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On Mass Problem in Relativistic Mechanics and Gravitational Physics

                                            Anatoli Vankov

                       (dated 12.16.2003,  e-mail: anatolivankov@hotmail.com)

The proper mass of a test particle in General Relativity Theory (GRT) is a rest mass, so it is considered principally constant, just as in Kinematics of Special Relativity Theory (SRT). One may think that the same is true in SRT Mechanics (Dynamics). We found that a proper mass change occurs under a force action that is, during a transition from one inertial reference frame to another. The proper mass constancy in SRT Mechanics is, in fact, a weak field approximation leading to the Newtonian limit. We show that a variability of the proper mass is a fundamental physical phenomenon. It becomes especially important under strong field conditions, therefore, for understanding of the so-called self-energy divergence. The problem was seemingly overcome with help of the known renormalization procedure in Electrodynamics but not in gravitational field theory. GRT was shown to be nonrenormalizable. Our analysis of the SRT mass-energy concept showed that, after the proper mass variation was taken into account in SRT Mechanics equations, arguments for an exclusion of the gravity phenomenon from the SRT domain fell away. Moreover, this approach resulted in principal elimination of the gravitational divergence problem. Another new result concerned the speed of light. The conclusion was that the speed of light is not a fundamental physical constant: it is a physical quantity determined by a gravitational potential and has a cosmological meaning.

In spite of radically different physical interpretation, the alternative approach to the gravitational problem gives an adequate description of  “weak-field” gravitational experiments as GRT does: a numerical difference from GRT predictions is not meaningful. However, the difference in predictions progressively rises with field strength and an energy increase. One particular result concerns a behavior of a massive particle being in free fall in a gravitational field. In GRT, both a free particle and a photon, when approaching a gravitational center, tend to slow down, the particle speed being always less then the photon speed. In the SRT approach, the photon similarly slows down but not the particle. If so, superluminal particles exist. This is a new physical phenomenon, which may be called a gravitational refraction. We propose the experiment on the detection of superluminal particles in high-energy cosmic rays. It should be considered a new relativistic test having a falsifying power in a strong-field domain.    

This work is mainly conceptual. The purpose is to present in a simple form for a wide physical community some results of our study of Relativistic Mechanics, in which a source of a gravitational field is the proper mass. The main conclusion is that the development of the SRT-based divergence-free gravitation field theory is possible.
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 Introduction

 The concept of mass is central in Gravitational and Particle Physics, Cosmology and a field theory as well as in Fundamentals of Physics. General Relativity Theory (GRT) inherited the concept from Special Relativity Theory (SRT). The relativistic mass formula 
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 in a given inertial reference frame. In SRT Kinematics, the proper mass is a constant rest mass in any inertial reference frame. The same is true in any local inertial frame in GRT. A kinetic mass 
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, which characterizes a kinetic energy, is a difference of a total mass 
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In GRT applications, when dealing with objects of known mass density distribution, one can introduce a “binding energy” which results in a mass defect usually assessed in the calculation of potential energy in a manner of Newtonian limit practice. However, there is no rigorous recipe for doing this under strong field conditions. The point is that the potential energy concept in GRT loses its physical sense: there is a total energy of the system (object), a field energy being included with no distinction part of the potential energy (see, for example, R. Taylor et al [1]). 

 The mass-energy concept in SRT Mechanics is not reduced to (I.1). We shall see that the proper mass of a test particle is not necessarily constant. Its variation determines Dynamics of energy and momentum change under a force action. Consequently, potential and kinetic energy of a test particle are defined in SRT as strictly as in Newtonian Physics but at a new level of understanding. 

At present, gravitational Physics is widely believed incompatible with SRT: numerous attempts to incorporate gravity into SRT failed (for example, J. Wheeler et al [2]). Further, we will show that compatibility takes place once the proper mass variation is taken into account. Consequently, SRT Mechanics provides an adequate description of gravitational weak-field observations, which are interpreted physically different from but numerically close to GRT. At the same time, predictions of strong-field effects are found to be radically different. We propose a new experimental test to check the SRT approach to gravitational Physics.  

        1.   Relativistic mass-energy concept and proper mass variation

        1.1   A proper mass variation in SRT Mechanics    

         In the Lagrangian formulation of Relativistic Mechanics the rate of 4-momentum change equals the Minkowski force. A variation of the proper mass follows from corresponding SRT dynamical equations:
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They describe a particle motion on a world line 
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 with a 4-velocity 
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 is a Minkowski 4-force vector, and 
[image: image14.wmf]s

 is a line arc-length. By definition of a timelike world line of a massive particle, we have the fifth equation:
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That makes the problem definite with respect to five unknown function 
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. The proper mass variation along the world line is explicitly seen from the next equation obtained from (1.1) and (1.2):
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J. L. Synge emphasized the fact of the proper mass variation, however, he admitted that the effect might be practically neglected [3]. Obviously, he meant weak-field conditions. 

       For the sake of practical convenience one may come from the description in spacetime (
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Now the equations of motion take the form:
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 EMBED Equation.3  [image: image33.wmf]                                      (1.6)

where 
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)  is the relative 3-velocity, and the proper mass 
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 is space-time coordinate dependent. On the right side of (1.6) the “relativity perfection” term  (
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) is recovered (probably, for the first time in SRT practice) to account for the proper mass variation in a force field. Ignoring the term leads to a constancy of the proper mass, that is SRT Kinematics (I.1). Let us illustrate the meaning of the equations by some simple examples.

