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O gue seria 0 Universo?

Que objeto estamos estudando?

Dark Energy
Accelerated Expansion
Afterglow Light
Pattern Dark Ages Development of
380,000 yrs. Galaxies, Planets, etc.

Inflation
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1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years



Unidades astronomicas de distancia

Unit Abbreviation Conversion
Astronomical AU 1AU=15x10""m
Unit
Light Year yr 1ly=946x 10" m
Parsec pc 1pc=3.08x 10" m

1pc=3.261y
or
1 pc = 206265 AU




Principio Cosmologico: o Universo &
homogéneo e isotropico em grandes escalas.
Mas gque escala é essa?
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Primordios da astronomia:
Sumeérios ~3.500 AC.
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Astronomia oriental:
Chineses observaram uma supernova em 1054
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Renascenca da astronomia:
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Galileu Galilei (1564-1642) Johannes Kepler (1571-1630)



Primordios da teoria Optica: Corpuscular x ondulatoria
|saac Newton (1642-1727)




Eletromagnetismo moderno:
James Clerk Maxwell (1831-1879)




Eletromagnetismo (equacoes de Maxwell)

Equacoes de Maxwell

(Lei de Gauss para o campo elétrico)

(Lei de Gauss para o campo magnético)

B
ot

(Lei de Faraday para a indugdo)

V x E = “03 + “080 % (Lei de Ampere)




Lel de Gauss: |v- E P (Lei de Gauss para o campo elétrico)
€

; \w

,'\-.\
N
\/

N

I

N\
=7



LE' de GaUSS (B) s E = (| (Lei de Gauss para o campo magnético)

Superficie 1

y

S

B

Superficie 11
, /




Lel de Farad ay M XE = —a—B (Lei de Faraday para a indug@o)




Lel de Ampere:

VxB=p,j+ 1,8,

OE

(Lei de Ampere)



O eletromagnetismo prevé uma equacao de
uma onda para o campo Elétrico e Magnético

Possivel solucao das Equacoes de Maxwell
(no vacuo)

(para o campo elétrico)

(para o campo magnético)




Onda Eletromagnética

4 Canpo
Nagneuco(a)
Canpo

Conp, de (A)
onda



Frequéncia e Periodo
f=1/T(Hz)

ou
T=1/f(s)

T Amplitude

Alta Frequéncia
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| Amplitude Baixa Frequéncia




L
O espectro eletromagnético

-« Energy increases

Short wavelength 1 Long wavelengthl

H u n

10°nm  102nm 1nm 10°nm 10° nm Tm 10°m

| | | : | | | |
Gamma rays X rays Ultraviolet ; Infrared Microwaves Radio waves
| 1 1 | | | | | | | |
10%Hz  102Hz 10®Hz 10®Hz 10'°Hz 10”Hz ~ 10"Hz  10%Hz 10°Hz 10*Hz 10%Hz
High frequency Low frequency
Visible light

7 X 10"Hz 4 X 10"Hz



O espectro eletromagnético
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700nm a 400nm

emelho ----------o B

Ondas
Baixas
Radio

Microondas
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Raios
Gama
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Radiacao Nao-lonizante

Radiacao lonizante



Ondas de radio e raios gama sao objetos
fisicos diferentes?

- Resposta: Elas sao produzidas de maneiras (processos
fisicos) diferentes, sao detectadas atraves de diferentes
técnicas, mas sdo essencialmente o mesmo objeto: uma

onda! Uma radiacao eletromagnética.

Como descrever esse objeto?

- Resposta: Imaginamos a existéncia de uma particula

chamada FOTON. Fotons possuem caracteristicas
ondulatorias e viajam a velocidade da luz no meio. Cada

foton possui uma frequéncia, logo, cada foton possui uma
certa quantidade de energia.



Como diferentes partes do espectro atravessam a atmosfera

Visible

Ultra-
violet Infrared Microwave Radio

{IR)
v Longer waves p
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Thermosphere
(auroras)

Mesosphere
(meteocrs bum up)

Stratosphere
(ozone layer at 20-30

km; jets fly at 10 km) ! ’ 4
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Troposphere
(weather)




O sol visto em diferentes frequéncias

Radio Microwave Infrared © UV X-Ray Gamma Ray
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radio continuum (408 MHz
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Como os Atomos Emitem Luz

E20041 HowstulMWorks

Particulas

p.

