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Introduction to relativity  

      The special theory of relativity  

      The general theory of relativity 

 

Three astronomical tests 

       The perihelion of Mercury; the bending of starlight 

       The gravitational redshift 

 

Relativity and the universe 

       A static or a dynamic universe? 

       Hubbleôs law and the big bang 

 

The renaissance of relativity 

       Astronomy and the universe (1960 - )              

Overview 

Einstein in Berlin (1916)  



Relativity   

 

The principle of relativity  

      Relativity of motion 

     Buridan, Oresme, Bruno, Copernicus 

             

Galileoôs galleon (1632) 

     Motion of objects in closed cabin of ship 

     Impossible to detect motion of ship by experiments in cabin 

       

Implications for cosmology 

     Motion of earth undetectable to passengers 

 

Implications for mechanics 

      Anticipates Newtonôs law of inertia 

       

Galileo (1564-1642) 



 Relativity in the 19th century  
 

Electromagnetism 

       Electricity and magnetism = electromagnetism 

      Speed of electromagnetic wave = speed of light in vac 

 

Light = an electromagnetic wave 

      Changing electric and magnetic fields 

      The electromagnetic spectrum 

 

Speed relative to what? 

      The concept of the ether 

      

The search for the ether 

      Michelson-Morley experiment 

Michael Faraday JC Maxwell 



 The special theory of relativity (1905) 

 

Two principles  

       Laws of all physics identical for observers in relative uniform motion 

      Speed of light in vacuum identical for observers in relative uniform motion 

 

Implications 

     Intervals in distance and time not universal            

     Experienced differently by bodies in relative uniform motion 

 

Predictions (high-speed bodies) 

     Length contraction : time dilation  

     Mass increase; mass-energy equivalence 

 

Minkowski  space-time (1908) 

     Space-time invariant for observers in relative uniform motion 

       



  The general theory of relativity (1916)   
    

Extending the special theory (1907-) 

       Relativity and accelerated motion?  

      Relativity and gravity? 

 

The principle of equivalence 

      Equivalence of gravity and acceleration 

      Extension of Galileoôs principle  

       

The principle of Mach 

      Inertial mass defined relative to matter 

 

A long road  (1907-1915) 

     Space-time determined by matter 

     Gravity = curvature of space-time 

 



 The field equations of GR  (1915) 
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gɛɜ : variables determined by matter 

  10 non-linear differential equations that relate the geometry   

       of space-time to the density and flow of mass-energy  

SR GR 



  Three astronomical tests (Einstein, 1916)   
    

Different in principle from Newtonôs gravity 

      Small deviations in practice (weak scale) 

       

The perihelion of Mercury 

      Well-known anomaly in Mercuryôs orbit (43" per century) 

      Postdicted by GR (1916) 

 

The bending of starlight by the sun (1.7") 

      Eclipse expeditions of Eddington and Dyson (1919) 

      Successful measurement (large error margin)  

       

Gravitational redshift  

      Time dilation in strong gravitational field 

      Light from a star redshifted by stellar mass? 



    Eclipse Results (1919) 

 

Sobral:    1.98"  +/-  0.16 

Principe: 1.7"    +/-  0.4 

Asymmetric controversy (Collins and Pinch 1970s) 
Claim of bias; rebutted by astronomers (RAS) 

Einstein famous (1919) 



  Einsteinôs reaction to eclipse result  

Albert Einstein, The Times (Nov 28th 1919) 



     Gravitational redshift   
 

Sirius B 

      Walter Adams 1925: redshift of spectrum 

      False result; contamination by Sirius A 

             

Harvard Tower experiment 

      Pound, Rebka and Snyder (1952) 

     Redshift of gamma rays (Mossbauer effect) 

 

Gravity probe A 

       NASA (1976): maser clock 10,000 km above earth 

       Changes in clockôs rate in agreement with GR 

 

GPS 

      Clocks in GPS satellites adjusted for weak gravitational field  

        

Walter Adams (1876ï1956) 



         Relativity and the universe   
 

Einstein: apply GR to the Universe (1917) 

      Ultimate test for new theory of gravitation 

 

Assumptions 

      Uniform, static distribution of matter 

      Machôs principle: metric tensor to vanish at infinity 

      

Boundary problem! 

      Assume cosmos of closed curvature 

      Snagéno consistent solution from GFE 

    

New term needed in field equations!  

      Cosmic constant ï allowed by theory  

      Anti-gravity effect? 

      Radius and density defined by ɚ 



  De Sitterôs universe  

 

Alternative cosmic solution for the GFE 

      A universe empty of matter (1917) 

         

Solution B 

      Cosmic constant proportional to curvature of space 

 

Disliked by Einstein  

      Conflict with Machôs principle 

      Problems with singularities? (1918) 

 

The de Sitter confusion 

     Static or non-static - a matter of co-ordinates?  

     Weyl , Lanczos, Klein, Lemaître  
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Prediction of redshifts  ï astronomical interest  



 The dynamic universe (theory)  

Alexander Friedman (1922) 

      Allow time-varying solutions for the cosmos  

     Two differential equations for R 

 

Evolving universe 

      Time-varying  radius and density of matter  

      Considered ôsuspiciousô by Einstein      

   

Georges Lemaître (1927) 

      Theoretical universe of time-varying radius  

      Expanding universe in agreement with emerging astronomical data 

     Also rejected by Einstein 

 

                             ñVôtre physique est abominableò  

         

       

Alexander Friedman 

      (1888 -1925) 

Georges Lemaître 

     (1894-1966)  


