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. A Galaxia — Introducao
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2016 March 25
Close Comet and the Milky Way
Image Credit & : Alex Cherney ( , )

Explanation: lovely greenish coma is easy to spot in this expansive southern skyscape. Visible to the naked eye from the , Victoria,
Australia, the comet appears tailless. Still, its surprisingly bright coma spans about 1 degree, posed here below the nebulae, stars, and dark rifts of the Milky Way. The five
panels used in the wide-field mosaic were captured after moonset and before morning twilight on March 21. That was less than 24 hours from the comet's closest approach, a
mere 5.3 million kilometers . Sweeping quickly across the sky because it is so close to Earth, the comet should be spotted in the coming days by

. In predawn but moonlit skies it will move through Sagittarius and Scorpius seen toward the southern horizon. That's near the triangle

formed by bright, yellowish, Mars, Saturn, and Antares at the upper left


http://apod.nasa.gov/apod/lib/about_apod.html#srapply
http://www.terrastro.com/about/
http://www.twanight.org/cherney/
http://ssd.jpl.nasa.gov/sbdb.cgi?orb=1;sstr=252P;old=0;cov=0;log=0;cad=1
http://www.terrastro.com/galleries/flinders/
http://apod.nasa.gov/apod/ap160317.html
http://www.skyandtelescope.com/press-releases/comet-252p-linear-soars-into-view-this-week/
http://apod.nasa.gov/apod/image/1603/252PSaturnMArsMilkyWay_Cherney_Labeled_960.jpg

|. A Galaxia — Introducao

- Distribuicdo nao uniforme das estrelas no céu;
- Via Lactea e a nossa Galaxia;
- Distribuicdo das estrelas nao uniforme na Via Lactea;

- Como mapear a nossa galaxia? Observando outras galaxias e avaliando dados.
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Image Credit & Copyright:
Explanation: Galaxies dot the sky in this impressively wide and deep image of the Antlia Cluster. The third closest cluster of galaxies to Earth after and , the
is known for its compactness and its high fraction of over ( . Antlia, cataloged as , Spans about 2 million light years and lies
about 130 million away toward the constellation of the Air Pump ( ). The cluster has two prominent galaxy groups - bottom center and upper left -- among its over
200 galactic members, but no single galaxy. The vertical red ribbon of gas on the left is thought related to the foreground and not

associated with the cluster. The , taken from , resulted from 150+ hours of exposures taken over six months.


http://www.rolfolsenastrophotography.com/About-me/
http://apod.nasa.gov/apod/ap150804.html
http://apod.nasa.gov/apod/ap160611.html
https://en.wikipedia.org/wiki/Antlia_Cluster
http://apod.nasa.gov/apod/elliptical_galaxies.html
http://www.nasa.gov/content/goddard/hubble-catches-a-spiral-in-the-air-pump/
http://adsabs.harvard.edu/abs/2008MNRAS.386.2311S
https://www.grc.nasa.gov/www/k-12/Numbers/Math/Mathematical_Thinking/how_long_is_a_light_year.htm
https://en.wikipedia.org/wiki/Antlia
http://dogobediencenet.com/wp-content/uploads/2013/06/cute-puppies-awesomelycute-com-1952.jpg
http://iopscience.iop.org/article/10.1086/343100/fulltext/16412.fg1.html
http://www.rolfolsenastrophotography.com/Astrophotography/Antlia-Galaxy-Cluster/
https://en.wikipedia.org/wiki/New_Zealand

1. A Galaxia — Histoérico

Via Lactea: leite derramado pela deusa Hera (na mitologia grega)

Modelo galactico:

Wright (~1760) — Sistema achatado com concentragao central de estrelas

Kant (~1780) — Sistema estelar isolado de outros sistemas estelares (universos-ilha)
Messier (~1780) — Observacao de galaxias como objetos do nosso sistema estelar
Parsons (~1850) — Grandes telescépios e observacao de galaxias

Kapteyn (~1910) — Modelo com aglomerados globulares

Shapley (~1940) — Modelo com diametro de 60 kpc, com o Sol a 15 kpc do centro.

Atualmente — Modelo com diametro de 30 a 40 kpc, com o Sol a 7,5 kpc do centro.

