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Abstract 

In this paper  I’ll show how the relativistic effect in SRT must be observer dependent which is leading to 
field and retardation, and that is leading to the wave-particle duality and the uncertainty principle by the 
vacuum fluctuation. In this I propose a new transformation by translating the retardation according to the 
invariance by the entanglement which is leading to the relativistic ether from the point of view of the 
quantum vacuum which is leading to the wave-particle duality and the uncertainty principle by the vacuum 
fluctuation.  According to my transformation, there two pictures for the moving train, and these two 
pictures are separate in space and time as a result of the retardation but they are entangled by the 
invariance of the energy momentum. That will lead also to explain the double slit experiment from the 
point of view of quantum theory. In my new transformation, I propose there is no space-time continuum, 
as in special relativity; it is only time, and space is invariant. That leads to the new transformation being 
vacuum energy dependent instead of relative velocity dependent as in Einstein’s interpretation of the 
Lorentz transformation equations of the theory of special relativity. Furthermore, the Lorentz factor in my 
transformation is equivalent to the refractive index in optics. That leads to the disappearance of all the 
paradoxes of the theory of special relativity: The Twin paradox, Ehrenfest paradox, the Ladder paradox, 
and Bell’s spaceship paradox. Furthermore, according to my interpretation, one could explain the 
experimental results of quantum tunneling and entanglement (spooky action), Casimir effect, and 
Hartman effect. Also according to that by my equivalence principle, dark matter and dark energy are 
explained, and no need to propose dark matter and dark energy, and as a consequence of that, the 
cosmological constant problem will be solved.  
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Theory 

In my paper [1], I have reached to my new transformation 

ݔ  = ′ݔଶሺߛ − 𝑣ݐ′ሻ ݐ = ଶߛ ቆݐ′ − 𝑣ݔ′ܿଶ ቇ ݕ = ݖ ′ݕߛ =  ′ݖߛ
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Figure 1: illustrates the location of the moving train during the motion for the observer stationary on the ground 

according to his time ground clock reading t, and the location of the moving train  for the observer stationary on the 

moving train according to his time clock reading t’ stationary on moving train. 

 

My transformation expresses about the clock retardation according to the invariance of the 

energy momentum by the entanglement. That will lead to the wave-particle duality and the 

uncertainty principle by the vacuum fluctuation [1-6]. 

 

 In my transformation space is invariant, and that means there is no length contraction as 

proposed by Lorentz transformation in order to keep on the reality is observer independent 

according to the Minkowski space-time. As Minkowski said about his work in relativity, "The 

views of space and time which I wish to lay before you have sprung from the soil of 

experimental physics, and therein lies their strength. They are radical. Henceforth space by 

itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union 

of the two will preserve an independent reality [18]." And we find that will lead to a great 

problem in physics specially when we are trying to reach to the unified theory.  

 

According to my transformation we get the relativistic ether from the point of view of quantum 

vacuum which is quantum field theory, and this relativistic ether is observer dependent. 

Engelhardt [9] obtained the dispersion relation according to Maxwell’s ether theory of light by 

Galilean transformation according the phase velocity. What I found in my paper, if we translated 

the retardation according to the invariance by the entanglement by considering space is invariant, 

,ݔ  ݐ

A B 



in this case we get a vacuum fluctuation as a result of the wave-particle duality and the 

uncertainty, and according to that we get the relativistic ether as observer dependent from the 

point of view of the quantum vacuum and the vacuum fluctuation. In this case we get the speed 

of light must be constant in the local classical vacuum, and globally the speed of light is not 

constant by fluctuate. And that will lead to Doppler effect for photons is the consequence of the 

energy and momentum exchange between the atom and the photon: a central role is played by 

the quantum energy jump ∆E of the transition (a relativistic invariant) same as showed by 
Schrodinger in 1922 [7], and the same we can explain the aberration. 

 

 

Now according to my transformation when the moving train at constant speed v arrives pylon B 

as in Fig. (1) for the observer stationary on the moving train, in this case we get for the observer 

stationary on the moving train ݐ′ =                                 ሺͳሻݐ
and 

 

′ݔ  =                                       ሺʹሻݔ
  

For the observer stationary on the ground, at this momentum, the front of the moving train 

passed pylon B and the moving train is at distance from pylon A 

ݔ  = ݔߛ =  ሺ͵ሻ                   ′ݔߛ

ݐ   = ݐߛ =  (4)                  ′ݐߛ

 

In this case we get that the term 
௩௫′2  will be equal to zero. Here in my transformation x and x’ 

represent the light path for the two observers, the observer stationary on the ground and the 

observer stationary on the moving train.  

 

Here L is the length of the moving train which is invariant for the both the two observers on the 

ground and the observer stationary on the moving. In my theory space is invariant. That means 

both the two observers will agree at the length of the moving train to be L during the motion 

same as if the train is stationary.  

