovation Foundation, 7 January 2009. 



I. Introduction to photonics



References



Serway-
Optics

-Ray optics
-Wave optics

c=3x10^8m/s h=6.62607015×10−34



Giancoli
-Light: Reflection and 
Refraction (Ray Optics)
-The Wave Nature of Light;
Interference (Wave Optics)
-Diffraction and Polarization
-Quantum mechanics of atoms: 
Lasers and Holography
-Relativity: Doppler effect of 
light



Photonics Ref: Giancoli - Physics for Scientists and Engineers
https://www.youtube.com/watch?v=knRDHwzQ9fY

plane waves
transverse waves

Electromagnetic theory 
(Maxwell)

Corpuscular theory 
(quantum mechanics)

https://www.youtube.com/watch?v=knRDHwzQ9fY


Duality wave-corpuscle of light

Is the theory that light is a series of spherical waves progressing from
the source with velocity c (three hundred thousand km/s), and the
theory that light is a group of corpuscles moving in straight lines from
the source with velocity c

https://www.physicsclassroom.com/Physics-Interactives/Refraction-and-Lenses/Optics-Bench/Optics-Bench-
Refraction-Interactive
https://github.com/aasim74/Wave-Optics-Simulations
https://www.codeseeder.com/examples/rib-waveguide-modes/

https://aapt.scitation.org/doi/10.1119/1.3677652

Lasers: https://phet.colorado.edu/sims/cheerpj/lasers/latest/lasers.html?simulation=lasers
Optical quantum control with gratings: https://phet.colorado.edu/sims/cheerpj/optical-quantum-control/latest/optical-quantum-control.html?simulation=optical-quantum-control

Interference: https://phet.colorado.edu/sims/cheerpj/quantum-wave-interference/latest/quantum-wave-interference.html?simulation=quantum-wave-interference

https://ricktu288.github.io/ray-optics/
Simulators

https://www.physicsclassroom.com/Physics-Interactives/Refraction-and-Lenses/Optics-Bench/Optics-Bench-Refraction-Interactive
https://github.com/aasim74/Wave-Optics-Simulations
https://phet.colorado.edu/sims/cheerpj/lasers/latest/lasers.html?simulation=lasers
https://phet.colorado.edu/sims/cheerpj/optical-quantum-control/latest/optical-quantum-control.html?simulation=optical-quantum-control
https://phet.colorado.edu/sims/cheerpj/quantum-wave-interference/latest/quantum-wave-interference.html?simulation=quantum-wave-interference
https://ricktu288.github.io/ray-optics/


Optics

• Propagation: transmission, reflection, refraction

• Scattering, diffraction and Interference

• Ray Optics: A ray is a line drawn in space corresponding 
to the direction of flow of radiant energy. Is valid as long 
as the light waves propagate through and around 
objects whose dimensions are much greater than the 
light's wavelength. Ray theory (geometrical optics) does 
not describe phenomena such as diffraction, which 
require wave theory

• Wave theory -

https://en.wikipedia.org/wiki/Light_wave
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Geometrical_optics
https://en.wikipedia.org/wiki/Diffraction
https://en.wikipedia.org/wiki/Wave_optics


Reflection and 
Refraction (Ray Optics)

https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html



Ray optics and 
wave optics

https://ricktu288.github.io/ray-optics/



Wave optics



Fresnel equations



Goose Hanchen Shift

a light beam, which is totally internally reflected,

undergoes a minute lateral shift from the position

where the beam strikes the interface

! Very important for optical fibers



Waves

First, the electric and magnetic fields are perpendicular to each 
other at any point and to the direction of wave travel -> plane 
waves
Second, we can see that the fields alternate in the propagation 
direction
The electric and magnetic fields are “ in phase” : that is, they each 
are zero at the same points and reach their maxima at the same 
points in space



Polarization

It has already been established that 
light may be treated as a

transverse electromagnetic wave. Thus 
far we have considered

only linearly polarized or plane-
polarized light, that is, light

for which the orientation of the 
electric field is constant, although

its magnitude and sign vary in time 



Polarization 
and phasor

• Phasor addition provides a highly 
useful technique for dealing with 
the superposition of orthogonal 
waves

• Axis projections



Circular polarization

Wave propagation Circular vector rotation (right)- clockwise

Optical fiber –

acts like a sequential polarizer



Polarisation

you certainly can confirm Malus’s Law with two ordinary 

Polaroids, you’ll have to be careful to use light in the range 

from 450 nm to 650 nm.

Malus Law

https://ophysics.com/l.html



Birefringence

Many crystalline substances (i.e., solids whose atoms are

arranged in some sort of regular repetitive array) are optically

anisotropic. Their optical properties are not the same in all

directions within any given sample. 

https://en.wikipedia.org/wiki/Birefringence

Optical fibers



Wave – Interference
INTERFEROMETER

https://phet.colorado.edu/en/simulation/wave-interference

Constructive – in phase Destructive

Simulators https://phet.colorado.edu/sims/html/wave-interference/latest/wave-interference_en.html



Interference

• optical interference corresponds to the interaction of two or more lightwaves yielding a resultant irradiance 
that deviates from the sum of the component irradiances.

Max and min – young experiment



http://physics.bu.edu/~duffy/HTML5/diffraction.html

Diffraction
GRATINGS

https://www.animations.physics.unsw.edu.au/light/diffraction/index.html

https://ophysics.com/l5b.html

https://ophysics.com/l4.html

https://phet.colorado.edu/sims/html/wave-
interference/latest/wave-interference_en.html



Emission

Adsorption

Photoelectric effect

Compton

https://ocw.mit.edu/courses/physics/8-04-quantum-physics-i-spring-2016/video-lectures/part-1/compton-scattering/

Quantum optics

https://ocw.mit.edu/courses/physics/8-04-quantum-physics-i-spring-2016/video-lectures/part-1/compton-scattering/


Photoelectric effect

https://phet.colorado.edu/sims/cheerpj/photoelectric/latest/photoelectric.html?simulation=photoelectric



Doppler effect

The Doppler effect is an effect 

observed in light and sound 
waves as they move toward or 
away from an observer

https://www.youtube.com/watch?v=vDvIhiCnatE
https://phys.org/news/2016-03-nonlinear-rotational-doppler-effect.html



RGB colour vision (camera vision)

https://phet.colorado.edu/sims/html/color-vision/latest/color-vision_en.html



Rainbow

https://ophysics.com/l17.html



Speed of light

Attempts:
*Galileo attempted to measure the
speed of light

*Albert A. Michelson (1852-1931)



https://light-measurement.com/wavelength-range/

Electromagnetic spectrum

Optoelectronic spectrum Optic communication



Conclusions



II. Photonics applications





First definition



Nature = a source of inspiration



www.light2015.org

Was declared

http://www.light2015.org/


Key enable technology













https://phys.org/news/2019-09-scientists-quantum-milestone.html
https://phys.org/news/2019-09-quantum.html
http://news.mit.edu/2011/quantum-light-0909
https://www.oledcomm.net/lifi-max/

LI-FI
Light Fidelity (LiFi) Internet Service Provider ...

https://phys.org/news/2019-09-scientists-quantum-milestone.html
https://phys.org/news/2019-09-quantum.html
http://news.mit.edu/2011/quantum-light-0909
https://www.oledcomm.net/lifi-max/
https://www.oledcomm.net/






Have you ever gotten super lost? 
What happened?