Obs.: Parsec (pc): unidade de medida de distancia associada a paralaxe estelar anual de 1
segundo de arco. Paralaxe (paralax) + Segundo (second) = Parsec. 1 pc = 3,26156 anos-luz.

Ex.: Andrémeda (M31) esta a 600 kpc da Via Lactea.

Fig. 3: Planificacao da Galaxia (desenhar)



1. A Galaxia — Histoérico

Fig. 4:
Panorama da
Via Lactea no
céu inteiro

%
2009 November 25 .
All-Sky Milky Way Panorama i mtics
Credit & Copyright: ( )
Explanation: If you could go far away from the Earth and look around the entire sky -- what would you see? Such was the goal of the project of
Axel Mellinger. is the result: a of over 3,000 images comprising the highest resolution of the entire night sky yet created. An
interactive zoom version, featuring over 500 million pixels, can be found . Every fixed astronomical object visible to the unaided eye has been imaged, including
constellation, nebula, and star cluster. Moreover, millions of individual stars are , all'in our , and many a thousand times fainter than a
human can see. Dark filaments of dust lace the of our Milky Way Galaxy, visible across the image center. The satellite galaxies and S
are visible on the lower right. This was not the first time has embarked on such a project: the results of his first All-Sky Milky Way Panorama Project, taken using

, are visible


http://www.phy.cmich.edu/people/mellinger/
http://www.phy.cmich.edu/
http://home.arcor-online.de/axel.mellinger/
http://home.arcor-online.de/axel.mellinger/
http://www.journals.uchicago.edu/action/showStoryContent?doi=10.1086%2F%2Fpr.2009.010.28.2486
http://adsabs.harvard.edu/abs/2009PASP..121.1180M
http://galaxy.phy.cmich.edu/%7Eaxel/mwpan2/
http://www.wikisky.org/
http://www.google.com/sky/
http://www.worldwidetelescope.org/
http://apod.nasa.gov/apod/ap090926.html
http://cosmos4u.blogspot.com/2009/09/whos-got-best-mega-mosaic-of-whole-sky.html
http://apod.nasa.gov/apod/ap080606.html
http://apod.nasa.gov/apod/ap070930.html
http://apod.nasa.gov/apod/ap081219.html
http://apod.nasa.gov/apod/ap071001.html
http://www.youtube.com/watch?v=y3rHhp1lFhg
http://en.wikipedia.org/wiki/Photographic_film
http://apod.nasa.gov/apod/ap010202.html

l1l. Estrutura e Constituintes

Fig. 5: Via Lactea e ALMA
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2014 July 24
ALMA Milky Way
Image Credit & : ( , )
Explanation: This alluring all-skyscape was taken 5,100 meters above sea level, from the in the Chilean Andes. Viewed through the site's rarefied atmosphere
at about 50% sea level pressure, the gorgeous Milky Way stretches through the scene. Its of dust, stars, and nebulae are joined by Venus, a brilliant morning star
immersed in a strong band of predawn . Still not even at this high altitude, the night sky's greenish cast is due to emission from oxygen
atoms. Around the horizon the dish antenna units of the Atacama Large Millimeter/submillimeter Array, at wavelengths over 1,000 times longer than

visible light.


http://apod.nasa.gov/apod/lib/about_apod.html#srapply
mailto:%20beletsky%20at%20lco.cl
http://www.lco.cl/
http://carnegiescience.edu/
http://www.almaobservatory.org/en/visuals/alma-virtual-tour
http://astrobob.areavoices.com/tag/great-rift/
http://apod.nasa.gov/apod/ap120223.html
http://apod.nasa.gov/apod/ap110730.html
http://en.wikipedia.org/wiki/Airglow
http://apod.nasa.gov/apod/ap140526.html

l1l. Estrutura e Constituintes

Componentes principais: Bojo, Disco e Halo.

Bojo: parte central, com nucleo e nuvens de gas e poeira, melhor estudadas com radio e
infravermelho, pode conter um aglomerado compacto de estrelas ou um Buraco Negro;

Disco: regidao dos bragos espirais, estrelas azuis e mais jovens, contendo o Sol.

Halo: esfera galactica, com aglomerados globulares, estrelas vermelhas e velhas. Estende-
se ate as galaxias mais proximas, como as Nuvens de Magalhaes.