 

In this case when an object inside the moving train leaves the boundaries of his moving train to 

the ground, this case there must be a vacuum fluctuation by the wave-particle duality and the 

uncertainty as a result of the retardation, and thus in this case the clock of the object is reading 

time t’ as a result of the retardation, and that will be explained in more details in my equivalence 

principle. In this case we get ݐ′ =  ሺͷሻ                                                                 ݐଵ−ߛ
and in this case when the object leaves the boundaries of the moving train to the ground, in this 

case there must be a vacuum fluctuation, and when we make a localization at this moment, the 

object will be at distance on the ground from pylon A 

′ݔ  = ݔߛ =        ሺሻ                                                               ܮߛ
 



not at a distance ݔ′ =   because at this moment, the object left the boundaries space of theݔ

moving train to the space of the ground. My transformation illustrates the theory of Feynman and 

how time is moving forward not backward. In this case for the object for itself, the object is 

transformation from a distance on the ground at ݔ′ = ′ݔ  to a distanceݔ =   in a zero-timeݔߛ

separation.  

 

Now by considering the length of the moving train is invariant for both the two observers 

stationary on the ground and stationary on the moving train, in this case we get for the observer 

stationary on the moving train, the speed of light is c locally where in this case we have 

according to his clock locally ܿ′−௧𝑖 = ′ݐܮ = ݐܮ = ݐݔ = ܿ                                         ሺሻ 

 

According to that we get according to my transformation that “the light speed is constant in the 

local classical vacuum”.  
 

For the observer stationary on the ground there are two velocities are measured for the light 

beam globally when it leaves the space of the moving train, the phase and group, which are 

measured globally as a result of the retardation as ܿ′−𝑔௨ௗ−ℎ௦ = ݐܮ = ଵ−ߛ ′ݐܮ = ଵ−ߛ ݐܮ =  ଵܿ        ሺͺሻ−ߛ

And the group velocity as a result of the vacuum fluctuation, and in this case the uncertainty 

principle pays the rule as a result of the retardation, in this case we get  ܿ′−𝑔௨ௗ−𝑔௨ =  ଶܿ                                                ሺͻሻ−ߛ

 

That’s how the speed of light globally according to my transformation is not constant by 

fluctuate! 

 

 

THE RELATIVISTIC ENERGY-MOMENTUM 

The relativistic kinetic energy of the moving train relative to an observer stationary on ground is 

given according to the equation 

 

   E୩ = E√ͳ − vଶcଶ − E,                                          ሺͳͲሻ 

          E = mcଶ and E୩ is the relativistic kinetic energy. 

Now by solving this equation in terms of v, we get 

 

, 



v = √ E୩ଶ + ʹE୩EሺE୩    + Eሻଶ  c                                   ሺͳͳሻ 

When E୩ ≪  E we get the classical kinetic energy E୩ = ͳʹ mvଶ 

According to Eq. (11) there is no way for the moving train to reach to the speed of light locally 

on ground. 

 

The relativistic momentum of the moving train relative to the observer stationary on the ground 

is given according to the equation 

 P = mv√ͳ − vଶcଶ                                               ሺͳʹሻ 

 

Now substitute the value of v  from Eq. (11) in Eq.(12), we get 

 PଶcଶE୩ + ʹmcଶ = E୩                                         ሺͳ͵ሻ 

Now when m = Ͳ we get P = hνc  

 

Now if we substitute from Eq. (10) the value of E୩ = E0√ଵ−v2c2 − E in Eq. (13), we get Eଶ = Pଶcଶ + ሺmcଶሻଶ                                   ሺͳͶሻ 
And from that we get Pଶcଶ = Eଶ − ሺmcଶሻଶ 
Where 

 E = E√ͳ − vଶcଶ  

Now we have here the relativistic momentum of the moving train relative to the observer 

stationary on the ground is P୲୰ୟ୧୬−୭୰ ୰୭୳୬ୢ ୭ୠୱୣ୰୴ୣ୰ = mv√ͳ − vଶcଶ        
which leading to Eq. (13). While the classical momentum of the moving train for itself according 

to the definition of the proper time in special relativity which is leading to the retardation in my 

transformation is given as P୲୰ୟ୧୬−୭୰ ୧୲ୱୣ୪ = mv 
 



where the momentum of the moving train for itself is the classical momentum,  m is the rest 

mass of the moving train. Here we proposed the self-momentum of the moving train in order to 

get the retardation which is proven experimentally which is translated in my transformation.  

