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Historical context

Appointed to Berlin Chair

Arrives April1914 

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)



The road to general relativity

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

A long road  (1907-1915)

Gravity = curvature of space-time 

Covariant field equations?



Relativistic cosmology (1915-17)

A natural progression

Ultimate test for new theory of gravitation

Principle 1: stasis

Assume static distribution of matter

Principle 2: uniformity

Assume uniform distribution of matter

Principle 3: Machôs principle

No such thing as empty space

Boundary conditions at infinity?

What are the ónaturalô values of ὸὬὩὫ ?



Cosmological Considerations (1917)



Structure of Einsteinôs 1917 paper



The Einstein World 

Assume stasis (no evidence to the contrary)

Non-zero density of matter 

Introduce closed spatial curvature

To conform withMachôs principle

Solves problem of Ὣ

Introduce new term in GFE*

Additional term needed in field equations

Quantitative model of the universe 

Radius related to matter density 

Radius related to cosmic constant
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On the cosmological constant (i) 

Einstein 1933

ɚ term  needed for (static) solution



On the cosmological constant (ii)

Introduced in analogy with Newtonian cosmology 

Full section on Newtonian gravity (Einstein 1917)

Indefinite potential at infinity?

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

​‰ τ“'” (P1)

​‰ ʇ‰ τ“'” (P2)
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Schrödinger, 1918

Cosmic constant term not necessary for cosmic model

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 (iii)

Erwin Schrödinger 1887-1961
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The size of the Einstein World 

What is the size of the Einstein World?

Assume uniform distribution of matter

Density of matter 

Density of matter in MW from astronomy

Assume density MW = density of cosmos?

Failed to calculate

No estimate of cosmic radius in 1917 paper

Declares density unknown in reviews

Calculation in correspondence!

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

Compares unfavourably with104 light-years  (astronomy)



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 investigate

No mention of issue in 1917

No mention of issue until 1927, 1930

Lemaître (1927)

Cosmos expanding from Einstein World

Eddington (1930)

Einstein World unstable



Reactions to the Einstein World

Alternative cosmic solution for the GFE

A universe empty of matter (1917) 

Closed curvature of space-time

Solution B

Solution enabled by cosmic constant 

Curvature of space determined by cosmic constant

Einsteinôs reaction

Unrealistic

Conflict with Machôs principle 

Interest from astronomers 

Light from star would be redshifted

Chimed with Slipherôsobservations of the spiral nebulae 

Willem de Sitter


