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Lecture 31. 14. may 2018 

   Clocks at rest in the Boyer-Lindquist coordinate system show a proper time given by 
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To be accurate: Light emitted by sources at rest on the surface 0r r  is infinitely redshifted as 

observed by outside observers. 
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   Going from a region outside the static border and inwards we have the following situation. 

In the outside region it is possible for an observer to stay at rest if a suitable non-

gravitational force acts upon the observer. The surface 0r r  has two roles; light emitted 

from sources at rest on it are infinitely redshifted, and inside the surface the inertial 

dragging is so strong that it is impossible to stay at rest even by trying to do so by means of a 

motor. But it is possible to move along a path with constant r , i.e. there exist stationary 

orbits. Also it is possible to come out of this region. But inside the horizon, everything fall 

inwards, and it is not possible neither to move with constant r nor to move outwards. 
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Lorentz Invariant Vacuum Energy – LIVE 

   Let us follow a thought presented by the Belgian cosmologist Georges Lemaître around 

1935. Assume a particle is alone in the universe. It is not possible to define motion for such a 

particle. Hence all motion is relative. 

   Quantum mechanics implies that particle-antiparticle pairs are created and then 

annihilated again in a very short time restricted by the Heisenberg uncertainty relationships. 

Averaging over a macroscopic time and region in space this implies the existence of a 

quantum mechanical vacuum energy on a macroscopic scale. If it is possible to measure 

velocity relative to this energy it would act as a sort of ether and re-establish absolute 

motion into the physics.  

   According to the special theory of relativity, which has been experimentally confirmed in 

several ways this cannot be the case. Hence it must be impossible to measure velocity 

relative to the vacuum energy. This implies that all the components of the energy-

momentum tensor of the vacuum energy must be Lorentz invariant. One can show (See 

below) that Lorentz invariance of all the components of an energy-momentum tensor 

implies that the energy-momentum tensor is proportional to the metric tensor. 

   Assume now that the vacuum energy can be described as a perfect fluid. 

 2/T p c u u g        

Lorentz invariance then requires that the vacuum energy obeys the equation of state 
2p c  . Inserting this into eq.(9.21) gives 2 0G    . Hence the assumption that it is not 

possible to measure velocity relative to the vacuum energy, and that the vacuum energy can 

be described as a perfect fluid, together with the general theory of relativity, imply that the 

vacuum energy produces repulsive gravitation. 
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The energy-momentum tensor of a Lorentz invariant medium 

 

 

 

 

 

 

                                         

 