 

Now by the reciprocity we find the momentum of the observer stationary on the ground relative 

to the observer stationary on the moving train  

 P୰୭୳୬ୢ−୲୰ୟ୧୬ ୠy ୲୦ୣ ୰ୣୡ୧୮୰୭ୡ୧୲y = mv 

 

which is the classical momentum by the reciprocity, where here m is the rest mass of the 

observer stationary on the ground. That illustrates the relationship between my transformation 

and the Galilean transformation, where in this case my transformation will lead to the 

Copenhagen school by translating the retardation according to the invariance by the 

entanglement which is leading to the wave-particle duality and the uncertainty principle by the 

vacuum fluctuation. That explains how in classical mechanics, a special status is assigned to 

time in the sense that it is treated as a classical background parameter, external to the system 

itself. This special role is seen in the standard formulation of quantum mechanics. It is regarded 

as part of an a priori given classical background with a well defined value. In fact, the classical 

treatment of time is deeply intertwined with the Copenhagen interpretation of quantum 

mechanics, and, thus, with the conceptual foundations of quantum theory: all measurements of 

observables are made at certain instants of time and probabilities are only assigned to such 

measurements [19].  

 

According to that we could solve the problem of time [19] according to my transformation. 

Where in my transformation, the Lorentz factor by translating the retardation according to 

invariance by the entanglement is leading to the probability in QM where Ͳ ≤ γ−ଵ ≤ ͳ. 

 

 

THE EQUIVALENCE PRINCIPLE AND THE RELATIVISTIC ESCAPE 

VELOCITY 
 

According to my transformation by translating the retardation according to the invariance by the 

entanglement, we find that the moving train is accelerated or decelerated according to the 

radiation exchange. That’s how in quantum mechanics, the analogue of Newton's law is 

Schrödinger's equation for a quantum system (usually atoms, molecules, and subatomic particles 

whether free, bound, or localized). It is not an algebraic equation, but in general a linear partial 

differential equation, describing the time-evolution of the system's wave function (also called a 

"state function"). According to that we can reach to real equivalence principle as the in the 

following.  

 

Suppose now the train is at rest, and after that the velocity of the moving train is changed from 

zero to v to move with kinetic energy 𝐸 locally on the ground relative to an observer stationary 

on the ground. According to my equivalence principle as a result changing the velocity of the 

moving train from 0 to v with kinetic energy 𝐸 , the velocity of stationary rider inside moving 

train must be changed also from 0 to v locally on the moving train as a result of inertia. Let’s see 

how that will happen according to my equivalence principle. According to my transformation as 

https://en.wikipedia.org/wiki/Classical_mechanics
https://en.wikipedia.org/wiki/Copenhagen_interpretation
https://en.wikipedia.org/wiki/Linear_differential_equation
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Partial_differential_equation
https://en.wikipedia.org/wiki/Wave_function


a result of retardation we get when the clock inside the moving train reads locally inside the 

moving train ݐ  for the observer stationary on the moving train, at this momentum for the 

observer stationary on the ground his clock reads t where in this case we get from Eq. (4) 

according to the retardation 

ݐ  =  ݐߛ
 

This equation illustrates that the moving train is delayed for the observer stationary inside the 

moving train in space and time on ground comparing to where the train is now on the ground for 

the observer stationary on the ground according to his space and time as illustrated in Fig. (1). 

According to my transformation, there are two pictures for the moving train, and these two 

pictures are separated in space and time but entangled with each other’s by the invariance of the 

energy momentum. 

 

From Eq. (4) for the light beam inside the moving train relative to an observer stationary on the 

ground we get the frequency of the light beam must be changed as a result of the retardation 

comparing to the same light beam if it was transmitted on the classical space of the ground 

relative to the earth observer, where in this case we get for the observer on ground, the measured 

frequency of the light beam as a result of the retardation will be  

 𝜈 =  ଵ𝜈−ߛ
 

And from that the energy of the photon will be different relative to the observer stationary on the 

ground as a result of the retardation, where 

 ℎ𝜈′ =  ଵℎ𝜈−ߛ
And from that we get 𝐸′ =   ଵ𝐸                                            ሺͳͷሻ−ߛ

 

From that as a result of the wave-particle duality, we can compare the rest mass energy of the 

stationary observer inside the moving train relative to reference frame of the observer stationary 

on the ground to get  𝐸′ =  ଵ݉ܿଶ                                      ሺͳሻ−ߛ
where from that we get 

 Δ𝐸 = 𝐸 − 𝐸′ = 𝐸ሺͳ −   ଵሻ           ሺͳሻ−ߛ
 

This difference of energy must represent the relativistic kinetic energy of the rest rider inside the 

moving train as a result of inertia let the velocity of the rider changes from 0 to v locally on the 

moving train as a result the velocity of the moving train changes from 0 to v locally on the 

ground.  