Fig. 6: Estrutura da Galaxia
(Fig. 9.4, p. 184)

Sol: 7,5 kpc (24000 anos-luz) do
centro

Constituicao: Estrelas, campo de
radiacao estelar, meio interestelar,
campo magnetico galactico e
raios cOsmicos.

Figura 9.4. Estrutura da Galixia, com os aglomerados globulares da Figura 9.3. A escala embaixo
da figura estd em kpc.




V. A Galaxia — A Rotacao

Objetos jovens, no disco, possuem orbitas circulares.

Objetos mais velhos, no disco espesso (mais distantes do centro), possuem orbitas mais
excéntricas, isto €, com velocidades menos tangenciais e mais perpendiculares ao plano.

Objetos globulares, no Halo, possuem velocidades muito perpendiculares ao plano,
praticamente fora da rotac&o galactica.

(Lindblad; Charlier; James Jeans; Oort. 1930-1960)

Se fosse um corpo rigido:

vV=w.R NGC 4984
. ~ . . . s Beerne NGC 4378

Se tiver rotacao diferencial kepleriana: 5 b NGC 2050 B
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O Efeito Doppler (em radio, visivel ou outras
frequéncias) permite calcular velocidades
radiais das estrelas e aglomerados.

Modelos recentes indicam que a velocidade
linear ndo cai apods o raio (circulo) solar. : ROy

Fig. 7: Rotacao de galaxias (Fig. 9.6, p. 192)

Figura 9.6. Exemplos de curvas de rotacio para algumas galixias espirais.




V. A natureza espiral da Via Lactea

Aparentemente a Galaxia esta organizada em bracos (quantidade e localizacdo em
discussao), com estrelas jovens e azuis.

Estrelas velhas e avermelhadas mais concentradas no disco e no halo.

Problema: modelo kepleriano e diferencial nao justifica a manutencao dos bracos espirais
com a idade do Sol e sua velocidade (220 km/s e 5 bilhdes de anos). Isso leva a 5 voltas e
um emaranhamento dos bracos.

Modelo novo: Teoria das ondas de densidade (Lin; Shu; 1965) — Ondas gravitacionais que
orientam a acumulacao e dispersao de estrelas e aglomerados no plano galactico.

Fig. 8: Ondas de densidade (http://astro.if.ufrgs.br/vialac/node3.htm)




VI. Outras galaxias

Hubble (~1920) verifica que algumas nebulosas sao sistemas estelares (galaxias) mais distantes do
gue qualquer estrela individual (da nossa galaxia), ou seja, extragalacticos.

Novo ramo da ciéncia: Astronomia Extragalactica!

Galaxias Elipticas (E) ou Espirais (S), devido sua evolu¢cao, sua massa e sua rotacao (momento e
energia).

Fig. 9: Classificacao das galaxias (Fig. 10.1, p. 198)
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VI. Outras galaxias

Fig. 10: o m
A Grande Nuvem de Magalhaes e e s
(Large Cloud of Magellians - LCM)

2013 May 28

The Large Cloud of Magellan 3

Image Credit & Copyright: , L. Fontana, G. Ghioldi & E. Sordini

Explanation: The 16th century Portuguese navigator and his crew had plenty of time to study the southern sky during the of planet Earth.
As a result, two fuzzy cloud-like objects easily visible to southern hemisphere are known as the , how understood to be satellite galaxies of our much
larger, spiral Milky Way galaxy. About 160,000 light-years distant in the constellation , the (LMC) is seen here in a remarkably deep, colorful, and
annotated . Spanning about 15,000 light-years or so, it is the most massive of the Milky Way's and is the home of the in moder
times, . The prominent patch just left of center is 30 Doradus, also known as the magnificent , IS a giant about 1,000

across.


http://www.astrosurf.com/comolli/index2.htm
http://en.wikipedia.org/wiki/Ferdinand_Magellan
http://www.fordham.edu/halsall/mod/1519magellan.html
http://apod.nasa.gov/apod/ap050413.html
http://apod.nasa.gov/apod/ap060809.html
http://www.hawastsoc.org/deepsky/dor/
http://www.seds.org/messier/xtra/ngc/lmc.html
http://www.astrosurf.com/comolli/d144.htm
http://www.atlasoftheuniverse.com/sattelit.html
http://heritage.stsci.edu/1999/04/
http://apod.nasa.gov/apod/ap120226.html
http://apod.nasa.gov/apod/ap090916.html
http://apod.nasa.gov/apod/ap120729.html
http://asterisk.apod.com/viewtopic.php?f=39&t=21006