        1.2     Inertial force    

         Let us consider a one-dimensional problem of motion of a particle driven by a constant inertial force 
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. To get the full solution one has to formulate the problem on acceleration of the particle (initially being at rest) due to a pulse of force, with the transients being specified. It shows that the proper mass changes during a force transient. It is constant when the force reaches a plateau:
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 is a binding energy, which depends on a force transient rate, as is seen from the general solution: 
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 is a time constant of a force transient). When the pulse is over, the proper mass acquires initial value 
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 in a state of free motion with a gained kinetic mass-energy, perfectly in match with (I.1). A proper mass change is a manifestation of the development of potential difference between interacting parts of the system to allow mass-energy flowing between the parts being bound. A general dynamical relativistic mass-energy formula involving a momentum 
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1.3    A relativistic generalization of gravitational potential            

        Not surprisingly, SRT Mechanics requires the proper mass variation in a gravitational interaction. Let us consider a point-like test particle of a mass m in a spherical symmetric gravitational field with a potential 
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where 
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 - the gravitational constant), 
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 is a distance from the center of the sphere to the particle. So far, we do not put any limitation on the mass of the sphere 
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. 
        The potential (1.9) is given per unit mass. In Newtonian Mechanics, a constant rest mass of the test particle can be a mass unit, but not in SRT Mechanics. The proper mass 
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 along with the kinetic mass is coordinate dependent. Let us start with a static problem, in which the particle can be slowly moved with a constant speed along the radial direction. One can figure out how to do this with the use of an ideal transporting device supplied with a recuperating battery. The whole system should remain isolated. Hence, the particle will exchange energy with the battery in a process of mass-energy transformation prescribed by the SRT mass-energy concept. A change of potential energy of the particle should correspond to the change of its proper mass:
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Thus, the proper mass of the particle is a function of the distance r:
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where 
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 is a proper mass at infinity. In a “weak field” approximation we have

                        
[image: image67.wmf])

/

1

(

)

(

0

r

r

m

r

m

g

-

@

,     (
[image: image68.wmf]g

r

r

>>

)                                   (1.12)

with a Newtonian limit 
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Once the proper mass variation is taken into account, a gravitational (static) force takes the form:
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The same result follows from (6) and (7). One has to set an initial condition of a slow uniform motion:  
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. The problem formulation should include an interaction of the particle with the battery. Therefore, a corresponding inertial force has to be introduced. A net force is zero because of the compensation of varying gravitational and inertial forces. The equation (1.6) ensures the total mass conservation 
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A factor 
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 characterizes a binding energy (energy transferred from the particle to the battery). The gravitational radius characterizes field strength:
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It is seen from (1.13) that under a “strong-field” condition (
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 the particle is “locked”: the force increases with a distance. One can find a relativistic generalization of the potential function (1.9) for the particle with a proper mass 
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The expressions (1.13) and (1.16) have a limit at 
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 The conclusion is that that the proper mass of a test particle at a point 
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 in 3-space uniquely characterizes a static gravitational potential:
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The potential changes within the range 
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. This is a result of fundamental importance. It shows that the problem of self-energy divergence does not exist in Relativistic Physics of Gravity once the proper mass variation is taken into account. 

1.4     A source of the Coulomb potential
        The Coulomb potential exhibits a similar effect of “exhaustion” of the proper mass. Let us consider two electrically interacting particles with equal proper mass 
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 and unlike electric charges of an equal magnitude 
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. With the use of “ideal transporting devices”, we can move them uniformly along an x-axis keeping the center of mass fixed. The net force on each particle is zero, while a distance x between them is variable. One can find an energy balance in a form 
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where “annihilation parameter” is 
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 is the electric constant at infinity). At 
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 the proper mass vanishes. As is seen, an electric attraction leads to a decrease of the proper mass. An expression for a proper mass variation for a repulsive force may be found by replacing a sign “minus” by “plus” in (1.18). When the inertial force “pushes” the particle towards the repulsive center, the battery spends energy, and the proper mass increases. If the particles interact gravitationally, this model gives the result: 
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where 
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 is a “gravitational parameter”: 
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       From the first sight, one may find the result physically improbable. How could it be that the electric force, being bigger than the gravitational force by a huge factor 
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An equal potential energy change in both types of interaction corresponds to an equal proper mass change. Of course, one should be cautious about classical treatment of the above result. However, it shows that the proper mass plays a role of a common source for both a gravitational and an electric potential. Therefore, the influence of gravitational field on an electric force is possible, especially in an external gravitational field, which could be however strong. In our thought experiment, we may put a pair of particles on some equpotential surface in the central field (1.9) at 
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 is a central angle subtending an arc of length x). Taking into consideration the energy conservation, we expect that under stated conditions an external gravitational field does not change a gravitation-to-electric force ratio 
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It means that the gravitational field might influence the permitivity and the permeability of space (according to observations, an electric charge is not affected). C. Moller found similar result [4]. 

