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Abstract 

 

The theory of relativity is an important pillar supporting modern physics along with quantum theory, 

but the open questions present in this theory require revolutionizing the perspective on relativity and 

mathematical foundations of relativity. We present a generalized theory of relativity, which becomes 

a consequence of a unified mechanics based on the universal quantum postulated as a primitive ele-

mentary particle constituting physical vacuum and matter. Our theory does not require the fundamen-

tal postulates of the theory of relativity, such as the principle of relativity, the principle of the con-

stancy of the speed of light, and the principle of equivalence, and needs only the universal quantum 

to formulate a new theory of relativity, but explains relativistic effects successfully. Our work shows 

that the idea for the unified space-time which gives the Lorentz transformation is not mathematically 

and physically justified. We first analyze from a new angle the concepts, principles and results of the 

special theory of relativity and prove that it is impossible to construct a theory of relativity using 

geometry in the Minkowski space. We introduce the concept of the universal quantum concretizing 

the concept of the ether and construct a consistent theory of relativity based on the concept of the 

density of universal quanta and of effective time of interaction, without recourse of Einstein’s rela-

tivity theory. We construct new relativistic dynamics and electrodynamics based on the effective time 

of interaction. We formulate a new theory of gravity able to explain relativistic effects, based on the 

concept of the universal quantum without using the concept of space-time. Thus, our work achieves 

the aim of constructing a consistent theory of relativity by means of a single mechanism based on the 

concept of the universal quantum in a unified way to include inertial frames and noninertial frames 

altogether. 
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1. Introduction 

 

The special theory of relativity (STR) emerged in attempts to establish a universal principle of 

relativity in all fields of mechanics, including not only mechanics but also electrodynamics [1,2]. 

Einstein’s theory of relativity, which adopted as universal bases of physics the principle of relativity 

and of the constancy of the speed of light, completely overturned Newton’s notion of absolute space 

and time. By applying this theory to mechanics and electrodynamics, the important results were ob-

tained. 

The theory of relativity was mainly built by Lorentz, Poincaré and Einstein. Originally, Lorentz 

and Poincaré proposed the Lorentz transformation that assumed the existence of the ether and ac-

counted for the relativistic effects of the time delay and the length contraction in inertial frames mov-

ing in an ether medium. This relativistic transformation was first presented by Lorentz, and then was 

completed by Poincaré in the present form. In essence, this theory, called Lorentz’s theory of relativity, 

is an ether-based theory of relativity [3,4]. After the advent of this theory, Einstein proposed the prin-

ciple of the constancy of the speed of light and built STR, based on assuming the Lorentz transfor-

mation to be a transformation that holds for any two inertial reference systems. STR built by Einstein 

was successful in constructing electrodynamics that satisfies the covariance in all inertial frames [5]. 

As a result, the ether theory had been finally rejected and it was generally accepted that the principle 

of relativity holds also in the domain of electromagnetic phenomena. The current general evaluation 

is that the theory of relativity has been successfully applied to mechanics, electrodynamics, and quan-

tum mechanics, and has achieved big successes, and has become the theoretical basis of modern 

physics including cosmology [6]. 

Despite the successes, the theory of relativity cannot be assessed as a perfect theory even today 

due to open problems concerning experimental confirmations and mathematical and physical inter-

pretation [7-12]. It is a recognized fact that there remain some open questions in the theory of rela-

tivity in the aspects of logic, mathematics, and physics. Debates still remain due to the conflict of 

different views regarding the interpretation of various paradoxes that are theoretically unsolvable and 

the results of various experimental studies to verify the two postulates of STR [5,7,9,13,14]. For the 

theory of relativity to maintain the present theoretical status, to survive, and to further develop, it 

must explain all the experimental results in a unified way, and provide perfect solutions to the para-

doxes and open problems that exist in the theory of relativity. The anti-relativistic arguments showed 

that the concepts of relativity and of the unification of space and time were ambiguous, and that the 

principle of the constancy of the speed of light also was not satisfactorily verified [10,12-16]. 

The validity of the theory of relativity can be examined in three aspects. They cover the logical 

aspect, the physical aspect and the mathematical aspect. Originally, Einstein was not inspired with 

experiments on light velocity, including the Michelson-Morley experiment, and rather was propelled 

by the purpose for establishing the covariant theory of electrodynamics in inertial systems, so he 

developed STR in a deductive way. Of course, the question of whether the laws of electrodynamics 

have to be of covariance for all inertial systems is not self-evident, as in mechanics, and in fact it is 

no more than a subjective assumption, so the argument about this problem continues up to today 

[10,17- 20]. 

One core of these debates is the second postulate of STR, i.e., the principle of the constancy of 

the speed of light. Einstein’s postulation that the speed of light is independent of the motion of a light 

source or an observer contradicts the concept of time as a universal variable independent of spatial 

coordinates. This is an idea that is not easily accessible to ordinary physical intuition and logic, so 

through the whole history of the development of the theory of relativity, many physicists have tried 

to explain the observed facts without this postulate, and the challenge continues up to date [10,13, 

21-24]. The problem of covariance of electrodynamics is directly related to the principle of the con-

stancy of the speed of light. In this sense, the two postulates of STR are not independent. If the speed 
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of light is not constant, the present electrodynamics is a theory that holds for a preferred inertial frame, 

and the requirement for relativistic covariance is not necessary. 

Thus, from this point of view, attempts have been made to modify electrodynamics. One of most 

notable and lively examples was Ritz’s view of electrodynamics. Ritz left the two homogeneous 

Maxwell equations as they were, and built up electrodynamic equations involving a light source so 

that the velocity of light is equal to c only when it is observed with respect to the light source. Ritz’s 

theory explained well the observations of the aberrations of positions of stars, Fizeau’s experiment, 

and the early Michelson-Morley experiments with cosmic light sources. However, the results of the 

measurements of the speed of light from double stars showed that the second postulate of STR or the 

assumption of the ether was correct, whereas Ritz’s theory was not. 

On the other hand, it was argued that most experimental data were certainly unreliable because 

light interacts with matter through an optical instrument before it is observed. In other words, exper-

iments with light coming from cosmic space do not deal with the original velocity of the measured 

light, since the interaction of light and matter in optical instruments is unavoidable. In fact, if light 

passes through an optical instrument, it is completely different from the speed of the light before the 

incidence because it becomes the re-radiant light emitted by the matter interacting with the incident 

light. 

However, many of the later experiments refuted the criticism of the above-mentioned arguments. 

In 1964, experiments at CERN were most crucial to the withdrawal of Ritz’s theory. The experiments 

were carried out to in the way to measure the time of flight through 80 m path of a photon with the 

energy of 6 GeV, generated by the decay of a neutral pion of very high energy. In that experiment, 

where the velocity of light was measured in a direct way without the interaction between light and 

observational instruments, it was perfectly confirmed that the velocity of light emitted by that source, 

which had a velocity of 0.99975 c coincided with the universal constant c in the experimental error 

limit. Thus, it had been revealed that Ritz’s theory that the speed of light is determined by adding the 

speed of a light source to the universal speed of light c was not correct. 

Experiments at CERN had shown that the second postulate of STR was certainly true in relation 

to the motion of light sources. Other experiments with charged particles and neutrinos also showed 

such results independently. However, since the experimental data clearly did not show that the veloc-

ity of light is independent of the observer’s motion, these experiments cannot be considered to have 

fully elucidated the two aspects of the principle of the constancy of the speed of light. The fact that 

the speed of light does not depend on the motion of the light source also can be reasonably explained 

based on the ether theory, in which the ether is considered as the medium of light propagation. 

As a whole, the experiments conducted so far in relation of the speed of light do not provide a 

complete answer to the two aspects of the speed of light. There are clear experimental evidences that 

provide the necessity of examining the principle of the constancy of the speed of light. Evidence was 

given by an experiment that measured the velocity of light using light beams or electromagnetic 

waves propagating in opposite directions on a rotating disk or a rotating earth. The experiments were 

carried out by Sagnac, Michelson and Saburi [5,8]. These experiments clearly showed with sufficient 

accuracy that the Galilean rule of velocity addition for the velocity of the light source and the speed 

of light in a rotating system was satisfied. In this connection, some argue that systems where the 

experiments were carried out are not inertial frames, and thus the principle of the constancy of the 

speed of light in inertial systems cannot apply. But they cannot logically explain why the laws of 

inertial and noninertial systems with respect to light must be so different. The papers that reproduce 

or reinterpret the results of the Michelson-Morley experiment to confirm the validity of the second 

postulate of STR have attracted attention [25-34]. The new results of the research suggest that the 

Michelson-Morley experiment rather proves the existence of the ether and absolute motions. While 

the relativistic effects were well confirmed in part experimentally, numerous experiments which re-

produced the Michelson-Morley experiment have shown that there is a detectable, local, preferred 

reference frame. 
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From the logical point of view, it is worth noting that philosophers including Herbert Dingle, a 

philosopher in the 1950s and 1960s, criticized the contradictions in the theory of relativity [7]. They 

criticized the logic of relativity theory which gives asymmetrical aging in equivalent two inertial 

systems by dealing with the twin paradox problem. A theory must not involve even a shadow of 

unexplainable or contradictory results in order to be a perfect theory, so that it should be considered 

that their criticism, even if it has a purely philosophical logical character, is reasonable. Indeed, the 

laws of logic are generalized by the principles and laws of nature, so there cannot be any law of nature 

that violates the laws of logic. 

The theory of relativity has been criticized by many researchers trying to explain the mathemat-

ical aspects of this theory. A main point here is whether the transformation using one-way light ve-

locity-dependence is of generality [7,35]. Having a negative view of this problem, some researchers 

proposed a new relativistic transformation considering the two-way light velocity. It is noteworthy 

here that considering the two-way velocity, the time-coordinate dependence in the relativistic trans-

formation disappears [7,35]. Moreover, it is noteworthy that based on this transformation, both the 

time delay and the length contraction can be explained. Einstein’s clock synchronization is based on 

the postulate of the constancy of the unidirectional velocity of light. Some researchers argue that the 

unidirectional velocity of light is not a law of nature and that the relativistic invariance of the interval 

of events is no more than a subjective hypothesis, and therefore is not a real property of the physical 

world [7,35]. Thus, the study of a general transformation not depending on unidirectional velocity, 

though accounting for relativistic effects, such as the time delay and the length contraction, continues 

[15,35,36]. Thus various types of relativistic transformation distinguished from the Lorentz transfor-

mation have been investigated. This situation shows the exploration of relativistic transformations 

that is distinct from the Lorentz transformation but can explain relativistic effects and can avoid par-

adoxes, which indicate that Lorentz transformation are not the only choice [15, 35]. 

From the physical point of view, the theory of relativity has several paradoxes that are difficult 

to be explained. They are problems of the time delay, simultaneity, and the length contraction (so-

called Lorentz- Fitzgerald contraction) [12,16,23,24,37-39]. The twin paradox related to the delay of 

time remains a crucial clue showing the inner contradiction of the theory, for antirelativists, while it 

challenges as a great paradox that is not resolved, for relativists. Those who try to solve the problem 

while maintaining the theory of relativity claim that speed is the cause of the time delay and that it 

actually delays even biological processes. But motion and rest are purely of a relative character, so it 

is not possible to give a reasonable answer to how this fact is related to the physical nature of the time 

delay. Others regard the acceleration experienced by the traveler as the cause of the time delay, since 

one twin returning from the trip necessarily undergoes acceleration. However, experiments conducted 

at CERN have shown that speed, not acceleration, is the cause of the time delay [7]. Thus, the time 

delay is a core result of STR, but at the same time becomes a contradiction. 

The same is true for the length contraction problem. If there is the length contraction, it contra-

dicts the principle of relativity, since it outcomes to a denial of the equivalent qualification of any 

inertial frame. In this case, the nature of space-time in inertial systems is different, but the reason why 

the physical law must remain unchanged cannot be explained. If there is a physical effect that the 

different natures of space-time of two inertial frames due to relative motion bring about, it may be 

possible only in the case of the existence of an absolute rest frame that is distinguished from two 

inertial frames. However, in the condition that the principle of relativity holds, the physical phenom-

ena occurring in the two inertial frames must be perfectly equivalent, and the equivalence of the 

metric, and the homogeneity and isotropy of the space on which they are based must be guaranteed. 

The problem of contraction of lengths of bodies moving with relativistic velocities is still an open 

problem and requires more sophisticated investigation [40,41]. In this regard, it must be taken into 

account that the length contraction has not been fully verified experimentally and is, in all respects, a 

result which the assumption about the unified space-time produces. There is no absolute reason to 

accept the concept of relativistic length. As a whole, the results of the relativistic transformation show 
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that the postulates of STR are incompatible with each other. 

It should be noted that in the context of the discussion concerning the validity of the underlying 

postulates of the theory of relativity, there have been attempts to fundamentally change the theory of 

relativity. First, it should be noted that there are attempts to argue the validity of Lorentz’s theory of 

relativity in the consistent interpretation of experimental results and to resurrect this theory [10,42-

44]. Ives in the 1930s, Builder in the 1950s, Ruderfer in the 1960s, Prokhovnik, Mansouri and Sexl 

developed a theory of relativity equivalent to STR based on the ether. In the 1990s, the works of 

Cavalleri, Selleri, and others based on the ether was of interest. 

In connection with this new research trend, we need to consider the historical change in the 

understanding of the ether theory. Einstein, coming up with STR in 1905, denied the existence of the 

ether as a medium of light propagation, and by the Michelson-Morley experiment, the ether theory 

was finally declared inappropriate. Einstein was therefore recognized as a destroyer of the ether con-

cept. On the other hand, in 1909 Lorentz postulated the existence of the ether in the paper “The Theory 

of Electrons” and established a theory of relativity equivalent to Einstein's theory, in which both the 

time delay and the length contraction are explained. Interestingly, we should note that Einstein aban-

doned his negative attitude towards the ether and developed his vision of the ether from the 1920s to 

1955 until his last. This is because his general theory of relativity (GTR) required a preferred refer-

ence system. In his opinion, the ether is an entity that permeates the whole space, and both the elec-

tromagnetic field and gravitational field represent its states. According to his book “Mein Weilbild” 

published in 1934, Einstein wrote the term “total field” instead of the ether, explaining the concepts 

of space, ether, and field. Anyhow, this fact suggests that Einstein accepted the concept of the ether 

[45]. 

The recent researches provide a broad view of Lorentz and Poincaré invariance by proposing 

other formulations of relativity theories which can explain the four-dimensional symmetry, although 

they do not postulate the universal constancy of the speed of light. These non-Einsteinian relativity 

theories lead to a new understanding of the true nature of the postulate regarding the one-way speed 

of light. Furthermore, such theories show how the essential components of relativity should be con-

sidered from a new angle. In view of these trends suggestive of a new possibility of the future rela-

tivity theory, it is worthwhile to review new formulations of relativity theory both theoretically and 

experimentally [46-48].   

These historical facts emphasize that the ether-based theory of relativity is not insignificant and 

that it is reviving in a new manner today when the fallacies of STR are being discussed [49,50]. In 

fact, the accepted notion of physical vacuum in terms of quantum field theory and quantum gravity 

gives a convincing explanation. The existence of the ether, whatever concrete forms may be, is con-

firmed to be not groundless, in that there are recent observations of the Webb redshift and the ultra 

high energy cosmic rays, and the modified relativity models that were presented to justify them 

[49,50]. However, STR, which contradicts the ether theory, still remains unchanged. 

STR underlies particle physics, but researches in the recent years provide a strong motivation to 

explore new departures of the Lorentz invariance both from the theoretical and the phenomenological 

sides. In the theoretical aspect, the idea that Lorentz invariance might be only an approximate in the 

case of low-energy symmetry of nature among many other symmetries suggests the necessity for the 

corrections related to a certain high-energy scale to the standard relativistic dynamics [16,50]. Since 

Lorentz symmetry is one of the most fundamental symmetries of nature, the possibility of its violation 

was a serious theme of intense investigation in the recent years [50-53]. 

Einstein asserted the constancy of the speed of light in vacuum for any observer, which amounts 

to concluding the absence of any preferred reference frame. But GTR needs a preferred reference 

frame. This shows that GTR is not commensurable with STR. Meanwhile, GTR inherits the idea for 

the unified space-time of STR. The postulates of STR are based on the concept of a flat space-time 

ontology, while GTR for gravity is established in curved space-time [54]. If STR is invalidated, GTR 

naturally is nullified, because GTR was established with the help of an deductive method based on 
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the idea for the unified space-time of STR. GTR uses classical potentials as the potential involved in 

the time component of space-time. It is not reasonable that classical potential is required to obtain 

relativistic results. In particular, the fact that here the absolute magnitude of potential rather than the 

relative magnitude of one is required implies an ambiguous aspect of GTR. 

Thus, the theory of relativity has some problems to be solved from logical, mathematical, and 

physical points of view. They are the principle of relativity, the principle of the constancy of the speed 

of light, the generality of the Lorentz transformation, and the physical paradoxes that theory cannot 

neglect. Moreover, STR cannot be considered to have completely solved problems in relativistic elec-

trodynamics. The physical interpretation of relativistic mass is still a matter of debate. Also, some 

researchers are discussing the question of whether the principle of relativity in electrodynamics is 

necessary and can be applicable. 