 

Now substitute in Eq. (11) according to the invariance of the energy momentum 𝐸 = Δ𝐸 and 

instead of 𝐸 we have now from Eq. (16)  𝐸′ =  ଵ𝐸 then we get−ߛ

 



ܸ′ = √ሺΔ𝐸ሻଶ + ʹΔ𝐸𝐸′ሺΔ𝐸 + 𝐸′ ሻଶ  c                ሺͳͺሻ 

     

Now substitute from Eq. (17)  ΔE = E − E′  in Eq. (18), we get 

 ܸ′ = √ሺ𝐸 − 𝐸′ ሻଶ + ʹሺ𝐸 − 𝐸′ ሻ𝐸′ሺ𝐸 − 𝐸′ + 𝐸′ ሻଶ  ܿ 

 ܸ′ = √𝐸ଶ − ʹ𝐸𝐸′ + 𝐸′ଶ + ʹ𝐸𝐸′ − ʹ𝐸′ଶ𝐸ଶ  ܿ 

ܸ′ = √𝐸ଶ − 𝐸′ଶ𝐸ଶ  ܿ                      ሺͳͻሻ 

ܸ′ = √ͳ − 𝐸′ଶ𝐸ଶ  ܿ        
Now substitute from Eq. (16) 𝐸′ = ′ܸ ଵ𝐸 in Eq. (19). We get−ߛ = √ͳ − ሺߛ−ଵ𝐸ሻଶ𝐸ଶ  ܿ 

Thus we get ܸ′ = √ͳ −  ଶ ܿ                        ሺʹͲሻ−ߛ

Now if we substitute in Eq. (20) ߛ−ଶ = ͳ − vଶܿଶ 

 

We get ܸ′ = v, where according to that when the velocity of the moving train changes 0 to v 

with relativistic kinetic energy 𝐸 locally on the ground, in this case the velocity of the stationary 

rider on the moving train will change also from 0 to v locally on the moving train according to 

the invariance of the energy momentum.  

 

Now from Eqs. (17)&(20), we can derive the relativistic escape velocity as in the following. If 

we consider the relativistic kinetic energy in Eq. (17) equals to the gravitational potential, where  

 ∆𝐸 = ݎ݉ܯܩ  

And  𝐸 = ݉ܿଶ 
 

in this case we get ݉ܯܩݎ = ݉ܿଶሺͳ −  ଵሻ−ߛ

And from that we get 



ଵ−ߛ = (ͳ −  ሺʹͳሻ               ( ݎଶܿܯܩ

 

Now substitute from Eq. (21) in Eq. (20), we get the relativistic escape velocity locally of the 

free fall object under the gravitational field. In this case we get 

 

ܸ௦−௬ = ݎܯܩʹ√ − ଶݎଶܿଶܯଶܩ  

Now globally we have two velocities can be measured, the first velocity is the phase velocity, 

where in this case the phase velocity of the free fall object globally is given as  

ܸ௦−ℎ௦−𝑔௬ = (ͳ − (ݎଶܿܯܩ ݎܯܩʹ√ − ଶݎଶܿଶܯଶܩ               ሺʹʹሻ 

  

And when we make a localization, in this case we get globally as the motion in linear dispersion 

and this case we get the group velocity and phase velocity are equal, and in this case the group 

velocity is given same as in Eq. (22). Now during the free fall, we have here a vacuum 

fluctuation, which is equivalent to motion in nonlinear dispersion, and in this case the uncertainty 

principle plays the rule, where in this case even if we start with a fairly localized “particle”, it 

will soon loose this localization.  According to that the group velocity is not equal to the phase in 

case of nonlinear dispersion, and in this case the group velocity is given according to my 

transformation as  

ܸ௦−𝑔௨−𝑔௬ = ሺͳ − ݎܯܩʹ√ሻଶݎଶܿܯܩ − ଶݎଶܿଶܯଶܩ                      ሺʹ͵ሻ 

 

Now at strong gravitational field at the gravitational radius 𝛼 = ܯܩ ܿଶ⁄ , we get 

locally ܸ௦−௬ = ܿ. Now globally we get by the Lorentz factor the escape velocity must 

be zero, which is equivalent to the probability of exactly zero that the object can leave the 

gravitational radius at 𝛼 = ܯܩ ܿଶ.⁄   But in quantum mechanics as a result of the treatment of 

matter in quantum mechanics as having properties of waves and particles. One interpretation of 

this duality involves the Heisenberg uncertainty principle, which defines a limit on how precisely 

the position and the momentum of a particle can be known at the same time. This implies that 

there are no solutions with a probability of exactly zero (or one), though a solution may approach 

infinity if, for example, the calculation for its position was taken as a probability of 1, the other, 

i.e. its speed, would have to be infinity. Hence, the probability of a given particle's existence on 

the opposite side of an intervening barrier is non-zero, and such particles will appear on the 

'other' (a semantically difficult word in this instance) side with a relative frequency proportional 

to this probability. 

