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Disciplina 2025/2026

» 2C/1L Optoelectronica OPTO
» Minim 7 prezente curs + laborator

» Curs - conf. Radu Damian

an IV uE

Marti 14:00-16:00, P8

E-70% din nota (50%-+20%)

- 20% test (VP) la curs, saptamana 4-6?
probleme + (2p prez. curs)

toate materialele permise

» Laborator - sl. Catalin lov
> an IV uE
- Marti 16-18
- Max. 7 prezente
> L -30% din nota (+Caiet de laborator +Probleme)
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Cuprins

» Lumina ca unda electromagnetica* (ecuatiile lui Maxwell, ecuatia
undelor, parametrii de propagare)

» Elemente de fotometrie si radiometrie* (marimi energetice/luminoase)

» Fibra optica (realizare, principiu de functionare, atenuare, dispersie,
banda de frecventa)

» Cabluri optice (tehnologie, conectori, lipire - splice)

» Proiectare sistemica a legaturii pe fibra optica (banda de frecventa,
balanta puterilor)

» Emitatoare optice (LED si dioda laser - realizare fizica si functionare)

» Receptoare optice (dioda PIN, dioda cu avalansa - realizare fizica si
functionare)

» Amplificatoare transimpedanta (parametri, scheme tipice, TIA in bucla
deschisa, cu reactie, diferentiale, control automat al castigului)

» Realizarea circuitelor pentru controlul emitatoarelor optice (parametri,
scheme tipice, controlul puterii, multiplexoare)

» Dispozitive de captare a energiei solare (principiu de functionare,
utilizare, proiectare )

* _ VP




Bibliografie

v

https://rf-opto.etti.tuiasi.ro

Irinel Casian-Botez, "Structuri Optoelectronice”, Ed.
"CANOVA", lasi 2001, ISBN 973-96099-2-9

Behzad Razavi - Design of Integrated Circuits for
Optical Communications, Mc Graw Hill

John Powers - An Introduction to Fiber Optic Systems

IBM - Understanding Optical Communications: on-
line http://www.redbooks.ibm.com

Radu Damian, | Casian, D Matasaru - ,Comunicatii
Optice” , Indrumar de laborator *, 2005

MIT Course - Fundamentals of Photovoltaics,
https://ocw.mit.edu

v

v

v Vv

v

v




Documentatie

Main Courses Master Staff Research Students

Microwave CD  Optical Communications ~ Optoelectronics  Intemet  Antennas  Technology/Noise  Practica

Optoelectronics
Course: OPTO (2023-2024)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DID405M

Discipline Type: DID; Required, Domain

Credits: 4

Enrollment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Group, Timetable:

Evaluation

Type: Colloquium

A: 50%, (Test/Colloquium)
B: 30%, (Seminary/Laboratory/Project Activity)
C: 20%, (Tests during semester)

Previous years

2022-2023 2021-2022 2020-2021 2019-2020 2018-2019 More years...

Server-ul “rf-opto™ pastreaza istoricul materizlelor pentru anii anteriori
Alegeti anul recent corespunzator pentru vizualizare sau "More years" pentru 2 afisa mai multi ani din istoric




Documentatie

» RF-OPTO
- https://rf-opto.etti.tuiasi.ro

» Fotografie
o “examen” online
> necesara la laborator/curs
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storic

Main Courses Master Staff Research Students

Optoelectronics
Course: OPTO (2023-2024)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DID405M

Discipline Type: DID; Required, Domain

Credits: 4

Enrollment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Group, Timetable:

Evaluation

Type: Collogquium

A. 50% (Test/CoIloqunum)
......... ab ratory/ Project Activity)
== 20%, (Tests during SeTater)

Previous years

020 2018-2019 More years...

Server-ul “rf-opto" pastreaza istoricul matenale
Alegeti anul recent corespunzator pentru vizualizare sau More years pentru a afisa mai multi ani din istoric




Istoric 2004-2025

Previous years

2018-2019 2017-2018 2016-2017 2015-2016 2014-2015 More years...