On the other hand, there has been a growing interest in the research to elucidate the connection 

between the two important fields of modern physics, i.e., the theory of relativity and quantum me-

chanics, or to unify both sciences [55-59]. Some researchers have shown that the concept of ether 

could play a key role in the unification of the theory of relativity theory and quantum mechanics 

[53.60.61]. Meanwhile, the attempts to find the essence of relativity in the nature of interactions, not 

in the unification of space and time, have also attracted attention [62-64]. 

In our opinion, the study of the theory of relativity should address the following questions. First, 

the validity of the fundamental postulates of STR, second, the generality and accuracy of the Lorentz 

transformation, and third, the possibility of constructing the relativity theory based on physical cau-

sality. Based on the consideration of such problems, we aim to propose an alternative theory of rela-

tivity based on the interaction of field quanta. The field quanta we talk about are the virtual material 

entities that form a preferred inertial system where the velocity of propagation of interaction is con-

stant, and that mediate all physical interactions. If relativistic phenomena are completely explained 

without paradox, based on the concept of it, then we must believe in the existence of the very entity 

which serves as the medium of light propagation. Experimental and theoretical studies to confirm the 

existence of the ether and the preferred inertial systems associated with it are being more activated 

recently [26,34,65-69]. The motivation for such studies is not accidental, and the results of the studies 

provide evidence in support of the ether theory. Our study is concentrated on showing that it is pos-

sible to construct a new theory of relativity that can explain the essence of relativity based on ontol-

ogies, not on geometry of space-time, and that our perspective has a realistic value. 

The remaining paper is organized as follows. In Sect. 2, we analyze the Minkowski space and 

the Lorentz transformation. In Sect. 3, we review physical consequences of STR. In Sect. 4, we de-

scribe the theory of relativity based on the universal quantum. In sect. 5, we explain experiments on 

the speed of light, based on a preferred reference frame. In Sect. 6, we describe relativistic electrody-

namics, based on a preferred reference frame. In Sect. 7, discussion is given. Finally, in Sect. 8 con-

clusions are drawn. 

 

2. Mathematical analysis of special theory of relativity 

 

2.1 Minkowski space 

 

We shall revisit the Minkowski space and the Lorentz transformation to review the mathematical 

foundations of STR. To begin with, let us consider whether the Minkowski space is a real vector 

space. In STR, the relativistic invariant is the interval between events. An event is represented by a 

vector component (x, y, z, ict) in a four-dimensional Minkowski space consisting of time and space. 

In the theory of relativity, the interval between events is defined as the length of a four-dimensional 

vector. Then, the four-dimensional vector must be represented by four basis vectors orthogonal to 
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one another. According to the postulate of the constancy of the speed of light, the relativistic invari-

ance describing the propagation of a light wave in two inertial frames can be expressed as 

02222222222 =−++=−++ TcdZdYdXtczyx .                 (2.1) 

The above equation is a mathematical expression for the postulate of the constancy of the speed of 

light that the speed of light is the same in any two inertial frames in spite of their relative motion. Of 

course, for the Lorentz transformation, this relativistic invariance is satisfied, so that the idea for the 

unification of space and time was introduced. 

Let us analyze the geometric relationship between two four-dimensional space-time vectors. The 

interval between two events expressed by time and spatial variables is represented as 

( ) ( ) ( )  2/1
2

12

2

12

2

12

2

12

2

12 )( zzyyxxttcs −−−−−−−= .               (2.2) 

Since we consider the interval between events as the length of a space-time vector, the space-time 

vector in the complex space can be defined as 

( ) iz, iy,ix,ctx= , .                           (2.3) 

The interval between events amounts to the length of the difference between two four-dimensional 

space-time vectors, so is represented by the self-scalar product as 

( ) ( )( ).121212 xxxx −−=s  

This coincides with Eq. (2.2), so the definition of space-time vector, Eq. (2.3) is correct. 

Another definition of space-time vector ( ) z y,x,ict= ,x  does not essentially alter the content of 

the former definition, as shown by Eq. (2.3). Therefore, we shall use the latter notation, ( ) z y,x,ict= ,x , 

in the conventional way in future descriptions. A four-dimensional vector should be represented by 

four basis vectors orthogonal to one another and Eq. (2.1) should be invariant for the rotation trans-

formation of these orthogonal bases. Let us analyze the geometric relationship between 

( )ict z, y,x,=x  and ( )icT Z, Y,X,=X  underlying the Lorentz transformation. For the two vectors, 

the relation 

( ) ( )XXxx =                               (2.4) 

should hold. Then for the four-dimensional vectors x  and X , the following linear transformation 

should hold: 

.xX A=                                 (2.5) 

First, let us consider whether the four-dimensional space-time is a space represented by orthog-

onal basis vectors. For a coordinate system 𝐾 at rest, the unit vectors is expressed as  

( )tyyx eeee ,,,=E                               (2.6) 

and the unit vectors in the moving coordinate system 𝐾′, 

  ( ).,,, tyyx eeee =E                              (2.7) 

Denoting the matrix of the linear transformation A  of the basis vectors by A, the transformation 

relation between the basis vectors becomes 

,EE A=                                (2.8) 

( ) ( ) ( ) .,,,,,,,,, Aeeeeeeeeeeee tyyxtyyxtyyx == AAAA           (2.9) 

Now, let us consider the basis vectors of four-dimensional space-time based on the Lorentz 

transformation. According to the Lorentz transformation, we have the following relation. 

.//,//,// zzyyxx eeeeee                         (2.10) 

This means that the basis vectors representing the spatial components of the two space-time vectors 

are not rotated. Eventually, since the spatial coordinate axes do not rotate, it turns out that the basis 

vector of the time component does not rotate. Thus, we confirm that te  is parallel to te . 

But in fact the unit vector of time is inconceivable and the rotation of the time coordinate axis 

does not make sense. This means that the Lorentz transformation does not describe the rotation of 
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two space-time vectors. It is also clear from the definition of vector that the four-dimensional vector 

( )ict z, y,x,=x  is not a true vector. The space-time vector is represented by use of the basis vectors 

as  

( ).,,, ictzyxictezeyexe tzyx =+++=x                     (2.11) 

Thus, the Minkowski space is a linear space defined in complex space. 

For three vectors zyx ,,
 
in this space, the scalar product must satisfy the following axioms of 

vector: 

( ) ( )

( ) ( )

( ) ( ) ( )

( ) number, real positiveor  zero:,4

,,,3

2

1

xx

zyzxzyx

yxyx

xyyx









+=+

=

=

,,λ

,,


                 (2.12) 

where 𝜆 is a complex number, and the bar notation indicates a complex conjugate number. Defining 

the axiom 1◦ as ( ) ( )xyyx ,, =  leads to the direct contradiction to the other axioms. 

If the axioms of the scalar product 2◦ and 4◦ hold, then for any complex number 𝜆, it follows 

that ( ) ( )xxxx ,, 2 = , and setting i=  results in ( ) ( )xxxx ,, −= . This violates the axiom 4◦ 

as the norm axiom. 

The square of the interval between events ( ) ( ) ( ) ,)(
2

12

22

12

2

12

2

12 ttczzyyxx −−−+−+−  which 

is regarded as the square of the length of a vector, corresponds to the case where axiom 1◦ is defined 

as 

( ) ( ).,, 332211 xyyx =++++= nn yxyxyxyx   

In this case, it is clear that the interval between events does not satisfy the norm axiom. However, if 

we define the scalar product as 

( ) ( ),,, 332211 xyyx =++++= nn yxyxyxyx   

the norm axiom is satisfied. In fact, in this case the square of the interval between events is given as  

( ) ( ) ( )212

22

12

2

12

2

12 )( ttczzyyxx −+−+−+−  

in terms of ( )xxx ,
2
= , so that the norm axiom is satisfied. But this is inconsistent with the mathe-

matical expression for the principle of relativity, i.e., the expression for the interval between events 

( ) ( ) ( ) .)(
2

12

22

12

2

12

2

12 ttczzyyxx −−−+−+−  

Thus, the interval between events cannot be regarded as the length of a vector, and thus we can 

see that the geometry of the four-dimensional space-time based the interval between events is not 

correct from its starting point. 

 

2.2 Derivation of Lorentz transformation in terms of symmetric matrix 
 

Unlike the previous methods, we will derive the Lorentz transformation from the mathematical 

point of view. This derivation is helpful to understand the mathematical starting point of the Lorentz 

transformation. 

Suppose that one inertial frame K  is at rest and that another one K   moves at speed V in the 

direction of -x axis. As usual, the coordinate systems of the two inertial frames are set such that one 

axis coincides with the corresponding axis and the other two axes are parallel to the corresponding 

axes. The space and time coordinates in the stationary coordinate system are tzyx ,,, , and the space 

and time coordinates in the moving coordinate system are TZYX ,,, . The -y axis and -Y axis, 

and -z axis and -Z axis are parallel, respectively, so that for the motion in the direction of -x axis, 

we can set 
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., ZzYy ==  

Let us assume that for both inertial frames, the following relation of linear transformation holds. 

,




+=

+=

acTbXct

bcTaXx
                           (2.13) 

where the second expression of Eq. (2.13), which describes the time-coordinate dependence, is by no 

means natural and is essentially an important assumption. This assumption leads to the notion of 

relativity of the simultaneity. The linear transformation relation (2.13) can be expressed in the matrix 

form as follows. 

.















=









cT

X

ab

ba

ct

x
                           (2.14) 

As shown above, the linear transformation matrix is put in the form of a symmetric matrix. In fact, to 

be a linear transformation preserving the length of vectors, the transformation matrix must be unitary, 

and if the unitary matrix is real, its inverse matrix must be the transposed matrix. By Eq. (2.13), for 

the origin of the moving inertial frame the following relation holds. That is, 

.
c

V

a

b

ct

x
==                                 (2.15) 

 

Let us determine the coefficients ba, . According to the postulate of the constancy of the speed 

of light, we can determine these coefficients. By Eq. (2.13), the differentials of time and coordinate 

are expressed as 

.




+=

+=

acdTbdXcdt

bcdTadXdx
                            (2.16) 

 

This relation is rewritten as  

( )
( ) ( )

.




+=

+=

cTadbdXctd

cTbdadXdx
 

The above expression is expressed in the form of matrix as 

( ) ( )
.















=









cTd

dX

ab

ba

ctd

dx
                        (2.17) 

Calculating the squares of the differentials, respectively yields 

.
2

2

2222222

222222







++=

++=

dTcaabcdXdTdXbdtc

dTcbabcdXdTdXadx
                    (2.18) 

The postulate of the constancy of the speed of light in vacuum leads to the following result. 

.

1

1
2

2

22

2

22222

22222

22

2












=

=
++

++
=

dTc

dX

dTcaabcdXdTdXb

dTcbabcdXdTdXa

dtc

dx

                   (2.19) 

We modify Eq. (2.19) as  

( ) ( )
.

0

0

222

22222222







=−

=−+−

dTcdX

dTcacbdXba
                      (2.20) 

Combining these two equations, we get 

.122 =−ba                                  (2.21) 

Expressing Eq. (2.21) in the form of  
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22

2 1
1

aa

b
=−                                  (2.22) 

and taking into consideration Eq. (2.15), we obtain 

,

1

1

2

2

c

V
a

−

=                                  (2.23) 

2

2

1
c

V

c

V

b

−

= .                                 (2.24) 

As a result, the transformation relation between the systems K  and K   can be expressed in 

the form of matrix as 

,

00

0100

0010

00











































=





















cT

Z

Y

X

c

V

c

V

ct

z

y

x





                       (2.25) 

where, .

1

1

2

2

c

V
−

=

 

Expressing Eq. (2.25) in the form of an algebraic expression, we have 

.

1

1

2

2

2

2

2



















−

+

=

=

=

−

+
=

c

V

X
c

V
T

t

Zz

Yy

c

V

VTX
x

                              (2.26) 

The inverse transformation is 

.

00

0100

0010

00











































−

−

=





















ct

z

y

x

c

V

c

V

cT

Z

Y

X





 

The algebraic expression for this is 
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.

1

1

2

2

2

2

2



















−

−

=

=

=

−

−
=

c

V

x
c

V
t

T

zZ

yY

c

V

Vtx
X

                              (2.27) 

Eqs. (2.26) and (2.27) are nothing but the Lorentz transformation. Thus, we can see that if the trans-

formation matrix is supposed to be a symmetric matrix, the Lorentz transformation is obtained. 

Whether the Lorentz transformation is consistent can be evaluated by considering the relation with 

the Galilean transformation. 

If the Lorentz transformation is an exact general space-time transformation, it should include the 

Galilean transformation as its special case which corresponds to the nonrelativistic case. In the non-

relativistic case of 𝑐 ≫ 𝑉, the Lorentz transformation is expressed as 

.

2 












−=

=

=

−=

x
c

V
tT

zZ

yY

VtxX

 

In the fourth expression of the above equations, the term x
c

V
2

 cannot be ignored, since x  can have 

any size [70]. Therefore, we confirm that tT  . Obviously, the Lorentz transformation does not in-

clude the Galilean transformation as its special case. This disproves the correctness of the Lorentz 

transformation, as it does not satisfy the general relation between the physical theories that a new 

physical theory must include the corresponding old physical theory supported by experimental evi-

dence as its special case. Every new physical theory is justified only when it has passed this test, 

called the correspondence principle, but STR is not watertight in this respect. 

 

2.3 Unitarity of Lorentz transformation 
 

Let us consider whether the Lorentz transformation is a unitary transformation. For the interval 

between events to be invariant, Eq. (2.3) for the scalar product of the space-time vector in both inertial 

frames should hold. By Eq. (2.4), Eq. (2.3) becomes 

( ) ( ) ( )( ).,, *
xxxxXX, AAAA

T
==                          (2.28) 

Hence, the linear transformation A must be unitary. For this relation to hold, the unit vectors of space-

time must be represented by orthogonal bases. Equation (2.28) shows that the transformation from 

one inertial frame to another corresponds to the orthogonal transformation of the space-time coordi-

nate system. Thus, if the Lorentz transformation is a unitary transformation, then the Minkowski 

space is meaningful, but if not, the Minkowski space is meaningless. The Lorentz transformation  
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


















−

−

=

=

=

−

−
=

2

2

2

2

2

1

1

c

V

x
c

V
t

T

zZ

yY

c

V

Vtx
X

 

can be expressed in matrix form as 

.

00

0100

0010

00











































−

−

=





















ct

z

y

x

c

V

c

V

cT

Z

Y

X





                       (2.29) 

Or, in complex representation, we have 

. ,

00

0100

0010

00











































−

=





















ict

z

y

x

c

V
i

c

V
i

icT

Z

Y

X





                      (2.30) 

where 

2

2

1

1

c

V
−

= . If the Lorentz transformation is an orthogonal transformation, the inverse 

of the transformation matrix 























−

−

=





00

0100

0010

00

c

V

c

V

A  

should be the transposed matrix. That is, 

.

00

0100

0010

00

1























−

−

==−





c

V

c

V

AA T
 

Thus, the following relation must hold. 

.IAAAA TT ==  

Meanwhile, according to the transformation relation (2.29), we immediately identify 

.1 IAAAA T =−
 

Also, according to the transformation relation (2.30), the following result  
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( ) .*1 IAAAA
T
=−  

is also obvious. Here I is the identity matrix. Thus, the Lorentz transformation does not satisfy the 

requirement for orthogonal transformation. Thus, we conclude that the Lorentz transformation matrix 

is not unitary. This shows that the invariance of space-time length as the mathematical expression for 

the postulate of the principle of relativity does not make sense. 

This fact may be explained briefly as follows. By Eq. (2.17), the matrix of the Lorentz transfor-

mation is expressed as 

.







=

ab

ba
A  

For this transformation to be a unitary transformation, the following relation should be satisfied. 

.)( * I
ab

ba

ab

ba
AA T =
















=  

To do so, the following relations must hold  

.
0

122





=

=+

ab

ba
                              (2.31) 

The solution of Eq. (2.31) is 1,0 == ba  or 0,1 == ba . This corresponds to the following ma-

trices. 

.
10

01
 ,

10

01
,

01

10
,

01

10









−

−
=








=









−

−
=








= AAAA  

These matrices indicate the independence of space and time, not the unification of space and time. 

This fact shows that we cannot obtain Lorentz transformation if we require unitary properties for the 

transformation matrix. 

 

2.4 Interval between events and geometry of relativity 
  

Let us consider what the invariance of the interval between events as the starting point of the 

theory of relativity means. The interval between events in a moving inertial frame and the interval 

between events in an inertial frame at rest are respectively expressed as 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )
.

2

12

2

12

2

12

2

12

22

12

2

12

2

12

2

12

2

12

22

12







−−−−−−−=

−−−−−−−=

ZZYYXXTTcS

zzyyxxttcs
              (2.32) 

According to the geometry of relativity, the intervals between events in the two inertial frames are 

the same. That is, 

.2

12

2

12 Ss =  

Of course, if time and space are absolute, the intervals between events defined above are the same. 

Now, let us consider whether a transformation of space-time such that the interval between 

events is invariant is possible. The space interval in a stationary system can be expressed using the 

time taken for the interaction to propagate as 

( ) ( ) ( ) ( ) ,
2

12

2

12

2

12

2

12

2 zzyyxxttc −+−+−=−                 (2.33) 

where 2t  is the time when the interaction which started to propagate from 111 ,, zyx  in space at time 

1t  is supposed to have reached 222 ,, zyx  in space.  