VI. Qutras galaxias
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M31: The Andromeda Galaxy
Image Credit & Copyright: L orenzo Comolli

Explanation: Andromeda is the nearest major galaxy to our own Milky \Way Galaxy. Our Galaxy is thought to look much like Andromeda. Together these two galaxies dominate
the Local Group of galaxies. The diffuse light from Andromeda is caused by the hundreds of billions of stars that compose it. The several distinct stars that surround Andromeda's
image are actually stars in our Galaxy that are well in front of the background object. Andromeda is frequently referred to as V21 since it is the 31st object on Messier's list of
diffuse sky objects. 31 is so distant it takes about two million years for light to reach us from there. Although visible without aid, the above image of M31 was taken with a small
telescope. Much about M31 remains unknown, including how it acquired its unusual double-peaked center.


http://www.astrosurf.com/comolli/index2.htm
http://www.seds.org/messier/galaxy.html
http://casswww.ucsd.edu/archive/public/tutorial/MW.html
http://apod.nasa.gov/apod/ap080124.html
http://www.seds.org/messier/more/local.html
http://www.seds.org/messier/m/m031.html
http://en.wikipedia.org/wiki/Star
http://apod.nasa.gov/apod/ap121024.html
http://apod.nasa.gov/apod/ap000518.html
http://www.noao.edu/image_gallery/html/im0424.html
https://www.youtube.com/watch?v=HWxBTHVhc3I
http://apod.nasa.gov/apod/ap960626.html
http://www.seds.org/messier/xtra/history/biograph.html
http://apod.nasa.gov/apod/ap020412.html
https://www.youtube.com/watch?v=ErnO2q2OZIQ
http://www.astrosurf.com/comolli/d146.htm
http://adsabs.harvard.edu/abs/1995ApJ...444..157A
http://robgendlerastropics.com/M31text.html

VI. Outras galaxias

..
T

Fig. 12: Anéis i e
ultravioletas da M31 it S et JEEL SR e e

2015 July 24
Ultraviolet Rings of M31
Image Credit: GALEX, JPL-Caltech, NASA

Explanation: A mere 2.5 million light-years away the Andromeda Galaxy, also known as M31, really is just next door as large galaxies go. So close and spanning some 260,000
light-years, it took 11 different image fields from the Galaxy Evolution Explorer (GALEX) satellite's telescope to produce this gorgeous portrait of the spiral galaxy in ultraviolet light.
While its spiral arms stand out in visible light images of Andromeda, the arms look more like rings in the GALEX uliraviolet view, a view dominated by the energetic light from hot,
young, massive stars. As sites of intense star formation, the rings have been interpreted as evidence Andromeda collided with its smaller neighboring elliptical galaxy M32 more
than 200 million years ago. The large Andromeda galaxy and our own Milky \Way are the most massive members of the local galaxy group.


http://www.galex.caltech.edu/
http://www.nasa.gov/
http://apod.nasa.gov/apod/ap061228.html
http://www.nasa.gov/mission_pages/galex/galex20120516.html
http://missionscience.nasa.gov/ems/10_ultravioletwaves.html
http://apod.nasa.gov/apod/ap100109.html
http://www.nasa.gov/mission_pages/galex/pia15416.html
http://arxiv.org/abs/0705.1170
http://www.atlasoftheuniverse.com/localgr.html

VIl. Galaxias Ativas (NAG) e Quasares

Galaxias normais: radiagcao térmica (luz estelar, emissao radiotérmica de gas, emissao
infravermelho de poeira);

Galaxias ativas: radiagcao nao-térmica (emissao sincroton [elétrons com v ~ c] ou processos
de altas energias), emitidas por nucleos pequenos mas com enorme atividade, possiveis
Buracos Negros: Nucleos Ativos de Galaxias (NAG).

Divididas em grupos, como as Seyfert, BL Lacertae e Radiogalaxias, sao encontradas a
distancias de até 400 Mpc.

