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What is Cosmology? Story of the expanding universe

Since the beginning of history, people have looked up into the sky and asked:

Extrapolation of the expansion of the Universe backwards in
time using general relativity yields an infinite density and
temperature at a finite time in the past. Universe then very
rapidly started expanding and cooling. Approximately 10737
seconds info the expansion, a phase transition caused a
cosmic inflation, during which the Universe grew
exponentially. After inflation stopped, the Universe consisted
of a quark-gluon plasma, as well as all other elementary
particles. At about 1076 seconds, quarks and gluons combined
o form protons and neuirons. A few minutes into the
: . ) _ expansion, when the temperature was about a billion kelvin
g .. - A ‘ and the density was about that of air, neutrons combined with
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Do stars change?

How does the galaxies born?

What do the stars tell us about the future?
Where did the Universe come from?

Cosmology is the modern branch of physics that seeks to answer these kinds of questions. It is one of the
most exciting disciplines of the physical science. It is concerned not so much with individual stars or galaxies
in their own right, but rather with the properties of the Universe as a whole: its origin, evolution and eventual
fate.
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o nfinitestars ., " One of the first cosmological models ﬁ“ﬁﬁ“‘f"'%’“’i’ +3 By the 1400s, scientists were : ~ v N , out in space. Since light fravels at the speed c, the time t we are looking back is t=d/c, where d is the
X s \ngstir?e %eocinmci model de;telloped :,,. : beginning to question Ptolemy's % -~ i ¢ W % measurable distance.

upiter———__ safl . . B . : e - -

'"';,T“‘“* Ptt:ler:y's r<ineodglS rg;\ ortrri‘zr Urc\)if;rr‘s); o rr:gdited h::m;lg;i’; = enﬁizper:‘n:;l:i oa s, » - A relic from early universe is the “Cosmic Microwave Background” (CMBR). It is the radiation left over
m;:: olaced the Earth af the center with \?vhigh Slaced the sun. Instead of be R ) 5 ‘ _ o from an ear.ly stage in the development of the universe, and its discovery is considered a landmark
H;,mg,\ the surt\. and p|qnieff |ocqfe: in the earth. at the center of the solar , | b 55 . S o A test of the Big Bang model of the universe.

@ :;?gf: d:l: Eq ﬁc;rys ?hese zgh::: system. Copernicus's model would A ..’ YR 1 g | . s *' When the universe was young, before the formation of stars and planets, it was filled with plasma of
rotated cagusing th.e son and planets later be championed by the g 2 SRR - LT Lol matter and photons. As the universe expanded, the plasma filling it grew cooler. When the universe
to app e' ar to rise and set famed scientist Galileo Galilei Foahs oo Lo r | S | cooled enough, stable atoms could form. The photons then escaped from the plasma and have

' o Eol N b s been propagating ever since, though growing fainter and less energetic, since exactly the same
B b | photons fill a larger and larger universe.

Gammow predicted the temperature of this radiation to be 5K. Precise measurements of CMBR
shows that it has a thermal black body specirum at a temperature of 2.725 K, which was very close
to the original prediction. The spectrum peaks in the microwave range frequency of 160.2 GHz,
corresponding to a 1.9 mm wavelength.
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that the universe has no Center at all. Viewed on a sufficiently
large scale, the universe looks much the same from all points
(homogeneity) and in all the directions (isotropy) .
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Hubble's Law

Hubble's law states that the farther away a galaxy is,

the faster it is moving away from us.

In 1929, after nearly a decade of
observations from the telescope at
Mt. Wilson, Edwin Hubble discovered
that the galaxies were moving away
from us. He determined the nature of
the galaxies receding and gave us
the Hubbles law v = H*d

v= velocity of the galaxy.
H= Hubble’s constant.

d= distance to the galaxy.
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Prize in Physics for their discovery.

To 1 part in 100,000 the CMBR is the same no maiter in
which direction one looks. The remaining tiny variations,
are the seeds that later form galaxies and large cosmic
structures. Thus, the CMB provides the earliest possible
image of the Universe, and encoded within this image are
signatures of the fundamental parameters of Cosmology.




