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|. A evolucao do concelto de Universo

Fig. 1: Uma arquitetura da fisica
(Luis Carlos de Menezes. Matéria:
Uma aventura do espirito, 2005).




|. A evolucao do concelto de Universo

De onde viemos?

Como surgiu 0 mundo?
Das tribos cacadoras coletoras nOmades a agricultura: 10 mil anos de historia!
Mitos cosmogonicos: origem da cosmologia.

Cosmologia: estudo da estrutura, evolucéo e formacéao do Universo.



|. A evolucao do concelto de Universo

Fig. 2: 2003: um ano de resolucédo da Cosmologia

2003 December 31

A Year of Resolving Cosmology
Credit: WMAP Science Team, NASA

Explanation: This year, humanity learned that the universe is 13.7 billion years old. Before this year, the universe's age was thought to be about 13 billion years, but really only
constrained to be between about 12 billion and 15 billion years old. The difference was made, primarily, by a small satellite named the \Vilkinson Microwave Anisotropy Probe
(WMAP) that had been collecting data in an unusual Earth orbit. Pictured above is a sky map of the enabling data -- the complete cosmic microwave background divided into two
hemispheres, in detail never before resolved, as recorded by the WMAP's first data release. Besides universe age, new data and analyses of the spots on the

cosmic microwave background bolstered existing indications that the universe is composed predominantly of a strange and mysterious type of dark energy (73 percent). The
remaining matter is only about 4 percent in familiar atoms, with the remaining 23 percent in a somewhat mysterious type of dark matter. During the year, much cosmological
research shifted from trying to find the parameters that define our universe to trying to use these parameters as a tool for understanding details of how our universe evolved.


http://map.gsfc.nasa.gov/m_mm/tm_1.html
http://www.nasa.gov/
http://map.gsfc.nasa.gov/m_mm/mr_age.html
http://www.astro.ucla.edu/%7Ewright/age.html
http://map.gsfc.nasa.gov/m_mm/ob_tech1.html
http://map.gsfc.nasa.gov/m_mm/ob_techorbit1.html
http://map.gsfc.nasa.gov/m_or.html
http://www.astro.ubc.ca/people/scott/faq_basic.html
http://apod.nasa.gov/apod/ap030217.html
http://apod.nasa.gov/apod/ap020529.html
http://apod.nasa.gov/apod/ap030212.html
http://background.uchicago.edu/%7Ewhu/beginners/introduction.html
http://apod.nasa.gov/apod/ap011202.html
http://antwrp.gsfc.nasa.gov/debate/debate98.html
http://education.jlab.org/atomtour/
http://chandra.harvard.edu/xray_astro/dark_matter.html
http://nedwww.ipac.caltech.edu/level5/March02/Plionis/Plionis1_1.html
http://map.gsfc.nasa.gov/m_mm/pub_papers/firstyear.html
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Fig. 3: Mapa do ceéu inteiro (allsky) pelo COBE

2006 October 7
COBE AllI-Sky Map
Credit: COBE Project, DMR, NASA

Explanation: This historic all-sky map is based on the first two years of data from NASA's COsmic Background Explorer (COBE) satellite, launched in November of 1989. The
map shows minute temperature variations (red is hotter) imprinted on the Cosmic Microwave Background (CMB) radiation by structures in the early Universe. These detailed
measurements of the CMB and other COBE results ushered in an age of precision cosmology, and exactly confirmed the predictions of the Big Bang theory. Playing leading
roles in the COBE project, for their resulting discoveries John C. Mather (NASA, Goddard Space Flight Center), and George = Smoot (UC Berkeley) were selected to receive
the 2006 Nobel Prize in Physics.