1.5   On Dynamics of a particle and a photon in a gravitational field

1.5.1. A particle with a non-zero proper mass in free fall 
        The concept of potential energy as well as the laws of conservation of total energy and angular momentum is firmly established in SRT Mechanics of motion in a conservative force field. They are embedded in equations (1.5) and (1.6). Thus, we are gong to apply the Mechanics of conservative (gravitational) force for dynamical problem on free fall in the spherical symmetric gravitational field (1.9). From the total energy conservation law it follows that in free fall from rest at infinity the total mass is constant at any radial point 
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Putting expression for a gravitational force 
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The last formula is a consequence of a total mass conservation (1.14). If the particle has an initial radial momentum 
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       The solutions show that the proper mass vanishes at 
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cannot be formed. The difference of (1.25) from (1.11) is because the gravitational dynamic force acquires properties of the Minkowski force. The latter accounts for relativistic effects of length contraction and time dilation, which result in a scale (metric) change.       

       As was expected, a particle carrying a non-zero proper mass in free fall can never reach the speed of light, though it constantly accelerates (the condition
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 always takes place).  

       1.5.2    A photon under gravitational and inertial force

        Next, let us consider a radial motion of the photon in a gravitational field. Unlike the particle, the photon does not have a proper mass. Looking at the system of equations (1.5) and (1.6) one can note that any force changes a momentum of a test particle through an action on a total mass. However, a momentum rate and work depend on a type of force, on the one hand, and a type of object (the particle, or the photon), on the other hand. The main reason for this situation is a difference in physical nature of sources of gravitational and inertial force field. In SRT Mechanics the proper mass is an internal source of a gravitational potential. The gravitational force performs work solely through action on the proper mass leaving the total mass conserved. Consequently, a frequency of the photon is constant in a gravitational field while a momentum changes through a change of speed. The inertial force acts differently: it influences both the frequency and the momentum of the photon. Not common example of work of the inertial force on the photon is Doppler effect. One has to consider an energy balance in a process of detecting photons by a moving (stationary) detector from a stationary (moving) source. When the source is uniformly moved forward, an inertial force equalizes a force from pressure developed on the source by emitted photons. Thus, the force works on the photon; consequently, a stationary observer detects a photon energy increase (blue shift).    

         We may consider the photon as a limiting case of a high-energy particle with 
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This is a speed of light wave propagation 
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. In the above denotations, we emphasize the dependence of the speed of light on the gravitational potential, and the speed of light at infinity is denoted further 
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. The variation of the speed of light in a gravitational field is a physical phenomenon. In this connection, the question arises how we should choose measuring units of basic physical quantities consistently with Classical and Relativistic Mechanics. This is an issue of experimental verification (falsification) of a theory foundation.

2. Relativistic tests and predictions

2.1 Basic physical units.
      A standard test particle provides us with a unit of mass. A standard electromagnetic wave from annihilated particle has characteristics, which may be taken as basic standard units of length and time. Then, units of multi-dimensional physical quantities may be determined with the use of relativistic and quantum-mechanical connection of mass, energy, momentum, wavelength, and frequency. The standard atomic clock (a quantum-mechanical oscillator) is the equivalent term for the standard particle. Further, we shall use previous results concerning gravitational properties of a photon, and introduce the standard frequency 
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 of the photon emitted from infinity. The frequency is constant in a gravitational field; therefore, a period (inverse frequency) may be used as a transportable absolute unit of a time interval:
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It should be noted that we do not make here a difference between an electromagnetic wave of light and a photon because a radial dependence of speed (1.28) is the same for a photon-in-flight of any frequency (there is no dispersion). Besides, we are not concerned with a synchronization of clocks.

         What physical process may give us an absolute field-independent unit of length? We need to find a transportable equivalent of the gravitational radius 
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. The latter uniquely characterizes a relativistic static potential (1.16) and could be determined by probing a field with the use of a test particle. The equivalent could be an instantaneous wavelength of the photon emitted by the standard clock at any point 
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. The wavelength is determined as a ratio of a speed of wave propagation (1.28) to a resonance frequency of an emitter. Because the frequency is proportional to the proper mass 
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, the standard resonance emission wavelength is constant. Thus, we have a picture of the photon emitted at point 
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 The following formulas describe characteristics of the photon at point 
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 if it was emitted by the standard atomic clock at point 
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It follows from (2.2a) that there is a shift between the standard resonance frequency of the emission line at point 
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 and the absorption (detection) line at the point 
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. As is seen from (2.2b), the speed of the photon is a function of distance, and does not depend on the point of emitter. We can also define a  “coordinate (radial) speed of light” 
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[image: image164.wmf]¥

®

¢

r

 in (2.2c)):  
[image: image165.wmf]
                        
[image: image166.wmf]2

0

*

)

/

1

(

)

(

)

(

r

r

c

d

dr

r

c

r

c

g

-

=

=

l

                                        (2.3)

One may call (2.2c) a tangential (arc) speed. Obviously, it is constant on an equipotential surface 
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. According to (2.2b) and (2.3), the photon while approaching the sphere slows down and finally “stops” at 
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. To reveal a physical meaning of the above results we need to discuss the issue of relativistic metric determination and its importance for treatment of experiments.  

