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M 31 approaches us at 300 km/s 

Vesto Melvin Slipher (1912) 



Interpretation of the observed shifts 
in the position of spectral lines: 
 
a) Doppler effect 

 
b) Gravitational redshift  
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Doppler effect 

(λ𝑜 - λ𝑒)/λ𝑒 = 𝑣/𝑐  

   



During his stay at the Flagstaff 
Observatory  Vesto Slipher measured 
about 100 spectral line shifts of 
different „nebulea”. 



Edwin Hubble 
1889 - 1953 



Irregulars 



By observing the Cepheid stars  
Hubble was able to determine  
distances to several dozens galaxies  



V = H⋅d, H – Hubble constant  









The Hubble law 

The measurable quantities: 

z – redshift -> v 

d – distance 
 V = H ∙ d 

H is a constant ! 

 
Hint – the Universe could be isotropic 



The Universe is expanding !! 



Early attempts to measure the Hubble constant 





Maarten Schmidt and Allan Sandage 







Figure 1. Different constraints in the H0 and Ωm space based on a flat ΛCDM model. 

Dark and light contours show the 68% and 95% confidence regions of each posterior, 

with the exception of the cosmic-age bounds. (For each of those, the parameter space 

outside the orange regions is excluded if the universe is at least the age given in the 

label.) Most constraints with different degeneracy directions consistently overlap the 

region indicated by the guiding white dashed circle. Note that the circle does not 

represent a joint constraint. Such a common region is, however, not overlapped by the 

Cepheid-based local determination of H0 (CV SN) and is only marginally overlapped by 

the H0LiCOW constraint. Contours correspond to SN P (red), DES (light blue), CC 

(pink), H0LiCOW (blue), BAO Gal (navy), BAO Lyα (green), γ-ray (orange), WMAP 

(magenta), Planck (black), CV SN (yellow), and some guiding cosmic-age constraints (t* 

= 13.535, 13, and 12.5 Gyr; orange). Each constraint in the figure is labeled according to 

whether it can be changed by nonstandard high-z models (H), mid-z models (M), low-z 

models (L), or local environmental factors (E). See the text for the definition of these 

model categories. We leave the H0LiCOW technique without a label because it is 

relatively insensitive to the underlying cosmological model. 
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Hubble-constant “tension” 

From Wikipedia: Hubble Constant 



Slide from 2411.12022 



Immediate conclusions: 

Units of H ⸻ 1/time 

Estimated age of the Universe ≈ 1/H 

Present value of H ≈ 70 km/sMpc 

1/H ~ 4.2×1017 s ≈ 13 × 109 years   

v=H∙d;  c=H∙dhorizon  

dhorizon = c/H;  dhorizon = 13 × 109 ly! 

It is impossible to see anything that is 
further ! 

  



 

 Olbers’s Paradox 

Heinrich Wilhelm Matthias Olbers  





The Universe is a 
dynamical system 



Modeling the Universe 

Basic assumption –  
the laws of physics and  
mathematics hold  
everywhere in the Universe  













Cosmological 
Copernican Principle 

The Milky Way is just a normal 
galaxy and it does not occupy a 

preferred position in the 
Universe  



Bold assumption: 

on a sufficiently large scale  
  

the Universe is 
  

homogeneous and isotropicc 









R(t) – scale factor 



How to determine R(t) ? 