Optoelectronics

Course: OPTO (2018-2019)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DIS405M

Discipline Type: DID; Required, Domain

Credits: 3

Enrollment Year: 4, Sem. 8

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization S¢
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Group, Ti

Evaluation

Type: Colloguium

A: 50%, (Test/Colloguium)

B: 30%, (Seminary/Laboratory/Project Activity)
C: 20%, (Tests during semester)

Grades

Aggregate Results

Attendance

Previous years

2018-2019 2017-2018 2016-2017 2015-2016 2014-2015

Optoelectronics, Structures, Technologies, Circuits

Course: OSTC (2013-2014)

Course Coordinator: Assoc.P. Dr. Radu-Florin Damian
Code: DIS405M

Discipline Type: DIS; Required, Specialty

Credits: 4

Enrollment Year: 4, Sem. 7

Activities

Course: Instructor: Assoc.P. Dr. Radu-Florin Damian, 2 Hours/Week, Specialization Section, Timetable:
Laboratory: Instructor: Assist.P. Dr. Petre-Daniel Matasaru, 1 Hours/Week, Half Group, Timetable:

Evaluation

Type: Colloguium

A: 66%, (Test/Colloquium)

B: 17%, (Seminary/Laboratory/Project Activity)
D: 17%, (Homework/Specialty papers)
Grades

Aggregate Results

Materials

2013-2014

012-20
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Fotografii
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Bonus (~0.5-4.15)

Disciplina: Optoelectronica, structuri, tehnologii, circuite
An: 2015/2016

Bonus-uri care se aplica la nota de la teza obtinute prin:
- prezenta la curs (0.5p / 3pr)

- 3 miniteste aplicate la curs (max. 3 X 1.5p)

- contributie la site rf-opto (foto <C5=1p, >C5=0.5p)

o e e s o e e e e 1o 2o oo

1 CIOLPAN OCTAVIAN 5306 0.5

2 NITA COSTEL-CATALIN 5307 4 0.5 1 15

3 BARON BOGDAN-IONUT 5405 12 2 1 0.5 0.75 4.25
Prezenta Liste

Studenti care nu pot intra in examen
Bonus-Uri acumulate

» Minim 7 prezente
» 0.5p/3prez

» 3 teste

» foto <C4/<C6




Acces

» Personalizat (parola), Generic (email)

Date:

Grupa 5304 (2015/2016)
Specializarea Tehnologii si sisteme de telecomunicatii
Marca 5184

‘ a ca acest student

Discipina|Tip|Data___|Descriere | Nota uncte| b,
N 17/01/2014 Nota finala 10
A 17/01/2014 Colocviu Tehnologii Web 2013/2014 10 7.55
B 17/01/2014 Laborator Tehnologii Web 2013/2014 9
D 17/01/2014 Tema Tehnologii Web 2013/2014 9




Parola

» primita prin email
@ant message from RF@ Inbox x

Radu-Florin Damian
to me, POPESCU ~

Xn Romanian ~ > English ~ Translate message

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
& Universitatea Tehnica "Gh. Asachi” lasi

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este
Parols

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is
Password:

Login to the server, with this password, as soon as possible, for confirmation.

Save this message in a safe place for later use

& Reply = Reply all ®» Forward

A

At k[ Subject @ Correspondents

mportant message from RF-OPTO « =p POPESCU GOPO ION
Validation'© rom 02/05/2020

P P . - B LI PRSP

From Me <rdamian@ettituiasi.ro> #

... Important message from RF-OPTO
To

Cc Me <rdamian@etti.tuiasi.ro>

Laboratorul de Microunde si Optoelectronica
Facultatea de Electronica, Telecomunicatii si Tehnologia Informatiei
Universitatea Tehnica "Gh. Asachi" lasi

In atentia: POPESCU GOPO ION

Parola pentru a accesa examenele pe server-ul rf-opto este

Parola: QD

Identificati-va pe server, cu parola, cat mai rapid, pentru confirmare.

