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Introducao: o universo observado

oA Via Lactea e sua vizinhanca
eGalaxias, galaxias e mais galaxias
oA Lei de Hubble

oA distribuicao de galaxias

eQual a receita? Composicao quimica e nucleosintese
primordial

eMatéria escura; Curvas de rotacao

eRadiacao cosmica de fundo em microondas

eFormacao das estruturas: simulagdoes numericas



The Greeks coined the term "galaxies kuklos" for "milky circle" when describing the Milky
Way. The Milky Way was a faint band of light, but they had no idea what it was composed
of.

When Galileo looked at the Milky Way with the first telescope, he determined that it was
made up of numerous stars.

We've known for centuries that our solar system was located within the Milky Way
because the Milky Way surrounds us. We can see it throughout the year in all parts

of the sky, but it's brighter during the summer, when we're looking at the center of
the galaxy. However, to astronomers in the 18th century and earlier, it wasn't

clear that the Milky Way was a galaxy and not just a distribution of stars.

In the late 18th century, astronomers William and Caroline Herschel mapped the
distances to stars in many directions. They determined that the Milky Way was a disk-like
cloud of stars with the sun near the center.
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In 1781, Charles Messier cataloged various nebulae (faint patches of light)
throughout the sky and classified several of them as spiral nebulae.

In the early 20th century, astronomer Harlow Shapely measured the distributions and
locations of globular star clusters. He determined that the center of the Milky Way was
28,000 light years from Earth, near the constellations of Sagittarius and Scorpio, and

that the center was a bulge, rather than a flat area.

Shapely later argued that the spiral nebulae discovered by Messier were "island
universes" or galaxies (retaining the Greek wording). However, another astronomer
named Heber Curtis argued that spiral nebulae were merely part of the Milky Way.
The debate raged on for years because astronomers needed larger, more powerful,
telescopes to resolve the details.

In 1924, Edwin Hubble settled the debate. He used a large telescope (100-inch

diameter, larger than ones that were available to Shapely and Curtis) at Mount Wilson in
California and resolved that the spiral nebulae had structure and stars called Cepheid
variables, like those in the Milky Way. (These stars change their brightness regularly,
and the luminosity is directly related to the period of their brightness cycle.) Hubble

used the light curves of the Cepheid variables to measure their distances from Earth and
found that they were much farther away than the known limits of the Milky Way. Therefore
these spiral nebulae were indeed other galaxies outside our own.


https://science.howstuffworks.com/environmental/earth/geophysics/earth.htm
https://science.howstuffworks.com/hubble.htm

A galaxy is a gravitationally bound system of stars, stellar remnants, interstellar gas, dust, and dark matter.i2 The

ord galaxy is derived from the Greek galaxias (yaAa&iag), literally "milky", a reference to the Milky Way. Galaxies
range in size from dwarfs with just a few hundred million (108) stars to giants with one hundred trillion (1014) stars,
31 each orbiting its galaxy's center of mass.

Galaxies are categorized according to their visual morphology as elliptical, spiral, or irregular.sl Many galaxies
are thought to have supermassive black holes at their centers. The Milky Way's central black hole, known

as Sagittarius A*, has a mass four million times greater than the Sun.il As of March 2016, GN-z11 is the oldest
and most distant observed galaxy with a comoving distance of 32 billion light-years from Earth, and observed as it
existed just 400 million years after the Big Bang.

Research released in 2016 revised the number of galaxies in the observable universe from a previous estimate of
200 billion (2x1011)7 to a suggested 2 trillion (2x1012) or more, &l containing more stars than all the grains of

sand on planet Earth.ra Most of the galaxies are 1,000 to 100,000 parsecs in diameter (approximately 3000 to
300,000 light years) and separated by distances on the order of millions of parsecs (or megaparsecs). For
comparison, the Milky Way has a diameter of at least 30,000 parsecs (100,000 LY) and is separated from

the Andromeda Galaxy, its nearest large neighbor, by 780,000 parsecs (2.5 million LY).

The space between galaxies is filled with a tenuous gas (the intergalactic medium) having an average density of
less than one atom per cubic meter. The majority of galaxies are gravitationally organized into groups, clusters,
and superclusters. The Milky Way is part of the Local Group, which is dominated by it and the Andromeda Galaxy
and is part of the Virgo Supercluster. At the largest scale, these associations are generally arranged into sheets
and filaments surrounded by immense voids.i'1 The largest structure of galaxies yet recognised is a cluster of
superclusters that has been named Laniakea, which contains the Virgo supercluster.i
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he Greek philosopher Democritus (450-370 BCE) proposed that the bright band on the night sky known as the
Milky Way might consist of distant stars.i7 Aristotle (384—322 BCE), however, believed the Milky Way to be
aused by "the ignition of the fiery exhalation of some stars that were large, numerous and close together" and
hat the "ignition takes place in the upper part of the atmosphere, in the region of the World that is continuous with
he heavenly motions."i'sl The Neoplatonist philosopher Olympiodorus the Younger(c.495-570 CE) was critical of
his view, arguing that if the Milky Way is sublunary (situated between Earth and the Moon) it should appear
different at different times and places on Earth, and that it should have parallax, which it does not. In his view, the
Milky Way is celestial.io