http://lambda.gsfc.nasa.gov/product/cobe/
http://lambda.gsfc.nasa.gov/product/cobe/dmr_overview.cfm
http://www.nasa.gov/home/index.html
http://lambda.gsfc.nasa.gov/product/cobe/dmr_image.cfm
http://lambda.gsfc.nasa.gov/product/cobe/
http://map.gsfc.nasa.gov/m_uni/uni_101bbtest3.html
http://apod.nasa.gov/apod/ap060323.html
http://lambda.gsfc.nasa.gov/product/cobe/firas_image.cfm
http://lambda.gsfc.nasa.gov/product/map/current/parameters.cfm
http://www.astro.ucla.edu/%7Ewright/cosmo_01.htm
http://adsabs.harvard.edu/cgi-bin/bib_query?1994ApJ...420..439M
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?1994ApJ...437....1S
http://nobelprize.org/nobel_prizes/physics/laureates/2006/
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Principais modelos estruturais:

Pitagoras (VI a.C.) e Platéao (IV a.C.): modelo antropocéntrico composto por duas esferas:
terrestre (Terra) e celeste (estrelas).

Eudoxo (IV a.C.), Aristoteles (IV a.C.) e Ptolomeu (Il d.C.): modelo
antropocéntrico/geocéntrico composto por varias esferas celestes (compostas por éter) e
uma terrestre (terra, agua, ar e fogo).

Copérnico (~1540): modelo heliocéntrico composto por varias esferas celestes onde
estariam presos os planetas, tendo o Sol como centro.

Kepler (~1610): modelo heliocéntrico com orbitas elipticas para planetas.

Galileu (~1620): Via Lactea feita de estrelas (confirmando Demdacrito, IV a.C.), crateras na
Lua, luas de Jupiter, manchas solares.

Newton (~1690): mecanica e gravitacao universal.
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Principais modelos cosmogonicos:

Kant (~1780) e Laplace (~1780): Sistema Solar formado inicialmente por nuvem discoidal
de matéria em rotacao. Para as espirais visiveis, Kant sugeria a ideia de Universos-ilha
(Andrébmeda sendo outra “Via Lactea”) e Laplace a ideia de sistemas solares em formacao.

Modelo galactico atual:

Messier (~1780): Modelo galactocéntrico: observacéo de galaxias como objetos do nosso
sistema estelar

Hubble (~1920): galaxias como formacoes e aglomerados estelares para além da Via
Lactea (extragalacticas) e nao centradas na propria.



Il. Expansao do Universo

Fig. 4.
Supernova
no Caracol

: July 7, 2005 ot s June 7, 2011
s . sM2005cs . . SM2011dh

2011 June 11
Supernovae in the Whirlpool
Image Credit & Copyright: R Jay Gabany

Explanation: Where do spiral galaxies keep their supernovae? Near their massive star forming regions, of course, and those regions tend to lie along sweeping blue spiral
arms. Because massive stars are very short-lived, they don't have a chance to wander far from their birth place. Remarkably, in the last 6 years two Type |l supernovae,
representing the death explosions of massive stars, have been detected in nearby spiral M51. Along with a third supernova seen in 1994, that amounts to a supernova
bonanza for a single galaxy. As demonstrated in these comparison images, SN2005cs, the supernova discovered in 2005, and more recently SN2011dh, the exceptionally
bright supernova first recorded just last month, both lie along M51's grand spiral arms. Perhaps the original spiral nebula, M51 is also known as the \Whirlpool Galaxy.


http://apod.nasa.gov/apod/lib/about_apod.html#srapply
http://www.cosmotography.com/index.html
http://www.cosmotography.com/images/supernova.html
http://apod.nasa.gov/apod/ap100626.html
http://casswww.ucsd.edu/archive/public/tutorial/StevII.html
http://en.wikipedia.org/wiki/Type_II_supernova
http://apod.nasa.gov/apod/ap110611.html
http://apod.nasa.gov/apod/ap110101.html
http://www.cosmotography.com/images/small_supernova_comparison_ngc5194.html
http://apod.nasa.gov/apod/ap110605.html
http://www.seds.org/messier/more/m051_rosse.html
http://apod.nasa.gov/apod/ap080105.html