Memorati acest mesaj intr-un loc sigur, pentru utilizare ulterioara

Attention: POPESCU GOPO ION

The password to access the exams on the rf-opto server is

Password: QU
Login to the server, with this password, as soon as possible, for confirmation.

Save this message in a safe place for later use



Manual examen online

» Aplicatia de examen online utilizata la:
—curs{prezenta)

—aexaeh

Materials

Other dats

Manual examen on-line (pdf, 2.6
Simulare Examen (video) (mp4, 65

B, ro, 1n)
2 MB, ro, 11)

Microwave Devices and Circuits (Enalis




Examen online

» intotdeauna contratimp
- perioada lunga (prezenta curs/fotografii)

Start Didactic Master Colectiv Cercetare Studenti

Anunt Material suport Subiecte Rezultate Finalizare ConﬁrmaD = matoru:)Tter\:?;de AT gl
17:28 (29/04/2020) 17:30 (29/04/2020) 17:32 (29/04/2020) 17:35 (29/04/2020) 17:45 (29/04/2020) 17:45 (30/04/202Q < I s
Reincarca acum

Anunt

In acest examen se verifica diverse actiuni ale studentilor pentru examen

Ora pe server

fusul orar al server-ului (ar putea sa fie diferit de timpul local). Pentru referinta ora pe server este acum:

e examenele sunt
< 29/04/2020 17:28:51
P
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Calculul atenuarii/amplificarii




Calculul atenuarii/amplificarii

m

P
Atenuare = Fout <1 Pierderi[dB] = 10 - log4, ( ;ut> <0

P
Pierderi/Atenuare|[dB] = [—] 10 - log4, ( Pout>
i

P
Castig = };;)ut > 1 Castig|dB] = 10 - log4g (%) > 0

in n

Pierderi[dB]

A B/km] =
tenuare[dB/km|] Lungime|km]




Calculul atenuarii/amplificarii

Pierderi/Atenuare — P,,; < P;;, = P,,;|dBm] < P;,,|dBm]

P,,.:|dBm]| = P;,,|dBm] — Pierderi/Atenuare|dB]

v

Castig/Amplificare - P,,; > P;;, » P,,;|dBm]| > P;,,|dBm]|

P,,.:[dBm] = P;,[dBm] + Castig/Amplificare|dB]




Introducere
Capitolul 1




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil

> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)
» Energie solara

- Efect fotovoltaic (Si)




Aplicatii majore

» Comunicatii

> Infrarosu (InGaAsP)
» Vizibil

> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)
» Energie solara

- Efect fotovoltaic (Si)
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Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil

> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)
» Energie solara

- Efect fotovoltaic (Si)




Spectru vizibil




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)
» lluminare

> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)
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Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara

- Efect fotovoltaic (Si)
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Aplicatii majore

» Comunicatii

> Infrarosu (InGaAsP)
» Vizibil

> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)
» Energie solara

- Efect fotovoltaic (Si)




Evolutia latimii de banda utilizata
in retelele de telecomunicatii

Incarcare

relativa Total; §5%/an
50

40

30

20

Voce: 10%/an Sursa;
10
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1990 1995 2000 2005 2010 An




Evolutia latimii de banda

- 22% CAGR
2015-2020
200

150
Exabytes

0
2015 2016 2017 2018 2019 2020

o

Year Global Internet Traffic

1992 100 GB per day
1997 100 GB per hour
2002 100 GBps

2007 2,000 GBps
2015 20,235 GBps
2020 61,386 GBps

Source: Cisco VNI, 2016
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Internet Backbone
| Nofwa_y\(-— P

Sweden

Denmark
Netherlands

) Poland
Germany
Czech Republic

Romania
Turkey

Mexico

video, servicii
‘g zilnic prin
re infrastruc-
1asiv de date?
ma destul de
Im si posibile
Liniile reprezinta

fluxul de date dintre tari -

grosimea liniei e direct
proportionala cu cantitatea de
date transmisa.