          2.2    Metric determination.       
         A concept of the relativistic flat-space metric is important in SRT Kinematics because the 4-space interval is Lorentz invariant. In SRT Dynamics one cannot in general derive a solution of a dynamical problem from the metric: the problem solution should be found from the equations (1.5) and (1.6). However, a metric analysis is useful for a physical interpretation of experimental data and comparing with alternative theories. It is convenient to present all processes in the field from the point of view of a rest observer (an information collector) “at infinity”. One may imagine a network with multitude of automated stations (or “local shell observers”) with no limitation on physical means of data transmission. In our case of a spherical symmetric field, the network may be visualized as an ideal 
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-labeled shell-like carcass, to which standard atomic clocks attached everywhere [I.1]. At this point, we need to make a comment. A classification of “observers” with regard to their location could be misleading. We discuss here an interpretation of experiments, in which probing of field is performed with the use of the standard particle and the standard photon emitted at some point 
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 by the standard atomic clock and detected at another point 
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 also with the use of the standard atomic clock. Each thought or real experiment spans over a certain volume of 4-space, and the question of a metric determination (choice of measuring units) has nothing to do with an observer location. Because absolute units of basic physical quantities should be defined far away from the carcass (“at infinity” where a gravitational potential is assumed to be zero), we refer to the observer-at-infinity purely for the sake of visualization.    

      Thus, we use standard atomic clock characteristics at infinity to normalize corresponding potential dependent quantities: the proper mass 
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, and the speed of electromagnetic wave 
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 (the known physical constant). We may start “fitting” the metric consistently with the relativistic concepts of a proper mass and a photon described above, their quantum-mechanical properties taken into consideration. A weak-field approximation will be sufficient for the purpose of comparative analysis of relativistic tests. It is possible in our approach to remain in a “quasi-flat” space-time metric, that is to treat a solution 
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 of a dynamical problem in terms of potential independent radial and time coordinates, and the radial speed (“the coordinate speed) 
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 (2.3). We shall see that this metric is convenient for the treatment of the “weak-field tests involving a photon. The equivalent variant of a curved space metric representation also may be used with the potential dependent wavelength of the photon “from infinity” as a spatial measuring unit: 
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Dealing with a varying length unit, one might concern about how to transport a length unit in different directions. The transport could be done, in principle, with use of a “standard rod” calibrated at infinity. If moved along the radius in a perpendicular position (free of stress-strain correction) it would preserve the absolute unit 
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. In a uniform radial motion, it will be subjected to stresses, but if dropped, the rod would ideally reproduce a wavelength pattern (2.4) due to the relativistic effect of a radial contraction seen by a rest observer at infinity. Overall, the curved metric in a central plane of sphere is described by relations: 
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One may find a small interval between any two events, which are not necessarily in the causal connection:     
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The equivalent (“quasi-flat”) metric is
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The variable 
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 in (2.6a) absorbed the factor 
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 in (2.5) may be called the SRT gravitational gauge.

      The metric element (2.6) in the weak field approximation (
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The latter is known as a special solution of the GRT field equations for a timelike interval; however, it is difficult for us to figure out which physical (causality) constraints are brought into it from the original problem formulation. It is impossible to distinguish between (2.6) and (2.7) judging solely on observations under weak-field conditions. Unfortunately, tests under strong-field conditions were not conducted. We shall see that our predictions of strong-field dynamical effects are drastically different from those in GRT. 

2.3   Four classical tests   

  There are four types of classical experimental tests of GRT: the gravitational red-shift, the bending of light, the time delay of light, and the advance of perihelion of planets. All of them are related to the weak-field condition 
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. Below we make a brief review of the tests from different points of view. Our treatment of the experiments is

clear from the above discussions, so we need only few additional comments.

        2.3.1  The gravitational red-shift.  

       The term means that a wavelength of light emitted by an atomic clock at some point of a lower potential appears to be increased when detected at some point of a higher potential. It is impossible from this particular type of observations to find out what happens to a photon during its travel from an emitter to a detector. The proper mass in GRT is constant, hence, a standard resonance frequency of an emission-absorption line does not depend on a potential. A wavelength shift might be due to the change of either a speed of wave propagation 
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, or a frequency of the photon. (A coordinate speed has nothing to do with it because we deal with a phase shift, but not a time delay effect measured by the observer at infinity). It follows from GRT formalism that the atomic clock rate depends on potential:
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A popular explanation is that a photon is attracted by the gravitational center and loses its energy while moving against a gravitational force [2]. The frequency decreases while the speed of light being constant. However, some relativity experts reasonably support the concept of the total energy conservation and assume that the atomic resonance frequency does depend on the potential. They conclude that this is a relative shift in frequencies of an emitter and a detector that causes the red-shift, while the speed of light being constant [5]. This would be definitely a revision of GRT basic concept of proper mass constancy, which is embedded, for example, in geodesic equations. The truth is that such discussions are, in fact, irrelevant with respect to GRT, because the theory eliminated the concept of potential energy by making the space-time metric identical to the field. Thus, the GRT Schwarzchild metric (with a minor form correction (2.8)) is a metric of curved space-time, provided the proper mass and the speed of light are constant:
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From this, putting 
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      There is a big difference in physical meaning of metrics (2.5), (2.6) and (2.9), (2.10). In our approach, potential dependence of the proper mass and the speed of light is a part of a theory foundation. We came to a variation of the proper mass and the speed of light in (1.28) as a result of generalization of the Newtonian potential and identification of the source nature consistently with SRT Mechanics. As was emphasized, the metric of quantities 
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 is subject to future experimental test.            

