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First M87 Event Horizon Telescope Results. II. [I, II, I, IV, V]

Array and Instrumentation
The Astrophysical Journal Letters, 875:L2 (28pp), 2019 April 10

https://doi.org/10.3847/2041-8213/ab0c96

https://www.jpl.nasa.gov/edu/news/2019/4/19/how-scientists-captured-the-first-image-of-a-black-hole/






Students (2021/22)




General Objectives

Conhecer os principais conceitos da éptica e dos lasers (no contexto mais integrado
e com vertente industrial da foténica) relevantes para o desenvolvimento de
instrumentacao e de aplicagdes da luz.

Apresentar os conceitos e modelos relativos a luz cobrir a compreensao do
funcionamento e, ainda, a fornecer ferramentas para a respectiva optimizacao,
passando por aplicacdes computacionais e simulacao.

Apresentar diversas opcdes tecnoldgicas actuais para a implementacao das diversas
funcionalidades instrumentais relevantes para as tecnologias e aplicacdes da luz.

Compreender os niveis de interface com os sistemas de detecc¢ao, sempre que
aplicavel.



A -
1.
2.
3.
B -
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2.
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C-
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D -

1.
2.
3.

Contents — theory

Optica geométrica

Sistemas arbitrarios,

Aberragoes

Analise e de desenho de sistemas.
Propagac¢ao

Difraccdo e Optica de Fourier

PSF, OTF e MTF

Tratamento de aberragdes

Campo proximo, aplicagdes
Modelagao numérica.
Interferometria e metrologia dptica
Duas ondas

Ondas multiplas

Phase shifting e unwrapping da fase
Analise de interferogramas [tempo
(desmodulagao) e espaco].
Polarizagao

Modelacao e elipsodide dos indices
Optica dos meios anisétropos
Moduladores

E
1.
2.
3.
F
1.
2.
3.
G
1
2
3
4
5
6
H
1.
2.

Radiometria e fotometria

Grandezas basicas e principais teoremas
Fontes, emissividade, BDRF

Irradiancia no detector, ruido.

Coeréncia

Funcgdes

Propagacao das funcdes de coeréncia
Radiometria generalizada

Lasers

Principios de funcionamento, ganho, risca
Bombeamento

Cavidade ressonante, feixes, modos e espectro
Geragao de impulsos

Tipos de lasers e operagao

Seguranca laser

Optica n3o-linear

Efeitos de 22 e 32 ordem

2. Sistemas e aplicagdes



Contents — laboratory - examples

A - GERAL D - POLARIZAGAO & RADIOMETRIA

A.1 - ALINHAMENTO DE LENTES E ESPELHOS D.1 - CARACTERIZAGAO E ALTERAGAO DE ESTADOS DE POLARIZACAO
A.2 - FORMAGAO DE IMAGEM, ABERRAGOES, PUPILAS D.2 - RADIOMETRIA

A.3 - ANALISE DE FRENTE DE ONDA (CONSTRUGAO DE UM D.3 - FOTOMETRIA

SHACK-HARTMANN)

A.4 - MEDIDA DO INDICE DE REFRACGAO E - LASERS

A.5 - INJECGAO E EXTRACGAO DE FEIXES EM FIBRAS OPTICAS - E.1 — ARQUITECTURA DE LASERS

ABERTURA NUMERICA E.2 - KIT DIDACTICO DE LASER DE CO2

E.3 — MEDIDA DA DIVERGENCIA DE UM FEIXE LASER
E.4 - ANALISE DE MODOS LONGITUDINAIS DE UM FEIXE LASER
E.5 - INTERACAO DA RADIACAO LASER COM A MATERIA

B — PROPAGACAO E DIFRACCAO

B.1 - ESPECTROS DE ALGUMAS ABERTURAS SIMPLES (FUROS,
FENDAS) E DE REDES DE DIFRACGAO

B.2 - FILTRO ESPACIAL. FILTRAGEM OPTICA
B.3 - SPECKLE LASER

C - INTERFEROMETRIA

C.1- INTERFEROMETRO DE DESVIO LATERAL
C.2 - INTERFEROMETRO DE MICHELSON

C.3 - INTERFEROMETRO DE YOUNG



Assessment

LABORATORY- 50% PROBLEMS - 20%
» Relatérios laboratoriais (grupos com nao
maiS de 2 alunOS) > Entrega de 4 problemas resolvidos (metade do nimero de secges do programa)
(20%).
ESSAY- 30% PARTICIPATION - 0%

» Monografia individual (10 paginas, formato de artigo a submeter a revista) com
apresentagdo oral > o




Assessment detailed explanation

C

hN'I'EGRATED MASTER IN PHYSICAL ENGINEERING (MIEF)
IMAGING SYSTEMS (2019/20])

File available on ASSESSMENT

losé Manuel Rehordéa, Jodo Pinto Coelha

Fénix & Facebook ——

The goal of IMAGING SYSTEMS is not applications per se, but the architecturs of IMAGING S¥STEME, their enabling
technalagies and the most relevant system properties: resolution, dynamics and sensitivity.
Key concepte: 1. Imaging, 2. Systems