Trabalhos de Seyfert, Jansky, Baade, Minkowski (entre 1930 e 1960)



VIl. Galaxias Ativas (NAG) e Quasares
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2016 September 13
NGC 1672: Barred Spiral Galaxy from Hubble

Image Credit: , , ; Processing & Copyright:
Explanation: Many spiral galaxies have bars across their centers. Even our own is thought to have a . Prominently barred spiral galaxy NGC
1672, , was captured in spectacular detail in an image taken by the orbiting . Visible are dark filamentary , young of
bright blue stars, red of glowing hydrogen gas, a long bright bar of across the center, and a bright that likely houses a supermassive
. Light takes about 60 million years to reach us from , Which spans about 75,000 across. , which appears toward the constellation of

the Dolphinfish ( ), is to find out how a spiral bar contributes to star formation in a galaxy's central regions.


http://hla.stsci.edu/
http://www.nasa.gov/
http://www.esa.int/
http://www.pbase.com/ccoop/profile
http://apod.nasa.gov/apod/ap000130.html
http://apod.nasa.gov/apod/ap050825.html
http://www.pbase.com/ccoop/image/163954691
http://hubblesite.org/newscenter/archive/releases/2007/15/image/a/
http://en.wikipedia.org/wiki/Hubble_Space_Telescope
http://apod.nasa.gov/apod/ap060219.html
http://apod.nasa.gov/apod/open_clusters.html
http://apod.nasa.gov/apod/emission_nebulae.html
http://science.nasa.gov/astrophysics/focus-areas/how-do-stars-form-and-evolve/
http://en.wikipedia.org/wiki/Active_galactic_nucleus
http://antwrp.gsfc.nasa.gov/htmltest/rjn_bht.html
http://heritage.stsci.edu/2007/15/caption.html
http://chandra.harvard.edu/photo/cosmic_distance.html
http://www.youtube.com/watch?v=hGuct0CGHiA
http://www.ianridpath.com/startales/dorado.htm
http://adsabs.harvard.edu/abs/2011ApJ...734...33J

VIl. Galaxias Ativas (NAG) e Quasares

Fig. 14: NGC 6814: "
Galaxia Espiral do tipo
Bem Desenhada (Grand
Design) pelo Hubble.
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NGC 6814: Grand Design Spiral Galaxy from Hubble
Image Credit: / & ; Acknowledgement: ( )
Explanation: In the center of this serene stellar swirl is likely a harrowing black-hole beast. The surrounding swirl sweeps around billions of stars which are highlighted by the
brightest and bluest. The breadth and beauty of the display give the swirl the designation of a spiral galaxy. The central beast shows evidence that it is a
supermassive about 10 million times the mass of . This ferocious creature and is surrounded by a spinning moat of hot plasma that
of . The central violent activity gives it the designation of a . Together, are cataloged as NGC 6814 and have been

toward the constellation of the Eagle ( ) for roughly the past billion years.


http://www.esa.int/
https://www.spacetelescope.org/
http://www.nasa.gov/
https://www.flickr.com/photos/geckzilla/
http://geckzilla.com/
http://apod.nasa.gov/apod/ap150211.html
http://www.nasa.gov/audience/forstudents/5-8/features/nasa-knows/what-is-a-black-hole-58.html
http://apod.nasa.gov/apod/ap121015.html
https://www.youtube.com/watch?v=hu6hIhW00Fk
http://adsabs.harvard.edu/abs/2016MNRAS.456.4040T
http://missionscience.nasa.gov/ems/11_xrays.html
https://en.wikipedia.org/wiki/Seyfert_galaxy
https://www.spacetelescope.org/images/potw1619a/
http://upshout.com/wp-content/uploads/2015/09/cat-and-dog-friends-001.jpg
https://en.wikipedia.org/wiki/Aquila_%28constellation%29

VIl. Galaxias Ativas (NAG) e Quasares

Fig. 15: M87: L _
S b |
com Jato : . B _ | .