Likewise, the space in a moving inertial frame can be represented expressed by use of the time 

of propagation of the interaction as  

  ( ) ( ) ( ) ( ) .
2

12

2

12

2

12

2

12

2 ZZYYXXTTc −+−+−=−                 (2.34) 

Here, .2T  is the time when the interaction which started to propagate from 111 ,, ZYX  in space at time 
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1T  is supposed to have reached 222 ,, ZYX  in space. 2t and 2T  were used to denote the length in 

space by use of the length of time. Equations (2.33) and (2.34) are mathematical expressions for the 

postulate of the constancy of the speed of light. 

Combining Eqs. (2.33) and (2.34), we obtain 

( ) ( ) ( ) ( ) .
2

12

2

12

2

12

2

12 TTTTtttt −−−=−−−                   (2.35) 

In view of the homogeneity of time, the interval between events should not depend on how the initial 

time of time is chosen. Thus, without loss of generality we can take the initial times in both reference 

frames as the same. That is, 

  .11 Tt =                                    (2.36) 

Then Eq. (2.35) becomes 

( ) ( ) ( ) ( ) .
2

12

2

12

2

12

2

12 tTtTtttt −−−=−−−                     (2.37) 

Eq. (2.37) is expanded as 

.2222 112

2

2

2

21212

2

2

2

2 tTtTTTtttttt +−−=+−−                   (2.38) 

Eq. (2.38) is rewritten as 

( ) ( ) .22 122

2

2

2

2122

2

2

2

2 tTTTTttttt −+−=−+−                    (2.39) 

By arbitrariness of 𝑡1 selection, the zero-order and first-order coefficients with respect to 𝑡1 must 

be zero, respectively, for the above equation to be an identity. Thus, the following relations are ob-

tained. 

.
2222

2

2

2

2

2

2

2

2





−=−

−=−

TTtt

TTtt
                            (2.40) 

 

From the above relations, we obtain  

,2222 TTtt +=+                              (2.41) 

and, finally, combining the two relations: 

  ,
2222

2222





+=+

−=−

TTtt

TTtt
                            (2.42) 

we get 

.
22

22





=

=

Tt

Tt
                                 (2.43) 

Thus, we arrive at  

.1212 TTtt −=−                                (2.44) 

To obtain this result, we took into consideration the fact that we can take arbitrarily the initial 

times in two reference systems according to the homogeneity of time, and used the proposition of the 

theory of relativity that the velocity of light and the interval between events in the two inertial frames 

should be equal. By the way, it follows that for the intervals between events in two inertial frames to 

be equal, time intervals in two inertial systems must be the same, and thus time is absolute. From this, 

we draw the natural conclusion that in order for the intervals between events to be equal, the intervals 

in space must be the same. That is 

( ) ( ) ( ) ( ) ( ) ( ) .
2

12

2

12

2

12

2

12

2

12

2

12 zzyyxxZZYYXX −+−+−=−+−+−        (2.45) 

This means that for any two reference frames, the spatial length of the event is the same. 

If Eqs. (2.44) and (2.45) hold, then it follows that for both reference frames the relativity of time 

and space is meaningless, and therefore the space and time are absolute. This shows that intervals 

between events are the same only if intervals of time and space in two inertial frames are equal, 

respectively. Eventually, it should be concluded that it is meaningless to find the relativistic transfor-

mation of space-time from the requirement that the space-time interval should be invariant for any 

two inertial reference frames. 
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2.5 Existence of generalized relativistic transformation of space-time 

 
It can be shown by general mathematical considerations that the postulate of the constancy of 

the speed of light and the principle of relativity are not compatible. STR requires that the coordinate 

systems of two inertial frames are set in a specific way. Thus, the two axes of coordinates must coin-

cide, and the x-axis must be taken in the direction of motion. In fact, this particular approach has been 

a critical issue for many researchers due to the lack of generality. We can introduce coordinate systems 

in any way for two inertial systems to study the laws of physics. There is no physical condition for 

the axes of any two coordinate systems to be necessarily coincident or parallel. For a coordinate 

system that is set in an arbitrary way, a universal law must be established. From this point of view, if 

the theory of special relativity is correct, relativistic transformation relations and reasonable results 

should be obtained for the two coordinate systems set in an arbitrary way. It is important to consider 

whether we can obtain a general Lorentz transformation for two coordinate systems set in a general 

way. If not, STR does not have generality. 

Now, based on the idea for the unification of space and time, we shall consider the linear trans-

formation of two inertial systems in a general way. Assuming the homogeneity and isotropy of space 

and time, the transformation relation between the two coordinate systems must be the following linear 

transformation relation. 

.

44434241

34333231

24232221

14131211













+++=

+++=

+++=

+++=

cTaZaYaXact

cTaZaYaXaz

cTaZaYaXay

cTaZaYaXax

                      (2.46) 

Here, we do not present the specific requirement of setting the coordinate axes of the two inertial 

frames, and take the coordinate system in a general way and assume the form of the general transfor-

mation relation. It should be noted that if we adopt the same method for setting coordinate systems 

as do when deriving the Lorentz transformation and assume the one-way velocity dependence of 

space-time, the transformation matrix becomes the Lorentz transformation. The space-time transfor-

mation relation of the form of Eq. (2.46) is a generalization of the Lorentz transformation. 

Since the velocity of the origin of the moving coordinate system is V , from Eq. (2.46) the 

following relations must hold. 

,
44

14

c

V

a

a

ct

x x==                               (2.47) 

,
44

24

c

V

a

a

ct

y y
==                               (2.48) 

.
44

34

c

V

a

a

ct

z z==                               (2.49) 

The linear transformation relation between two inertial systems can be represented in the form 

of matrix as 

.

44434241

34333231

24232221

14131211









































=





















cT

Z

Y

X

aaaa

aaaa

aaaa

aaaa

ct

z

y

x

                     (2.50) 

We denote the matrix of the linear transformation in Eq. (2.50) by 
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



















=

44434241

34333231

24232221

14131211

aaaa

aaaa

aaaa

aaaa

A

 
and introduce the following matrix representation: 

.Xx A=  

First, we denote the velocity of light in two inertial frames to determine the matrix elements of 

the linear transformation A. By Eq. (2.46), the relation for the square of the differentials of the space-

time coordinates can be written as 

( )

( )
( )
( )

.

ddddd

ddddd

ddddd

ddddd

2

44434241

22

2

34333231

2

2

24232221

2

2

14131211

2

TcaZaYaXatc

TcaZaYaXaz

TcaZaYaXay

TcaZaYaXax

+++=

+++=

+++=

+++=

                   (2.51) 

The expansions of Eq. (2.51) are given by 

,dd2dd2

dd2dd2dd2dd2

ddddd

14131412

1312141113111211

222

14

22

13

22

12

22

11

2

TZcaaTYcaa

ZYaaTXcaaZXaaYXaa

TcaZaYaXax

++

++++

++++=

             (2.52) 

,dd2dd2

dd2dd2dd2dd2

ddddd

24232422

2322242123212221

22

24

22

23

22

22

22

21

2

TZaaTYaa

ZYaaTXaaZXaaYXaa

TaZaYaXay

++

++++

++++=

             (2.53) 

,dd2dd2

dd2dd2dd2dd2

ddddd

34333432

3332343133313231

222

34

22

33

22

32

22

31

2

TZcaaTYcaa

ZYaaTXcaaZXaaYXaa

TcaZaYaXaz

++

++++

++++=

            (2.54) 

.dd2dd2

dd2dd2dd2dd2

ddddd

44434442

4342444143414241

222

44

22

43

22

42

22

41

22

TZcaaTYcaa
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Since the velocity of the origin ( )0,0,0 === ZYX  of the moving inertial system is V , we obtain  
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
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=

=

=
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                                (2.56) 

and  

.
d

ddd
2
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2
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2

24

2

14

2

222
2

a

aaa

t

zyx
V

++
=

++
=                      (2.57) 

Now, we use the postulate of the constancy of the speed of light to determine the elements 

of the linear transformation matrix. By the postulate of the constancy of the speed of light, the 

light velocity for any direction must satisfy the following relations 
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(2.58) 

   ,1
d

ddd
22

322

=
++

Tc

ZYX
                             (2.59) 

where the coefficients of the differential terms  XYTTZZYYXXXYTTZZYYXX BBBBBAAAAA ,,,,,,,,,,  

are represented by the elements of the transformation matrix. 

Combining Eqs. (2.56) and (2.57) yields the following equations for the coefficients of the dif-

ferential terms. 
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                 (2.60) 

Thus, ten equations for matrix elements are given. On the other hand, given that the linear transfor-

mation matrix must be unitary, the transformation relation (2.50) must be symmetric as follows. 

.

44342414

34332313

24232212

14131211









































=





















cT

Z

Y

X

aaaa

aaaa

aaaa

aaaa

t

z

y

x

                         (2.61) 

The number of independent matrix elements in Eq. (2.61) is 10. On the other hand, the following ten 

equations are given by the requirement that the linear transformation matrix should be unitary. 
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To determine the elements of the transformation matrix, this system of equations must be coupled to 

the system of equations (2.60). Thus, the equations for matrix elements are 20. Meanwhile, the num-

ber of equations in Eqs. (2.60) and (2.62) is more than the number of variables (the number of matrix 

elements). In this case, the solution of the equation in general does not exist. 

As a special case, let us consider the case where 03424231312 ===== aaaaa   and 

13322 == aa . This case corresponds to the case of the Lorentz transformation. Then the transfor-

mation relation between the two inertial systems is 
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From Eq. (2.60) for the postulate of the constancy of the velocity of light, the following relations 

must hold 
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On the other hand, by Eq. (2.62), the following relations must hold 
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Combining Eqs. (2.63) and (2.64), the equations for matrix elements are given as 
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We obtain 111 =a  by the first and fourth equations and 144 =a  by the second and fifth equations. 

By the third and sixth equations, we have 04414 =aa  . Thus, we get 014 =a  , and as a result, the 
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transformation matrix is  









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


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







−

−
=A  

It is clear that these transformation matrices do not account for the unification of space and time. 

Let us consider the case where the transformation relation of space-time is given by 

( ) ( )
.









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

cTd

dX
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Using this transformation relation, the squares of the differentials are calculated as follows. 
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The condition that the speed of light in both inertial frames should be the same leads to the following 

relations. 
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We now rearrange the above equation as follows. 
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dTcdX

dTcacbabcdXdTdXba
 

The following relations are obtained from the requirement that the coefficients of the same differential 

terms must be equal. 

.
0

122





=

=−

ab

ba
 

On the other hand, from the requirement that the matrix must be unitary, we have 122 =+ ba . 

Thus, the relations of the elements of the transformation matrix for satisfying the fundamental postu-

lates of STR are  
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                              (2.66) 

From the first and third equations, we have 0,1 == ba . In this case, the transformation matrix 

is 










−
=

10

01
A   or .

10

01







−
=A  

Of course, these matrices are unitary, but they have no physical meaning. Thus, if the transformation 

matrix of space-time is required to be unitary, then the Lorentz transformation cannot be obtained. 

This result contradicts the assumption about the intertwined space and time and shows that the two 

postulates of STR are incompatible. 

 

2.6 Covariance of Lorentz transformation 
 

Let us examine whether the Lorentz transformation is invariant for any two inertial systems. We 

suppose that there are three inertial frames: one inertial frame is at rest and the other two inertial 

frames move with velocities of 𝑉1 and 𝑉2, respectively, relative to the inertial frame at rest. The 
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Lorentz transformation for the first moving and the stationary inertial frames is 
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                              (2.67) 

 

From this, the matrix representation of the Lorentz transformation can be written as  
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The Lorentz transformation for the second moving inertial frame and the inertial frame at rest is 
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From this, the matrix representation of the Lorentz transformation becomes 
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By Eqs. (2.68) and (2.70), the two transformation relations can be expressed as  
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Expressing Eq. (2.71) using the inverse matrix 𝑇−1(𝑉1) as 
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And substituting it into Eq. (2.72), it turns out that 
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Now, setting 
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Eq. (2.74)  
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becomes the Lorentz transformation for the first moving inertial frame and the second moving one. 

Here, 𝑉21 is the relative velocity of the second inertial frame moving relative to the first inertial 

frame. Taking into consideration that the inverse matrix of 𝑇(𝑉1) is represented by 
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the Lorentz transformation for the two moving inertial frames is determined by 
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On the other hand, according to the principle of relativity, this transformation relation should be 

represented using the relative velocity 𝑉21 as 
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However, the right-hand sides of Eqs. (2.78) and (2.79) cannot be equal. Thus, the Lorentz transfor-

mation for any two inertial frames does not have covariance. From the above considerations, we can 

see that there does not exist a general linear transformation relation for space-time satisfying the 

principle of relativity and the postulate of the constancy of the speed of light altogether, and that the 

four-dimensional space-time geometry is devoid of real meaning. 
 

3. Physical analysis of special theory of relativity 

 

3.1 Experiments on speed of light 

 

The history of STR must date back to the initiative experiment on the speed of light, since the 

principle of the constancy of the speed of light is an important hypothesis. A most significant experi-

ment in the history of physics was the experiment performed by Michelson and Morley in 1887, 

designed to detect and quantify the light speed anisotropy supposed to be caused by the orbital speed 

of 30km/s of the Earth moving through the ether. The prevailing ontology was that reality consisted 

of an ether embedded in an unstructured static three-dimensional geometrical space, with time as a 

one-dimensional geometrical entity. The experiment used the light interferometer designed by Mi-

chelson. They reported, based on only 36 rotations, the observation of fringe shifts and inferred the 

anisotropy of the speed of light of 8-10km/s [71]. Based on an extensive analysis of the data, Miller 

reported in 1933 the experimental result assuming the existence of the ether causing an average light 

speed anisotropy of 208km/s [72]. De Witte performed a key experiment in 1991 measuring the var-

ying speed of electromagnetic waves in coaxial cables as the Earth rotated, and reported an anisotropy 

speed of 500km/s [73,74]. 
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In 1905, Einstein’s paper “On the Electrodynamics of Moving Bodies” was published [1]. In 

that paper, STR was described almost completely, and assuming the constancy of the speed of light, 

relativistic electrodynamics which has covariant form in every inertial frame, independently of the 

ether was constructed. Thus, the Michelson-Morley experiment to deny the existence of the ethers 

became the experimental basis of STR, and, based on the unified nature of space-time, an essential 

change in understanding the Newtonian mechanics and electrodynamics occurred. In the end, the 

Newtonian mechanics is a nonrelativistic approximation of complete mechanics, and the equations 

of electrodynamics are generally assumed to be ether-independent and covariant in every inertial 

frame, unlike Maxwell’s original idea that accepted the concept of ether. 

From the outset, this theory aimed to extend the principle of relativity to all fields of mechanics, 

including electrodynamics, and claimed that all inertial systems are equivalent. As a result of the 

introduction of the principle of relativistic relativity and the principle of the constancy of the speed 

of light, the discussion about the existence of the ether was acknowledged to come to an end. 

At that time, some experimental results and interpretation questioning the principle of the con-

stancy of the speed of light were known, but altogether, they were ignored or denied in the circum-

stance of general recognition of believing in the validity of STR. In the Michelson-Morley experi-

ments and later on the modern experiments with laser, it was possible to observe with very high 

accuracy the change in velocity that occurs when the Earth’s astronomical direction of motion 

changes. 

It has been confirmed repeatedly that the speed of light in vacuum is independent of the speed 

of light source. Remarkable was the experiment on the velocity of light in 1956 using light from the 

sun, a light source outside of the earth. If the speed of light depends on the motion of source, we 

would be able to detect the difference in speed by measuring the speeds of light coming from two 

points opposite the equator of the sun. However, it was no detecting the difference in speed in this 

experiment. 

In the experiment conducted in the way of comparing the times elapsed when gamma quantum 

emitted by a stationary or very fast-moving light source traveled a definite distance, it was also con-

firmed that the speed of light is independent of the motion of light sources. Thus, it seemed to have 

been finally confirmed that there was no example showing the existence of a preferred reference 

frame associated with the ether or showing the differences in the speed of light in different inertial 

frames.  

It should be emphasized, however, that these experiments are not all of the experiments on the 

speed of light. Historically, there have been proposed several experimental results showing the exist-

ence of an ether or a preferred inertial system which was assumed to be the medium of light propa-

gation. The typical experiments are the experiments of Miller in 1925, D. G. Torr and P. Kolen in 

1981, and R. De Witte in 1991 [68]. These experiments were carried out in different ways, but gave 

the same conclusion that there are the absolute motion and a preferred inertial frame. In 1925, exper-

iments with light by Miller using the Michelson interferometer ascertained the anisotropy of the speed 

of light in the Earth-observational system. He determined the absolute velocity and the absolute di-

rection of motion of the earth based on the observed data. In 1981, the experimental results of anisot-

ropy of the speed of light were also reported by Torr and Kolen [68]. 

Regarding the experiments on the anisotropy of the speed of light, the experiments which meas-

ure the speed of electromagnetic wave conducted by R. De Witte in 1991 with a cesium atomic clock 

for timing, a coaxial cable for propagating 5 MHz radio waves, and a phase comparator attracted great 

attention. This experiment continued for 178 days and as a result, showed that the wave velocity 

varied periodically according to the astronomical state of motion of the earth, and thus the wave 

velocity was anisotropic [68]. 