          In our approach, the red-shift is definitely due to the shift of an emission-detection resonance line, provided properties of a photon-in-flight being taken into account. The resonance line is shifted because of dependence of the proper mass on the potential. So, we have 
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2.3.2 The bending of light.  

   This is the problem on a photon trajectory in a gravitational

field. The GRT calculations are based on a geodesic equation of a photon in a space-time curved 4-space. It is interesting to note that Albert Einstein originally calculated a deflection angle purely from the Equivalence Principle, and obtained the result less by the factor 2, as compared to the later calculation. The first Einstein’s result follows from Newtonian Mechanics with the use a philosophy of a photon “attracted” by a gravitational force. The bottom line of usual explanations of the situation is that the Equivalence Principle, when applied to the problem, allegedly takes into account the spatial curvature 
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 in (2.5) (see, for example, a discussion in [6], Clifford). We suggest several ways of consistent treatment of the test. The time of flight of the photon in a gravitational field may be calculated in the flat (Minkowski) 4-space with the use of the coordinate speed of light in the integral over the path 
[image: image209.wmf]ò

=

l

c

dl

t

)

(

)

(

*

r

r

, what is equivalent to the similar integral in the metric (2.5). One has an opportunity in the flat space variant to interpret observations in terms of the “classical” wave interpretation of light. From the observer-at-infinity point of view, propagation of light with a constant frequency and the coordinate speed 
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In the weak-field approximation we have from (2.11) 
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Finally, simple way of getting the correct angle of deflection 
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2.3.3 The time delay of light.

        The effect was brought to the public by Shapiro in 1964 [6]), and was immediately confirmed in measurements of a radar echo delay for electromagnetic pulse passing near the Sun. Probably, the effect was not paid much attention before, because a decrease of the speed of light pretty much looks like a metric induced one rather than a physical phenomenon. In the consistent GRT treatment neither a varying speed of light nor a gravitationally attraction photon were never mentioned (see, for example, Clifford [6). In our flat-space approach the time of flight of a light signal is found by integrating over the path 
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 with the coordinate speed (32), while in GRT calculations approximately the same result is obtained from the photon geodesic equation.   

2.3.4 Planetary perihelion precession.

     This is the only test (out of four), which is related to the problem of a particle motion in a gravitational field. The simple treatment of the test is based on the comparison of motion rates in a radial direction (a frequency of oscillation in a potential well) and a tangential direction (an angular frequency) [1]. The test is usually treated in GRT by introducing “an effective potential”, in spite of the fact that a notion of potential is, strictly speaking, out of the GRT arsenal. Direct metric analysis is not sufficient in this case. For the rigor solution, we need to formulate the problem of orbit in the frame of the equations (1.5) and (1.6). One may solve a classical problem of orbit in the weak-field approximation with the potential dependent proper mass. This is the proper mass variation that causes an increase of the angular frequency (proportional to the squared proper mass) with respect to the radial one (inversely proportional to the proper mass). Thus, the relative angular shift per revolution equals 
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is an “effective” orbital radius. Real effects are very small and measured on the background of different perturbation sources. Some controversy related to it is discussed in [6]. 

      2.4   Further testing a theory     
  2.4.1  Superluminal particle test  

A physical theory is always falsifiable, and tests are needed to exclude alternative treatments of theoretical results. In the present work, we discuss the issue of testing our approach to the gravitational theory on the basis of consistent SRT Mechanics, in which the variable proper mass concept is inherently embedded. We found metrics of GRT and SRT Mechanics physically different, the main cause of it being the difference in the proper mass concept. Many other aspects of GRT tests and GRT alternative theories with the philosophy of constant proper mass are out of our interest and may be found in [6]. 

We look for a possibility of a falsifying test, which could be directly related to gravitational properties of a massive particle. As was concluded, the photon slows down when approaching a gravitational center but the particle in free fall accelerates (see (1.26), (1.27), (1.28), (2.3)). It means that at some point a speed of the particle might exceed the speed of the light (such particle is called “superluminal”). Having an initial radial speed sufficiently high, the particle might become superluminal in a gravitational field of any strength. GRT predicts essentially different picture described by the formula for the particle in free fall from rest at infinity (see, for example, [1]):  
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It is seen that acceleration at some point changes a sign: the particle starts decelerating. It is easy to show that in the case of initial radial speed 
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 the expression (42) should be modified:
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where 
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. From (2.13) and (2.14) it follows that the particle in a gravitational field could never exceed the speed of light. However, the particle could never accelerate, if 
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. The difference in predictions is explainable in view of the total energy conservation law. It states in GRT: 
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). The consequence of this energy law formulation is an appearance of resisting force acting on a particle in free fall. Energy balance in SRT Mechanics (for the example of free fall from rest at infinity) is described by equations:
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No resisting force in free fall can arise in principle in this theory. 

        The controversy may be resolved by a new experimental test of unusual type. One can easily verify our prediction that at 
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 particle become superluminal in the gravitational field of Earth at the height about 450 km above the surface. The corresponding energy range for protons is 
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eV , which comprises the major part of the cosmic rays. According to the prediction, cosmic protons in this range should produce quite specific Cherenkov radiation, which could be easily distinguished from other sources and detected with the use of existing satellite gamma-ray instrumentation. The proposed experiment has a status of a new relativistic gravitational test having a distinct falsifying power. It should be noted that the prediction of superliuminal particles in a gravitational field is in a full agreement with the causality principle.

