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Basic 
assumptions 

of 
cosmology

 Isotropy – Universe looks same in every direction 

 Homogeneity - Matter is uniformly spread through out t
he space (large scale)

 At any point when we look at the 
universe has same general 
features



Olber’s Paradox



Solution for 
Olber’s

paradox

 The universe is expanding

 The universe not infinitely old 





The Big 
Bang

 occurred approximately 15 billion years 
ago

 is a model for the evolution of the 
universe



Evidence 
for the Big 

Bang

#1 Universe is expanding
• Galaxies are moving away from each other 

at great speeds.
• How do we determine the age?
• measure the rate of expansion of the 

universe backtrack to a time when the 
galaxies were all together at a single point

#2 Pervasive background radiation of 2.7K 
(Kelvin) above
• absolute zero

- absolute zero = -273.15 Degrees C;
2.7K = -270.3
• the afterglow of the Big Bang



Big Bang 
Model

• Initial state:
– No matter existed
– Universe consisted of 

pure energy
• During 1st second:

– The four basic forces 
separated
 gravity, electromagnetic force,

strong nuclear force, weak 
nuclear force.

– Enormous expansion 
occurred



T = 0 
seconds to 

10-43

seconds

 BIG BANG occurs. 
 Something causes infinitely 

dense point to expand.
 Density of universe is so high 

that time and space are 
curled up and the laws of 
physics that 
we know today do not 
apply.

 All four forces in nature 
were unified. 

 This is time is called the 
Planck Time 



 After the Planck time, the temperature had decreased 1032 K and 
gravity was the first force to separate. 

 The remaining three forces were still united.



T = 10-35 to 
10-32 

seconds

 Inflation caused the size to the 
universe to increase 
exponentially by a factor of 1050. 

 This time is called the inflationary 
epoch. 



 Matter is created: 
Photons collide and produce pairs of elementary 

particles such as electrons and positrons, and quarks 
and antiquarks. 

Af te r In f l a t ion S tops…



T = 10-6

seconds

 Temperature has cooled enough for 
baryons (Protons, Neutrons) to form 

 Also, at this temperature, all particles 
are no longer moving relativistically, 
so the universe becomes dominated 
by the higher energy photons 
(radiation-dominated universe). 



T = few 
minutes

 Temperature ~ 1 GK, density ~ that 
of air. 

 Neutrons combine with protons 
making deuterium and helium 
nuclei, and some protons remain 
independent (hydrogen nuclei). 

 Called Big Bang nucleosynthesis. 
 Temperature is still too high to 

form atoms as they would be 
ionized immediately. 

 The universe would appear opaque 
during all this time because photons 
and matter would be interacting due 
to high temperatures



T = 379,000 
years

 Universe is now cool enough that 
matter energy is greater than 
radiative energy, thus allowing 
atoms to form. 

 Radiation is decoupled from 
matter and photons are 
free-streamed throughout space 
- origin of CMB radiation. 

 This time is known as the epoch of 
recombination. 

 Universe is now matter-dominated 



T ~ 400 
million years 

 Since epoch of recombination, 
slightly denser regions attracted 
matter nearby and the first stars 
begin to form. 

 Regions continue to acquire matter 
and other objects like galaxies and 
gas clouds form. 

 Universe begins to look like how we 
know it today (still expanding and 
still cooling). 



THE ORIGIN 
AND EVOLUTION 

OF
THE UNIVERSE

 The age of the Universe was not well 
established until recently, but is now 
thought to be about 13.7 billion years, or 
about 3 times the age of our Solar System.

 The Universe is thought to have originated 
in a point-like concentration, which began 
expanding outward in a “Big Bang” at the 
speed of light.

 At the initial temperature and pressure of 
the early Universe, matter existed only 
as elementary particles. Only after a 
million years or so of expansion, did the 
matter cool enough to form atoms as we 
know them today (mostly hydrogen and 
helium).



 ~200 to 400 million years after Big Bang :1st stars and galaxies form 

 As the Universe expanded and cooled, the material
concentrated in individual clumps which formed protogalaxies.

 Within the proto-galaxies, the gas further congregated into
many smaller and denser clumps which in turn condensed to form stars.

 These original stars, like our Sun and other stars today, generated heat and 
light by the fusion of hydrogen atoms to form helium, and in turn, still 
heavier elements.





 The first generation of stars, made up of almost pure hydrogen and helium
, were much more massive, on the average, than stars forming at the present 
time.

 These very massive first-generation stars evolved much more rapidly than the 
average of new stars today, and at the ends of their lives formed heavier 
elements (such as carbon, oxygen, silicon, and iron), which were then 
returned to the interstellar medium in supernova explosions.

 Following generations of stars were formed from interstellar material 
increasingly richer in these heavy elements.
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 Stars are born deep in molecular clouds (stellar nursery)

 Dense concentrations of interstellar gas and dust
cold (10 – 30 K) dense nebulae 
so cold that H2 can exist (molecular hydrogen)  and CO

 A cold cloud can clump to high densities 



Think about a cloud of gas in the interstellar medium. It
has a temperature that supports it against
gravitational collapse. If a gas cloud of a given mass
cools off, eventually it starts to collapse under its own
gravity.



PROTOSTARS

 Start with a gas cloud of ~2000Mo and a r
adius of ~5pc. 

 10K and begin to contract. 
 Usually, this is a cloud embedded in a 

larger, warmer cloud. 
 Large dense molecular clouds fragment as 

they collapse. 
 Once a clump has broken free from the 

other parts of the cloud core, it has its 
own unique gravity and identity 



 The protostar collapses until its core reaches 107 K in 
temperature 

–The proton – proton chain fusion reaction 
begins 
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