 

The Precession of Mercury’s Perihelion 

 

Kepler’s law can be defined as 

 



݀𝐴 = ∫ 𝜃ሻ݀ݎሺݎ݀ = ∫ 𝜃݀ݎ݀ݎ = 𝑅ଶʹ ݀𝜃                                ሺʹͶሻோ


ோ
  

The Kepler’s second law is defined as  ݀�݀�ݐ = 𝑅ଶʹ ݀𝜃݀ݐ =  ሺʹͷሻ                                                              ݐ𝑎݊ݐݏ݊ܿ

    

 

 

Now we can compute the relativistic Mercury precession according to my transformation and my 

equivalence principle as in the following.  

 

 when we make a localization according to my transformation and my equivalence principle, we 

get the phase velocity and the group velocity are equal globally which are given according to Eq. 

(22), and in this case, we get as a result of the retardation from Eq. (6) ݀ݎ′ = ሺͳݎ݀ −  ሻ                                   ሺʹሻݎଶܿܯܩ

From Eq. (26) and  from Kepler’s law  we get the area element by the distortion is given as 

 ݀𝐴′ = ∫ 𝜃ሻ݀ݎሺ′ݎ݀ =ோ
 ∫ 𝜃ሺͳ݀ ݎ݀ ݎ − ሻோݎଶܿܯܩ

  

Thus by doing the integration  by considering 𝛼 = ீெ2  we get 

 

θd
R

RRAd 










 ln22

2
1

 

In the equation above we find that there is a singularity for the case when 𝑅 = 𝛼 which is not the usual 

singularity at Schwarzschild radius ʹܯܩ ܿଶ⁄ but at gravitational radius 

ܯܩ  ܿଶ⁄ . Now in case of weak gravitational field we get 

                                             ݀𝐴′ = 𝑅ଶʹ (ͳ + ଶ𝑅ܿܯܩʹ ) ݀𝜃                                                       ሺʹሻ 

  

Equation (27) represents the relativistic form in case of weak gravitational field of the element of 

area. The classical form is given from Eq. (24)  

 ݀𝐴 = 𝑅ଶʹ ݀𝜃 = ∫ 𝜃ሻோ݀ݎሺݎ݀
  

 

From my transformation from Eq. (5) according to the retardation and by my equivalence 

principle from Eq. (21), we get  



′ݐ݀  = (ͳ − (ଶ𝑅ܿܯܩ  ሺʹͺሻ                                                ݐ݀

                                                

Thus by dividing eq. (27) by ݀ݐ′ we  get 

 ݀𝐴′݀ݐ′ = 𝑅ଶʹ (ͳ + ଶ𝑅ܿܯܩʹ ) ݀𝜃݀ݐ′ 
 

By substituting from eq. (28), we get in case of weak gravitational field where ܯܩ ܿଶ𝑅 ≪ ͳ⁄ , in 

this case we get 

 ݀𝐴′݀ݐ′ = 𝑅ଶʹ (ͳ + ଶ𝑅ܿܯܩʹ ) (ͳ + (ଶ𝑅ܿܯܩ ݀𝜃݀ݐ  

 ݀𝐴′݀ݐ′ = 𝑅ଶʹ ቆͳ + ଶ𝑅ܿܯܩ + ଶ𝑅ܿܯܩʹ + ଶܿସ𝑅ଶܯଶܩʹ ቇ ݀𝜃݀ݐ  

 

 ݀𝐴′݀ݐ′ = 𝑅ଶʹ ቆͳ + ଶ𝑅ܿܯܩ͵ + ଶܿସ𝑅ଶܯଶܩʹ ቇ ݀𝜃݀ݐ  

 

And since in case of weak gravitational field  

ଶܿସ𝑅ଶܯଶܩʹ  ≪ ଶ𝑅ܿܯܩ͵  

In this case we get 

 ݀𝐴′݀ݐ′ = 𝑅ଶʹ (ͳ + ଶ𝑅ܿܯܩ͵ ) ݀𝜃݀ݐ  

 

Comparing the classical form of Kepler’s second law from Eq. (25) 

 ݀�݀�ݐ = 𝑅ଶʹ ݀𝜃݀ݐ  

 

We can conclude from the relativistic form that  

 

                                 ݀𝜃′ = (ͳ + ଶ𝑅ܿܯܩ͵ ) ݀𝜃                                                                      ሺʹͻሻ 

 

By considering  𝑅 = 𝑎ሺͳ − ଶሻͳߝ −  𝜃ݏܿ ߝ



 

And by substituting the value of R in eq. (29) we get 

 ∆𝜃′ = ∫ ݀𝜃 + ଶ𝑎ሺ𝑎ܿܯܩ͵ − ଶሻߝ ∫ ݀𝜃 − ଶ𝑎ሺ𝑎ܿܯܩ͵ − ଶሻߝ ߝ ∫ 𝜃݀𝜃ଶ𝜋ݏܿ


ଶ𝜋


ଶ𝜋
  

 