2010 May 20
M87: Elliptical Galaxy with Jet d
Image Credit & : ) ,

Explanation: In spiral , majestic of young stars, gas, and dust rotate in a flat disk around a bulging galactic nucleus. But seem to be
simpler. Lacking gas and dust to form new stars, their randomly swarming older stars, give them an ellipsoidal (egg-like) shape. Still, elliptical galaxies can be very large.
Centered in and over 120,000 light-years in diameter, larger than our own Milky Way, (NGC 4486) is the dominant galaxy of the
. Some 50 million light-years away, likely home to a supermassive for a high-energy jet of particles emerging from the giant
galaxy's central region. In this well-processed image, M87's jet is . Other galaxies are also in the field of view, including large Virgo Cluster ellipticals
right of center and near the right edge.


http://apod.nasa.gov/apod/lib/about_apod.html#srapply
http://www.caelumobservatory.com/index.html
http://skycenter.arizona.edu/
http://www.as.arizona.edu/
http://apod.nasa.gov/apod/ap060506.html
http://apod.nasa.gov/apod/ap080517.html
http://csep10.phys.utk.edu/astr162/lect/galaxies/elliptical.html
http://skycenter.arizona.edu/gallery/m87.html
http://seds.org/messier/m/m087.html
http://www.atlasoftheuniverse.com/galgrps/vir.html
http://arxiv.org/abs/0906.1492
http://blackholes.stardate.org/directory/factsheet.php?id=7
http://www.caelumobservatory.com/mlsc/m87crop.jpg
http://arxiv.org/abs/astro-ph/0408084
http://arxiv.org/abs/astro-ph/0410424

VIl. Galaxias Ativas (NAG) e Quasares

Quasares (quasi-stellar radio sources): possiveis nucleos extremamente luminosos com
corpo (disco, halo, bojo) nao visivel e muito distantes. Emissao nao-térmica intensa na
faixa do ultravioleta, infravermelho, radio e raio X.

Radiofontes ndo visiveis, identificadas inicialmente entre 1960 e 1970.

Alguns emitem luz visivel, assemelhando-se a estrelas. Contudo, emitem muita radiagao
nao-térmica e sincrotronica.

Objetos mais distantes ja encontrados, alguns a 15 bilhdes de anos-luz, sendo os objetos
com maiores desvios para o vermelho (redshifts).

Problema atual: qual a fonte de energia desses quasares? Parece ser muito superior aos
modelos nucleares.



VIl. Galaxias Ativas (NAG) e Quasares

Fig. 16: A Lente
Gravitacional
em Cruz de
Einstein

2010 February 7
The Einstein Cross Gravitational Lens

Credit & : ¢ )etal., , , ,

Explanation: Most galaxies have a single nucleus -- does this galaxy have four? The strange answer leads to conclude that the nucleus of the surrounding galaxy is
not even visible in . The central is rather light emitted from a background . The gravitational field of the visible foreground galaxy from this
distant into four distinct images. The must be properly aligned behind the center of a massive galaxy for a to be evident. The general effect is
known as , and this specific case is known as the . Stranger still, the images of the vary in relative brightness, enhanced

occasionally by the additional effect of specific stars in the foreground galaxy.


http://www.noao.edu/image_gallery/copyright.html
http://sese.asu.edu/person/james-rhoads
http://sese.asu.edu/
http://www.noao.edu/wiyn/wiyn.html
http://www.aura-astronomy.org/
http://www.noao.edu/
http://www.nsf.gov/
http://aas.org/education/careers.php
http://www.noao.edu/image_gallery/html/im0553.html
http://en.wikipedia.org/wiki/Four-leaf_clover
http://apod.nasa.gov/apod/ap980409.html
http://www.youtube.com/watch?v=BkBNf_nFuhM
http://apod.nasa.gov/apod/ap000419.html
http://apod.nasa.gov/apod/ap981226.html
http://apod.nasa.gov/apod/ap990331.html
http://en.wikipedia.org/wiki/Gravitational_lens
http://www.astr.ua.edu/keel/agn/qso2237.html
http://apod.nasa.gov/apod/ap961215.html
http://apod.nasa.gov/apod/ap021215.html

