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The efforts to understand the universe is one of the very few things 

that lifts human life a little above the level of farce...

S. Weinberg, 1977

...this presents a task as intersting as the human mind can set, 

and provides a goal as noble as the human spirit can conceive

R. Tolman, 1934







Before 1990
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There is baryonic matter: 

about 25% of 4He, D....heavy elements

Dark Matter???? baryonic origin???

Large Scale Structure: clusters of galaxies!

Filaments, Voids??????????????????????



  

There exists background radiation 

with the temperature T » 3K

 Penzias, Wilson 1965
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When the Universe was 1000 times smaller

its temperature was about  2725  K



RecombinationNucleosynthesis



 

Very homogeneous Inhomogeneous





Very homogeneous Inhomogeneous



  

???



 

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)

Can we transfer the large fluctuations from extremely 

small scales to large scales???

p x h  









t0tit

  decelerated  Friedmann Expansion

INFLATION

  

INFLATION   is the stage of accelerated 

expansion in the very early Universe 



 

Prediction

of inflation !
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PREDICTIONS

Perturbations are :

-adiabatic

-gaussian: F=Fg + fNLFg

2 ,  where fNL = O(1)

-spectrum: F µ ln (l /lg ) µ l1-nS  with nS = 0.96



After 90 - present



COBE 1992

2.725K Blackbody 

Spectrum of the 

CMB 
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Ground-based:

ABS, ACBAR, ACT, AMI, APEX, APEX-SZ, ATCA

BICEP, BICEP2, BIMA, CAPMAP, CAT, CBI, Clover,

COSMOSOMAS, DASI, FOCUS, GUBBINS, Keck Array,

MAT, OCRA, OVRO, POLARBEAR, QUaD, QUBIC, QUIET,

RGWBT, Sakaatoon, SPT, TOCO, SZA, Tenerife, VSA



PREDICTIONS

Perturbations are :

-adiabatic

-gaussian: F=Fg + fNLFg

2 ,  where fNL = O(1)

-spectrum: F µ ln (l /lg ) µ l1-nS  with nS = 0.96



with Wtot = 1 (prediction) and H0,  W
L

,Wbar  from supernova, deuterium et.cet. we get



Planck FrequencyMaps 













-Wtot = 1 ± 0.0066

-adiabatic pert.!!!, less than 1% from cosmic strings, entropy et.cet.

-gaussian: fNL = 2.5 ± 5.8

-nS =0.9585 ± 0.0070



CONCLUSIONS

-General Relativity is valid up to the scales 10-27  cm

-We all originated from quantum fluctuations




