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t  r

v
 13,7bil. years



 Expanding Universe: Facts



 There exist Dark Matter and Dark Energy

 In past the Universe was VERY hot



2.725K Blackbody 
Spectrum of the CMB 
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In 1090  causally disconnected regions δε / ε ≤ 10−5

.   Why?

 Initial speed of expansion

 speed of expansion today



 

                      Gravity was REPULSIVE during 
during some time interval in very early Universe 

   ai / a0 ≤ 1⇒ NO Problem

  

INFLATION   is the stage of accelerated 
expansion in the very early Universe 



  decelerated  Friedmann Expansion



 

Prediction
of inflation !
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  Where the ihhomogeneities come from?



 

There always exist unavoidable 
Quantum Fluctuations

  

Quantum fluctuations in the density distribution are large (10-5 )
only in extremely small scales (  10-33  cm), 
but very small (  10-58 ) on galactic scales (  1025  cm)









  0.95 < nS < 0.97

ln λ / λγ( )   or n = 0.96 (Mukhanov, Chibisov 1981)

Starobinsky 1979




Power 

-- ΛCDM 
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Ω = 1± 0.02
Dark Matter & Dark Energy 



  nS = 0.963
−0.011
+0.011
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