2.4.2 Benchmark and mock up experiments with atomic clocks.

       It is possible today to conduct high-precision tests of a gravitational theory in a physical laboratory with a modern atomic clock instrumentation. This opportunity can be used for further testing a theory under weak-field (Earth) conditions to distinguish between alternative treatments of the described above four classical tests, which are all related to the static metric (it is the Schwarzchild metric in GRT). At the same time, new dynamical tests, possibly, could be performed, in which time dilation effects are measured in accelerated (both linear and rotational) motion due to the inertial force and due to the gravitational force separately and in combination. All these experiments may be called the “benchmark” ones because individual physical (relativistic) processes could be separately studied in them. It is required that the problem formulation of each benchmark experiment was meaningful in terms of SRT Mechanics. Some experimental data of this kind, possibly, are available now (for example, from experiments with clocks traveled on planes and rockets) and may be considered for reanalyzing. However, we emphasize a need for experiments, in which attention is focused on a role of transients in relativistic effects, because their predictions are sensitive to the mass concept. In particular, a formulation of different variants of “twins travel problem” could be theoretically reanalyzed and experimentally tested, as a part of the suggested benchmark program. The latter would be important for planning and conducting a complex experimental relativity research program involving many processes at the same time. In particular, we mean the Global Positioning System (GPS), which is not only of practical importance but also may be considered as a unique global test of a gravitational theory. The GPS in its today’s practical realization contains different elements of “forced stabilization” and “set-off corrections”, which could be subject to benchmark research followed by academic multi-parameter test of the system. At some precision level, the effects sensitive to a formulation of proper mass concept could be revealed. We call such a complex test of the gravitational theory the “mock up” experiment. It is expected that SRT Mechanics will give new understanding of the GPS Physics leading to a new concept of GPS of the next generation.  

3. On a field theory development

3.1 Historical background.
         Dependence on potential of the proper mass and the speed of light was subject to early discussions among physicists (Albert Einstein among them). According to the research on a history of gravitational theory development [7], it was Abraham who suggested in 1911 an inclusion of a gravitational potential and a force into Special Relativity Mechanics: 
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 being replaced by its 4-dimensional d’Alembertian analogue). It led to a potential dependence of the speed of light in a form, which was not Lorentz invariant and was not accepted for this reason. Soon after that, Nordstrom suggested that the potential dependent mass rather than the speed of light should be introduced in a theory. He found the expression for mass in the exponential form 
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, which was consistent with the proposed by him equation of motion 
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. This idea was abandoned later in a process of elaboration of the energy-momentum tensor in field equations. The tensor was related to the field source at that time. After completion of the theory by Albert Einstein a “geometrical interpretation” of the equations became dominant, in which the space-time curvature was given a role of a field source, though in an equivalent “matter interpretation” the source may be associated with the momentum-energy tensor as well. 

       Why was SRT proclaimed incompatible with the gravity phenomenon? Different variants of SRT based theory were considered and compared with observations [2,8]. In brief, half-integer spin of a graviton was ruled out immediately because the exchange of a fermion between mutually attracted particles required 
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 rotation in order to keep their internal state unchanged. Vector variant was obviously excluded due to a solely attractive character of gravitational force. Scalar field did not provide coupling of a photon to the gravitational field, therefore, seemed contradictory to the observation of the “photon being attracted by the Sun”. Einstein’s tensor field theory was found the only one consistent with the gravitational tests available, in spite of the fact that the spin-2 graviton was never revealed in observations. It is interesting to note that Richard Feynman considered also a field mediated by exchange of two neutrinos [8].  

       In our view, the GRT gravitational field concept was originated from the “mass-energy equivalence” in a kinematical SRT form: for the particle of a given (unchangeable) proper mass 
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 the total energy is related to the proper mass and the momentum in general relations 
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.  From this, it might be conjectured that a particle in a gravitational field “feels” field strength to the first order proportional to total energy 
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, what leads to the statement that “all forms of energy gravitate”. A particle in free fall is observed, indeed, having a constant mass 
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, however, the gamma factor was disguised in GRT energy relations of the curved space-time metric, as discussed in section 2.4. Consequently, the very notions of force and potential energy were destroyed. One cannot say anymore “a Newtonian apple falls from a tree due to Earth gravitational attraction”. As Synge pointed out, it would be quite wrong, and a correct statement should be “it is due to the curvature of the world-line of the branch of the tree” [9] (though he did not explain how to find the acceleration 
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 without Newton’s theory help).  

       Whether SRT is compatible with gravity phenomenon may be examined by a thought experiment. Let us consider a system of two interacting charged bodies in free space being at rest due to a compensation of the gravitational force and the Coulomb one. If the system is viewed from a moving inertial reference frame, we may come to the situation, which was investigated in the classical Trouton-Noble (searching for “either”) experiment [10]. An electric force was compensated by a capacitor stress there. The experiment was intended to check the existence of a torque on the capacitor due to magnetic forces arising in a moving coordinate system. No effect was observed, evidently, because two compensating forces are subject to the same Lorentz transformation. In our version of the experiment (the inertial force is replaced by the gravitational one), we obviously predict the null effect for the same reason. It means that the gravitational force (similarly to the electric force) is subject to the Lorentz transform. It. takes the Minkowski form (analogous to the magnetic force) giving rise to the kinetic mass through the Lorentz factor, in consistence with SRT. It was proven later that GRT is a non-renormilizable theory; therefore, it is incompatible with Quantum Mechanics. 