3

1.Uma colisao com uma partit:ula am
movimento excita o atomo.

2.Isso faz com que o elétron passe
para um nivel mais alto de energia.

3.0 elétron retorna ao seu nivel de
energia inicial, liberando a energia
excedente na forma de um foton
de luz.




frequancy of radiation, sometimes written as f

| | giving expression E = hf.
\E hV\ ‘Quantum energy NN
A ofaphoton S mmm.

h= Plancks constant 6. 626x 10 Joule-sec 4 136 x 10 ev s
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Espectroscopia astronomica

Spectrum with
absorption line

b

Emission line

Gas cloud Gas cloud

Light source Light source
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Radio interferometria .-
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Pulsating + Star = Pulsar

- O primeiro pulsar foi observado em 28 de Novembro de
1967, por Jocelyn Bell Burnell e Antony Hewish
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THE ROYAL SWEDISH ACADEMY OF SCIENCES

Press Release

15 October 1974

The Royal Swedish Academy of Sciences has awarded Professor Martin Ryle
2" and Professor Antony Hewish the 1674 Nobel Prize in Physics. Professors

l _: Ryle and Hewish have been awarded the Prize for their pioneering research
! X720 - in radioastrophysics: Ryle for his observations and inventions, in particular
71 s of the aperture-synthesis technique, and Hewish for his decisive role in the

: *- i discovery of pulsars.
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https://en.wikipedia.org/wiki/Jocelyn_Bell_Burnell
https://en.wikipedia.org/wiki/Antony_Hewish
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\_\, Atacama Large Millimeter/submillimeter Array g

N In search of our Cosmic Origins

ALMA
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SQUARE KILOMETRE ARRAY

Exploring the Universe with the world's largest radio telescope

SQUARE KILOMETRE ARRAY 4 e
‘ . Choose your local minisite
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The Square ’Kilometre Arriy
a rgxt genergtion $adio telescope

The data collected by the SKA in a
single day would take nearly
to playback on an ipod.




The SKA will be so sensitive that it will

be able to detect an airport radar on a
planet tens of lig! S 4l

The SKA central computer will have the
processing power of about

The dishes of the SKA will produce
the global internet traffic.

The SKA will use enough foptical. {le] (=R (e
wrap !




Mistério recentes

Mysterious bursts of energy do come from outer space

April 3, 2017 by Lea Kivivali

@ salvar . Puppis

’ . »
Canopus |
-~

Sirius .
® Cancer

Rigel, Gemini

Orion

Fast Radio Bursts (FRBS)

Sinais de curta duracao
(~mili segundo)
provenientes de outra
galaxia.

Intensidade 1 bilh&o de
vezes 0s sinais de radio
provenientes da nossa
galaxias.

Artist’s impression shows three bright red flashes depicting fast radio bursts far beyond the Milky Way, appearing in the constellations

Puppis and Hydra. Credit: James Josephides/Mike Dalley



Raios Ralos Ultra- Lu=z Infra- Micro- Ondas
Gama violeta Visivel vermelho ondas
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Micro-ondas:

A Radiacao emitida pelo universo
guando ele tinha apenas 300.000
anos chega até nos hOje na faixa de
micro-ondas N




The Big Bang

10°'° seconds







The Cosmic Microwauve Background as seen by Planck and WMAP
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Lancado em 2009.

Coletou dados até 2013.



L
Estratégia de observacao:

Satelite PLANCK - ESA




Raios Ralos Ultra- Lu=z Infra- Micro- Ondas
Gama violeta Visivel vermelho ondas

N\I\NV\/\A/\"/\/\y

E E £E £E E = £ = = = £ = = =
d—_'.-.g—_'Q_Q_Q_c == == EEE S —
e p— e — ‘—o

Infra-vermelho:

1) Atravessa a poeira
Interestelar, que
geralmente bloqueia a luz
visivel.