Avantajele comunicatiilor prin fibra
optica - 1

» Greutate si volum

» Costul materialelor primare
> Si0,/Cu
» Capacitate de transmisie a informatiei f~200THz
> 15.5 Thit/s @ 7000 km, 69.1Tb/s @ 240km
> 159 Tbh/s @ 1045 km
- Banda (Viteza) x Distanta [MHz-km] [ ? MHz/km]
» Lipsa conexiunilor electrice
> Bucle de masa (1-2V/km)
> Siguranta in exploatare
> Imunitate la fulgere/lipsa scanteilor




Avantajele comunicatiilor prin fibra
optica - 2

» Imunitate la interferenta electromagnetica

» Distanta intre repetoare

> 100km/2-5km

» Posibilitate de crestere a capacitatii de
transmisie a informatiei
- Teoretic extrem de mare (aproape infinita) f~200THz
- Reutilizarea cablurilor existente

» Securitate

> Interceptare dificila si detectabila
> Inserare de semnal practic imposibila




Dezavantajele comunicatiilor prin
fibra optica

» Conexiuni complexe si esentiale

- Costul circuitelor integrate cresut considerabil de
cuplarea luminii in fibra

» Curbarea cablurilor optice
» Dezvoltarea greoaie a standardelor

» Optica folosita strict pentru transmisie
(aproape)
- EDFA - Erbidium Dopped Fiber Amplifier

» Sensibilitate la radiatii gama si campuri
electrice intense

» Rozatoare si termite




Modulare

A
» return-to-zero (RZ)
» nonreturn-to-zero (NRZ) §, !
N
(08
! T Time
| I I I I
(a)
! | | | | |
A I | I
I I I I I
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Time




Transmisia optica

-<—Transmitter—— -—— Recejver—»

Connector onnector
s Q\ Glass Fibre yp

AModuIatorﬂgW/—w{% Amplifier
A |
Light SOUF(*TG Light Sengor | Detector}—

| (Detectdlr) 1

|
~— Electricity > Light > Electricity—




Multiplexare

» TDM
> time-division
multiplexing
» FDM
- frequency-division
multiplexing
» Realizabila in
domeniul
electric/optic
» WDM

- wavelength division
multiplexing

Amplitude

Amplitude

._.
o

p
w
\

I

e — e — — —— —— ——

—
N
e w— e — — — — —

Channel 1 Channel 2 Channel 3

Vv

Frequency
()



Spectrul WDM - Wavelength

Division Multiplexing

Canale: 16

Spatiere: 0.8 nm

Emisie spontana
Amplificata (ASE)

~RL|+0.00 dB
5.0 dB/|DIV
et
1545 nm 1565 nm



Standarde

» SUA, Japonia

SONET | SDH B (Mb/s) | Channels
OC-1 51.84 672
OC-3 STM-1 155.52 2,016
OC-12 | STM-4 622.08 8,064
0C-48 | STM-16 2,488.32 32,256
OC-192 | STM-64 9,953.28 | 129,024
OC-768 | STM-256 | 39,813.12 | 516,096

» inlocuit de

» SONET - synchronous optical network

» SDH - synchronous digital hierarchy




Standarde

» SUA

STS-1 and OC-1 51.840 Mb/s

STS-3 and OC-3 155.52Mb/s same as STM-1
STS-9 and OC-9 466.56 Mb/s

STS-12 and OC-12 622.08 Mb/s same as STM-4
STS-18 and OC-18 933.12Mb/s

STS-24 and OC-24 1244 16 Mb/s same as STM-§
STS-36 and OC-36 1866.24 Mb/s

STS-48 and OC-48 2488.32 Mb/s same as STM-16
STS-192 and OC-192 9953.28 Mb/s same as STM-64
STS-256 and OC-256 13271.04 Mb/s same as STM-86
STS-768 and OC-768 39813.12Mb/s same as STM-256
STS-3072 and OC-3072 159252.48 Mb/s same as STM-1024
STS-12288 and OC-12288 639009.92 Mb/s same as STM-4006

