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What is it ?
• Theory that the Universe as we know it 

began billion years ago.            
( Latest estimate 
billion years) 

• Initial state was a hot, dense, uniform 
soup of particles that filled space 
uniformly, and was expanding rapidly.
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What it describes ?

• How the early Universe expanded and 
cooled. How the Universe evolved 
over time. 

•  How the matter congealed to form 
stars, galaxies and clusters of galaxies. 

• How  the light chemical elements 
formed.

Hubble Extreme Deep Field published 2014  



ISOTROPY

CMB PLANCK MISSION



HOMOGENIETY (No  Absolute Centre)

Edwin Hubble stands by the 48-inch telescope at 
Palomar Observatory

• Cepheid Variables (For distance estimation) 
• Redshifts from spectrum (For recessional velocities)



𝑣 = 𝑯𝑟
Velocity-Distance Plot from Hubble’s data (1924)





GENERAL THEORY OF RELATIVITY (1915) 

Einstein’s Field Equations

Alexander Friedmann and Georges Lemaître 

• Alexander Friedmann  in 1922 introduced the 
idea of an expanding universe that contained 
moving matter, governed by a set of equations 
he developed now known as the Friedmann 
Equations. 

• Belgian astronomer  Georges Lemaître later 
independently reach the same conclusion in 
1927.
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• Uniform mass distribution  
• Isotropy 

• Introducing a scale factor  
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Thus for any particle, 

We define  such that 

To make it look like Friedmann equation 
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• If  
     OPEN UNIVERSE  increases forever, Universe expands forever  

• If  
     CLOSED UNIVERSE  reaches a maximum value and decreases 
later, Universe reaches a maximum size and collapses later 

• If  
     FLAT UNIVERSE

𝐸 > 0 or 𝑘 < 0 
𝑎

𝐸 < 0 or 𝑘 > 0
𝑎

𝐸 = 0 or 𝑘 = 0
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𝑅(𝑡)

Cosmological HORIZON



What it doesn’t describe ?

• What caused the expansion? (The big bang theory describes only the 
aftermath of the bang.) 

  
• Where did the matter come from? (The theory assumes that all matter 

existed from the very beginning.)  

“INFLATION”

Accelerated Expansion                                           Dark Energy                                                                 Dark matter
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