VIl. Galaxias Ativas (NAG) e Quasares
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Credit & Copyright: Johannes Schedler ( )
Additional Image Data: Ken Crawford ( )
Explanation: , but fuzzy galaxies are strewn far across the Universe in . Spanning about 1/2 degree on the sky, the pretty picture is the
result of astronomer Johannes Schedler's project to look back in time, toward a quasar 12.7 . The is just visible in the full resolution image at the
position marked by short vertical lines (center). The intrinsically bright nucleus of a young, active galaxy powered by a supermassive black hole, the quasar was recently
as one of the most distant . Since , the galaxies receding into the distance are seen as they were in the increasingly remote
past. The quasar appears as it did about 12.7 billion years ago, when the Universe was just 7 percent of its . Of course, of the Universe

the light. Schedler added image data extending to the near-infrared, acquired by collaborator Ken Crawford, to detect the distant quasar, with a measured of 6.04.


http://panther-observatory.com/
http://rdelsol.com/
http://apod.nasa.gov/apod/ap070712.html
http://panther-observatory.com/gallery/deepsky/doc/CFHQS_J1641_f10.htm
http://www.faqs.org/faqs/astronomy/faq/part8/section-14.html
http://apod.nasa.gov/apod/ap020309.html
http://arxiv.org/abs/0706.0914
http://mcdonaldobservatory.org/news/releases/2007/0608a.html
http://chandra.harvard.edu/photo/cosmic_lookback.html
http://apod.nasa.gov/apod/ap060323.html
http://www.astro.ucla.edu/%7Ewright/cosmology_faq.html#MX
http://math.ucr.edu/home/baez/physics/Relativity/GR/hubble.html
http://www.astro.ucla.edu/%7Ewright/cosmology_faq.html#z

VIII. Grupos e aglomerados de galaxias

Galaxias sao encontradas em conjunto, geralmente em grupos de 1 Mpc, aglomerados de
alguns Mpc e superaglomerados de até 50 Mpc.

A Via Lactea possui algumas galaxias satélites, como a SMC e a LMC (facilmente visiveis a

olho nu).

A galaxia de Andrdmeda forma
um sistema binario com a
Via Lactea.

Grupo Local: Via Lactea,
Andrémeda e mais algumas
dezenas.

Fig. 18: Grupo Local
(fig. 12.1, p. 220)
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VIII. Grupos e aglomerados de galaxias

Superaglomerado Local: centrado no aglomerado de Virgem, com didametro de 40 Mpc.

Aglomerado de Virgem possui cerca de 250 galaxias, enquanto o Grupo Local tem cerca de
20.

Alguns aglomerados sao regulares (nucleo com galaxia gigante) ou irregulares (distribuicao
difusa).

Trabalhos de Abell, Dressler, Corwin, Olowin e outros (entre 1960 e 1990).



VIII. Grupos e aglomerados de galaxias
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Explanation: Well over a thousand galaxies are known members of , the closest large cluster of galaxies to our own . In fact, the galaxy cluster is
difficult all at once because it covers such a large area on the sky. Spanning about 5x3 degrees, this careful clearly records the central
region of the Virgo Cluster through faint clouds lingering above the plane of our own Milky Way galaxy. The cluster's dominant giant elliptical , Is just
below center in the frame. Above M87 is the famous interacting galaxy pair NGC 4438, also known . A closer examination of the image will reveal many Virgo cluster
member galaxies as small fuzzy patches. Sliding your cursor over the image will label the larger galaxies using designations. Galaxies are also shown with
numbers, including , and prominent colorful spirals , , and M91. On average, Virgo Cluster galaxies are measured to be about 48 million light-
years away. has been used to give an important determination of the Hubble Constant and . (Editor's Note: Labels courtesy of


http://apod.nasa.gov/apod/lib/about_apod.html#srapply
http://blog.deepskycolors.com/about.html
http://www.seds.org/messier/more/virgo.html
http://www.atlasoftheuniverse.com/localgr.html
http://www.atlasoftheuniverse.com/galgrps/vir.html
http://blog.deepskycolors.com/archive/2011/03/18/virgo-Cluster-Deep-Widefield.html
http://www.galaxyimages.com/UNP1.html
http://apod.nasa.gov/apod/ap100520.html
http://apod.nasa.gov/apod/ap070608.html
http://apod.nasa.gov/apod/ap990429.html
http://www.seds.org/messier/xtra/history/m-cat-i.html
http://apod.nasa.gov/apod/ap080425.html
http://apod.nasa.gov/apod/ap100130.html
http://apod.nasa.gov/apod/ap960316.html
http://adsbit.harvard.edu/cgi-bin/nph-iarticle_query?1996PASP%2E%2E108%2E1091V
http://antwrp.gsfc.nasa.gov/diamond_jubilee/debate96.html
http://astrometry.net/