By doing this integration, we get 

ߜ  = 𝜋ܿܯܩଶ𝑎ሺͳ −  ଶሻ                                                                            ሺ͵Ͳሻߝ

 

What find the result we get in Eq. (30) is the same result derived by Gerber according to the 

retarded potential. The difference is that we get the same result by quantization of gravity by 

considering the quantization of the gravitational potential which is leading to the relativistic 

effect. We find also according to my equivalence principle and my transformation there is no 

need to propose dark matter and dark energy where they are explained as the result quantization 

of gravity. That is how classical physics and Newton’s gravity can’t explain dark matter or dark 

energy, and even since general relativity of Einstein is considered as classical, general relativity 

of Einstein can’t explain dark matter and dark energy. 

 

Sagnac effect 

 

Sagnac effect can be explained according to my transformations by considering the t-term in my 

transformation.  

 

ݐ  = ଶߛ ቆݐ′ − 𝑣ݔ′ܿଶ ቇ 

If we considered ݐ− = ଶߛ ቀݐ′ − ௩௫′2 ቁ and  ݐ+ = ଶߛ ቀݐ′ + ௩௫′2 ቁ, in this case we get ∆ݐ = ଶߛ ቆʹݔ′𝑣ܿଶ ቇ 

And since L is invariant and by considering ݔ′ =  then we get ,ܮ

ݐ∆  = ଶߛ 𝑣ܿଶܮʹ) ) 

 

This result is exactly the same result which derived by Engelhardt [8] in explaining Sagnac effect 

in the framework of the ether theory. 

 

And that explains how Schrodinger  showed that the emission of a light quantum by a (flying) 

atom is regulated by the conservation laws of energy and linear momentum. Therefore, the 

Doppler effect for photons is the consequence of the energy and momentum exchange between 

the atom and the photon: a central role is played by the quantum energy jump ∆E of the 
transition (a relativistic invariant) [7].  

 



 

The Pioneer anomaly 
 

Radio metric data from Pioneer 10/11 indicate an apparent anomalous, constant, acceleration 

acting on the spacecraft with a magnitude ~ ͺ.Ͳ × ͳͲ−ଵm/ݏଶ, directed towards the Sun [11,12]. 

Turyshev [13] examined the constancy and direction of the Pioneer anomaly, and concluded that 

the data a temporally decaying anomalous acceleration −ʹ × ͳͲ−ଵଵ ݉ .ଶݏ ⁄ݎݕ  with an over 10% 

improvement in the residuals compared to a constant acceleration model. Anderson, who is 

retired from NASA’s Jet Propulsion Laboratory (JPL), is that study’s first author. He finds, so 

“it’s either new physics or old physics we haven’t discovered yet.” New physics could be a 

variation on Newton’s laws, whereas an example of as-yet-to-be-discovered old physics would 

be a cloud of dark matter trapped around the sun. Now I introduce the exact solution for the 

Pioneer anomaly depending on my transformation and my equivalence principle. and the 

Hubble’s law. According to my solution, there are two terms of decelerations that controls the 

Pioneer anomaly. The first is produced by moving the Pioneer spacecraft through the 

gravitational field of the Sun, and this deceleration is responsible for varying behaviour of the 

Pioneer anomaly in Turyshev [13]. And according to the principle of the quantum superposition 

in my equivalence we find the second term is depending on the Hubble’s law which is equal to 

the Hubble’s constant multiplied by the speed of light in vacuum. This solution of the Pioneer 

anomaly will give us the origin of the problem of dark matter and dark energy and thus the 

cosmological constant problem. Sonnleitner  [10] showed that how a simple calculation leads to 

the surprising result that an excited two-level atom moving through a vacuum sees a tiny friction 

force of first order in v/c.  So we find here a connection between what is resulted from this paper 

and the Pioneer anomaly as a result of quantization of gravity in my theory by the retardation.  

 

We find from Eq. (23) for the free fall object as a result of the vacuum fluctuation, the velocity 

of the free fall object must be decreased as observed globally. Eq. (23) is working in case of 

weak and strong gravitational field. This equation can be approximated in case of weak 

gravitational field as 

 

ܸ௦−𝑔௬ = (ͳ − ݎଶܿܯܩʹ ) ݎܯܩʹ√                                     ሺ͵ͳሻ 

Which is the same equation derived from the Schwarzschild Geometry in case of weak 

gravitational for the free fall object, but according to the Schwarzschild geometry this equation 

has no any physical meaning, because in reality it is in violation with the equivalence principle 

of Einstein, and also it is in violation with reality is observer independent according to 

Minkowski Geometry of space-time.  