Fig. 5: Uma outra
supernova proxima
na galaxia do Caracol
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2011 June 5
Another Nearby Supernova in the Whirlpool Galaxy
Credit & Copyright: Stephane Lamotte Bailey, , & Jean-Luc Dauvergne
Explanation: One of the brightest supernovas in recent years has just been recorded in the nearby Whirlpool galaxy (M51). Surprisingly, a seemingly was
recorded in M51 during 2005, following yet another one that occurred in 1994. Three supernovas in 17 years is a lot for single galaxy, and reasons for the surge in
M51 are being debated. are two images of taken with a small telescope: one taken on May 30 that does not show the supernova, and one taken on June 2
which does. The June 2 image is one of the first images reported to contain the supernova. The images are blinked to show the location of the . Although most
supernovas follow , the precise brightening and dimming pattern of this or any is hard to predict in advance and can tell astronomers much
about what is happening. Currently, the , designated , is still bright enough to with a small telescope. Therefore, sky enthusiasts are encouraged
to image the as often as possible to fill in time gaps left by intermittent observations made by the world's . Views of the developing

supernova are being


mailto:%20marc.deldem%20at%20yahoo.fr
http://apod.nasa.gov/apod/ap050719.html
http://www.astronomerstelegram.org/
http://www.cieletespace.fr/modules/tinymce/tinymce/jscripts/tiny_mce/plugins/imagemanager/files/jld/snM51gif.gif
http://apod.nasa.gov/apod/ap091226.html
http://www.youtube.com/watch?v=jHjTb8Chq3k
http://en.wikipedia.org/wiki/Supernova#Current_models
http://www.youtube.com/watch?v=grwpeEyt_98
http://www.skyandtelescope.com/observing/highlights/123110228.html
http://www.aavso.org/aavso-special-notice-242
http://newswatch.nationalgeographic.com/2011/06/03/new-supernova-spotted-in-whirlpool-galaxy/
http://en.wikipedia.org/wiki/Whirlpool_Galaxy
http://astro.nineplanets.org/bigeyes.html
http://asterisk.apod.com/viewtopic.php?f=29&t=23856
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Fig. 6: Nobel para o
Universo Estranho

L
2011 October 9
Nobels for a Strange Universe
Image Credit: ) ,
Explanation: Thirteen years ago were indicating that most of the energy in our universe is not in stars or galaxies but is tied to space itself. In the language
of cosmologists, a large is directly implied by new distant observations. Suggestions of a (lambda) were -- they
have existed since the advent of . Such claims were not usually popular with astronomers, though, because lambda is so unlike known
, because lambda's value appeared limited by other observations, and because less- without lambda had previously done well in

explaining the data. What is noteworthy here is the seemingly direct and reliable method of the observations and the good reputations of the

. Over the , independent teams of astronomers have continued to accumulate data that appears to the existence of and
the unsettling result of a presently . This year, the team leaders were for their work. The of a supernova

that occurred in on the outskirts of a was taken by one of these collaborations.


http://cfa-www.harvard.edu/oir/Research/supernova/HighZ.html
http://www.stsci.edu/
http://www.nasa.gov/
http://adsabs.harvard.edu/abs/1998AAS...193.3904A
http://adsabs.harvard.edu/abs/1998AJ....116.1009R
http://super.colorado.edu/%7Emichaele/Lambda/lambda.html
http://imagine.gsfc.nasa.gov/docs/science/know_l2/supernovae.html
http://en.wikipedia.org/wiki/Cosmological_constant
http://relativity.livingreviews.org/Articles/lrr-2001-1/
http://www.astro.ucla.edu/%7Ewright/cosmolog.htm
http://adsabs.harvard.edu/abs/2008ApJ...685.1297P
http://apod.nasa.gov/apod/ap071021.html
http://cfa-www.harvard.edu/oir/Research/supernova/highz/members.html
http://panisse.lbl.gov/public/
http://apod.nasa.gov/apod/ap980302.html
http://apod.nasa.gov/apod/ap050925.html
http://en.wikipedia.org/wiki/Dark_energy
http://en.wikipedia.org/wiki/Accelerating_universe
http://www.nytimes.com/2011/10/05/science/space/05nobel.html
http://www.cfa.harvard.edu/supernova//highz/figures/pictures.html
http://adsabs.harvard.edu/cgi-bin/nph-bib_query?bibcode=1998AGM....14..P95D
http://apod.nasa.gov/apod/spiral_galaxies.html
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Pressuposto cosmoldgico: em escalas suficientemente grandes, todos os lugares devem
ser iguais.

