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Relativistics cosmological models 

Robertson and Walker showed that the line element  
of a 3 dimensional homogeneous and isotropic space  
can be always  reduced to the following form:  

 𝑑𝑙2 =   
𝑑𝑟2

1 −𝑘 𝑟2 
 + 𝑟2 ( 𝑑Θ2 + 𝑠𝑖𝑛2Θ  𝑑ϕ2  ) 

where  
                        +1 spherical space 
                 k = { 0 flat space 
                        -1 hyperbolic space 



The Friedman model also known as 
Friedman-Lemaitre-Robertson-Walker 
model: 

R(t) – the scale factor 
k – curvature parameter 



ρ – the density of matter (energy) 
p – the pressure 
Λ – the cosmological constant 





𝐻𝑜 𝑖𝑛
𝑘𝑚

𝑠𝑀𝑝𝑐
 , c in km/s   





















Critical density  

ρ𝑐𝑟𝑖𝑡 =  
3 𝐻2

8π 𝐺
 

Ω = 
ρ

ρ𝑐𝑟𝑖𝑡
 

Ω= {
    > 1 𝑠𝑝ℎ𝑒𝑟𝑖𝑐𝑎𝑙 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 (𝑐𝑙𝑜𝑠𝑒𝑑)

= 1 𝑓𝑙𝑎𝑡 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 (𝑜𝑝𝑒𝑛)
     < 1 ℎ𝑦𝑝𝑒𝑟𝑏𝑜𝑙𝑖𝑐 𝑈𝑛𝑖𝑣𝑒𝑟𝑠𝑒 (𝑜𝑝𝑒𝑛)

 









. 



The Universe started its evolution  
  from a state of infinite density  
      and infinite temperature  
      that we call the Big Bang 



Penrose and Hawking singularity theorems 

Under very general assumptions,  
not requiring symmetries,  
they have shown that the Universe  
started its evolution from a state  
of infinite density. 
 
          Big Bang is unavoidable ! 



singularity theorems://en.wikipedia.org/wiki/Penrose%E2%80%93Hawking_singularity_theorems 

https://en.wikipedia.org/wiki/Penrose%E2%80%93Hawking_singularity_theorems
https://en.wikipedia.org/wiki/Penrose%E2%80%93Hawking_singularity_theorems


























Nucleosynthesis in the first few minutes of the universe 
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Primordial nucleosythesis – observational data  