» Euro

1 mile=1760 yards

64 Kb/s

El 2 (48 Mb/s
E2 4 4Els 1 yards=3 feet
E3 4 Mb/s 16 Els

139.264 Mb/s

1 milex1609.34 m




Spectrul electromagnetic

Radio Radar IR Light UV X-rays y-rays
VLW MW FM Mobile
LW sSwW TV  Sat TV
| | | ] | | | | | | | | | | | | | | | | | | |
| | | — | | | T | | | | 1 | | | T | | | —
100 101 103 108 109 1012 1015 1018 1021 [Hz]
1625 - 1300 850
| | | | | |
| | | | | |
2000 1600 1200 800 400 [nm]
Infrared light [IR] Ultra violet hight [UWV]
(Communicatio Visible light (Cutling)
(Entertainment)
760 nm 390 nm




Benzi de lucru in comunicatiile
optice

- 193 229 353 461 THz
Frecventa < ; : ; ; >
Lungime e D S B S Dy S S D —
de unda 1.8 16:1.4:1.2 1.0 0.8 0.6 0.4 0.2 pm
vid) Laseri HeNe
Longhaul Telecom > 633 nm

1550 nm:
Regional Telecom ! : CD Player
1310 nm . 780 nm
Local Area Networks i :

Laser light VISIBLE AND/OR INVISIBLE LASER RADIATION
when open. AVOID EYE OR SKIN EXPOSURE TO
AVDID DIRECT DIRECT OR Si ED IATION
EYE EXPOSURE CLASS 4 LASER




Atenuarea 1n fibra optica (SiO,)

Attenuation
A [dB/Km]

100 The five (six)
optical windows.

10 —

1
Rayleigh Wave-
scattering IR length
absorption (nm)

| | | — -

400 800 1200 1600 7 I‘. j !

=

First Window

W

850nm, 1310nm, 1550nm

5

Optical Loss (dB/km)

| [ S — — —
0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0

Wavelength (pm)




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)
» lluminare

> Putere ridicata, lumina alba (GalnN)

» Energie solara
- Efect fotovoltaic (Si)




Eficienta

» Bec cu incadescenta
- 16 Im/W

» Tub fluorescent
> 100 Im/W

» LED
- curent: 250 Im/W
- curand: 300 Im/W




Premiul Nobel, Fizica, 2014

Physics @  The Nobel Prize in Physics 2014 Summary

The Nobel Prize in Physics 2014

Isamu Akasaki
Hiroshi Amano
Shuji Nakamura

Share this

I v M

Isamu Akasaki Hiroshi Amano Shuji Nakamura

Prize share: 1/3 Prize share: 1/3 Prize share: 1/3

The Nobel Prize in Physics 2014 was awarded jointly
to Isamu Akasaki, Hiroshi Amano and Shuji
Nakamura "for the invention of efficient blue light-
emitting diodes which has enabled bright and
energy-saving white light sources."




Eficienta in timp

100 /F

«~—fluorescent 1

AllInGaP/GaP

R (red, orange, yellow) ]
\ J

AlInGaP/GaP 4

[ —Unfiltered incandescent (red, orange)

—Yellow filtered incandescent

ju—y
[—

DH AlGaAs/AlGaAs
(red)

InGaN
L —Red filtered incandescent AlGaAs/GaAs (blue)

A GaAsP:N red
(red, yellow)

«—Thomas Edison's
first bulb

Performance (Lumens/Watt)

[ GaP:Zn,0
[ red)