VIII. Grupos e aglomerados de galaxias
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Fig. 20: Abell 370: » i o .Y
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Abell 370: Galaxy Cluster Gravitational Lens - ’
Image Credit: , , and the &
Explanation: What is that strange arc? While imaging the cluster of galaxies Abell 370, astronomers had noted an unusual arc to the right of many cluster galaxies. Although
curious, one was to avoid commenting on the arc because nothing like it had ever been noted before. In the mid-1980s, however, better images allowed
astronomers to as a prototype of a new kind of phenomenon -- the effect of entire on background galaxies.
Today, we know that this arc actually consists of of a fairly normal galaxy that happened to lie far behind the huge cluster. Abell 370's caused the
background galaxies' light -- and others -- to spread out and come to the observer along , hot unlike a distant light appears through the stem of a . In mid-
July of 2009, astronomers used the then to image Abell 370 and its gravitational lens images in unprecedented detail. Almost all of the
yellow images are galaxies in the Abell 370 cluster. An can pick up many and , however, that are actually images of more

distant galaxies. Studying and its images gives astronomers a unique window into the distribution of normal and in and the universe.


http://www.nasa.gov/
http://www.spacetelescope.org/
http://hubblesite.org/servicing_mission_4/
http://www.stecf.org/
http://nedwww.ipac.caltech.edu/level5/Mellier/Mellier1.html
http://adsabs.harvard.edu/abs/1986BAAS...18R1014L
http://science.gsfc.nasa.gov/sed/index.cfm?fuseAction=home.main&&navOrgCode=660
http://en.wikipedia.org/wiki/Gravitational_lens
http://apod.nasa.gov/apod/ap060321.html
http://adsabs.harvard.edu/abs/1999A%26A...347...21B
http://spaceplace.nasa.gov/what-is-gravity/en/
http://www.youtube.com/watch?v=BkBNf_nFuhM
http://wela.astro.ulg.ac.be/themes/extragal/gravlens/bibdat/engl/DE/didac.html
http://apod.nasa.gov/apod/ap090520.html
http://hubblesite.org/newscenter/archive/releases/2009/25/image/ao/
https://thumbs.dreamstime.com/z/cat-myopia-27165838.jpg
http://apod.nasa.gov/apod/ap080210.html
http://apod.nasa.gov/apod/ap090823.html
http://en.wikipedia.org/wiki/Abell_370
http://en.wikipedia.org/wiki/Dark_matter
http://apod.nasa.gov/apod/ap070516.html

VIII. Grupos e aglomerados de galaxias
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Galaxy Cluster Abell S1063 and Beyond - . N < §: 0N da ¢ : . -
Image Credit: , , Jennifer Lotz ( )
Explanation: Some 4 billion light-years away, galaxies of massive Abell S1063 cluster near the center of this sharp . But the fainter bluish arcs
are magnified images of galaxies that lie far beyond Abell S1063. About twice as distant, their otherwise undetected light is magnified and distorted by the cluster's largely unseen
gravitational mass, approximately 100 times the mass of the Sun. Providing a glimpse of galaxies in the early universe, the effect is known as gravitational

. A consequence of warped it was first predicted by Einstein a century ago. The Hubble image is part of the Frontier Fields program to explore the


http://www.nasa.gov/
http://www.spacetelescope.org/
http://www.stsci.edu/
http://hubblesite.org/newscenter/archive/releases/2016/28/
http://www.mathnstuff.com/math/spoken/here/2class/10/size.htm
http://webbtelescope.org/webb_telescope/
http://apod.nasa.gov/apod/ap151127.html
http://www.black-holes.org/
https://frontierfields.org/2016/07/21/the-final-frontier-of-the-universe/

IX. As Radiacoes de Fundo

Radiacao presente no espaco para além das radiagcdes dos corpos observaveis.

Fig. 22: Radiagdes de fundo (tab. 12.2, p. 225)
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X. Atividade

Durante a aula:
- Confirmar visita ao Observatorio (local e horario);

- Apresentar forma do trabalho final.

Apos a aula:

- Ler capitulo 13 do texto-base.
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