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It is not possible to reduce the metric tensor 𝑔𝑎𝑏 to 
the identity matrix by a coordinate transformation  





= 0 



Γ𝑑ab = Γ𝑑ba  



The metric tensor is covariantly constant !!! 



The Minkowski space-time 

𝑑𝑠2  = 𝑐2𝑑𝑡2  - ( 𝑑𝑥2 + 𝑑𝑦2  + 𝑑𝑧2 ) 







Timelike line 𝑑𝑠2 > 0 Null line 
𝑑𝑠2 = 0 

Spacelike  
line 𝑑𝑠2 < 0 



E = m∙ 𝑐2 







Distribution of matter <=> 
geometry of spacetime 

Einstein’s equations 

 

Curvature of spacetime = κ density of matter 

 

κ ⋍ 2∙10-43  in SI units 



Light travels along “straight” lines in a curved space-time 

gravity deforms space-time 

2D representation of 3D space 

  Warping of Space  

Geometry of spacetime is determined by  
       the distribution of matter 



The Riemann  
curvature tensor 

The Ricci  
tensor 

The Ricci 
scalar 





Basic predictions of Einstein’s 
general theory of relativity: 
 
Perihelion motion 
 
Bending of light 
 
Gravitational redshift 



43’’ per century 







Gravitational redshift 



The Einstein cross 









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: 



Propagation of light in the FLRW model  

Let us  consider radial rays, Θ = const, and ϕ = const. 

Light propagates along null geodesics ds = 0 