2) Nos permite observar as
galaxias mais distantes
gue conhecemos no
universo

NASA/PAC



Infra- Micro- Ondas
vermelho ondas de

William Herschel 1800










HERSCHEL SPACE OBSERVATORY

AN ESA'MISSION WITH PARTICIPATION.FROMNASA

Detectou vapor de agua no
asteroide CERES

DISTANT OUTPOST: HERSCHEL AND PLANCK IN ORBIT

Herschel Gi 15

_»— Herschel orbit
oA Meon Planck | 'Ilr"ﬁl
T
5::- ; .:I 1:' -.,-._:_ﬂ‘ Earth -
: c-— L2 . _TH 3 ,:" Sun
11 .'~.;F'Iar_“:k Launch date COanrmOU a
;  orbit 14 May 09 . A ]
existéncia de

1.5 million km . . 150 million km

Oxigénio molecular
SOURCE: ESA no espago

Objects, paths and distances not to scale



Artist rendering of the Spitzer Space Telescope

December 2005

A magnetic torsional wave near the Galactic
Centre traced by a ‘double helix” nebula

Mark Morrisl, Keven Uchida2 & Tuan Dol

TRAPPIST-1 System




Raios Raios Ultra- Lu= Infra- Micro- Ondas
Gama X violeta Visivel vermelho ondas de
. I Radio
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HUBBLES T@P

BREAKTHR

Orbiting the Earth for over two decades Hubble has helped to an&e onferﬁf
the most compelling astronomical questions of our time — and uncovered
mysteries we never knew existed. Investigating everything from black holes to
planets around other stars; Hubble has changed the face of astronomy,

ushering in a new chapter of humanity’s exploration of the universe.

COSMOLOGY PLANETARY SCIENCE GALACTIC SCIENCE



N% Ames Research Center
e p I e r A Search fbr Habitable Planets

light curve

brightness

Kepler Candidates b

Multi-Planet Systems
581 - 4,496 03/23/2017

Confirmed Planets b
03/30/2017

3,412 03/30/2017




Raios Ralos Ultra- Lu= Infra- Micro- Ondas
Gama violeta Visivel vermelho ondas
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Ultra-violeta:

Mapeamento da historia da
formacéao estelar

NGC 3447A
NGC 3447

Extended Disk of Galaxy M83 GALGX » NUV » FUV
VERY LARGE ARRAY » RADIO




Ultra- Luz=z Infra- Micro- Ondas
violeta Visivel vermelho ondas
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Processo de desaceleracao
de um elétron +
(Bremsstrahlung) leva a |
emissao de um foton ‘~
de radiacao. ) 1:2



Raios Raios Ultra- Lu= Infra- Micro- Ondas
Gama x violeta Visivel vermelho ondas de
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Scorpius X-1: (1962) Primeira fonte de raios-X fora
do sistema solar. Emissao em raio-X € 10.000 vezes
maior forte que a emissao visivel




Raios Ralos Ultra- Lu=z Infra- Micro- Ondas
Gama violeta Visivel vermelho ondas
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Chandra X-ray Observatory

e B Primeira fonte raio-X de Sagittarius A






Raios Ralos Ultra- Lu= Infra- Micro- Ondas
Gama violeta Visivel vermelho ondas
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Explosoes de Raios Gama - Gamma ray bursts (GRBS)



Satélite Vela (1967): apesar de desenvolvido para
detectar atividade nuclear soviética, encontrou 0s
primeiros sinais da existéncia de Surtos de raios gama




Fermi Gamma-ray Space Telescope

The ltalian—Dutch satellite =
BeppoSAX, launched in April 1996,

Swift Gamma-Ray Burst Mission




GRB:
) curtos (<2segundos)
) longos (>2 segundos)

short GRB

compact /’\

merger ‘;
afterglow »

internal

shocks forwara
shock

collapsar

long GRB



Astronomia nos confins do sistema solar:
Voyager and Pionner

Outer Solar System Probes
Pioneer-10: 3 March 1972
Pioneer 11: 6 April, 1973

Voyager 2: 20 August 1977

Voyager |: 5 September 1977




Astronomia nos confins do sistema solar:
New Horizons

New Horizons Full Trajectory - Overhead View
Distance from Sun (AU): 32.09 "Heliocentric Velocity. (km/s):"14.58

PEPSSI

,A;"b\;"_.—'_‘;;ﬂ“kf( P

Distance from Earth (AU): 32.06

Distance from Pluto (AU): 0.78

Round-Trip Light Time (hh:mm:ss): 08:53:11
7 Apr 2015 04:00:00 UTC
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