Homogeneidade e Isotropia do espaco — translagcoes e rotacdes (conservagao do
momento).

Irreversibilidade do tempo — processos reversiveis e irreversiveis (conservacao da energia).

Afastamento galactico (Efeito Doppler ou dilatacao do espaco).



l1l. Modelos de Universo

Modelo de Universo: representacdo matematica que pode ser testada via parametros
fisicos.

Parametro de densidade: medida da expanséo e da contracao.
Constante de Hubble: medida da idade.
Parametro de desaceleracao: medida da velocidade de expanséo.

Desvio espectral: medida da expansao.

Consideracoes gerais:

Universo em expansao e Teoria da Relatividade Geral.



l1l. Modelos de Universo

O Universo de Einstein (1917)
Constante cosmoldgica x Forga gravitacional.

Universo finito, fechado e esférico.

O Universo de De Sitter (1917)
Geometria euclidiana.

Modelo vazio, independente da matéria, relativistico e em expansao.



l1l. Modelos de Universo

Os Universos de Friedmann (1922 e 1924)
Modelos-padrao. Em expansao ou contracao espaco-temporal.
Analise dependente dos parametros fisicos (cada vez mais bem medidos):

- Expansao infinita e Universo aberto;
- Expansao finita, Universo fechado e sem contracao;
- Expanséao finita, Universo fechado e contracao subsequente.

Os Universos de Friedmann-Lemaitre (1927)

Alta densidade inicial;
Atomo primordial.

Figura 132 p

ropriedades geoméiricas das superficies plana, esférica e hiperbalica

Fig. 7: Propriedades geométricas de superficies planas (fig. 13.2, p. 235).



l1l. Modelos de Universo

Vid. 1. Simulacao ilustrada do Universo

2014 May 12

ustris Simulation of the Universe

Video Credit: , , J J ] ;

Music: The Poisoned Princess ( )

Explanation: How did we get here? , Sit back, and watch. A of the evolution of the universe -- the largest and most sophisticated yet
produced -- provides new insight into how and new perspectives into . The -- the largest of its type yet --

20 million CPU hours following 12 billion resolution elements spanning a cube 35 million on a side as it evolved over 13 billion years. is the
first to track matter into the of a wide variety of galaxy types. As the evolves, some of the matter expanding with the soon gravitationally
condenses to form filaments, , and . The takes the perspective of a virtual camera circling part of this changing universe, first showing
the evolution of , then gas coded by temperature ( ), then heavy elements such as and ( ), and then back to ( ). On
the lower left the time since the is listed, while on the lower right the type of matter being shown is listed. Explosions (0:50) galaxy-center supermassive black
holes expelling bubbles of hot gas. Interesting discrepancies between and the do exist and are being studied, including why produces an

overabundance of old stars.