According to Mohani Mohamed, the Arabian astronomer Alhazen (965-1037) made the first attempt at observing
and measuring the Milky Way's parallax,a and he thus "determined that because the Milky Way had no parallax, it
must be remote from the Earth, not belonging to the atmosphere."21 The Persian astronomer al-B1rinTt (973
.1048) proposed the Milky Way galaxy to be "a collection of countless fragments of the nature of nebulous stars."2
31 The Andalusian astronomer Ibn Bgjjah ("Avempace", d. 1138) proposed that the Milky Way is made up of man

tars that almost touch one another and appear to be a continuous image due to the effect of refraction from

ublunary material,ii8124 citing his observation of the conjunction of Jupiter and Mars as evidence of this occurring
hen two objects are near.isl In the 14th century, the Syrian-born Ibn Qayyim proposed the Milky Way galaxy to be

"a myriad of tiny stars packed together in the sphere of the fixed stars."isl
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Actual proof of the Milky Way consisting of many stars came in 1610 when the Italian astronomer Galileo

Galilei used a telescope to study the Milky Way and discovered that it is composed of a huge number of faint
stars.es1271 [n 1750 the English astronomer Thomas Wright, in his An original theory or new hypothesis of the
Universe, speculated (correctly) that the galaxy might be a rotating body of a huge number of stars held together
by gravitational forces, akin to the Solar System but on a much larger scale. The resulting disk of stars can be
seen as a band on the sky from our perspective inside the disk.rs129 In a treatise in 1755, Immanuel

Kant elaborated on Wright's idea about the structure of the Milky Way.uzo

he first project to describe the shape of the Milky Way and the position of the Sun was undertaken by William

Herschel in 1785 by counting the number of stars in different regions of the sky. He produced a diagram of the
shape of the galaxy with the Solar System close to the center.3121 Using a refined approach, Kapteyn in 1920
arrived at the picture of a small (diameter about 15 kiloparsecs) ellipsoid galaxy with the Sun close to the center. A
different method by Harlow Shapley based on the cataloguing of globular clusters led to a radically different
picture: a flat disk with diameter approximately 70 kiloparsecs and the Sun far from the center.ize1 Both analyses
ailed to take into account the absorption of light by interstellar dust present in the galactic plane, but after Robert
ulius Trumpler quantified this effect in 1930 by studying open clusters, the present picture of our host galaxy, the
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O céu: Via Lactea e seus arredores

eSe pudessemos enxergar os 4n do angulo solido ao redor da Terra,
veriamos o seguinte:
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eMapa do Supergrupo local: Galdxia de Andrémeda

SGY

Figure 3.3. Map of the nearby galaxies. The Milky Way is at the center. The distance scale

is the redshift, cz. The galaxies with luminosities greater than about 30% of the Milky

Way are shown as filled diamonds, the fainter dwarf galaxies as the open symbols. The

positions are plotted in the de Vaucouleurs supergalactic coordinates defined at the end

of this section. The symbol size increases with increasing value of the coordinate along

the projected direction. Panels (a) and (b) are orthogonal projections of the distribution.

Panel (c) labels the more luminous galaxies. P.]. Peebles

eBolas cheias: galaxias mais brilhantes

eBolas vazias: galaxias mais escuras
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Catalogo Lick (Norte galactico) - . Catalogo Lick (Sul galactico)
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e ... € as que detectamos somente no infravermelho.

Figure 3.8. Distribution of more distant IRAS (infrared bright) galaxies (Strauss
1992; Strauss et al. 1992a). The symbol size decreases with increasing redshift
in the range 6000 km s™' to 20,000 km s~ .

P.J.E. Peebles
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A Lei de Hubble (Hubble, 1929)

Uma das mais evidente “assinaturas” das galaxias € a luz
emitida pelos gases quente de suas estrelas, nuvens e
aglomerados globulares.