       We learned about conservative properties of the gravitational field from Newton’s theory, but physical meaning of potential and kinetic energy remained unclear. The SRT concept of varying proper mass allowed us to gain insight into the problem of the gravitational potential. Obviously, understanding of the nature of kinetic mass in association with the de Broglie waves requires a theory development in terms of Relativistic Quantum Mechanics. Having found the divergence problem being eliminated, we expect that the formulation of gravitational quantum field SRT-based theory is possible. The theory should describe gravitational properties of a particle and a photon at a new level of understanding. 

3.2 Speculations.

As far, as concerns a gravitational field theory, there is no room for the spin-2

graviton in the SRT Mechanics approach. The spin-0 is not, in fact, contradictory to observations, though a candidate from the list of known particles is not immediately seen. Some idea of it may come if recalling the proper mass playing a role of a field source. Therefore, a mediator of gravitational interaction should be a “mass quantum”. On the other hand, we found the proper mass related to the Coulomb source, therefore, the spin-0 mediator should be in intimate relationship with the photon. It is worth noting at this point that discussing this topic is like having stepped into uncharted water, when one should be aware of a risky character of further adventure. That is why this section is called “speculations”, in which vaguely determined terms could be used. It is intended to initiate further discussions rather than to give the final recipe.

3.2.1  Physical vacuum “at infinity”, and the neuton hypothesis 

   The gravitational field problem should be considered, at least, at two levels: a

vacuum field state with particle generation, and matter-matter, matter-field interactions. First of all, we want to see the whole space being filled with a massless spin-1 field generally called physical vacuum. Let us call the mediating particle the “neuton”: we use neutrino-photon abbreviation resembling the name of the great philosopher and physicist Isaac Newton. It is assumed that spinor-scalar coupling has to be introduced in a theory to be developed. The neuton does not exist as a “real” particle. Probably, one may visualize the neuton as a quantum mechanical object comprising a neutrino-antineutrino “virtual” pair. In this sense, it is allowed (unlike the photon) to have a state with a zero spin projection. The attractive property of the neuton field is an existence of the bosonic mode having a ground state with a tendency to form the bose condensate.  Consequently, we extend the neuton hypothesis to the idea of the proper mass being related to the neuton condensate formation that is, a property of the neuton bosonized field. Intuitively, we expect soliton-type solutions of the non-linear vacuum field equations describing stable resonance states. Observable particles (“condensate droplets”) acquire intrinsic structure and characteristics, such as the proper mass “at infinity”, an electric charge, and a spin (interaction with universe matter being involved through a neuton exchange). Thus, the challenging idea of the neuton hypothesis is to explain the origin of mass.

      At this point, we introduce cosmological notions the vacuum state at infinity. We mean an existence of vast space with all material objects being removed “far away” by some criterion of neglecting the influence of gravitational field of “local” material formations. One may think of our “local universe” characterized by a physical boundary and a residual inner field forming a potential well of a universe size. A test particle is needed to probe the gravitational potential 
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 have asymptotic values “at infinity”. Thus, the proper mass of the observable particles, the speed of light, and electric properties of space depend on strength of the neuton cosmic field. So far, we leave the universal gravitational constant and the Plank constant intact. 

       As was noted, observable particles might be considered resonance states in the cosmic potential well of the neuton field. Thus, a single proton (or an electron) is stable in a sense of being in the ground state that is, in equilibrium with the physical vacuum: a rate of neuton exchange with universe matter is constant. (A possibility of involvement of  “a third party” in a gravitational interaction by the exchange of two neutrinos was discussed by Richard Feynman [8]). A field becomes disturbed in the neighborhood of bodies comprising “an isolated system”. Creation of a local potential difference between parts of the system causes mutual gravitational attraction by the neuton spin-0 exchange what is subject to the gravitational field theory. The interaction process leads to the minimization of the proper mass of the system. Further, we discuss in a similar speculative manner some questions related to the matter duality problem.

3.2.2   The proper mass, the kinetic mass, and the de Brogli waves
 For some reason (not discussed here), there are two stable particles realized as not

mixing resonance modes of the neuton field: the proton (hadron) and the electron

(lepton). The particle proper mass is related to the resonance frequency 
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Assuming that the excitation (neuton) wave propagates with the speed of light, we have the “proper mass size” of the particle (the proper wavelength of resonance standing waves)
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For example, for the proton it is 
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 m.  A proper mass change 
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due to interaction is characterized in sections 1 and 2 by the SRT gravitational gauge factor 
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, which is a smooth function of field strength at point 
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It indicates that introducing a varying proper mass in Quantum Mechanics should result in mass quantization by a neuton propagator mechanism. 

     The kinetic mass 
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 appears in a laboratory frame system if the particle has a momentum. The kinetic mass relates to the proper mass and the total one linearly, as shown in (I.1). At the same time, its relationship with the momentum is described by a relativistic quadratic equation 
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where all quantities (except 
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) are potentially dependent. In the case of free fall, the equation takes the form (2.15). 