0.1 r—1 ,Il Y T Y TR W NN NN NN NN NN NN NN NN SN NN SN BN NN NN DN NN SN NN BN NN NN NN NN NN N S |
1960 1970 1980 1990 2000

Time (years)




Aplicatii
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Aplicatii

» casnic




Aplicatii

» iluminat public




Aplicati




Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil

> Spectru vizibil (GaAlAs)
» luminare

> Putere ridicata, lumina alba (GalnN)
» Energie solara

- Efect fotovoltaic (Si)




ITU-R BT.709

ITU-R BT.709 phosphor properties
Phosphor X y
Red 0.640 0.330
Green 0.300 0.600
Blue 0.150 0.060

Data refers to xy chromaticity co-ordinates of [TU-R BT.709 phosphors
which are used in most CRT displays [1].
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Spectru vizibil




2856 K Halogen Lamp

RGB values for Luxeon LEDs

Bt Do LED color Dominant wavelength RGB values
840 Ap (nm)
Royal blue 455 0.05, 0.00, 0.95
Blue 470 0.00,0.11,0.89
Cyan 505 0.00, 0.63, 0.37
Green 530 0.00,0.77,0.23
__ Amber 590 0.70, 0.30, 0.00
Color Coordinatex Red-Orange 615 0.97,0.00, 0.03

Red 625 0.92,0.00, 0.08



Aplicatii majore

» Comunicatii
> Infrarosu (InGaAsP)

» Vizibil
> Spectru vizibil (GaAlAs)

» lluminare
> Putere ridicata, lumina alba (GalnN)

» Energie solara

- Efect fotovoltaic (Si)




Aplicatii

Greta Thunberg




EU

Top 10 EU countries solar capacity per capita 2022

Netherlands Germany Denmark

1,044 (815) 816 (722) 675 (428)
Watt/capita Watt/capita Watt/capita

Luxembourg Estonia Spain Greece Maita Portugal

- -
663 (582) 629 (435) 596 (405) 565 (406) 541 (401) 536 (467) 416 (173)
Watt/capita Watt/capita Watt/capita Watt/capita Watt/capita Watt/capita Watt/capita

W 2021 W 2022




EU

Annual rooftop and utility scale
Installations in the EU
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EU

EU-27 annual solar PV installed capacity 2016 - 2024 s 5055 - KiahE doBa

EU electricity prices stabilise

69 GW -22% non-household consumers

Average annual installations -9% household consumers

2025-2030 to reach 929% decrease

REP reu t t +496 g
70 - arge G55 compared to

1 !
2021-2023
628
60 June 2021 - May 2023 growth
EU electricity prices increase
50 +131% non-household consumers
+79% household consumers
+539%
40
=
(0]
- +45%
September 2018
EU ends trade barriers on
20 Chinese PV modules
10
o mum W .
2016 2017 2018 2019 2020 2021 2022 2023 2024

© SolarPower Europe



EU

EU-27 annual solar PV segmentation 2020-2024 (%)

Utility-scale

‘ Commercial &
Industrial

2022 2023 2024 @ Residential

© SolarPower Europe



Modelarea luminii

(tot) Capitolul 1




Modelarea luminii

» Unda electromagnetica
> Ecuatiile lui Maxwell
° N\, &, 0,f
» Teoria cuantica
- Benzi energetice E=hv
- fotoni, emisie stimulata, LASER
» Optica geometrica
> n, O
- raze de lumina
> intuitiva




Unda electromagnetica

» Dispersie
» Fibre monomod
» Interferenta

» Polarizare




Fotoni/Unda
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Model cuantic - foton
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Through the Wormhole
S02E07 How Does the Universe Work




Modelare

Through the Wormhole
S02E07 How Does the Universe Work
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Optica geometrica
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Contact

» Laboratorul de microunde si optoelectronica
» http://rf-opto.etti.tuiasi.ro
» rdamian@etti.tuiasi.ro

p—
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