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Overview 

100 years of relativity 

       The special theory of relativity (1905) 

       The general theory of relativity (1915) 

 

Relativity and the universe 

       The static models of Einstein and de Sitter 

      The dynamic models of Friedman and Lemaître 

 

The expanding universe (1930) 

      The recession of the galaxies  

      Einsteinôs óbig bangô models of 1931 and 1932  

      New research into Einsteinôs models of 1931 and 1932 

      Einsteinôs steady-state model 

 

Conclusions: Einstein and the big bang 

 

 

 

 

 

              

Einstein in California (1931) 



 The special theory of relativity  (1905)  

 

Two new principles for inertial observers 

       Invariance of laws of physics  (including electromagnetism) 

      Invariance of the speed of light 

 

Implications for space and time 

     Space, time not absolute: distorted by motion 

 

Predictions 

     Length contraction; time dilation 

     Mass increase; equivalence of mass and energy 

 

Space-time 

       Space + time = space-time  

       4-dimensional entity  

 

       



 Evidence for special relativity  
 

Mass increase 

       The experiments of Kaufmann and Bucherer 

 

Time dilation 

      The long-lived muon 

      2 ɛs  Ÿ 22 ɛs 

 

Invariance of the speed of light 

     Many experiments to measure c 

 

Particle experiments at the LHC 

      Maximum velocity = c  

      Mass increase 

      Particle creation 

 

       

'

22

0

/1
'

c

t
t

n-
=

22

0

/1
'

c

m
m

n-
=



  General relativity  (1915)  
    

The general theory of relativity ( 1915) 

      Relativity and accelerated frames? 

      Relativity and gravity? 

 

Two new principles 

      Principle of equivalence 

      Machôs principle 

 

Predictions 

      Space-time distorted by mass 

       Gravity = curvature of space-time 

 

Empirical evidence 

      Orbit of Mercury: bending of starlight (Eddington, 1919)  

Albert Einstein 

   1879-1955  



  Evidence for general relativity  
    

Bending of distant light by stars 

      Gravitational lensing 

 

Gravitational redshift  

      Shift in wavelength of light due to grav. field 

 

Gravitational time dilation  

       GPS corrections 

 

Black holes 

     Centre of galaxies 

 

Gravitational waves 

       Hulse ïTaylor binary system 



  II         Relativity and the universe 

 

Apply general relativity to the cosmos (1917) 

      Ultimate test for new theory of gravitation 

 

Assumptions 

      Static universe 

      Isotropic and homogeneous 

      Null solution 

 

Cosmological constant ɚ 

      Add term to GFE for non-zero solution 

      Universe of closed curvature: no boundary problem 

      Cosmic radius and matter density defined by ɚ 

Einsteinôs universe 



  The de Sitter universe (1917)  
 

Apply general relativity to the cosmos 

      Include cosmological constant 

         

óEmptyô universe solution  

       Reasonable approximation 

       Curvature of space proportional to cosmic constant 

 

Disliked by Einstein 

      Conflict with Machôs principle 

      Singularity problem? 

      Beginning of Einsteinôs dislike for cosmic constant 

 

Interest from astronomers 

      Radiation from matter redshifted ï Slipher effect? 

      Static or non-static model? (Weyl 1923, Lemaître 1925) 

 



 Friedman models of the cosmos  

Time-varying solutions (1922) 

       Universe of time-varying radius 

       Assume positive spatial curvature  

      Two independent differential equations from GFE 

 

Expanding sphere 

      Density of matter decreases over time  

 

Ignored by community 

      Considered ósuspiciousô by Einstein 

      Mathematical correction, later retracted 

     ñTo this a physical reality can hardly be ascribedò 

 

Negative spatial curvature (1924) 

      Cosmic evolution, geometry depends on matter content 

         

       

Alexander Friedman 

     (1888 -1925) 



     Lemaîtreôs universe (1927) 
 

Expanding model of the cosmos from GR 

      Similar to Friedman 1922 model 

      Starts from static Einstein universe  

 

Redshifts of nebulae =  expansion of space? 
Redshifts from Slipher, distances from Hubble  

                             H = 585 kms-1Mpc-1 

 

Ignored by community 

       Belgian journal (in French) 

       Rejected by Einstein:ñVotre physique est abominableò 

       Lemaître informed of Friedmanôs solution 

       Einstein not up-to-date with astronomy? 

Fr Georges Lemaître 



III    Astronomy and the universe 

The óGreat Debateô  (1900-1920) 

      Spiral nebulae = clusters of stars ? 

       Galaxies beyond Milky Way? 

      Light from many spirals red-shifted  (Slipher 1915, 1917) 

 

The Hooker telescope  (1917) 

       100-inch reflector  

      Edwin Hubble (1921) 

 

Distance of 2 spirals  

      Cepheid variables resolved in nebulae 

      Leavittôs period-luminosity relation 

       

Spirals far beyond Milky Way (1925) 

      A universe of galaxies 



Motion of nebulae: redshift 

Frequency of light depends on  

motion of source relative to observer 

Measure motion of nebulae by 

measuring light emitted  

Doppler Effect 

Vesto Slipher 
Light from most nebulae red shifted  



    Hubbleôs law  

A redshift/distance relation for the nebulae? 

      Motivation: establishing distances of all nebulae 

 

Combined 24 distances with redshifts 

      Redshifts from Slipher: not acknowledged 

 

Linear relation (Hubble, 1929) 

       H = 500 kms-1Mpc-1 : some errors 

      Most important data point not shown 

 

Landmark result in astronomy 

      Not cosmology 

 

              

 

Edwin  Hubble (1889-1953) 



    The expanding universe 

�ƒ RAS meeting  (1930) 

      Eddington, de Sitter  

      If redshifts are velocities, and if effect is non-local 

      Static cosmic models donôt match observations 

   

�ƒ Time-varying universe?   

     Hubbleôs law = expansion of space? 

        

�ƒ Lemaître expanding model 
      Eddington contacted by Lemaître 

      1927 model republished in English (1931) 

 

�ƒ Friedman-Lemaître models circulated 

      Time-varying radius  

      Time-varying density of matter 

      Evolving universe 