As another example, the speed of light certainly changes in a system with rotational motion. A 

typical example is the Sagnac effect. In the experiment which Sagnac first carried out, there was used 

a method such as splitting a beam of light by means of a combined beam splitter/interferometer on a 
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rotating disk, propagating in opposite directions along a circumference using a cable or a mirror, 

interfering them and observing the shift of the fringe pattern. That experiment showed that the veloc-

ity of light relative to the interferometer which plays the role of an observer, in case the disk rotates, 

was altered, and that the velocity of light was determined the Galilean rule of velocity addition for 

the linear speed of the disc and the speed of light. This effect is known to be the same independent of 

whether or not the phenomenon is observed in an inertial frame outside the rotating system or in the 

rotating system. Currently, this effect is widely used to measure the rotational speed of a rotating body 

by using optical methods. Using this method, experiments were carried out in 1925 by Michelson and 

Gale to measure the angular velocity of the earth. For the experiments, a tube of 2 km was installed 

and a device to determine the zero point at which the fringe pattern was moved was used. This exper-

iment also showed very good agreement with the theoretical predictions adopted for the analysis of 

Sagnac effect. Thus, it was confirmed that the principle of the constancy of the speed of light does 

not hold in the noninertial system, or, more precisely, in systems with circular motions. A similar 

experiment was carried out by Saburi in 1974 with electromagnetic waves, and the same results were 

obtained.  

The interpretation of these experiments, in fact, has not reached a consensus up to today yet. 

Some physicists argue that even if the speed of light in a system with circular motion satisfies the 

Galilean law of velocity addition, it is an experimental result in a noninertial system and therefore 

cannot affect STR which is a theory in inertial systems. However, the results of these experiments are 

not so simple because most experiments with the speed of light have been carried out in the Earth-

based reference frame, i.e., in a noninertial system. It is not possible to explain why the properties of 

propagation of light in inertial and noninertial systems are significantly different. In fact, an ideal 

inertial system does not exist in practice, and the limit of inertial and noninertial systems cannot be 

clearly settled, so it is unreasonable to assert that the cause of the change in the velocity of light is 

ascribed only to a noninertial system. It has not yet unraveled whether it is a disproof of the principle 

of the constancy of the speed of light or a phenomenon beyond the scope of STR. 

On the other hand, for the case of microwave, the superluminal tunneling of the wave packet 

was observed experimentally. Of course, the same result was obtained for a single photon and a co-

herent laser impulse. Many astronomical observations have shown that there are celestial bodies mov-

ing at a superluminal speed. Recent researches on Tachyon highlight the need to review the principle 

of the constancy of the speed of light. 

Next, recent researches that reproduce the Michelson-Morley experiment or reinterpret the re-

sults have attracted attention [25,26,29,30-34]. These experiments lead to the examination of whether 

the second postulate of STR is valid or not. The conclusion of the researches is that from the present 

view, the Michelson-Morley experiment is not the confirmation of the absence of ether, but rather is 

a clear evidence of the existence of the ether, absolute space, and absolute motion. 

The Doppler effect cannot be ruled out in the discussion on the principle of the constancy of the 

speed of light. Without the concept of the relative velocity of light source and observer, the Doppler 

effect cannot be explained. If the relative velocity of light and observer makes sense, we can never 

speak of the principle of the constancy of the speed of light. This is because the principle of the 

constancy of the speed of light means that the speed of light does not depend on both motions of light 

source and observer. The Mössbauer effect seems to be a decisive evidence indicative of the existence 

of a medium of light propagation. 

It is clear that all experiments on the speed of light do not provide a complete experimental 

foundation for the second postulate of STR. On account of this situation, it should be considered that 

all the experimental results and the interpretation of the constancy of the speed of light that were 

historically proposed still have viability. Therefore, there still remains the task to find the truth to be 

able to explain all the experiments on the speed of light both comprehensively and essentially. 

 

3.2 Physical paradoxes 
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The Lorentz transformation shows that for both observers in two inertial frames with relative 

motion, the wave front of a light wave becomes spherical or elliptic. This shows that at the cost of 

satisfying the principle of the constancy of the speed of light, it is inevitable that the requirement for 

the isotropy of space is violated. 

The problematic points of the Lorentz transformation can be summarized as follows.  

First, as a premise of the Lorentz transformation, the coordinate dependence of time is incon-

sistent in the physical aspect. This assumption states that a specific instant of time in an inertial frame 

corresponds to all instants of time in any other inertial reference frame. It can be seen from the relation 
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That is, we can express all instants of time in the moving reference system by changing the coordinate 

x in a stationary inertial frame. This is the concept of relativity of simultaneity which substantially is 

introduced by assumption and not by the confirmation by experiments. In fact, in an inertial frame 

there is no notion of relativity of the simultaneity. That is, in an inertial frame, time is independent of 

coordinates. However, time in a moving inertial system with relative motion, time is dependent on 

coordinates in a stationary reference frame and thus has multiple values by pairs of time and coordi-

nates in the stationary reference system. This means that the two inertial frames with relative motion 

provide the possibility of reading the history of different inertial frames at any one instant of time 

thanks to the coordinate dependence of time. But in an inertial frame, this spectacular possibility 

disappears. This is certainly a nonphysical result. 

Let us consider this problem in more detail. By the transformation of times in two inertial frames  
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time in a moving inertial frame depends on the coordinates of the stationary inertial frame. That is, 

the positions in the direction of motion belong to the past, and the positions in the opposite direction 

of motion belong to the future. This means that the same instant of time in a stationary inertial frame 

covers the past, present, and future in a moving inertial frame. On the other hand, if the direction of 

motion of the moving inertial system is reversed, i.e., if ,
2 








+= x

c

V
tT   the places that represents 

the past and future are replaced by each other. But in fact, time must have the property that depends 

only on the magnitude of the relative velocity, not on the direction of motion of the inertial system. 

This is because the space is isotropic and the relationship between any two inertial frames should 

depend only on the relative velocity. This relation can be expressed in general as  

( ) .xVtT r +=                              (3.3) 

Here, rV  is the relative velocity of the two inertial frames, as expressed as absolute values. Then, 

x  and x−  correspond simply to changing the direction of the coordinate axis, so the times at x  

and x−  must be equal. Thus, the following relations:  

( ) ,xVtT r +=                              (3.4) 

( )xVtT r −=                               (3.5) 

must hold. From the above two expressions, we have ( ) .0=xVr  Furthermore, from the arbitrari-

ness of x  , it follows ( ) .0=rV   Eventually, it is a contradiction to assume the coordinate 
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dependence in the relation of time transformation between the two inertial frames. 

Next, the reference system of space and time adopted to derive the Lorentz transformation is not 

general. The possibility of setting up coordinate systems in a general way in two inertial frames is a 

prerequisite for obtaining a general law relating to two inertial frames. However, in STR, two coor-

dinate systems must be taken such that the three coordinate axes are necessarily coincident or parallel. 

Thus, it is clear that the results obtained using coordinate systems chosen in a special way cannot be 

of generality. 

Next, the Lorentz transformation changes the space-time metrics of two inertial frames, thus 

violating the fundamental requirement for the homogeneity and isotropy of space-time in inertial 

frames. If a given theory has any one unexplained paradox, it cannot be recognized as a perfect theory. 

In this sense, the theory of relativity is not a complete theory. 

Let us consider how STR gives results incompatible to physical reality. According to the principle 

of relativity, for two inertial systems with relative motion, the question of whether an inertial system 

is considered a stationary inertial system or a moving inertial system should have no effect on results 

which have to be obtained. The principle of relativity states that any two inertial frames are equivalent. 

If two synchronized clocks are located at each of two inertial frames, respectively, time would elapse 

equally in the both clocks. This is because the two inertial systems obey the same physical law by the 

principle of relativity, thus being equivalent systems that are not physically distinct. 

In mechanics, the Galilean principle of relativity holds strictly. However, when we try to apply 

the principle of relativity to electrodynamics, we encountered difficulties because Maxwell’s equation 

is not covariant with respect to the Galilean transformation. STR aims to solve this problem. STR 

introduced the principle of the constancy of the speed of light and used the Lorentz transformation 

which describes the relativity of space and time to ensure that the Maxwell equation is covariant in 

all inertial frames. However, the introduction of the Lorentz transformation leads to the result that the 

two inertial reference frames are not equal in space and time. That is, depending on the relative ve-

locity, the scales of space and time in any two inertial frames change.  

In this case, the following question is raised. Although according to the principle of relativity, 

inertial frames are equivalent, why do space and time of two inertial frames differ by relative motion? 

Whether an inertial frame is considered to be in rest or to be in motion is merely a choice of observers 

that can be arbitrarily done under the condition of the absence of absolute space. Then the question 

arises why this changes the objective nature of the space and time of inertial frames. In fact, for one 

inertial system, we can think of an infinite number of inertial systems with different relative velocities. 

How should we understand the fact that the characteristic of space and time in an inertial frame under 

consideration varies depending on which of a great number of inertial frames is chosen as a stationary 

inertial frames? In fact, for an observer in STR, the direction of motion has a special qualification. To 

derive the Lorentz transformation, a coordinate system of the stationary inertial frame and another 

coordinate system of the moving inertial frame must be fitted in a specific way. That is, one axis must 

coincide and the others must be parallel. This is not a generality and is a factitious condition. In fact, 

the relationship of space-time between two inertial frames should not depend on ways of setting up 

the coordinate systems in the two inertial frames. 

Considering the scale ratios of the space-time coordinates of the two inertial frames, it can be 

seen that the Lorentz transformation breaks the symmetry of space-time. According to the Lorentz 

transformation, the ratios of the coordinate and time axes are 
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From the equation with respect to time of Eq (3.6), if we synchronize the times when the origins of 

the two inertial frames coincide, we have the following relation for the times in the two inertial frames: 
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The ratios of space-time scales of two inertial frames are determined by 
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The above relation clearly shows that the Lorentz transformation is a transformation that breaks 

the symmetry of space-time. The change of length scale occurring only in the direction of motion 

results in the breakdown of the isotropy of space. Definitely, the ratios of scales in the y- and z-axes 

are 1, but the ratio of scales in the x-axis is greater than 1. Meanwhile, the ratio of scales of time is 

less than 1. From the first and fourth expressions of Eq. (3.8), the following relation holds: 

( ).VtxtXT −=                                (3.9) 

This shows that the product of time and length in both inertial frames is constant. This relationship 

shows that the Lorentz transformation transforms the isotropic scale in an inertial frame into the ani-

sotropic one in another. In this connection, it should be noted that there are infinitely many inertial 

frames that can be considered stationary for one inertial frame. In this case, the question is raised as 

to how to determine an inertial frame at rest. This gives an odd logic that the space-time properties of 

an inertial system essentially depend on the presence of observers. In order that the theory of relativity 

is logically consistent, at least the proper time and the proper length should not depend on the relative 

velocity of the two inertial frames. However, they also vary with relative velocity. This is not con-

sistent with our intuition and is not logical. 

According to the Lorentz transformation, a spherical wave in a stationary inertial frame becomes 

an ellipsoidal wave in a moving inertial frame [74]. Conversely, if we change the relative relations of 
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rest and motion according to the principle of relativity, then the relation between a spherical and an 

ellipsoidal wave front is reversed. This contradicts the principle of relativity that the physical laws in 

inertial systems must be the same. 

It is a usual intuition that the motion is relative, and therefore that only when the space-time 

scales in both inertial frames are equal, the physical laws in the two inertial frames would be identical. 

However, the Lorentz transformation is contradictory to this fact. Transformed time is uniform, but 

transformed space is anisotropic. The reason is that the transformation must satisfy the principle of 

the constancy of the speed of light. Eventually the isotropy of space is destroyed by the principle of 

the constancy of the speed of light. This shows that the principles of the constancy of the speed of 

light and of relativity are incompatible. 

Next, let us consider the rule of relativistic velocity transformation. The Lorentz transformation 

shows that space and time are not independent and are intertwined with each other. From the Lorentz 

transformation 
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and the inverse transformation 
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we can see that the relative velocities viewed from the two inertial frames are not relativistic. That is, 

the relative velocity is the same in a stationary or moving inertial frame. This is possible only if they 

have homologous properties, even if time and space are relativistic. That is, only if space and time 

increase or decrease at the same rate, their ratio would have relativistic invariance. 

From the Lorentz transformation, the differentials of time and space are 
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Dividing the first expression of Eq. (3.10) by the fourth one yields the following relativistic rule of 

velocity transformation. 
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This is different from the nonrelativistic rule of velocity transformation .VXx +=  

We shall show another result that are different from the relativistic rule of velocity transfor-

mation considering in a different way. Suppose both observers are stationary in two inertial frames, 

respectively. The relationship between times measured by the both observers is not the time relation 

of Eq. (3.10), but the same as  
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In fact, since the observer in the moving inertial frame is stationary in the inertial frame, we must 

consider dX  to be zero in Eq. (3.10). On the other hand, the relationship between the displacements 

of the moving body observed in the two inertial reference frames is 
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To obtain the relationship between the velocities in the two inertial frames, the ratio of the time 

and displacement determined by the two observers, respectively must be calculated. Equation (3.11) 

is valid for the case of using the time of the clock set at each point of the inertial frame in motion, not 

the time of the observer in the inertial frame in motion. We only need the clocks that the two observers 

have, since we are interested in the speed which the two observers determine, respectively. 

Dividing the both sides of Eq. (3.13) by the both sides of Eq. (3.12), respectively, we have 
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Thus, we obtain the following rule of velocity transformation. 

,VXx +=  

where x  is the velocity determined by the observer in the stationary inertial frame and X  is the 
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velocity determined by the observer in the moving inertial frame. Thus, the relative velocity is 

VXx =− . In the case of using the inverse transformation, we have 

.VxX −=−  

This is in good agreement with the fact that the relative velocities in both the Lorentz transformation 

and its inverse transformation are the same. This means that the relative velocity of the two inertial 

frames is determined according to the Galilean rule of velocity addition. In fact, by Eqs. (3.12) and 

(3.13) the scales of time and space should increase or decrease at a same rate. Therefore, the velocity 

is constant. Eventually, the Galilean rule of velocity addition also is maintained in the relativistic case. 

The same is true for light. According to the above equation, the expression is expressed as  

.Vcx +=                               (3.14) 

This fact shows that the Galilean rule of velocity addition holds for light. This result that is funda-

mentally different from the relativistic rule of velocity transformation shows that the principle of the 

constancy of the speed of light which is the basis of the Lorentz transformation is contradictory. 

Let us consider an example of applying the relativistic rule of velocity transformation to light. 

The principle of the constancy of the speed of light is satisfied, since according to the Lorentz trans-

formation, in the case of c
dT

dX
X == , we have 

.

1
2

c

c

V

V

dt

dx

X

X
x =

+

+
==




                           (3.15) 

On the other hand, in the case of cY = , we have 0=X , and thus the following relation 

holds 
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Also in the case of cZ = , we have 0=X , and thus the similar relation holds. That is, 
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Thus, when in a moving inertial frame, light travels with the velocity c in the direction of y-axis or z-

axis, the its speed in the stationary inertial frame is less than c. Consequently, the speed of light varies 

with direction, and thus the principle of the constancy of the speed of light does not hold true.  

This reflects the fact that in a moving inertial frame, time elapses uniformly in all directions, but 

space is anisotropic. As inferred from the Lorentz transformation, in a stationary inertial frame, the 

space is isotropic, while in a moving inertial frame, it is anisotropic. On the other hand, if we replace 

the relative relations of rest and motion by each other, then the space of the inertial system in motion 

is isotropic, but the space of the inertial system at rest is anisotropic. This is not compatible with the 

principle of relativity and violates the initial assumption about the homogeneity and isotropy of space. 

Next, let us consider the Lorentz transformation in the sense of relative velocity. For both refer-

ence frames K  and K  , the space-time variables are tx,  and TX , , respectively. Suppose that 

K  is stationary and K   moves. Then the relative velocity of light and the moving reference frame, 

viewed in the system K , is Vc − . It is usual to expect that this relative velocity is the velocity of 
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light in the moving reference frame. 

The velocity of light in the reference system K  is determined by the relativistic transformation 

of this relative velocity by 
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Thus, for an observer in the reference frame at rest, the velocity of light with respect to a moving 

reference frame can vary arbitrarily with the velocity of the moving reference frame, but for an ob-

server in the moving reference frame, the velocity of light always is c. 

Next, let us consider the problem in the case of replacing the roles of the reference frames re-

garding rest and motion. By inverse transformation, the velocity of light in the system K  is 
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Thus, the relative velocity of light and the inertial system K  in the system K  is Vc + , but the 

velocity of light in the inertial system K  is always c , irrespective of the relative velocity. It is a 

contradiction that in one reference frame the concept of relative velocity is meaningful for light, but 

in another reference frame with relative motion it is not meaningful at all. 

It is necessary to physically consider the concept of the time delay. When the principle of rela-

tivity is adopted, the time delay must be relative. Inertial reference frames are equivalent, so if there 

is the time delay due to relative motion, it must appear equally for both inertial frames. For that reason, 

we cannot explain the essence of the time delay. By simply considering mathematically, we can show 

that the time delay in the sense of relativity is contradictory. From the Lorentz transformation 
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the time difference at the same position in any two inertial frames is represented as 
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That is, 
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Similarly, using the inverse transformation  
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the time interval at the same position in two inertial frames can be calculated. By Eq. (3.21), the 
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relationship between the time intervals in the two inertial frames is expressed as 
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By the principle of relativity, the relations between the time intervals in two inertial frames  
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should be mathematically identical. However, we clearly can verify that these relations are incompat-

ible. Substituting Eq. (3.24) into Eq. (3.23) yields  
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which is true only when  
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This is a contradiction, however, because the speed of light is finite. This is a mathematical expression 

for the twin paradox, which remains in fact still an open question. 