 

According to that for low velocities comparing to the speed of light, the difference between the 

predicted frequency and the reference frequency 𝜈 as the result of the red shift is ∆𝜈ௗ given 

as 

  ∆𝜈ௗ𝜈 = ܸ௦−௬ܿ                                                              ሺ͵ʹሻ 

Now by considering the observed frequency difference ∆𝜈௦ is depending on Eq. (31) 



  ∆𝜈௦𝜈 = ቀͳ − ݎଶܿܯܩʹ ቁ ܸ௦−௬ܿ                                            ሺ͵͵ሻ   
Where according to my equivalence principle 

ܸ௦−௬ = ݎܯܩʹ√ − ଶݎଶܿଶܯଶܩ                                               ሺ͵Ͷሻ 

Since in weak gravitational field  

ଶݎଶܿଶܯଶܩ    ≪ ݎܯܩʹ  

 

Thus in case of weak gravitational field we get 

ܸ௦−௬ = ݎܯܩʹ√  

Thus from Eqs. (32)&(33) we get 

 [∆𝜈௦ − ∆𝜈ௗ]𝜈 = − ݎଶܿܯܩʹ) ) ݎܿܯܩʹ√          ሺ͵ͷሻ 

 

 

From eq. (35) we get the observed difference frequency is less than the predicted. That means 

there is a slight blue shift. According to the Pioneer team calculations, the observed, two-way 

anomalous effect by a DSN antenna can be expressed to first order in V/C as in [1] 

 [∆𝜈௦ − ∆𝜈ௗ]𝐷ௌே𝜈 = − ʹ𝑎′ ܿݐ                         ሺ͵ሻ 

By DSN convention [∆𝜈௦ − ∆𝜈ௗ]௨௦௨ = −[∆𝜈௦ − ∆𝜈ௗ]𝐷ௌே 

 

Thus from that and from eq. (35) we get  

 

− ݎଶܿܯܩʹ) ) ݎܿܯܩʹ√ = ʹ𝑎′ ܿݐ                                   ሺ͵ሻ 

 

By considering in Eq. (37) ݐ =   we get 

− ݎଶܿܯܩʹ) ) ݎܿܯܩʹ√ = ʹ𝑎′ ଶܿݎ  

And from that we get  

 



 

𝑎′ = − ଶݎܯܩ ݎܿܯܩʹ√
 

Which is equal to 𝑎′ = − ܿݎʹ√ ሺܯܩ ⁄ሻଷ/ଶ                                      ሺ͵ͺሻݎ  

In Eq. (38) we find r represents the distance between the spacecraft and the Sun, and thus we find 

the deceleration of the spacecraft is depending on the distance of the spacecraft from the Sun.  

 

Now by considering ܩ = . × ͳͲ−ଵଵ  ݉ଷ 𝑘𝑔. ,ଶݏ ܯ = ͳ.ͻͻ × ͳͲଷ 𝑘𝑔⁄  are respectively the 

gravitational constant and the mass of the Sun. Nasa data [3] show that in the very middle part 

(1983-1990) of the whole observation period of Pioneer 10, its radial distance from the Sun 

changes from ݎ ≅ ʹͺ.ͺ 𝐴ܷ = Ͷ.͵ͳ × ͳͲଵଶ ݉ to ݎ ≅ Ͷͺ.ͳ 𝐴ܷ = .ʹ × ͳͲଵଶ݉. Thus by 

computing 𝑎′   from Eq. (38), we get 𝑎−ଵ′ = −ͳ.ͺ × ͳͲ−ଵ ݉ ⁄ଶݏ  and 𝑎−ଵ′ = −Ͳ.ͷʹ ×ͳͲ−ଵ ݉ ⁄ଶݏ . 

 

Analogous computations for Pioneer 11, as checking point, show the following. Full time of 

observation of Pioneer 11 is shorter so observational period is taken from 1984 to 1989, with 

observational data from the same source [3]. Radial distances for beginning and end of the period 

are ݎ ≅ ͳͷ.ͳ 𝐴ܷ = ʹ.ʹ × ͳͲ−ଵଶ݉, and ݎ = ʹͷ.ʹ 𝐴ܷ = ͵. × ͳͲଵଶ ݉. By using Eq. (38) we 

get 𝑎−ଵଵ′ = −ͻ.ͷ × ͳͲ−ଵ ݉ ⁄ଶݏ  and 𝑎−ଵଵ′ = −ʹ.ʹ × ͳͲ−ଵ ݉ ⁄ଶݏ . 

 

We have seen that the deceleration of the pioneer 10/11 anomalies is decreased depending on the 

distance from the Sun as from Eq. (38), and that what is causing the varying behavior of the 

Pioneer anomalies according to Turyshev [7]. According to the period of observation 7.5 years 

from (1983-1990) as noted by Anderson [13], we find for the Pioneer 10 �̇�−ଵ′  is given as 

 �̇�−ଵ′ = Ͳ.ͷʹ × ͳͲ−ଵ − ͳ.ͺ × ͳͲ−ଵ.ͷ = −ͳ.ͺ × ͳͲ−ଵଵ ݉ .ଶݏ ⁄ݎݕ  

Markwardt [14] obtained an improved fit of Pioneer 10 data when estimating a jerk of �̇�−ଵ′ =−ͳ.ͺ × ͳͲ−ଵଵ ݉ .ଶݏ ⁄ݎݕ  which is exactly same as in my calculations. Also Toth [15] obtained �̇�−ଵ′ = −ʹ.ͳ × ͳͲ−ଵଵ ݉ .ଶݏ ⁄ݎݕ  which is agreed with my calculations. 

 

Now there is another term must be added to the Pioneer anomaly in Eq. (38) according to the 

principle of the quantum superposition in my equivalence. This term is related to the Hubble’s 

law. We have from Hubble’s this deceleration is given according to the equation 

 𝑎ு =  ሺ͵ͻሻ                                                                   ܿܪ

Where 𝑎ு is the deceleration is caused by the Hubble, where is this case since the spacecraft is 

going far away from the Sun, in this case it observed for an observer on ground, there is a slight 

blue-shift given according to the Eqs. (38)&(39). If the spacecraft is in a free fall toward the Sun, 

in this case, it will be observer a slight red-shift which is given also according to Eqs. (38)&(39). 

According to that we get the full Pioneer anomaly is given according to  

 



𝑎 = ܿܪ − − ܿݎʹ√ ሺܯܩ ⁄ሻଷ/ଶ                                      ሺͶͲሻݎ  

An estimate of the Hubble constant, which used a new infrared camera on the Hubble Space 

Telescope (HST) to measure the distance and redshift for a collection of astronomical objects, 

gives a value of H= 73.8 ± 2.4 (km/s)/Mpc or about ܪ = ͵.ͺ ± ʹ.Ͷ ሺ𝑘݉ ⁄ ܿܯ/ሻݏ [16,17]. Thus 

from Eq. (40) we get for the Pioneer 10 at distance ݎ = ʹͺ.ͺ 𝐴ܷ or after 11 years of lunch  

 𝑎−ଵ = −𝑎ு − 𝑎′ = −.ʹͲ × ͳͲ−ଵ − ͳ.ͺ × ͳͲ−ଵ = −ͻ.Ͳ × ͳͲ−ଵ ݉ ⁄ଶݏ  

 

This quantity is very agreed with the observed Pioneer 10 acceleration ( at t=11 years of lunch), 

in fig. (1) taken from Turyshev [13].  

 

At a distance ݎ = Ͷͺ.ͳ 𝐴ܷ 𝑎ݐ ݐ = ͳͺ years of lunch, we get 
 𝑎−ଵ = −.ʹͲ × ͳͲ−ଵ − Ͳ.ͷʹ × ͳͲ−ଵ = −.ʹ × ͳͲ−ଵ ݉ ⁄ଶݏ  

 

This quantity is agreed with the observed Pioneer 10 acceleration ( at t=18 years of lunch), in fig. 

(2) taken from Turyshev [13].  

 

We find from my transformation by translating the retardation according to the invariance by the 

entanglement which is leading to the wave-particle duality and the uncertainty principle by the 

vacuum fluctuation, the gravitational field is expressed according to the energy fluctuation, the 

vacuum energy fluctuation effectively gives a correct explanation of dark energy and dark 

matter, where in this case dark matter and dark energy are explained , and that will provide a 

solution to the cosmological constant problem. Figure (3) illustrates the predicted Pioneer 10 

anomaly according to Eq. (40).  

 

 

 



 
Fig. (2): Top panel: Estimates of the anomalous acceleration of Pioneer 10 (dashed line) and 

Pioneer 11 (solid line) using an exponential model. Second panel: Stochastic acceleration 

estimates for Pioneer 10 (open circles) and Pioneer 11 (filled circles), shown as step functions. 

Bottom two panels: Doppler residuals of the stochastic acceleration model. Note the difference 

in vertical scale for Pioneer 10 vs. Pioneer 11. Turyshev [13].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



𝑎−ଵሺ× ͳͲ−ଵ ݉ ⁄ଶݏ ሻ, ܪ = ͵.ͺ ± ʹ.Ͷ ሺ𝑘݉ ݏ ሻ ⁄⁄,ܿܯ     𝑎 = ܿܪ  + ܿݎʹ√ ሺܯܩ ⁄ ሻଷ/ଶݎ  

 

 
Fig. (3), the predicted Pioneer 10 anomaly versus distance from the Sun according to my 

solution.  
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