! — Components of the Assessment

LA BOR ATOR Y- 35% PROBLEMS —15%
#  Inzbrument mplementati on: miscrosoopes,
e scopes & Aset of 20 problems will be made

#  Image fomation of point objects. idea A
mmaging. Aberations. Impact of stops
#  Students are required to defiver half {10}
#  Diffraction and Fourier optics. Spatia until the kst course
frequency spectrum. Spatial fltering

#  Radiometry

ESS AY— 40% (inc. Simulation] -examples PARTICIPATION - 10%

Bt s,

un.“v':;,.u.;“..... # Indiwidual short presentations an
S interesting topics {15 minutes aach)

G T, B, g

& Amtendance of >= 80% of classes
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Aclative weights may change by +" 5%,

Il — Loboratory reports
The alm of the bboratory reparts is to objectively describe each of the experiments carried cut, identifying the materals and methads
usad, the schematic and functional representaticon of the experimental setup and the results, sccorcing to what is reguested in the work
plan - which wil be distributed in agwanos.

For a better understanding of each wark, the fallowing guidelines shauld be fallowed when writing the reports:

Bricd introduction to the subject, with the theory and mathematics relevant ta the analysis of the results
Explanaticon of methacs and materials / systerns used

Cuerdlew of the results anc suitable analysts (in relation to the uncerying theery)

Conclusions, well supparted by the analysis

Referances ar bibliography Identified

Activities common to several experiments {e.g- characterization of the lenses used) should be addressed inannexes

MW B oW R e

Evaluation will also address:

*  The language used and guality of the information
= Critical thinking and clear separation between chsertions and interpretations (based on theary or explanatony hypatheses).

Experimants may be carriec out in groups of 2-3 students, at maost, with a commen laberatory repart. The participation of each student in
thee experiments will be taken in conslgeratian.




Bibliography (examples)

Concepts
Hecht E, Optica (Gulbenkian, 1998)

Bass M et al., Handbook of Optics (Vol 1-5), (OSA, McGraw, 2001,
2009)

Guenther R, Steel D, Encyclopedia of Modern Optics (Vol 1-5)
(Elsevier, 2018)

Goodman J W, Introduction to Fourier Optics (Roberts & Co,
2005)

Goodman J W, Statistical Optics (2nd ed.) (Wiley, 2015)

Industry / Strategy

Photonics?! - Europe’s age of light! How photonics will power growth
and innovationvision paper (2017)

Lasers
Verdeyen J.T., Laser electronics (3ed., PH, 1995)

3k %k %

Internet resources

3k %k %

Revistas cientificas

Revistas e artigos de revistas da Optical Society of America (OSA),
SPIE e Nature Photonics

Sociedades cientificas
Optical Society of America
SPIE — Society of Photoelectronics Industrial Engineers ***



Light instruments / systems are used for:

Sources and detectors
Mapping (2D or 3D fields)

Meteorology

Medical & biomedical

Metrology
Inspection
Microscop(y)(ies)

Astronomy

Security, Biometrics, Security and surveillance
Photography, Video, Film

Military

Vision enabling / emulators in (semi)automatic
systems

Probing

Light concentration

Materials characterizations

Light observables are:

Spatial distributions of irradiance = images

Spectra

Phase distributions
Polarization
Coherence



Systems using light can be:

e Active / passive

e Static / scanning

e Monolithic / multi-aperture / interferometric imaging

e Monochromatic / multispectral / hyperspectral (frequency range)

* Intensity / phase (coherency) / polarization / wavelength sensitive
e 2Dor3D

e Imaging / non-imaging

e Radiometers, spectrometers, imagers (spectro-radiometers, imaging spectrometers, ...

e Built with devices from the nanoscale to the macro-scale

... and are characterized in terms of:

e Intrinsic parameters

Resolution (PSF, MTF)

Sensitivity

Dynamic range

Field of view (FOV) / Field of regard (FOR)
Depth of focus

Space-variant / space invariant properties
(aberrations)

Sampling (spatial / dynamic / temporal)

e  Operational parameters

Quantization

Rates (pixel, frames, ...)

Integration time control

Noise reduction mechanisms

Stabilization

Signal handling and interfaces

Signal & image processing (on-chip, external)
Reconstruction techniques

Coding / compression



Photonics?! - http://www.photonics21.org

“Photonics is the science of the harnessing of light. Photonics encompasses the
generation of light, the detection of light, the management of light through guidance,
manipulation, and amplification, and most importantly, its utilisation for the benefit of mankind.”

THE LEVERAGE EFFECT

PHOTONICS - of Photonics Technologies:
Our Vision for a the European Perspective
Key Enabling Technology o oo ot
SMART 2009/0066

of Europe

Final Report

) .
"@"’S:rm 2011

¢ Authors:

§ Maurits Butter, P
$ Miriam Leis,

Marijn Sandtke.

(TNO)
: Mick McLear

(Technologia)

: Transfer Network)

000 ~HOTONICS?

i 0 e S|
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TNO |rgyation TECHNOLOGIA A@
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http://www.photonics21.org/
http://www.photonics21.org/download/Leverage_Internetversion.pdf
http://www.photonics21.org/download/FinalEditionPhotonics21VisionDocument_InternetVersion.pdf

Photonics

“Photonics is the science of the harnessing of light. Photonics encompasses
the generation of light, the detection of light, the management of light through
guidance, manipulation, and amplification, and most importantly, its utilisation for the
benefit of mankind.”

Photonics is an area of study that involves the use of radiant energy (such as light), whose
fundamental element is the photon . Photonic applications use the photon in the same way
that electronic applications use the electron. Among the large number of current or
possible photonic applications are: photonic switching, photonic networks, the photonic
computer.

Photonics is one of the fastest growing high-tech industries in the world today. It includes:

e optical communications (e.g., fiber optics, lasers, and infrared links),

e optical imaging (e.g., spy and weather satellites, night vision, holography, flat screen
display, and CCD video cameras),

e optical data storage and optical computing (e.g., CD’s and DVD’s),

e optical detectors (e.g., supermarket scanners, medical optics, and nondestructive evaluation of
materials),

e |asers (e.g., welding lasers, laser surgery, laser shows, and laser rangefinders)
spectroscopy (e.g., chemical and biological detection, anti-terror detection)

e quantum optics (e.g., quantum teleportation, quantum cryptography, and single-photon optics)



Readiness Levels

 Technology Readiness Levels

— NASA (1995), DaoD, ..., H2020

— https://en.wikipedia.org/wiki/Technology readiness _level

— https://www.nasa.gov/pdf/458490main_TRL_Definitions.pdf
— https://esto.nasa.gov/files/TRL_definitions.pdf

« System Readiness / Maturity Levels



Technology Readiness Levels (TRLs): Overview
TRLs are NASA-generated and Used Extensively by DoD

Basic principles observed and reported 1 H
— i O
Technology concept and/or application formulated 2 Basic T
Analytical and experimental critical function 3 g
and/or characteristic —~
Component and/or breadboard validation in 4 (@)
laboratory environment Ad d 9)
ry vance <
Component and/or breadboard validation 5 =
in relevant environment >
System/subsystem model or prototype 6 E'
demonstration in a relevant environment 2
System prototype demonstration in a operational 7 : :|
environment Applied <
Actual system completed and 'flight qualified' 8
through test and demonstration
Actual system 'flight proven' through successful 9
mission operations
Technology Readiness Levels (TRLs) Commercialized
System Test, K—\ d i
E:;;‘rf:'ﬁ:m | TRLS Actual system "flight proven"” through successful mission operations 8 Pr e-proauction
Actual system completed and "flight qualified” through test and s
System/ Ll | TRL® damnnsytration {Grgund or Flight_’jg d 9 7 Field Test
Subsystem —
Davelapment TRLT | System prototype demonstration in a space environment
1 Svetemsu " | e 6 Prototype
stem/subsystem model or prototype demonstration in a relevant
Eﬁ';:ﬂﬁun — HiLe ezvimnmemy{ﬁmund or Spage] e EI 5 B h / el TR
— | T enc a estin
Technology TRLS Component andfor breadboard validation in relevant environment - g
Development ‘I'E Component andior breadboard validation in laboratory 4 Detailed Design
environment
Researchto [T —
IF':;'::;,HY L— | TRL3 :.POEOI iﬂiﬂ;{paﬂmamﬁl critical function and/or characteristic 3 Pre“mina ry Design
¥:;.cm gy Technology concept and/or application formulated 2 Conce ptu a| Design
Reseach Basic principles observed and reported i




Innovation chain

The Innovation Chain: Converting Science into Wealth

> COLLABORATION
> ACADEMIA >

> Knowledge Development >> Technology Development

TRL1 TRL2 TRL3 TRL4 TRLS TRL6 TRL7 TRLS TRLY
\ \ J 2 J J \ ) A J
e | o N l i 4 N ] /
Research to Technology Market launch and
prove feasibility development commercialisation
and prototypes
Basic technology Technology Pilot plan and scale up
research demonstration

Source: uk-cpi.com




System Readiness / Maturity Levels

User System
Reguirements Validation
_— A
« j
System System
Requirements Verification
" 1|| .Id'
1
. q ...
Architectural System Integration, Verification and
Design Testing induding prototyping
! % A
% F
'l._'-% -l_.-
&
" /
Sub-System and sub-System Integration,
Component Design \\ / Verification and Testing
.' : e,
-
Project, or design Build
modification, Initlation : Celivery Into Service
1 2 3 4 L & ) 8 o

- - >



System development cycle

Q

Analysis

Disposal

= System
Development
Evaluation Lif@CYCle

Development

Testing

Deployment

https://www.smartsheet.com/system-development-life-cycle-guide



