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                  Conclusions 
       

 

Overview 



I         Historical remarks 
    

Appointed to Berlin Chair  

       Arrives April 1914  

      Family leave Berlin, June 1914 

 

World War I (1914-18) 

     Living alone, food shortages 

      Dietary problems, illness 

 

Second ómiraculousô period  

     Covariant field equations (1915) 

     Exposition, solutions and predictions (1916) 

     First relativistic model of the cosmos (1917) 

     Papers on gravitational waves 

     Papers on the quantum theory of radiation  

     Papers on unified field theory 

       

 

 

Einstein in Berlin (1916) 



               Scientific context 

    

The general principle of relativity (1907-) 
       Relativity and accelerated motion  

       

The principle of equivalence 

      Equivalence of gravity and acceleration 

             

The principle of Mach 

      Relativity of inertia  

      Structure of space determined by matter 

     No space without matter 

Some cosmological considerations óbuilt inô to GR   

Recall GR  =  óprinciple-ledô theory 



  Relativistic cosmology (1915-17) 

 

A natural progression 

      Ultimate test for any theory of gravitation 

      Ultimate test for Machôs principle 

 

Assumption 1: static universe 

      Observation, experience (QA) 

      

Assumption 2: uniform distribution of matter  

    Simplicity (Copernican principle?) 

 

Assumption 3/Principle: Machôs principle 

      No space without matter 

 

                       Boundary conditions at infinity? 

 



   The problem of boundary conditions 

 

Flat space-time at infinity?  

      Privileged reference frame 

      Contrary to Machôs principle 

 

Degenerate ▌Ⱨⱨ at infinity?  

      Einstein in Leyden (Autumn 1916) 

      Difficult to reconcile with observation (de Sitter) 

      

Einsteinôs ingenious solution  

      Remove the boundaries! (November, 1916) 

     A universe of closed spatial geometry 

 

                    
ñI have perpetrated something which exposes me .. 

to the  danger of being committed to a madhouseò 



II       A guided tour of the paper 



 Structure of Einsteinôs 1917 paper 
 

 

   

             



1.   The Newtonian theory  
 

Divergence of gravitational force 
      Assuming non-zero, uniform density of matter 

     Well-known paradox (Bentley-Newton) 

 

Einsteinôs formulation of problem 
      Mean density must decrease more rapidly than 1/ r2 

      for constant gravitational potential at infinity: island solution 

 

Stability paradox 
      Island of matter unstable statistically 

      Evaporation argument          ɟÐ = 0  Ÿ  ɟc = 0 

    

Solution: modify Poissonôs equation 

      Finite solution for potential 

     ñA foil for what is to followò 
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Independent of modifications by Seeliger, Neumann  



 3. The spatially closed universe   

 4. An additional term in the GFE  

 

Assume stasis (the Known Universe) 

      Assume non-zero uniform density of matter  

 

 

      Introduce closed spatial curvature 

      To conform with Machôs principle 

     Solves problem of Ὣ  

 

 

      Null result 

     ñGFE not satisfied with these values of Ὣ ò     

 

 

      Introduce new term in GFE* 

     Additional term needed in field equations 
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while for ɀ‖╣ one obtains the values 
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Thus from (1) the two contradictory equations are obtained 
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The need for a cosmological constant   

Einstein 1933 

ɚ term  needed for (static) solution 



  A precursor for the cosmological constant  
 

 

Å ‗ introduced in 1916? Ann. Physik. 49: 769-822 

      
Å The field equations in the absence of matter 

 

Å Prepared the way for ‗Ὣ  in 1917 



 5.     Calculation and result 

 

Calculation and result 

       

 

 

        

 

 

 

 

 

 

Caveats 

     Consistent model without reference to astronomy  

     Extension of GFE required 

     Necessitated by assumption of stasis 



 On the cosmological constant (i) 

 

Introduced in analogy with Newtonian cosmology  
      Full section on Newtonian gravity (Einstein 1917) 

     Indefinite potential at infinity? Problem of stability 

 

Modifying Newtonian gravity  
      Extra term in Poissonôs equation 

      

A ñfoilò for relativistic models 
      Introduce cosmic constant in similar manner 
    

Inexact analogy  

     Modified GFE corresponds to P3, not P2  

 

A significant error? 

     Implications for interpretation 

     No interpretation of ‗ in 1917 paper! 
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Schrödinger, 1918 

      Cosmic constant term not necessary for cosmic model 

       Introduce negative pressure term in energy-momentum tensor   

 

Einsteinôs reaction 

     New formulation equivalent to original  

     (Questionable: physics not the same) 

 

Schrödinger, 1918 
      Could pressure term be time-dependent ? 

 

Einsteinôs reaction 

      If not constant, time dependence unknown 

     ñI have no wish to enter this thicket of hypothesesò 

 

 

      

 

 

 

      

    On the cosmological constant (ii) 

Erwin Schrödinger 1887-1961 
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 On the size of the Einstein World  

 

What is the size of the Einstein World?  

      Density of matter from astronomy 

      Assume density MW = density of cosmos? 

 

Failed to calculate 

      No estimate of cosmic radius in 1917 paper 

 

Calculation in correspondence! 

      Takes ” = 10-22 g/cm3  Ÿ   R = 107 light-years  

      Compares unfavourably with 104 light-years  (astronomy) 

 

Solution to paradox 

      Density of MW Í  density of cosmos 

      Challenge for astronomers! 

 

 



 On the stability of the Einstein World  
 

How does cosmic constant term work? 

      Assume uniform distribution of matter 

         

Perturbation 

      What happens if the density of matter varies slightly? 

 

Failed to consider 

      No mention of issue in 1917 

      No mention of issue for many years 

 

 Lemaître (1927) 

       Cosmos expanding from Einstein World 

 

Eddington (1930) 

     Einstein World unstable 

 

     

 

 