Redshift:
A=A,

A

A

e

Observa-se que, quanto mais longe esta uma galaxia, maior
€ o desvio para o vermelho ( ) sofrido pelas linhas de
emissao desses gases. P.E. Pecbles

Isso significa que
quanto mais distante
uma galaxia, mais
rapido ela se afasta da
Via Lactea.
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Se plotamos a magnitude:
mk = = Log I'k ’

contra o redshift,

_ : 1.00 10.00
obtemos: : redshift

Figure 5.3. Redshift-magnitude relation for radio galaxies (McCarthy 1992).



aula 1l - slide 12/25 I. Elcio Abdalla

L — Labs
PE AnR”

Além disso, se o redshift &€ pequeno (z << 1), ele é diretamente ligado a

velocidade de recessao, através do efeito Doppler:
\ %
7 = —

C
Obtemos portanto uma relagao entre a distancia e a velocidade de recessao

das galaxias, que pode-se expressar, no limite de pequenos redshifts, como:

v=H R

tem portanto dimensao T-! ; seu valor

JA
atualmente medido é:

H =100 h km/s.Mpc, h = 0.69

1 pc =~ 3 anos-luz
R,. =~ 50 Kpc

g
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eEm escalas extremamente grandes, onde cada galaxia pode ser
considerada como uma particula de um fluido (o fluido de
densidade), o universo é aproximadamente:

Ou seja: nao ha posicoes
privilegiadas no universo.

=

Ou seja: nao ha diregoes
privilegiadas.

eEssas constatacdes empiricas se encarnam no chamado

, que diz basicamente que o universo (sua densidade,
geometria etc.) pode ser descrito, em largas escalas, por funcoes que
dependem apenas fracamente das coordenadas espaciais:

f(%, 1) = f(t) + (X, t)

6—f<<1 % j

f
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A quimica do universo: nucleosintese primordial (Gamow, 1949)

e Sabemos que o universo teve um inicio quente e denso, resfriando-se
e tornando-se mais rarefeito enquanto se expandia.

e Também sabemos que o universo é hoje aproximadamente

, pelo menos em escalas muito grandes. Como a forga gravitacional é
atrativa, ela tende a aumentar as inomogeneidades com o tempo, no passado o
universo deve ter sido ainda mais homogéneo do que observamos atualmente.

e Portanto, durante a evolucdo do universo houve uma época na qual a
e a atingiram valores extremamente altos. Tao altos que:

ISy Atomos ainda ndo existiam (os nucleos estavam ionizados)

I3 Elétrons e nucleos atdmicos tinham velocidades
medias ultra-relativisticas

I3° N3o havia ainda nucleos atdmicos: prétons e
néutrons eram “livres”
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e Se o resfriamento dessa sopa de 0 hl
nucleons nao foi muito rapido entao B 0.02
podemos supor que o processo de :
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dos barions e a rapidez cq A que eles se
resfriam, podemos compy /ar as
abundancias primordiais dos principais of St ki .

elementos leves........coviiiiiiiiiiiiiiinneen, Burles, Nolett & Turner, 2001

FIG. 1. Predicted big-bang abundances of the light elements shown as bands



Matéria escura

e As abundancias primordiais previstas pela nucleosintese, e verificadas pelas
observagdoes com grande precisao, mostram que massa do universo nao é composta
somente de atomos normais (feitos de protons, néutrons e elétrons). Deve existir algo
mais, além da matéria baridonica, aumentando as massas de galaxias e aglomerados.

e Essa matéria adicional
deveria se manifestar
ao estudarmos a
dinamica das galaxias.
De fato, podemos medir
as curvas de rotacao
das galaxias:

NGC 2403 NGC 3198
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e Se assumirmos
que, além da matéria
baridnica, existe uma
outra componente

( )/

com densidade 5-10

Circular Veloclky (km/s)

vezes maior que a
matéria baridnica, as
previsoes da teoria
para as curvas de
rotacao ficam

10 15 S 10 15 20 25 30 39 ’

Radius (kpc) Radius (kpc)
Figure 3.12. Luminosity profiles and rotation curves for spiral galaxies (van

Albada and Sancisi 1986). The numerical value of the radius is based on the

Hubble parameter 4 =0.75.
P.J.E. Peebles
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1.7 A radiacao cosmica de fundo em microondas
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e De fato, observamos hoje em dia essa radiacao de fundo (/') em microondas.
Sua temperatura é:

T,=2.726+0.002 °K

Y

e O melhor espectro de corpo negro jamais medido;

e EXTREMAMENTE HOMOGENEO: a radiacdo é quase idéntica em todas as direcdes;

e Ela tem minusculas inomogeneidades, perturbagdes de uma parte em 105 com
relacdo a temperatura do backgroud (ou seja, flutuagoes da ordem de )

COBE-DMR, 1992
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e Como observamos o céu completo em RCF, podemos decompor as flutuacdes de
temperatura em esféricos harmonicos. Eis alguns experimentos (em funcao de
indice harmonico “/”):
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~ The Hub
1.8 Formacao das estruturas do
universo: simulacdoes nhuméricas Q=0.3.A=07.h =07,

63=0.9 (ACDM)
3000 x 3000 x 30 /i “Mpc®

Projeto Hubble Volume (consorcio Virgo): PhI: 2=35, =100 /i'kpe 200 Mpef l
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No cone de luz:




