
1 



2 

Class 17 :  
Cosmological principles and the discovery 
of the expansion of the Universe 
  Discovery of the expansion of the 

Universe 
  Hubble’s observations of galaxies 
  Hubble’s law 

  Einstein’s cosmology 
  The cosmological principles 
  Einstein’s static universe 
  Einstein’s “greatest mistake” 

I : Hubble’s discovery of the 
expanding Universe 

  Remember the Doppler effect…  
  If a source of e/m radiation is moving away 

from us with a line of sight velocity V, then 
its observed wavelengths λ0 are related to 
emitted wavelengths λe by 

  We define the redshift of an object as 

(V<<c) 
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  Very soon after Hubble proved that the “spiral nebulae” 
were external galaxies, he started to look at their 
spectra in order to determine  their velocities. 

  He found some surprising results… 
  The vast majority of galaxies (all but a few of the closest 

ones) were moving away from us! 
  The further the galaxy, the faster it moved away… the 

relation between velocity and distance was very simple: 

  This is now known as Hubble’s law 
  The rate of expansion of the Universe is described by 

the constant of proportionality in Hubble’s law, H0.  This 
is Hubble’s constant 

Example of a real galaxy spectrum… 
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II : Einsteinian cosmology 

  Germany 1915: 
  Einstein just completed theory of GR 
  Explains anomalous orbit of Mercury perfectly 
  Schwarzschild is working on black holes etc. 
  Einstein turns his attention to modeling the universe as 

a whole… 

  How to proceed… it’s a horribly complex 
problem to model the whole Universe!!! 
  Proceed by ignoring details… 
  Imagine that all matter in universe is “smoothed” out 
  i.e., ignore details like stars and galaxies, but deal with 

a smooth distribution of matter 
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  We then make two important assumptions about this 
smoothed out distribution of matter… the assumptions 
are referred to as the cosmological principles 

1.  The Universe is homogeneous - every place in the 
Universe has the same average physical conditions as 
every other place 
  This is clearly not true on “small scales” (since the 

Universe has structure), but the assumption only applies 
to large scales 

  According to this, there can be no center or edge to the 
Universe… gives the Generalized Copernican Principle 
that there are no special points in the Universe 

2.  The Universe is isotropic - there is no preferred 
direction in the Universe. 

Universe looks the 
same no matter 
which direction we 
look in…  
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Las Campanas Redshift 
survey… this is (almost) 
a map of galaxies in our 
part of the Universe.   
On large scales, you 
can see that it is approx 
homogeneous 

  So… what did Einstein find? 
  He managed to find a solution to his equations which were 

both homogeneous and isotropic 
  BUT… he found that any such solution represented a 

Universe that was either in a state of collapse or 
expansion! 

  Then Einstein made a mistake… 
  He could have predicted the expansion of the Universe 

several years before Hubble found it. 
  But, he let himself be led by the “common knowledge” that 

the Universe was static 
  He modified his equations (adding the “cosmological 

constant”) to make such a static solution possible. 
  Later called this “his greatest mistake” 

  However, Einstein did lay the foundations for all modern 
cosmological models 


