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The role of non-inertial frames in a class of models of general relativity is clarified by means of Dirac’s theory of constraints. The identification of a York canonical basis allows to give the interpretation of the gauge variables as generalized inertial effects and to identify the Dirac observables of the gravitational field with generalized tidal effects. York time is the gauge variable controlling the clock synchronization convention. Differently from special relativity, the instantaneous 3-spaces are dynamically determined.
Keywords
	Inertial Frame
	Tidal Effect
	Class Constraint
	Clock Synchronization
	Gauge Variable

These keywords were added by machine and not by the authors. This process is experimental and the keywords may be updated as the learning algorithm improves.


Talk at the International School on Astrophysical Relativity John Archibald Wheeler, Erice June 1–7, 2006.


                                
                            

                            
                                
                                    
                                        
                                            
                                                
                                                   This is a preview of subscription content, log in via an institution.
                                                
                                            

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   129.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   169.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   169.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                             Notes
	1.By contrast in Newton physics there are distinct absolute notions of time and space, so that we can speak of absolute simultaneity and of instantaneous Euclidean 3-spaces with the associated Euclidean spatial distance notion. This non-dynamical chrono-geometrical structure is formalized in the so called Galilei space–time. The Galilei relativity principle assumes the existence of preferred inertial frames with inertial Cartesian coordinates centered on inertial observers, connected by the kinematical group of Galilei transformations. In Newton gravity the equivalence principle states the equality of inertial and gravitational mass. In non-inertial frames inertial (or fictitious) forces proportional to the mass of the body appear in Newton’s equations.


	2.The inertial observer A sends a ray of light at x
                  
                    i
                  
                  o to a second accelerated observer B, who reflects it towards A. The reflected ray is reabsorbed by the inertial observer at x
                  
                    f
                  
                  o. The convention states that the clock of B at the reflection point must be synchronized with the clock of A when it signs \(\frac{1 }{ 2} \,({x}_{i}^{o} + {x}_{f}^{o})\).


	3.This leads to an interpretation of gravity based on a congruence of time-like observers endowed with orthonormal tetrads: in each point of space–time the time-like axis is the unit 4-velocity of the observer, while the spatial axes are a (gauge) convention for observer’s gyroscopes.


	4.This splitting is the basic tool for the linearization of Einstein’s equations (see the theory of gravitational waves) and for their replacement with a non-geometric spin-two theory over Minkowski space–time, in which diffeomorphisms acting on space–time are discontinuously replaced with gauge transformations acting on an inner space. However, as shown by Deser [21], the non-geometrical spin-two theory becomes inconsistent if we add the energy–momentum tensor T
                  μν of dynamical matter as a source: the only way to recover consistency (at the price of loosing an energy conservation law for the gravitational field) is to recover Einstein’s theory. Notwithstanding Deser’s result, particle physicists prefer to rely on Feynman’s statement [22] that the geometrical interpretation is not really necessary or essential to physics. The basic reason seems to be the absence of an energy conservation law for the gravitational field, replaced by a coordinate-dependent notion of energy density.


	5.Tetrad gravity has 10 primary first class constraints and four secondary first class ones. Six of the primary constraints describe the extra freedom in the choice of the tetrads. The other four primary (the vanishing of the momenta of the lapse and shift functions) and four secondary (the super-Hamiltonian and super-momentum constraints) constraints are the same as in metric gravity. In Ref. [14] 13 of the 14 constraints were solved: the super-Hamiltonian one can be solved only after linearization [15].


	6.The special relativistic constraints \({\mathcal{H}}_{\mu }(\tau, {\sigma }^{r}) \approx 0\) are replaced by the super-Hamiltonian and super-momentum ones.


	7.In these papers there is also a solution of Einstein’s Hole Argument: in this class of space–times it is possible to identify the point-events of space–time by means of the four tidal degrees of freedom of the gravitational field. In other words, space–time and gravitational field are two faces of the same entity. The previous identification is not valid in spatially compact space–times without boundary, where the Dirac Hamiltonian weakly vanishes and there is a frozen picture of dynamics.


	8.Let us remark that, if we look at Minkowski space–time as a special solution of Einstein’s equations with \(r_{\bar{a}} (\tau, \sigma^r) = \pi_{\bar{a}} (\tau, \sigma^r) = 0\) (zero Riemann tensor, no tidal effects, only inertial effects), we find [13] that the dynamically admissible 3 + 1 splittings (non-inertial frames) must have the simultaneity surfaces Στ
                  3-conformally flat, because the conditions \({r}_{\bar{a}}(\tau, {\sigma }^{r}) = {\pi }_{\bar{a}}(\tau, {\sigma }^{r}) = 0\) imply the vanishing of the Cotton–York tensor of Στ. Instead, in special relativity, considered as an autonomous theory, all the non-inertial frames compatible with the Møller conditions are admissible [8], namely there is much more freedom in the conventions for clock synchronization.


	9.Traceless and transverse with respect to the conformal 3-metric.


	10.The only role of the conformal decomposition \({}^{3}{g}_{\mathit{ij}} = {\phi {}^{4}\,}^{3}{\hat{g}}_{\mathit{ij}}\) is to identify the conformal factor ϕ as the natural unknown in the super-Hamiltonian constraint, which becomes the Lichnerowicz equation. See Ref. [13] for a different justification of this result based on constraint theory and the two notions of strong and weak ADM energy.


	11.In the Post-Newtonian approximation in harmonic gauges they are the counterpart of the electro-magnetic vector potentials describing magnetic fields [15, 31]: (A) \(N = 1 + n\), \(n\,\mathit{def } = \, -\frac{ 4\,\epsilon }{{c}^{2}} \,{\Phi }_{G}\) with Φ
                            G
                           the gravito-electric potential; (B) \({n}_{r}\,\mathit{def } = \,\frac{ 2\,\epsilon }{{c}^{2}} \,{A}_{G\,r}\) with A
                          
                            G
                            r
                           the gravito-magnetic potential; (C) \({E}_{G\,r} = {\partial }_{r}\,{\Phi }_{G} - {\partial }_{\tau }\,(\frac{ 1}{2} \,{A}_{G\,r})\) (the gravito-electric field) and \({B}_{G\,r} = {\epsilon }_{ruv}\,{\partial }_{u}\,{A}_{G\,v} = c\,{\Omega }_{G\,r}\) (the gravito-magnetic field). Let us remark that in arbitrary gauges the analogy with electro-magnetism breaks down.


	12.If the ADM energy-momentum pseudo-tensor will be identified, its reformulation as the energy–momentum tensor of a viscous pseudo-fluid will allow to check whether the pressure field is positive-definite or not, namely whether the gravitational energy contributes to dark energy.


	13.Since the relativistic inertial forces are present in the Hamilton equations for the gravitational DO and for the matter in the gauge-dependent instantaneous 3-space, they may be a relativistic alternative to the MOND model [38] (modification of the non-relativistic Newton equations on the acceleration side for slow accelerations). At least part of the dark mattr could be explained by relativistic inertial effects. See Ref. [39] for a possible gravito-magnetic origin of dark matter.
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