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Key Points of the Paper 

•  The original concept by Newton and Hooke in 
the 17th  century 

•  Inverse square law plus a force of aIracJon 
varies linearly with distance 

•  A direct link between this term and Einstein’s 
cosmological constant Λ 

•  A possible relaJon between Λ and the total 
mass of the universe 

• Mach’s Principle 



Dark Energy Since 1917 



Michael Turner, SSI 2007  



Newton and Hooke 

The linear force term has the same form as the law of elasticity which will 
cause a particle into simple harmonica oscillation.  

Newton later abandoned  the linear force term because there was no 
discernable evidence for it. 

Inverse square law 

Inverse square law 
plus Linear force 



Contrasting 1/r2 and r forces  

C is an arbitrary (negative) constant 

Orbit velocity         v  ～ 1 / r1/2                        v ～ r 



Friedmann Solution 

Newton & Hooke’s Law 

These two equations have exactly the same form with CM = Λ / 3 

The linear force, due to any distribution, will act as if the total mass is 
concentrated at its center of mass. 

∴ Λ  is proportional to the total mass in the universe. 

A possible relation between Λ and the total 
mass of the universe 

From Einstein field equations 



Mach’s Principle and Einstein’s Λ 

Newton’s concept of space is absolute. The inertia forces give a 
measure of absolute acceleration in space. Newton’s inertia frames 
are at rest or in uniform motion with respect to absolute space. 

Mach’s inertial frames were determined relative to distant celestial 
bodies. 

Einstein believed so strongly in the relativity of inertia that he called it 
“Mach’s Principle”. The inertia should be fully and exclusively 
determined by matter. “There can be no inertia relative to space but 
only an inertia of masses relative to one another”.   He defined his 
new fundamental constant  Λ  in terms of mass density of the 
universe. 



The inertia properties of an object are determined by the energy 
momentum throughout all space1 

The spacetime geometry is uniquely determined by the energy-
momentum and by the initial conditions on the geometry. 2 

Mach’s Principle in the context of Einstein’s relativity 

1. Einstein 1918 
2. J. A. Wheeler 1964 



 Problems with Newtonian Cosmology 

•  Newton’s law breaks down when applied to an infinite homogenous 
universe.   

           -∇ ∙F = ∇ 2φ =  4πGρ

Symmetry considerations yield no direction of F.  This leads to an 
inconsistency of nonzero density ρon the RHS.  

•  Einstein argued that the Newton’s theory requires that 

the universe should have a kind of center in which the density of 
the mass is maximum … at great distance, it succeeded by an 
infinite region of emptiness. The stellar universe ought to be a 
finite island in the infinite ocean of space. 



•  If Newton’s inverse square law, written in the form of Poisson’s 
equation, is modified by the addition of an extra term Λ, then the 
solution would correspond an infinite extension of static space filled 
uniformly with matter.  
  
 
 -∇ ∙F + Λ =∇ 2φ+ Λ =  4πGρ

•  Einstein’s addition of the cosmological constant to his field 
equation is perfectly analogous to the extension of Poisson’s 
equation. 

Field Equations without  Λ,    Gµν = 8πGT µν 

Field Equations with Λ,     Gµν – g µν Λ = 8πGT µν 

Solution to Newton’s Problem 

Gµν = R µν – ½ g µν R 



320 years ago Newton discovered a term that might be related to Dark 
Energy. 

He could not image the implication of the Λ-like term, as Einstein could 
not, that the universe is expanding. 

It would be ironic if, after all the speculation and complications and 
theoretical ingenuity, observations show that Newton’s classical equations 
held the answer. 

Concluding Remarks of the Paper 



Newton’s initial intention was to introduce an attractive force which is 
proportional to distance.  That is the constant C is negative in the 
equation 

to cause bodies to revolve in conic section (Newton, Proposition 777, 
Theorem 37, or page 8 of the paper) 

For an acceleration universe, the equation of motion obtained from the 
Einstein’s equations 

should have a positive Λ. 

I do not think Newton thought of a repulsive force as the paper 
claimed. 

My Comment on the Paper 
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