      The de Brogli’s discovery of the wave properties of matter made a tremendous impact on the development of Quantum Mechanics. The neuton hypothesis, if confirmed, may unveil the physical nature of the de Brogli waves. In our approach, the kinetic mass manifests an excitation of a particle neuton state. A uniformly moving particle is observed being an “excitation source” of neuton excitation waves (both retarded and advanced), which propagate with the speed of light independent of the potential. The source affects the whole matter around it, and gets reaction back (as, in fact, observed in interference experiments. What is called the probability in Quantum Mechanics is associated now with neuton excitation source due to the relative motion of matter. 

     A frequency of the de Brogli waves is proportional to the magnitude of the momentum   
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Correspondingly, the wavelength is:
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Notice that frequencies 
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 are not additive: their squared value contribute to the total energy in accordance with (3.4). 

       In the particular case of free fall the neuton exchange mechanism results in generation of the de Brogli mode at expense of lowering the particle ground state. In plain words, what is “stripped off” of the proper mass is converted into the kinetic mass, the latter being not subject to the gravitational force any more. The opposite example is a deceleration of a particle in a conservative field when the kinetic mass transforms back into the proper one. If the proper mass would continuously increase above the “value at infinity”, meta-stable particle states of a short lifetime could be produced (which are currently subject to the “quark model” classification). Thus, the de Brogli waves are generated in the process of mass transformation and cannot exist apart from the “carrier”. They cannot be detected otherwise than by observation of a particle interference pattern. This is the picture we expect to emerge from a future SRT-based non-linear quantum field theory. The important feature of the theory should be quantum-relativistic treatment of gravitational properties of a massive particle and a photon in gravitational field.

3.2.3  On the unification of forces

  The proposed massless 3-component vector propagator seems to be relevant to the

problem of SRT-based divergence-free unified field theory. The gravitational force would be mediated by the spin-0 component, while electric forces would have usual spin +1, -1 exchange mechanism. However, the exchange particle is the neuton what is different from the photon. Thus, we have both scalar-vector and scalar-spinor coupling because the field is constructed from massless fermions (neutrinos, when

observed). In the so-called weak interactions, the neuton transforms into a real

neutrino-antineutrino pair. A creation of the neutron in a central collision of the fast electron with the proton and a reverse process is an illustration of the weak interaction, where the neuton “splits” into two neutrinos (one escaping). 

      There were many speculations about “composite structure” of the photon [11, 12]. In our picture, a mechanism of generation and absorption/emission of the photon involves a neuton exchange process, in which a mutual transformation of kinetic and proper mass  occurs. Particle-antiparticle annihilation is a pure example, in which the proper mass exhaustion results in a loss of “carrier”, consequently, in origination of photons. The kinetic mass acquires the transversality property, evidently, due to spin-spin and spin-orbit interactions, which make the photon a unique observable particle, as it is.

      The proton and the electron seem to have the simplest inner structure in hierarchy of compound particles (nuclei) forming  “ordinary matter” in a fusion process through “nuclear” forces. This is a special topic of quark model in Particle Physics. We would like to finish the section with a brief comment concerning another (previously discussed) topic of the so-called inertial forces. They arise in body-body interactions accompanied by internal stresses due to deformation of atomic structure deformation of a solid material. Basically, inertial forces are electric ones when a formed structure acts as an “external source” (often “man-made”) as opposed to an “internal source” in fundamental gravitational and electric interactions. An exchange between both sources is a typical process considered in the framework of SRT Mechanics. At this level of consideration, the postulate of equality of gravitational and inertial mass loses physical sense because it was historically formulated in terms of Newtonian Mechanics. Not surprisingly, Einstein’s original plan to realize the Mach’s idea of cosmic connection of the inertial force (mass) in GRT failed. However, thinking about the problem of mass origin, we cannot agree more with the Mach’s idea.                       

      CONCLUSION  

· It was shown that SRT Mechanics was a natural relativistic generalization of the

 Newtonian Mechanics, and there was no reason for exclusion of the gravity phenomenon from SRT. Unfortunately, the proper mass dependence on the gravitational potential in SRT mass-energy concept was not recognized for decades. Ignoring the proper mass variation made it impossible to incorporate the gravitational force into SRT frame. Meanwhile, GRT with the proper mass constancy credo was developed and successfully tested in many experiments, all of them, in fact, having been related to the weak-field conditions. The theory diverted from classical principles of conservative fields, and classical divergence problem was not removed. We showed that under weak-field conditions it is difficult to distinguish between alternative theories. A principal advantage of the SRT approach at this point is an elimination of the divergence problem. A theory survival depends on further tests, especially, under strong-field conditions. 

· SRT Mechanics with gravity included needs to be falsified. We suggest two types

of tests:

a. Benchmark and mock up experiments with atomic clocks of highest precision

(especially in dynamic regime). Further experiments with the de Brogli waves could be helpful for a qualitative analysis. 

b. New experiment to check our prediction of superluminal particles in cosmic rays

around Earth. Actually, this experiment has a status of a falsifying strong-field test. 

· It was shown that the divergence problem is eliminated in SRT Mechanics. It is a

strong indication that the development of gravitational quantum-mechanical field theory on the SRT basis is possible.  Moreover, we found that a unification of forces might be a part of the further research program. We suggest the “neuton” propagator idea, which seems to be relevant to the problem. It is expected that cosmological connections of the theory would be required to cope with the problem of mass origin.   
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