The concept of the proper time also is not correct. The proper time should be related only to an 

individual inertial system. However, the proper time in an inertial system moving at velocity V rela-

tive to a stationary inertial frame t
c

V
T −=

2

2

1  depends on the relative velocity of the two iner-

tial frames, and therefore, it has not an intrinsic property, but a relative property related two inertial 

systems. The relative velocity of two inertial frames is arbitrary, so the concept of the proper time is 

meaningless. 

The same can be said about the length contraction. From the Lorentz transformations 
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we obtain relations such as  
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by replacing the relative relations of motion and rest for two inertial systems according to the principle 

of relativity. 

Eq. (3.28) leads to the conclusion that the relation 
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should hold. These results raise the question of what the relativity of space-time is. Einstein’s special 

theory of relativity asserts the principle of relativistic relativity which extends the principle of rela-

tivity beyond mechanical phenomena to electromagnetic ones. Since inertial reference frames are 



 
 

33 
 

equivalent by the principle of relativity, the physical phenomena must occur equally in all inertial 

reference frames. This is impossible without the invariance of space-time scales in any both inertial 

frames. However, the relativistic transformation makes the natures of space and time of any two in-

ertial frames different by changing the space-time scales of the two inertial frames. To satisfy the 

principle of relativity, inertial reference frames must be equivalent from the point of view of the uni-

formity and isotropy of space and time. However, the Lorentz transformation violates the requirement 

for the uniformity and isotropy of space and time. Therefore, the Lorentz transformation does not 

satisfy the principle of relativity as another fundamental postulate of this theory. 

Let us consider the case of applying the Lorentz transformation continuously. Imagine an inertial 

system moving at a certain speed, with respect to a stationary inertial frame. We suppose a number of 

virtual inertial frames ( NiKi ,,2,1; = ) that partition the velocity of this inertial frame. Then let us 

assume that the velocity iV  of the system iK  relative to the system 1-iK  has the following rela-

tion with the velocity V . 
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Equation (3.30) follows from the fact that the relative velocities are identical. In fact, according to the 

Lorentz transformation, the relative velocities of any two inertial frames are the same. Generalizing 

this fact, we arrive at the conclusion that all relative velocities are invariant in any inertial frame. 

For convenience, we can express the Lorentz transformation in the matrix form as follows. 
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is represented as 
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From Eq. (3.31), the continuous implementation of the relativistic transformation such as 
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It is clear that for the Lorentz transformation matrix, the following relation must hold. That is 
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But it is obvious that this relation cannot be established by the transformation matrix (3.34). In fact, 

since 
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Eq. (3.35) does not hold. The above discussion shows that the Lorentz transformation is contradictory. 

Finally, let us review STR in terms of the phase of light waves, the number of crests or troughs 

of waves, or the number of wave segments corresponding to a period. It is clear that the phase of light 

waves in all inertial frames must be invariant. This means that the relativistic transformation does not 

affect the number of crests or troughs of light waves. In this condition, the wavelength and period 

must be increased or decreased with the same ratio to maintain the constant speed of light during 

relative motion. However, comparing the scale ratios of time and length based on the Lorentz trans-

formation, it follows that the wavelength and period must be inversely proportional. That is, from Eq. 

(3.9) we have  

.txTX =                            (3.37) 

It is clear that for the relativistic transformation, the invariance of phase and the same number of 

crests or troughs of a wave observed in both inertial frames must be ensured. Consider whether this 

fact is guaranteed by Eq. (3.37). Multiplying Eq. (3.37) by c, we have 

,tcxTcX =                            (3.38) 

,NxNX =                            (3.39) 

where   is the wavelength in a moving inertial frame and   the wavelength in a stationary inertial 

frame, and N the number of wave segments determined by a period. It follows that from Eq. (3.39), 
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and by the condition of equality of the number of wave segments observed from the reference systems 
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With Eqs. (3.40) and (3.41), we arrive at 

.22 = NN                            (3.42) 

Thus, we obtain the result that denies the length contraction: 

.=                                 (3.43) 

This means that in a relativistic transformation the phase is not invariant, and the numbers of crests 

and troughs vary. This is clearly a contradiction. Eventually, the Lorentz transformation seems to 

satisfy the principle of the constancy of the speed of light, but violates the requirement that the phase 

in both inertial frames should be invariable. 

Let us discuss the problem of relativistic covariance of the Maxwell equations. In a stationary 

inertial frame, the Maxwell equation for electromagnetic waves, by setting 0,0 == j , are written 

as 
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By performing a series of mathematical operations on Maxwell’s equations, we can obtain the fol-

lowing wave equation: 

.0
2

2

00 =



−

t

E
E                             (3.45) 

This equation is the result obtained for a stationary system in which the Maxwell equations hold. It 

is natural to expect that if we do not know the Lorentz transformation, the result may be different for 

other reference systems in motion. 

For a moving inertial system and a stationary inertial system, we have the following Galilean 

transformation. 
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Taking into account these transformation relations, we can obtain the wave equation in the moving 

inertial system. By the relationships between the derivatives with respect to coordinate and time in 

two inertial systems:  
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Laplacian in a stationary inertial system: 
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is transformed with respect to space and time variables of a moving inertial frame into 
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On the other hand, in a stationary inertial frame, 
2

2

t


 is transformed with respect to the space 

and time variables of the moving inertial frame into 
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Thus, the standard wave equation in the stationary inertial frame is expressed in terms of the variables 

in an inertial frame in motion as  
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This equation is different from the wave equation in the inertial frame at rest (3.45). Eventually, Eq. 

(3.51) shows that any propagation process of a single light wave is observed differently in the two 
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inertial frames, and that the speed of light varies with the velocity of an observer relative to the inertial 

frame at rest. In a word, the laws of electrodynamics are not invariant with respect to the Galilean 

transformation. 

We can use the Galilean transformation as a nonrelativistic approximation of the Lorentz trans-

formation. Then the wave equation must be Eq. (3.51). This means that in the nonrelativistic approx-

imation the principle of the constancy of the speed of light does not hold true. However, Eq. (3.51) 

should be considered as a correct approximation, as long as the Galilean transformation is accepted 

as a nonrelativistic approximation. If so, it means that at least in the limit of nonrelativistic approxi-

mation the speed of light is not constant. Meanwhile, it means that if the principle of the constancy 

of the speed of light is absolute, there cannot be the nonrelativistic approximation of electrodynamics. 

This is because since the principle of the constancy of the speed of light is in absolute position, there 

cannot be an approximation that does not guarantee this principle. However, it is logically inconsistent 

that it is not possible to think of nonrelativistic approximations related to the relative motion of an 

observer. 

Thus, it is worthwhile to think about whether the Maxwell equations are covariant for all inertial 

frames. In other words, the question is whether for all inertial systems the requirement that the wave 

equation for the same light wave should be expressed in a covariant form as  
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is correct. This means that the observed wave phenomenon is completely independent of observers’ 

motions. In this sense, the principle of relativistic relativity and the principle of the constancy of the 

speed of light are not independent, but are closely related to each other. In fact, Einstein’s principle 

of relativity was assumed and has not yet been completely verified. Our study shows that adopting 

the principle of relativistic relativity, which advocates the covariance of physical laws, is by no means 

self-evident and does not guarantee the construction of consistent theories.  

Now let us consider in detail the four-dimensional vector of the electromagnetic field. The four-

dimensional vector is expressed as 

,,,, 4321 tzyx icaaaaaaaaa ===== 
 

where, ticaa =  is understood in the same sense as the time denotation ict= . Then the Lorentz 

transformation between the four-dimensional vectors is represented as 
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According to the geometry of relativity, the following relationship of invariant holds for the quantity 

representing the length of this four-dimensional vector. That is, 

.2222 invariantaaaa zyx =+++   

By the Lorentz condition, we obtain the expression 
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Hence, we introduce a four-dimensional vector potential 
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c
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 ,AA . Then, by the axiom of rel-

ativity, the length of the four-dimensional vector potential is expressed as 
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In the end, the relation between the scalar potential and the vector potential must be given as  

,2 += Ac  

where,   is a constant. If  is supposed to be zero, the scalar potential is expressed as 

.Ac=                                 (3.58) 

Eventually, the scalar potential is equivalent to the magnitude of the vector potential. According to 

this relation, the relationship between the scalar potential and the vector potential is not independent. 

This is physically inconsistent. 

The same is true for the case of the four-dimensional current density. From the current continuity 

equation 
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we obtain the expression:  
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According to the four-dimensional geometry of relatvity, we have the relation. 

.222222222 constcjjjjjjj zyxtzyx =−++=+++   

This leads to the relationship between the current density and the charge density. 

,2 += jc  

where,   is a constant. Setting   as zero, we obtain the relation  

,jc =  

which is physically inconsistent. Thus, it follows that we cannot view the 4-vector as a vector. 

The same is true for the space-time vector. Its length is given by the definition of the four-di-

mensional geometry of relativity as  

.22222 consttczyx =−++  

This relationship was derived from the fact that for any two inertial systems the equation for the front 

of light wave has the same form as follows. 
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This means that every observer with relative motion views a spherical wave as the spherical wave 

whose center is at self. Thus, in connection with this problem, we are faced with a contradictory result, 

namely, a spherical wave with different centers. This shows that the geometry of relativity is 
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contradictory. 

By the Lorentz transformation, the relationships between the components of a vector potential 

in the two inertial frames are represented as 
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Since for the intensity of electromagnetic field E  and the magnetic induction B , the relations  
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hold, in the case of two inertial frames with relative motion the following transformation relations 

hold. 
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Of course, if we adopt the Lorentz transformation, the laws of electrodynamics have relativistic 

invariance. Instead of obtaining the law of electrodynamics being covariant, the quantities of the 

electromagnetic field are viewed as being not independent, and thus as being mutually intertwined. 

In other words, the electric field and the magnetic field have relative characteristics related to refer-

ence frames. According to STR, we express equations of physics in a four-dimensional form, and 
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determine the four-dimensional vector from it, and assume that it is a relativistic invariant by the 

Lorentz transformation. Thus, relativistic results based on the unification of space and time are ob-

tained, which is an error, as shown by Eqs. (3.57) and (3.58). 

From the above discussion, it follows that the Maxwell equations and the standard wave equation 

have meaning only in a preferred inertial frame and change into a different form in another inertial 

frame moving relative to that inertial frame. In conclusion, it should be considered that the principle 

of relativity is not valid in electrodynamics. 

 

4. Theory of relativity based on universal quantum 

 

4.1 Assumptions of universal quantum  
 

We assume the universal quantum to formulate an alternative theory of relativity without re-

course to STR. This purports that the newly presented theory of relativity has a different genesis from 

STR and GTR. 

∙We assume that the universal quantum is an entity that constitutes the universe and that the 

physical vacuum is also a physical entity made up of universal quanta. The universal quantum is not 

only a matter that forms the world, but also a matter that mediates physical interactions and can con-

tain energy. We shall call this original quantum of the universe the cosmon briefly, as A.  Martin did 

[76,77]. In the end, the universal quantum, that is, the cosmon is the quantum of the ether and thus 

gives concrete contents of the concept of the ether. In this sense, the ether-based system, that is, the 

absolute system will be referred to as the cosmonic system. In this light, reference systems are clas-

sified into the cosmonic system and non-cosmonic systems, and not into inertial system and nonin-

ertial one. All reference systems moving relative to the cosmonic system are the non-cosmonic system, 

whether they accelerate, or move uniformly. It is assumed that the species of matter particles are 

determined by the kind and the number of cosmons, their structure and the energy involved. 

∙ We assume that the cosmon has the following properties. There are two kinds of cosmons. One 

is a positive cosmon and the other is a negative cosmon. Two kinds of independent free-state cosmons 

are coupled by pairing, which is very strong but unstable. The bond is easily broken and thus free 

cosmons are generated. These pair annihilation and pair generation occur constantly. This process 

leads to strong coupling of the cosmonic system on the one hand and to free motion of cosmons on 

the other hand. By means of coupled cosmons, a system of cosmons is similar to an ideally elastic 

body with strong tension. The cosmonic system exhibits a strong tension by coupling, while cosmons 

of uncoupled states always travel at the universal speed of light c with respect to the cosmonic system. 

The number of cosmons traveling in any direction at each point in a homogeneous cosmonic system 

is the same. Therefore, the free-state cosmons in the cosmonic system can be viewed as an ideal gas 

consisting of particles with the universal speed of light c. 

∙We assume that a matter particle is composed of a definite number of cosmons, and the energy 

that the matter particle possesses is the localized energy that the combined cosmons have when form-

ing the particle. Mass is determined by the number of cosmons and the energy possessed by the cos-

mons. When cosmons with localized energy are combined and form a complex structure, it becomes 

a matter particle, and if a partial system of cosmons has nonlocal energy, it becomes a gravitational 

wave or an electromagnetic wave. The motion of a body is regarded as the transfer of localized energy 

from a part of the cosmonic system to another due to the pair annihilation and pair generation.  

∙We assume that the cosmonic system produces the tension determined by the gradient of the 

cosmon density. Since a matter particle is formed by the packing of cosmons in a definite space, the 
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cosmon density inside a body becomes dense and the cosmon density outside of the body gets more 

dilute than that in field-free space. As the distance from the body increases, the cosmon density out-

side of the body gradually increases and as a result, approaches the cosmon density in field-free space. 

 

4.2 Probability of interaction, universal quantum density, and effective time of 

interaction 
 

With the advent of STR, the ether theory, which assumed the existence of a medium of light 

propagation, had been negated, but today this theory is being revived with a more advanced form by 

researchers pursuing realistic theories. We believe that if there is the ether, it should be an entity that 

exhibits both gravity and electromagnetic fields, as Einstein thought. The argument about the ether 

was in the past, but today many physicists recognize the concept of the ether as a necessary and 

realistic concept to resolve the problem essentially. The fact that Einstein also came back to the ether 

theory in the 1920s and maintained that view until his end suggests that the ether theory is not en-

tirely groundless. 

Despite a contradictory fact, the breaker of the ether theory needed a preferred reference frame 

with equivalent meaning to the concept of the ether to build the general theory of relativity that is an 

extension of the theory of special relativity. In addition, Dirac, in his paper in 1951, shared the ideas 

of Einstein, and described the problems of quantum electrodynamics. In the 1980s, particle physicists 

T. D. Lee, V. F. Weisskopf, and J. D. Bjorken showed an idea for the ether relevance in the modern 

gauge field theory [46,78]. The ether theory is based on the idea that there is a medium of light prop-

agation and that there exists a preferred inertial system connected with it. 

The existence of the ether is quite reasonable from the point of view of quantum field theory and 

elementary particle theory. If there is the ether, the physical action of the field is related to the ether. 

The maximum speed of propagation of the interaction in the ether is the light velocity c. If we think 

of a world of field quanta with such physical properties, it is a system of the cosmons. In the sense of 

the cosmon, we claim the principle of the constancy of the speed of light. This is equivalent to the 

fact that in acoustics the velocity of sound waves on a medium is constant. In a reference frame fixed 

to a medium, the velocity of propagation of acoustic waves is constant independently of the motion 

of the source, but in a reference frame moving relative to the medium the velocity of propagation of 

acoustic waves depends on the velocity of the reference frame. For the propagation of light, the ether 

is similar to the medium of sound wave. 

It is natural to assume that the action of cosmons on a body is represented by the probability of 

interaction depending on the relative velocity of a body and the cosmonic system, if the cosmon is 

not only a constituent particle of matter but also a mediator of interaction. If the velocity of interaction 

propagation is infinite, the interaction will not depend on the relative velocity of a body to the cos-

monic system. A moving body which cosmons with the finite velocity c exerts a force on in a preferred 

reference system can exhibit the characters of velocity-dependent interaction. 

As the relative velocity of a body and a cosmonic system increases, the effectiveness of the 

interaction decreases. On the other hand, the effectiveness of the interaction increases with the high 

cosmon density, since the cosmon is the mediator of the interaction. The effective cosmon density, 

which represents the total effectiveness of the interaction, is assumed to be proportional to the product 

of the cosmon density and the probability of the interaction. That is, 

( ) .PVeff V =                               (4.1) 

Here   is the cosmon density and VP  is the probability of interaction associated with the motion 

of the body. We shall call VP  the velocity-dependent probability of interaction. 

First, let us consider the velocity dependence of the probability of interaction. As a body moves, 

the relative velocity of body and cosmon in the direction of motion of the body changes with quanti-

ties related to Vc −  and Vc +  , respectively. Then, the frequencies of the interactions between 
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cosmon and body in both cases can be expressed respectively as 

( ),VcfV += ++                              (4.2) 

( ),VcfV −= −−                              (4.3) 

where V is the instantaneous velocity. +  and −  are constants corresponding to the cosmons 

moving in opposite directions, respectively. The probability that a pair of bound cosmons is to be 

generated to form the moving body must be given as the product of the frequencies of two cases with 

different relative velocities. Hence, the probability of interaction is expressed as the geometric aver-

age of the frequencies of both cases. That is, 
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This relation concludes that the velocity of motion of a body cannot exceed the speed of light as the 

maximum speed of interaction propagation.  

In the case of 0=V , we have ( ) cV =0P . Thus, the above expression is written as 
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Since ( ) 10P =V , the probability of interaction is simplified as 
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Thus, we have obtained the expression for the velocity-dependent probability of interaction. 

Next, we define the effective cosmon density, 
eff , as 

( ) ( ).P VV Veff  =  

Since the quantity of matter must be conserved, the effective cosmon density should be conserved 

during motion. That is, 

( ) ( ) .P constVV V =  

Thus, as the velocity-dependent probability of interaction is lowered, the density of cosmons as the 

source of matter should be increased. Considering the relation  
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and ( ) 10P =V , we get the cosmon density 
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Therefore, the velocity dependence of the cosmon density has been determined. If the probability of 

interaction is low, the physical process generally gets slower. Due to the finiteness of the propagation 

velocity of interaction, the effect of action on a moving body depends on the velocity. This effect 

characterizes the rate of a real physical process, so we define as the effective time of interaction the 

equivalent time that specifies the effectiveness of the interaction. 

In determining the relationship between absolute time and effective time, one must reflect the 

fact that the velocity of a body in a cosmonic system cannot exceed the velocity of interaction prop-

agation. It should be described that the effective time of interaction in the cosmonic system is the 

absolute time, and as the velocity of the body approaches the speed of light, the effective time of 

interaction approaches zero. 

Essential for the effective time of interaction is that it is the time taking into account the proba-

bility of interaction. The effective time can be considered to be proportional to the velocity-dependent 
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probability of interaction and the time in a cosmonic system, i.e.,  

( ) ( ) .P tVVT V                              (4.7) 

The effective time of interaction decreases with increasing speed, as seen in Eq. (4.7). The time in a 

non-cosmonic system becomes the effective time of interaction. Therefore, the effective time of in-

teraction can be defined as  

( ) .1
2

2

t
c

V
VT −=                          (4.8) 

Since velocity in general varies with time, the relative relation between times must be expressed by 

the differential relation 

.1
2

2

dt
c

V
dT −=                             (4.9) 

This shows that the effective time of interaction for a body moving relative to the cosmonic system 

is shorter than the absolute time of interaction in the cosmonic system. This means that in a non-

cosmonic systems the force must be exerted for longer time than the time in the cosmonic system to 

produce the same kinetic effect (change of velocity). In other words, the higher the speed of motion, 

the greater the force needed to accelerate a body. This is explained by the increase in the cosmon 

density due to the increase in velocity, and consequently by the increase in the mass of a body. 

The effective time of interaction in the cosmonic system becomes the absolute time. Therefore, 

the reference for evaluating relativistic time consists in the cosmonic system. As an extreme case, if 

a body moves almost at the speed of light relative to the cosmonic system, the effective time of inter-

action approaches zero. The analysis based on the effective time of interaction is more realistic than 

the analysis of STR that the higher the relative velocity, the longer the proper time in the moving 

system, and does not give any paradox. However, formally, the mathematical expression of the effec-

tive time of interaction is the same as that of the proper time of STR. 

For a moving body, there exists the maximum velocity of interaction propagation, so that there 

is the effective time of interaction that can be considered as the effects of the time delay given by 

STR. This can be interpreted as the essence of the time delay as a relativistic effect. If an observer 

with a clock moves relative to the cosmonic system, the effective time of interaction the clock indi-

cates has a real meaning in considering the physical processes that occur in the observer’s reference 

frame. 

In a reference system moving relative to the cosmonic system, the time variation must be ex-

pressed in terms of the effective time of interaction which is the actual time that determines the phys-

ical processes in the moving system. Note that the concept of the effective time of interaction does 

not result from the relativity of any two identical inertial frames, but from the relation that holds for 

a reference frame moving relative to the cosmonic system. Therefore, the effective time of interaction 

is not only significant for inertial systems but also for noninertial systems where the velocity varies. 

In this sense, in the theory of relativity based on the effective time of interaction, relativity is not a 

matter of the unified space-time in two inertial frames, but the matter of the relation between dynam-

ical effects in the cosmonic system and in any reference frame moving relative to the cosmonic system. 

Finally, our theory of relativity has the potential to extend beyond the range of inertial systems to 

noninertial systems. 

 

4.3 Equation of motion in terms of universal quantum density  
 

We shall derive the equation of motion by taking into account the velocity dependence of the 

cosmon density. The force acting on a body causes a change in the state of motion of the body, which 

in turn causes a change in the cosmon density in the body. The gradient of the density created acts as 

a force opposite to the body that exerts a force. The magnitude of the force acting on a cosmon is 
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assumed to be proportional to the gradient of the cosmon density due to the change of the state of 

motion of the body. That is, 

.gradfc=f                              (4.10) 

In the direction of motion of a body, Eq. (4.10) is reduced to 
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In view of the velocity dependence of the cosmon density, we can calculate as follows. 
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where we have used the relation of differential 
dt

d

dx

dt

dx

d
 = . Multiplying both sides by the number 

of cosmons constituting the matter particle yields the force acting on the point of mass. That is, 

.

1

2/3

2

2

2

00

0 a

c

V

cNc
fNF

f









−

==

−
                         (4.12) 

Here, setting 2
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−= cNcm f  , we have ( ) .
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We shall call 0m the rest mass. Then, the relativistic mass ( )Vm  depends on the velocity of the body. 

The rest mass 0m can be interpreted as follows. By rewriting the definition of the rest mass as

00

2

0 Nccm f = , the rest mass is an indicator of the energy of the cosmons forming a physical object. 

The quantity 
0fc  is the energy that a cosmon has for the normal cosmon density. This fact is clearly 

explained by 

.0000 
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fdx
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f
c f ===                      (4.13) 

From this, 0fc can be interpreted as the energy that a cosmon possesses when its ambient density is 

0 . Thus, 2

0

−cc f   is the mass of a cosmon and 2

00

−cNc f   is the rest mass of body. 

Also, it is possible to interpret the relativistic mass. From the following relation  

,

11

2

0

2

2

2

00

2

2

0 −

−

=

−

=

−

= cNc

c

V

cNc

c

V

m
m f

f



                   (4.14) 

it can be seen that the number of the cosmons that form a body is constant, but as a result of the 

motion, the velocity-dependent probability of interaction is lowered, so the cosmon density involved 

in the body increases. Thus, as the number of cosmons coupled to the body is increased, the mass of 

the body increases. This gives a reasonable explanation of the nature of mass. 
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By introducing the concept of mass, we can express Eq. (4.12) for relativistic forces as follows. 

.
 

1

2/3

2

2

0

dt

d

c

V

m V
F









−

=                           (4.15) 

This is the relativistic equation of motion. From the equation of motion (4.15), it can be seen that in 

the nonrelativistic approximation, the equation of motion are the same for all reference systems mov-

ing with constant velocity relative to the absolute rest system, i.e., the cosmonic reference system. 

This signifies the principle of relativity in classical mechanics. 

Let us obtain another form of the relativistic equation of motion by calculating  
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The above derivative with respect to time is calculated as  
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By taking the scalar product of V  with the both sides of the above expression, we get the following 

result. 
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Thus, we obtain 
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Multiplying the both sides by 0m , we get 
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Combining Eqs. (4.15)와 (4.17), we find 
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Putting 
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= , we identify the relations 
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This shows that the concept of the cosmon produces exact relativistic formulae. In addition, Eq. (4.18) 

draws the crucial conclusion that all inertial reference frames are not equivalent. In fact, according to 

Eq. (4.18) all inertial reference systems are distinguished by its relative velocity with respect to the 
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cosmon system. This fact directly demonstrates that the principle of relativity is an approximation 

relation. 

Equation (4.18) shows that a body accelerates when force is applied. Meanwhile, this means that 

another body that exerts a force on the body is subjected to the same magnitude of force due to the 

gradient of the cosmon density. This is the content of Newton’s third law, the law of action and reac-

tion. This law is relativistic and does not involve approximation. From Eq. (4.11), it can be seen that 

if a body performs uniform motion, the gradient of cosmon density due to its motion does not occur, 

and thus the body does not experience any force from the cosmonic system. That is, the body main-

tains its state of motion. Thus, the content of Newton’s first law has been explained. But this result 

shows that every inertial system is distinguished by relative velocity to the cosmonic system as the 

preferred reference system. Consequently, the principle of relativity presuming the equivalence of all 

inertial reference frames loses its meaning. 

In the nonrelativistic approximation, Eq. (4.19) becomes 

.0aF m=                              (4.20) 

This is nothing but the description of Newton’s second law based on the notion of the cosmon. Finally, 

all Newton’s laws have been explained. Ultimately, it is revealed that the cosmon-based mechanics 

is the generalized theory of mechanics that involves the Newtonian mechanics as its nonrelativistic 

case, and the relativistic mechanics is no other than the very mechanics itself based on the cosmon. 

 

4.4 Relativistic mechanics based on effective time of interaction 
 

Applying the concept of the effective time of interaction corresponding to the proper time, we 

can derive the same relativistic dynamic relations as STR gives. Let us consider the problem of 

whether the proper time is physically valid. The proper time, which is the time of an observer comov-

ing with a moving object, must be independent of the presence of an observer in the stationary coor-

dinate system. However, the proper time depends on the relative velocity of the two reference frames. 

This situation results in different proper times for all inertial frames distinguished by relative veloci-

ties. Finally, all inertial frames are distinguished by their proper time. It can be shown briefly that for 

any two inertial systems, the proper time defined as such is contradictory. All inertial frames are 

equivalent, so for two inertial frames the rest and motion are relative. Thus, for two inertial systems, 

one choice of rest and motion results in dt
c
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1−=  , while the other choice gives 
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1−=  . From these two relations, it follows that dT
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1  , and thus we have 

0
2
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=
c

V
. But this is impossible. This shows that the concept of the proper time is inconsistent. Since 

the effective time of interaction is associated with the relative velocity of a body to the cosmonic 

system, we do not encounter such a contradiction that the proper time gives in relation to relativity. 

Since we deal with free particles, the Lagrangian consists of only kinetic energy and therefore 

can be considered as a constant. The relativistic action for a dynamical system can be taken as in STR 

as 
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V
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where dt  is the time in a cosmonic system and dt
c

V
2

2

1−
 
is the effective time of interaction in a 

non-cosmonic system. Then compared to the nonrelativistic Lagrangian, the relativistic Lagrangian 

is written as 
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Since this is the same as the Lagrangian of STR, it is clear that all the dynamic relations, as obtained 

in STR are derived. That is, in the case of energy, taking into consideration  
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we obtain the relativistic energy, which is the same as the result of STR,  
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Another expression for energy is given as 
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For the momentum, taking into consideration 
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On the other hand, by calculating the work done for a particle, we can find the relativistic kinetic 

energy of the particle. The energy that is carried out for a particle per unit time is expressed as 
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Substituting the relativistic momentum into the momentum of the above equation yields 
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where it is an important starting point to assume that relativistic relations also hold in noninertial 

systems. On the other hand, we have 
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Therefore, we obtain  
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Since the work performed is equal to the kinetic energy increased, i.e.,  

,dEdA=  
the derivative of the performed work with respect to time can be expressed as the derivative of the 
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derivative of kinetic energy with respect to time is, 
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Integrating the above expression over time, we get 
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If the velocity at the initial moment is zero, then ( ) ( )0EtEK −=  is the kinetic energy. Therefore, 

the kinetic energy is 
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Thus, it has been demonstrated that relativistic dynamics can be built based on the cosmonic reference 

system. The relativity we say here means not the relativity related to any two equivalent inertial 

frames, but the relativity in the sense of the motion relative to the cosmonic reference system. In fact, 

the meaning of the relativistic energy relation in STR is ambiguous. This is because the relativistic 

relation is a relativistic relation for arbitrary two inertial systems. This shows that there is no criterion 

of motion in STR, even if the upper limit of velocity as the universal speed of light is given. This 

upper limit only represents the constraint on the relative movement of equivalent inertial systems, so 

cannot offer any reference for the whole system requiring the addition of relative motions. 

Next, to interpret the meaning of the effective time, we consider the following four-dimensional 

velocities, expressed using the effective time,  
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These components of velocity have a real meaning. For example, the relativistic velocity xV  can be 

interpreted as follows. Since the time that has a real meaning in a non-cosmonic reference system is 

the effective time of interaction dt
c

V
dT

2

2

1−=  when the displacement dx  occurs, the change in 

the actual state of motion must be expressed as the ratio of the displacement to the effective time 

dT

dx
Vx = . Then the following relation holds. 
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Using the above relation, let us consider the components of the so-called four-dimensional momen-

tum as follows. 
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The sum of squares of the momentum components is 
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            (4.39) 

From this, we obtain 
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and arrive at the same relativistic energy relation as shown in Eq. (4.24). That is, 

  .42

0

222 cmpcE +=                            (4.41) 

However, this is not a new independent result. This is because this result only gives the formal rela-

tions of the previously obtained results (4.23) and (4.25). From Eq. (4.40), it follows that the sum of 

the squares of the four-dimensional momentum components is a relativistic invariant in terms of the 

effective time of interaction.  

However, the four-dimensional momentum is not a vector in the true sense. This is because it 

does not satisfy the most important axiom of vector whose length must have positive real values. In 

fact, Eq. (4.39) is not a self-scalar product of a vector giving the length of the vector. Therefore, Eq. 

(4.39) does not satisfy the relation of the real vector, and only gives a formal relation. 

Thus, our theory of relativity gives relativistic results of the same form as what STR gives. 

Eventually, we have demonstrated that without depending on the idea for the unified space-time, we 

can construct a unified theory of mechanics that can explain relativistic effects reasonably, based on 
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the concept of the effective time of interaction. 

It is remarkable that the effective time of interaction is in accord with the mathematical expres-

sion of the proper time in STR. However, the effective time and the proper time are essentially dis-

tinguished in the physical sense. The difference is that the proper time is determined by the relation-

ship between any two inertial systems, while the effective time of interaction is determined by the 

relation between the cosmonic reference system and a non-cosmonic reference system. In the case of 

the proper time, it is related to any two inertial systems so that each inertial system has a distinct time 

and thus it is not possible to set a reference of time for many-body system. However, for the effective 

time of interaction, the reference of time and the relativity of inertial systems have a clear meaning. 

The time reference consists in the cosmonic system, and the relativity is determined by the relative 

motion with respect to the cosmonic system. 

 

4.5 Relationship of relativistic velocity with effective time of interaction 
 

Let us consider the velocity observed in the cosmonic system and the relative velocity observed 

in a non-cosmonic system. We believe that relativistic effects are independent of space and dependent 

only on time. It is shown that Eqs. (4.31)-(4.33) giving relativistic velocities implicitly assume that 

the spatial scale is independent of the relative velocity of reference frames. In fact, these equations 

give the ratio of the displacement in the stationary coordinate system to the time in the moving coor-

dinate system, and therefore do not have a physical meaning. For the equations to have physical 

meaning, the scales of space in the moving and stationary coordinate systems must be the same. 

We therefore understand the absolute nature of space in the sense that the scale of space in any 

reference frame must be equal, and write the relationship between the infinitesimal displacements in 

the two reference frames as in the nonrelativistic case as follows. 

.dtdd VxX −=                              (4.42) 

This means that the scale of length is the same in both the cosmonic reference frame and non-cos-

monic reference frames. Therefore, this relation is independent of the concept of the length contrac-

tion. 

Let us find the relativistic relation between the velocities observed in the cosmonic reference 

frame and a non-cosmonic reference frame. We already know the relativistic relation of absolute time 

with the effective time of interaction 
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V
dT −=                             (4.43) 

The effective time of interaction for the whole process is expressed as 
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If an inertial system is in a uniform motion relative to the cosmonic reference system, Eq. (4.44) is 

given as 
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The transformations of space and time can be collected in the vector form as follows. 
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                          (4.45) 

where there is no dependency of time on coordinates. To determine the relativistic relation of veloc-

ity, dividing the both sides of the expression for coordinates of Eq. (4-45) by the both sides of the 
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expression for time, we get 
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In the end, the relativistic relationship between the velocities observed in the cosmonic reference 

frame and the non-cosmonic reference frame is determined by 

( ).
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From the above expression, it follows that the relative velocity observed in a non-cosmonic reference 

system is 
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c

V
 times larger than the relative velocity in the nonrelativistic case. This is es-

sentially related to the existence of the effective time of interaction as a relativistic effect. 

The transformation relation (4.45) becomes the relationship between the space and time in the 

cosmonic reference frame and the space and time in any non-cosmonic reference frame which moves 

relative to the cosmonic reference frame, and not the transformation relation of space-times between 

any two inertial frames. As can be seen, space is absolute and time is relative in the sense of a clock 

fixed to a non-cosmonic reference frame moving relative to the cosmonic reference frame. Here is a 

remarkable problem. In STR, it is interpreted that the delay of time and the extension of length in a 

moving system occur, but in our theory, only the time delay in a moving system due to the effective 

time of interaction occurs. 

Our relativistic transformation of space and time does not give such paradoxes as the twin para-

dox. Since the time that represents the rate of physical process depends on the state of motion of 

physical systems relative to the cosmonic system, the relation between the times in the two inertial 

reference frames cannot be regarded as the relativistic relation between two equivalent inertial frames. 

The two inertial frames are distinguished from each other by the relative motion to the cosmonic 

system, in which case the two inertial frames are not equivalent. The reference of the time delay is in 

the time in the cosmonic reference frame. In this sense, in our theory, the time delay has not relative 

but absolute meaning. Based on our relativity theory, we can reasonably explain the fact that the fast 

muon’s lifetime gets longer. The relative motion in the cosmonic system shortens the effective time 

of interaction taking place inside the muon. Thus, the duration of physical processes until the muon 

itself is annihilated by the interaction in the interior of a cosmon-mediated muon, i.e., the lifetime 

lengthens. This gives the same result as if it was obtained by analyzing the time delay in STR. How-

ever, these two interpretations are essentially different in physical essence. In STR, the time delay is 

not consistent with the principle of relativity, as we have seen, and cannot be imagined physically. In 

fact, according to the principle of relativity, all inertial frames are equivalent, so that the rest and 

motion are relative. Thus, the time delay should be also relative. Therefore, it is impossible to interpret 

such relativistic physical effects as the time delay in the sense of relativity of STR. However, the 

effective time of interaction is related to the actual physical effects due to relative motions to the 

cosmonic system, and therefore does not pose any difficulty in interpretation. 

The characteristics of the cosmon-based relativistic transformation can be summarized as fol-

lows. 

First, this transformation relation is not the transformation between any two inertial systems but 

the relativistic transformation between the cosmonic reference system and a non-cosmonic reference 

system including noninertial systems. Therefore, our theory of relativity is a generalized theory and 

is not limited to inertial systems. 

Next, the relativity we mean is the relativity in terms of the relative motion to the cosmonic 
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system, and this relationship is expressed by the effective time of interaction ascribed to the cosmon. 

The effective time of interaction can be compared with absolute time measured using a clock in the 

cosmonic system. Time is originally measured using physical phenomena with a certain period. How-

ever, the periodicity of the physical phenomena can vary with given physical conditions, e.g., gravity 

or velocity, and thus if we do not look at this cause and do consider it in a phenomenological way, 

time looks like flowing differently. In this sense, a concept such as time being created or time being 

stopped should be considered a confused concept that is physically unjustified. If there is something 

real that is concerned with time, it is a real physical phenomenon such as the beginning, slowing, 

accelerating, or stopping of a physical process. 

Essentially, our theory is independent of the unified space-time and ascribes the relativity to the 

interaction due to the relative motion to the cosmonic system. From the physical point of view, nature 

is formed by cosmons, and the view that there exists the maximum speed of interaction propagation 

in the cosmonic system is a starting point for building a new theory of relativity. In this theory, the 

concept of the effective time of interaction giving real meaning plays an essential role, and this con-

cept  enables us to obtain in a simple way all the relativistic results 

 

4.6 Universal quantum and gravitational field 
 
Our aim is to describe the relativistic effects related to motion and gravity in a unified way based 

on the cosmon. In the presence of a gravitational field, no matter whatever law of transformation of 

the time coordinate may be, we cannot find the expression for the interval between events expressed 

in the form of a sum of squares of the coordinate differentials. Thus, in a noninertial reference system 

the square of an interval has the general form concerned with non-diagonal terms:  

,2 kj

jk xxgds =
 

where non-diagonal gjk in general are not zero. In GTR, it is considered that the space-time metric gjk 

determine all the geometric properties of space-time and are equivalent to a certain field of force. A 

gravitational field corresponds just to a change in the metric of space-time metric gjk. By the way, an 

actual gravitational field cannot be eliminated by any transformation of coordinates. That is, in the 

presence of a gravitational field, by any coordinate transformation, space-time metric gjk cannot be 

brought to their Galilean values over whole space. However, by an appropriate choice of coordinates, 

it is possible to bring the space-time metric gjk to the Galilean form at any individual point of the non-

Galilean space-time. This fact shows that the space-time metric is not sufficient to represent gravita-

tional fields exactly and is not perfectly equivalent to gravity. On the other hand, the introduction of 

the concept of space-time interval of STR to GTR is an assumption to require a rigorous proof. Fur-

thermore, the concept of space-time interval, as shown already, is problematic even in STR. Therefore, 

we aim to formulate an alternative theory to GTR. 

In order to reveal relativistic effects due to gravity with the help of a single-mechanism model, 

let us start from the cosmon density around a gravitational body. Matter is formed by the condensation 

of the combining cosmons, so that the cosmon density around gravitational bodies is accordingly low. 

As the distance from a gravitational body increases, the cosmon density gradually increases and ap-

proaches that in field-free space. The cosmon density around a gravitational body is deviated from 

the density in field-free space, and therefore the tension of the cosmonic system occurs that acts to 

retrieve the density in field-free space. This tension and gravity are balanced. 

Let us consider a spherical surface with a radius r centered on a gravitational body. The force 

exerted by a gravitational body on a cosmon on this spherical surface is expressed by the cosmon 

density as 

.grad fcf −=                              (4.48) 

In the case of spherical symmetrical field of gravity, we have 
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.
dr

d
cf f


−=  

On the other hand, the cosmons around a gravitational body are coupled together to exhibit the similar 

tension as an elastic object, so that this tension is opposed to the force exerted by a gravitational body. 

The nearer the cosmons are attracted to a gravitational body, the greater the tension, so that in some 

limit the tension and gravity are counterbalanced. The tension of the spherical surface is proportional 

to the force exerted by a gravitational body on a spherical surface of cosmons. That is, f = . Then 

the force by tension acting on the whole spherical surface is  

.4 2r
dr

d
cF f 


 −=                           (4.49) 

At any distance, this tension force must be equal. This is because if the tension force is not the same, 

all spherical surfaces are attracted to the gravitational body and, as a result, are absorbed into the body. 

Thus, we obtain the following relation. 

.4 2 constr
dr

d
c f =


                          (4.50) 

From this follows the density relation: 
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dr
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                               (4.51) 

Integrating both sides yields the following relation: 
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                           (4.52) 

From this, we obtain as the distance dependence of the cosmon density 

( ) .0
r

A
r −=                               (4.53) 

where ( )r  is the cosmon density at a distance r  from a gravitational body, and 0  is the cos-

mon density at an infinite distances far from a gravitational body.  

It should be noted that the cosmon density inside a body also changes with the distance depend-

ence of the above density by the action of gravity. Thus, the distance-density law of cosmons inside 

a body in a gravitational field can be written as 

( ) ,10 







−=

r

B
r                             (4.54) 

where ( )r  is the cosmon density inside a body at a distance r  from the gravitational body, and 

0  is the cosmon density inside the body in field-free space. From the above expression, we can 

see that as r  tends to an infinity, ( )r  approaches the cosmon density 0  
in field-free space. 

Thus, we have obtained a general form of the expression for the cosmon density in a body. 

To obtain a more detailed expression of Eq. (4.54), we shall compare it with the law of universal 

gravitation. In a gravitational field, one cosmon present inside a body is exerted by the following 

force proportional to the negative value of the gradient of cosmon density. 

.gradfc−=f                           (4.55) 

In the direction of the force, the above expression is given as 

.
dr

d
cf f


−=  

The force exerted on a particle can be determined by multiplying by the number of cosmons that 

constitute it as 
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,0 fF N=                              (4.56) 

where 0N  is the number of cosmons constituting the matter particle. Accordingly, the tension acting 

on a body is represented as 
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This force must be equal to the gravitational force  

.
2r

mMG
Fg −=                             (4.58) 

Thus, we have the following equality 
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Taking into account the following relation: 
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From this, we find  
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Thus, we obtain the expression for the cosmon density around a gravitational body  
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It is supposed that gravitational bodies universally adjust the cosmon density both in the ambient 

space and in the interior of other bodies, according to Eq. (4.60). In fact, since the world of matter is 

the world of cosmons, there is no reason to distinguish between the inside of bodies and the outside 

of bodies. 

By Eqs. (4.55), (4.56) and (4.60), the following relation holds: 
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NcN f −=−== fF                     (4.61) 

Meanwhile, the density-dependent probabilities of interaction in gravitational fields are defined as  
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By Eq. (4.60), we obtain the following detailed expression for the density-dependent probability. 
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Then the density-dependent effective time in gravitational fields is determined by 
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where ( )
r

GM
rU = formally represents the magnitude of the potential energy in a gravitational field 

in case the velocity dependence of the potential energy is ignored. Consequently, the formula is con-

cluded as 
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where ( )rU  is regarded as the magnitude of the potential energy in gravitational fields when ne-

glecting the relativistic effects related to velocity. Thus, it follows that the stronger the gravitational 

field, the shorter the effective time, i.e., the larger the time delay. This is in accordance with the result 

of GTR. 

Let us consider the periodic process in gravitational fields. Since the effective time of interaction 

and period are inversely proportional, i.e., the following relationship  

( ) ( ) .consttT =                           (4.66) 

holds, we have  
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Thus, we obtain the relation of the period with the cosmon density as  
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Expressing the angular frequency of a light wave in the gravitational field using the above relation 

gives the relation: 
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That is,  
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This means that the frequency of light emitted by an atom in a gravitational field is less than that of 

light emitted by the atom in field-free space. Thus, the redshift of the spectrum in the gravitational 

field has been explained. 

Next, let us consider the gravity dependence of the speed of light. Light is an electromagnetic 

wave propagating in a cosmonic system, i.e., in a cosmon-based system. Light propagating in the 

gravitational field is supposed to satisfy the following relation: 
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where ( )k  is the wavenumber in case the cosmon density is  . Meanwhile, the velocity of light 

in field-free space is written as 
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Assuming ( ) ( ) kk 0  and combining Eqs. (4.71) and (4.72), we obtain 
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Taking Eq. (4.70) into consideration, we obtain  
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Thus, it can be seen that the speed of light in the gravitational field is lower than that in field-free 

space. Based on this argument, we can explain the bending of the path of light in the gravitational 

field near the sun. Since the speed of light depends on the cosmon density at each point of the gravi-

tational field, the propagation of light in the gravitational field is as if light propagates in a medium 

where the refractive indexes at each point are different. At the shorter distance from the sun, the lower 
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the speed of light, so that light always must bend toward the sun. Thus, we have explained the phe-

nomenon of light bending in a gravitational field close to the sun. 

In the case of a body moving in a gravitational field, the number of cosmons involved in the 

body increases. Then, the velocity dependence of the cosmon density can be naturally expressed as 
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where we have used the notations 
2

2

2
,

1

1

c

MG
B

c

V
=

−

= . 

Using Eq. (4.74), the tension in the gravitational field is calculated as  
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      (4.75) 

where a  is the acceleration of a body in the gravitational field. Taking into consideration that this 

tension should be counterbalanced with the universal gravity, we get 
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With the help of this expression, the relativistic mass is represented as 
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As can see in Eq. (4.77), the relativistic mass depends on the position, velocity and acceleration in 

the gravitational field altogether. Then the relativistic total energy of a moving body in a gravitational 

field is expressed as 
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Based on the cosmon, the zero gravity is also reasonably explained. Gravity is the force exerted 

on a body by the gradient of the cosmon density around a gravitational body. This force causes the 

acceleration of bodies. On the other hand, the acceleration of a body leads to an increase in the cosmon 

density in the direction of its motion. Due to this density gradient due to the increase in density, a 

force proportional to the acceleration acts on the cosmons of matter. Eventually, the two forces in the 

accelerating body are counterbalanced, resulting in the zero gravity.  

Based on the cosmon, the principle of equivalence is also briefly explained. The gradient of the 

cosmon density inside the accelerating body is created by the compaction of cosmons due to the 

accelerated motion relative to the cosmonic system. Therefore, inside of an accelerating system, a 

force proportional to the density gradient is exerted, which is the inertial force and is opposite to the 

force acting on the body. Meanwhile, when a body is formed by the condensation of cosmons, in the 

space around the gravitational body is produced a gradient of the cosmon density, which exhibits the 

force of gravity. Thus, both inertial and gravitational forces associated with accelerated motions are 

due to the gradient of the cosmon density. The principle of equivalence is sufficiently interpreted 
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based on the fact that both the inertial force in a system accelerating relative to an inertial system and 

gravitational force are due to the cosmon density. 

However, since the gradient of the cosmon density is created with quite different causes, in re-

ality the inertial force field and gravitational fields cannot be considered equivalent. We must analyze 

the curvature of space that we discuss in GTR. If space is an absolutely empty space, the concept of 

the curvature of space is meaningless. This is because the curvature of space means the property of 

no entity. According to our theory, the curvature of space-time is ultimately related to the inhomoge-

neity of the cosmon density. The curvature of space is reasonably explained by the gradient of cosmon 

density as a real physical entity. Regarding this curvature, it is not necessary to discuss time. 

 

5. Explanation of experiments on speed of light based on preferred ref-

erence frame 

 

Experiments on the speed of light require an essential interpretation of the propagation of light. 

The analysis is considered to have to give the answers to the following questions. 

The first question is whether there exists a medium of light propagation, i.e. the ether. Lorentz 

and Poincaré asserted the possible existence of the ether that is a medium of light propagation. Max-

well also claimed that the Maxwell system of equations holds only in the ether-based reference frame. 

If there is the ether, the speed of propagation of light is meaningful only in a preferred inertial frame 

where the ether is at rest. The speed of light is different for any inertial system moving relative to the 

ether. In other words, the speed of light is independent of the motion of a light source, but dependent 

on motions of an observer relative to the ether. Fig. 1 shows the propagation of light for two inertial 

systems and an ether system. 

 
Figure 1: A light wave seen in two inertial frames K  and K   moving relative to the ether: According to Lo-

rentz’s image, light wave radiated when the origins of the two inertial frames coincide propagates with respect to 

the ether. Thus, the center of a spherical wave is fixed at the ether system and the origins of the two moving inertial 

systems move at a constant velocity relative to the ether system. 

 

On the contrary, Einstein’s principle of the constancy of the speed of light concludes that the 

ether, which is assumed to be the medium of light propagation, do not exist. 

As the second question, does the speed of light depend on the speed of a light source or an 

observer? It is the view of Ritz that the speed of light depends on the speed of the light source. If for 

the speed of light source, the speed of light obeys the Galilean law of velocity addition, the speed of 
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light is c only in the inertial frame where the light source is at rest, and for any inertial frame the 

speed of light is different. This situation is shown in Fig. 2.  

 
Figure 2: A light source secured to an inertial frame K moving relative to a stationary inertial frame K : Accord-

ing to Ritz’s image, the speed of light in the moving inertial frame K   is c and the speed of light in the stationary 

inertial frame K  is c+V. According to Ritz, the speed of light in a stationary inertial frame depends on the velocity 

of light sources. 

 

Contrary to this, Einstein’s theory of relativity states that the speed of light does not related to the 

relative motion of light source and observer. 

As the third question, does the principle of the constancy of the speed of light hold? According 

to the ether theory, the speed of light is a universal constant in the ether system. For other inertial 

systems with motion relative to the ether system, the light velocity is considered to satisfy the Galilean 

law of velocity addition. On the contrary, it is Einstein’s principle of the constancy of the speed of 

light that for any inertial system, the velocity of light is a universal constant. This means that the 

speed of light is independent of the speed of light source or observer. Fig. 3 shows the propagation 

situation of light based on the principle of the constancy of speed of light. 

 
Figure 3: The relation of a light waves radiated when the origin of a stationary inertial frame K  coincides with 

that of the moving inertial frame K  : Two observers are located at the origins of two inertial frames, respectively. 

According to Einstein’s image, the light wave becomes a spherical wave centered on each of the two observers of 

the two inertial frames. Here the wave front 1 and the wave front 2 indicate the same wave front. Thus, it turns out 

that for a light wave, the two separate centers of the spherical wave arise and then move with a relative velocity. 
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Thus, according to the principle of the constancy of the speed of light, a given light wave must 

show the same shape to the both observers stationary in two inertial frames with relative motion. This 

is, therefore, an illogical result suggestive of a single light wave with two centers. The principle of 

the constancy of the speed of light brought about a strange concept that we cannot accept by our usual 

intuition and judgment. 

Several images of the light velocity contradictory to the others include all possible cases that can 

explain the nature of the light velocity. On the basis of one of them, we have to build a theory of 

relativity, and as a choice, STR was built by taking the principle of the constancy of the speed of light 

as the truth. By adopting the principle of the constancy of the speed of light, the idea for the unification 

of space and time was established. This theory was acknowledged to be powerful in explaining ex-

periments related to light velocity then, but is not perfect in revealing all details of the experiments at 

this point of time. It cannot be neglected that this principle has brought physical paradoxes that cannot 

be resolved. 

In relation to the second question, we cannot explain a series of experiments, including the meas-

urement of the speed of light coming from a double star, assuming that the speed of light depends on 

the velocity of light sources. Of course, Ritz’s theory succeeded in describing the covariance of the 

electrodynamic equation by introducing the velocity of the light source, but cannot be regarded to be 

complete because all experiments are not explained by the theory. 

We shall consider the question of whether experiments on the speed of light can be explained 

based on the answer to the first question, i.e., the assumption that the ether exists. If based on this 

assumption, the experiments are totally explained, this would be a sure evidence for the existence of 

the ether, although there is no direct experiment for ascertaining the existence of the ether. In fact, the 

existence of electromagnetic and gravitational fields is assumed in an indirect way based on the ob-

servation of interactions. Therefore, it is reasonable to assume the ether based on experiments on the 

speed of light. 

The Sagnac effect is an important experimental evidence to lead to questioning the credibility of 

the postulates of STR [5,8]. Recent astronomical studies have shown that there is superluminal radi-

ation in the nuclei of galaxies or in active clouds emitted from quasar. It was reported that the velocity 

of light by the M87 radiation is not less than even 5 to 6 times the speed of light and does not depend 

on the redshift, the distance to which is presumed to be 50 million light years. Although the experi-

ments confirming that the speed of light in the inertial frame is constant have been reported, this 

principle is still questionable, as there are other obvious experiments that are contradictory to this. To 

be a perfect theory of relativity, the theory must explain these experimental results completely. 