http://www.illustris-project.org/people/
http://www.nasa.gov/
http://www.prace-ri.eu/
https://www.xsede.org/
http://web.mit.edu/physics/people/faculty/vogelsberger_mark.html
http://www.cfa.harvard.edu/
http://www.mediarightproductions.com/
https://www.youtube.com/watch?v=QSivvdIyeG4
http://www.illustris-project.org/media/
http://en.wikipedia.org/wiki/Galaxy_formation
http://apod.nasa.gov/apod/ap010101.html
https://www.youtube.com/watch?v=NjSFR40SY58
http://iamfancypants.com/wp-content/uploads/2012/10/exhausted.jpg
http://chandra.harvard.edu/photo/cosmic_distance.html
http://adsabs.harvard.edu/abs/2014arXiv1405.1418V
http://apod.nasa.gov/apod/ap120717.html
http://www.sen.com/news/computer-creates-the-virtual-universe-with-unprecedented-resolution
http://apod.nasa.gov/apod/ap121014.html
http://apod.nasa.gov/apod/ap130808.html
http://apod.nasa.gov/apod/ap100502.html
https://www.youtube.com/watch?v=A23Ro3kiB1E
http://chandra.harvard.edu/xray_astro/dark_matter/
http://periodic.lanl.gov/1.shtml
https://www.youtube.com/watch?v=QSivvdIyeG4&t=0m45s
http://periodic.lanl.gov/2.shtml
http://periodic.lanl.gov/6.shtml
https://www.youtube.com/watch?v=QSivvdIyeG4&t=1m30s
http://en.wikipedia.org/wiki/Dark_matter
https://www.youtube.com/watch?v=QSivvdIyeG4&t=2m07s
http://www.science20.com/hammock_physicist/big_bang_big_bewilderment
http://www.cfa.harvard.edu/imagelist/2014-10
http://www.illustris-project.org/
http://apod.nasa.gov/apod/ap120813.html
http://arxiv.org/abs/1405.1418

V. A origem do Universo - O Big-Bang

Big-Bang: inicio e expansao do espaco!
Nao confundir com explosao pontual num espaco ja existente.

Considerar diferencas entre espaco, vazio, vacuo e nada.

Gamow (1948)

Reac0bes nucleares em atomo primordial;

Previsao da Radiacao de fundo;

Modelo relativistico considerando sobra de energia no espaco apos conversdes iniciais de
matéria em energia;

Pressuposto do Big-Bang.

Penzias e Wilson (1965)
Deteccao da radiacédo de fundo (Nobel de 1978).

Evidéncias do Big-Bang: radiacédo de fundo e recessao galactica (expansao).



V. A origem do Universo - O Big-Bang

Modelo-padrao de Big-Bang

Inicio: entret=0et=10"%s, ocupando 10733 cm, nada se pode conjecturar (relatividade
e quantica nao competentes) — Era de Planck;

Ha cerca de 15 bilhdes de anos: densidade tado alta que s6 havia fotons de alta energia.

Em cerca de 10~° s apds a “exploséo”, devido a queda de densidade, formam-se as
particulas pesadas instaveis (hiperons e mésons) que decaem em estaveis (protons,
néutrons), além dos neutrinos — Era das particulas pesadas;

Apos 10~4 s até 1 s, devido ao resfriamento, formam-se as particulas estaveis leves
(Iéptons), como elétrons e positrons — Era das particulas leves.

Em 1000 s, formam-se os elementos quimicos leves (Hidrogénio, Deutério, Heélio, Litio,
Berilio) — Era da nucleossintese primordial.

Em 1 min, espaco expande devido a alta quantidade de radiacao — Era da Radiacéo.

Apos 2000 anos, a quantidade de matéria supera a quantidade de energia — Era da
Matéria.



V. A origem do Universo - O Big-Bang

Questdes atuais no modelo-padrao:
- Matéria e antimatéria: quantidades diferentes e previsao de equivaléncia;
- Observacéao de espaco “plano”, implicando conflito de densidade;

- Idade de galaxias contrastando com idade do Universo;

Modelagens atuais:

- Modelo Inflacionario (anos 80);
- Big Crunch;

- Big Rip;



V. Atividade

Durante a aula:
- Acertar visita ao Observatorio;

- Verificar pendéncias do trabalho final.
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