We may consider theoretically the question of whether the individual postulates of STR are valid 

or whether the two postulates are compatible. If this review provides negative results, STR is not 

justified. Is the speed of light constant and are there evidences that space and time can be considered 

to be unified? If the principle of the constancy of the speed of light is verified, the speed of light must 

be independent of the velocity of a light source or that of an observer. If so, the speed of light may be 

concluded to be attributed to the nature of space-time. But in this case, the unified nature of space-

time should not yield any paradox that is incompatible with logic. 

Let us consider the following problems. There is a question of whether the principle of the con-

stancy of the speed of light means that the relative velocity for light cannot be thought of. The con-

stancy of the speed of light is experimentally verified in the case of a moving light source and an 

observer stationary in the Earth-based reference system. However, it is necessary to consider the 

question of whether we cannot think of the relative velocity of a stationary light source and a moving 

observer. If the velocity of light relative to an observer could be greater than the speed of light c, it is 

necessary to review the principle of the constancy of the speed of light. 

For example, let us consider the relative velocity of two bodies in one inertial frame. Applying 

the Galilean rule of velocity addition in case the velocities of the bodies in the inertial frame are 1V  

and 2V , respectively, the relative velocity of them is  
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.2121 VVV −=                               (5.1) 

In view of the relativistic transformation of velocity, such rule of velocity addition in an inertial 

frame should hold true even in the relativistic case. That is, if we consider a photon as an object, we 

can think of the following relative velocity 

,oVcV −=po                               (5.2) 

where the subscripts p and o represent a photon and a body, respectively. From the relation (5.2), one 

can think of the relative velocity between light and bodies in an inertial system, and apply the Galilean 

rule of velocity addition. In fact, it is clear that in a reference system, when light is incident straight-

forward towards a moving body and when it propagates toward a stationary body, the relative velocity 

of the light and body in the two cases cannot be considered equal. There is nothing strange about the 

fact that this relative velocity may be greater or less than the speed of light. However, if we transform 

the relative velocity of light to a body in an inertial frame into the relative velocity of light and the 

body in another inertial frame by the relativistic law of velocity transformation, this transformed rel-

ative velocity must always be the universal speed of light c. The theory of relativity can explain this 

result of transformation using the difference between the elapsed times in the two inertial frames, but 

the explanation is not logical. This is because motion and rest are relative and not absolute. 

To say that relative velocity is inconceivable for light, there must be no physical phenomenon 

related to relative velocity. However, as a typical example, there is the Doppler effect that depends 

on the relative velocity of light and observer. It is clear that the Doppler effect is responsible for the 

existence of its relative velocity [39]. The theory of relativity cannot explain this in any way. The 

Doppler effect depends on the relative velocity of light source and observer. Essentially, it depends 

on the relative velocity of photon and observer. This means that the relative velocity of light and 

observer is meaningful and thus the speed of light depends on the reference frame. 

Experiments on the speed of light can be explained based on the ether theory. The existence of 

the ether cannot be ignored because recent experiments and many studies on the reproduction and 

reanalysis of the Michelson-Morley experiment and the drift of the ether are sure evidences that con-

firm the absolute motion, the existence of a preferred inertial system, and the anisotropy of the speed 

of light [25,29].  

As an example, let us consider the validity of several hypotheses about the propagation of light, 

by dealing with the Sagnac effect. When light travels in the direction of rotation, the relative speed of 

light and the circle is RcVc −=− , and when it travels in the opposite direction, the relative velocity 

of them is RcVc +=+ . Here   is the angular velocity of the disc. The time it takes for light to 

return to the starting point on the circumference in the direction of rotation of the circumference is 

Vc

R

−
=




2
1

                                  (5.3) 

and the time taken to return to the starting point on the circumference in the opposite direction is  
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Thus, the time difference is determined by 
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where S  is the area of the disk and Q  is the angular velocity. 

Sagnac confirmed that the shift of the fringe pattern was in very good agreement with this for-

mula. This shows that the speed of light in a rotating system depends on the relative velocity of ob-

server and light source. This phenomenon gives a convincing answer to the question of which picture 

rationally explains the propagation of light; the pictures involve Einstein’s idea of the principle of the 

constancy of the speed of light, Ritz’s picture of the speed of light dependent on the velocity of light 
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sources, and Lorentz’s picture of the ether as a medium of light propagation. Fig. 4 shows the rela-

tionship between an observer and two light sources; the two light waves radiated by the light sources 

propagate in the opposite directions, respectively. Suppose the circle of the disc is straitened. The two 

light waves propagate in the opposite directions to be interfered. Then an interferometer that plays 

the role of an observer clearly confirms the shift of the fringe pattern. Obviously, Einstein’s principle 

of the constancy of the speed of light does not explain this phenomenon. This is because, by the 

principle of the constancy of the speed of light, the speed of light in the two directions must be equal, 

regardless of the velocities of the observer and light source, and therefore the observer cannot find 

the time difference of light propagation. 

Same goes for The Ritz’s picture of light propagation. As the disc rotates, the relative velocity 

of the observer and light is the universal constant c, since both the light source and the observer rotate 

at the same speed. Thus, for the observer there is no time difference, and thus no shift of interference 

pattern is observed. 

The last possibility for explaining this phenomenon is offered by Lorentz’s ether theory. Let us 

explain the formula (5.5) based on the ether theory. The ether is considered not to be attracted to the 

disk. Two separated light waves can be considered as two light sources, and an interferometer as an 

observer. In this case, they move uniformly with respect to the ether. Fig. 4 shows the relationship 

between two light sources, an observers, and ether, when the circle of the disc is imagined to be 

straightened. The relative velocities of the interferometer and the two beams satisfy the Galilean rule 

of velocity addition, since the speed of light relative to the ether system is constant. Thus, the light 

waves coming from the two sources to the observer has different relative velocities, and in the inter-

ferometer a time difference according to formula (5.4) occurs and the subsequent shift of the fringe 

pattern takes place, depending on the difference in the relative velocities of the two light beams. The 

Sagnac effect shows that the speed of light varies with the relative velocity of light source and ob-

server.  

 
Figure 4: The relationship between two light sources, observer, and ether when a disc rotates. If the ether exists, 

the velocities of the two light waves visible to the observer are Vc + and Vc − , respectively. 

 

This phenomenon is not explained based on the Doppler effect. This is because the observer and 

the light sources move with the same speed, the relative velocity is constant c, and therefore there is 

no change in the frequency and wavelength. Thus, the Sagnac effect is an optical phenomenon that is 

only explained by supposing the existence of the ether, and as a result is contradictory to the principle 

of the constancy of the speed of light. 

The experimental results indicative of the constant velocity of light coming from double stars 

can be explained on the basis of the ether theory. The two beams of light propagate in an ether medium, 

so that the beams of light from two stars have the same velocity regardless of the speed of the light 

sources. 
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The Michelson-Morley experiment is also explained in the same way based on the ether. Taking 

into consideration that the ether medium is not at rest but rather drifted, but mainly is accompanied 

by the Earth, it is natural that no significant change of the fringe pattern is observed in the Michelson-

Morley experiment. The fact that light emitted from a particle with a very fast velocity, as done in 

CERN shows the universal speed of light c also can be explained based on the fact that this experiment 

was also carried out in the laboratory accompanied with an ether medium. For an observer stationary 

in an ether system, the speed of light is constant. This is obvious when we consider acoustic waves. 

However, for an observer who moves relative to the ether, the speed of light should be considered to 

change. Light always propagates in an ether medium at the speed of c, and the observer moves with 

a constant relative velocity relative to the ether, so that the relative velocity of light and the observer 

varies with the observer’s relative velocity relative to an ether medium. 

The Doppler effect is a typical phenomenon that shows the presence of the relative velocity of 

light and observers. If there is no relative velocity between light and observer according to the prin-

ciple of the constancy of the speed of light, then the observer with a relative velocity to a light source 

still has to feel the speed of light as the universal constant. Therefore, the Doppler effect should there-

fore appear to be a phenomenon independent of the relative velocity of light source and observer, and 

only to be dependent on the time delay associated with the motion. However, since rest and motion 

is relative, the time delay cannot be explained objectively and reasonably. 

On the other hand, if light is considered to propagate through an ether medium in the same 

manner as the sound wave, it can be reasonably explain the Doppler effect when the light source and 

observer are moving relative to each other. In the case of the motion of a light source, the wavelength 

of light propagating through an ether medium is shortened in the direction of motion, and conse-

quently, the frequency is increased. So the Doppler effect appears. On the contrary, when a light 

source is stationary and an observer moves relative to the ether, there is no change in wavelength in 

the ether system, but the change in the relative velocity of the light and the observer causes a change 

in the frequency of the light that the observer experiences, resulting in a Doppler effect. 

The Doppler effect clearly indicates that there is a medium of the light propagation. Without a 

medium of light propagation, the frequency of incident light cannot change with the relative velocity 

of light source and observer because of the principle of the constancy of the speed of light. Therefore, 

we cannot fully explain the Doppler effect by relying on the principle of the constancy of the speed 

of light. The possibility of frequencies of light being raised involves two cases: one with the existence 

of a medium of light propagation and the other with the light emitted from a moving light source 

satisfying the Galilean rule of velocity addition. However, many experiments have shown that the 

speed of light does not depend on the speed of light sources and does not satisfy the Galilean rule of 

velocity addition for light sources. Thus, the Doppler effect corresponds to the first case. That is, the 

existence of a medium of light propagation leads to a change in the frequency due to motions of a 

light source or an observer. 

To explain based on the ether the results of experiments that found light velocities greater than 

the universal constant c, it is necessary to consider the ether to have local and dynamic properties and 

not to have stationary property in the universe. This view is well validated by the results of recent 

experiments on the ether drift. 

 

6. Relativistic electrodynamics based on preferred reference frame 

 

If the preferred reference system exists, there is no reason that the equations of electrodynamics 

must have covariance. If the ether is not fixed over the cosmic scale and has local properties, the 

Maxwell equations are the one that is valid only in that local reference system [10]. The equations of 

electrodynamics must be considered to hold in a preferred reference system referred to as the 
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cosmonic system, and for all inertial systems the equations of electrodynamics are not covariant [79]. 

Let us consider how the complete system of equations of electrodynamics should be represented. In 

order for the equations of electrodynamics to be complete in the sense of relativity, it is necessary that 

the Maxwell systems of equations  
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have relativistic covariance. However, if the cosmon exists, as Maxwell viewed, the electrodynamic 

equations in an inertial system must be expressed in consideration of motions relative to the cosmonic 

system. To construct covariant electrodynamics, we must adopt the Lorentz transformation, which, 

as seen above, is inconsistent. If there is a constant speed of light, it is possible only in the cosmonic 

system. This is as if the velocity of propagation of an acoustic wave were constant in the reference 

system comoving with the medium.  

By introducing the concept of the cosmonic system, electrodynamics remains the theory based 

on an absolute reference system, and only the relativistic concept of the effective time of interaction 

is added. Time is determined in terms of the physical phenomena that occur with a periodic change. 

Therefore, if an absolute reference system exists, relative motions of reference frames to it give rise 

to the time delay as a relativistic effect. 

Let us consider how the relations of electrodynamics for a non-cosmonic system are expressed 

in terms of the effective time of interaction. First, we shall the relativistic relation of the current den-

sity in a non-cosmonic system. Using the four-dimensional velocity, the relativistic four-dimensional 

current density is calculated as 

  .

1

1

2222

2

2

2

2

222

2

2

2
2222

0

ccV

c

V

c
dt

dz

dt

dy

dt

dx

c

V
jjjj zyx






−=−

−

=












−








+








+









−

=+++

 

Thus, we can see that the four-dimensional current density is a relativistic invariant. The components 

of the four-dimensional current density in non-cosmonic systems must be considered to have the 

following relationship: 
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Next, consider the relativistic relation for the continuity equation. The continuity equation is 

expressed in four dimensions as  
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Thus, we obtain the following relations for a non-cosmonic system: 
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is transformed into that in the non-cosmonic system: 
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From this, it follows that the continuity equation does not have covariance. 

Next, we shall consider the Lorentz condition. 
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Expressing Eq. (6.5) in the four-dimensional form, we have 
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Considering similarly to the case of the continuity equation, we obtain  
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Thus, the Lorentz condition does not have a relativistic covariance. 

Next, let us consider the wave equation. The wave equation is expressed in terms of the vector 

potential as 

( )

jA

A
A

A

02

4

2

2

3

2

2

2

2

2

1

2

2

2

2

2

2

2

2

2

2

2

00





−=











+




+




+




=













+




+




+




=




−

xxxx

ictzyxt
            (6.9) 

and in terms of the scalar potential as 
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The equation for the vector potential of the four-dimensional representation is expressed as  
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the equation for the scalar potential of the four-dimensional representation, as  
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If in the above equation, the expressions of 
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account, the equation for the scalar potential is expressed as  
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Adding the equations for the vector potential and scalar potential yields an equation expressed as 
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This equation is a wave equation in a cosmonic system. Considering the wave equation in a non-

cosmonic system in a similar way to the cases of the continuity equation or the Lorentz condition, it 

can be revealed that the relativistic covariance is not satisfied. Let the wave equation in the cosmonic 

system be expressed as  



 
 

65 
 

.0
1

2

2

22

2

=











−




 

i i tcx
                        (6.15) 

Taking into consideration the relativistic transformations: 
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we get 
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In the first expression of Eq. (6.16), r  and R  are the position vectors in the cosmonic system and 

in the non-cosmonic system, respectively. That is, 

( ) ( ).,,,,, zyxZYX == rR  

For acoustic waves, the wave equation in a reference frame moving relative to a medium of wave 

propagation is expressed by the coordinate transformation from one reference frame to another 
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where   is the phase velocity of the wave. The above equation coincides with Eq. (6.17) when 

neglecting the relativistic relation of time. 

When the speed of a non-cosmonic system reaches nearly the speed of light, Eq. (6.17) is reduced 

to the following equation which does not depend on time 
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and further to 
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In the above equation, 
c

c

c
e =  is the unit vector in the direction of wave propagation. This equation 

describes the fact that the observer comoving with the wave front sees a static profile of wave. Based 

on these considerations, it is clear that the wave equation in the cosmonic system is different from the 

wave equation in a non-cosmonic system. Of course, when the relative velocity of the two systems is 

much smaller than the speed of light, Eq. (6.17) is reduced to the standard wave equation (6.15) for 

the cosmonic system. 

This indicates that the wave equations in any two reference systems are not identical. That is, 

the wave equation is not covariant. In fact, there is no absolute requirement that the equations of 

electrodynamics must have covariance. Just as the standard equation for acoustic waves is meaningful 

only in a particular reference frame secured to a medium of wave propagation, so the equation for 

electromagnetic waves has the standard form only for observers in the cosmonic system, while for 

the observer stationary in a non-cosmonic system, the shape of the equation must change. 
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7. Discussion 

 

Our aim has been to formulate an alternative theory of relativity in a unified way based on the 

assumption of the universal quantum. For this purpose, to begin with we have analyzed the present 

theory of relativity critically. But we recognize that it is impossible to achieve our aim without relying 

on Einstein’s outstanding scientific wealth. This paper has been realized by pursuing Lorentz and 

Poincaré’s original idea and realistic insight into relativity. In this work, we have presented a gener-

alized theory of relativity that incorporates relativity in both inertial and noninertial reference frames, 

based on the concept of the cosmon postulated as an original substantial quantum. The assumption 

about the cosmon does not additionally require the fundamental postulates of STR and GTR, and 

enables us to construct unified mechanics starting from a generalized theory based on a single mech-

anism. 

STR is based on Einstein’s two postulates. If the two postulates of STR are completely independ-

ent and compatible, we can assume that the foundations of STR are consistent. However, the theory 

of relativity loses its foundations when by mathematical and physical considerations it is revealed 

that the two postulates are incompatible or that any individual postulate is inconsistent. On the other 

hand, if results of the relativistic transformation lead to paradoxes incompatible with realism, then 

the theory of relativity is no longer justified. In our view, without decisive experiments, it is possible 

to test the validity of STR by reviewing the logical, mathematical and physical aspects of the postu-

lates, and by analyzing the obtained results. 

Starting from this point of view, our study has shown in several ways that the idea for the unified 

space-time is inconsistent. First, we began our discussion by examining whether the space-time vector 

satisfies the axioms of vectors. If vectors of the Minkowski space do not satisfy the axioms of vectors, 

STR loses its mathematical foundations. We have shown by purely mathematical considerations that 

the space-time vector does not satisfy the axioms of vectors, and therefore the space-time vector, 

which defines the interval of events, is meaningless. 

Next, we have considered the question of whether there exists a relation of general linear trans-

formation of space-time for any two inertial systems. It has been clearly proved that for any two 

inertial systems taken in an arbitrary way, it is not possible to derive a linear transformation relation 

of space-time. This shows, in a sense, that there cannot be the unification of space and time. In Sect. 

2, we showed that there does not exist a general linear transformation relation of space-time for any 

two inertial frames satisfying the principle of the constancy of light speed and the principle of rela-

tivity, which gives the conclusion that the Lorentz transformation is not an exact result satisfying all 

physical and mathematical requirements. In inertial systems, the coordinate systems can be estab-

lished arbitrarily, and this general method must be applied in order to obtain a generalized relativistic 

transformation. 

We have shown in the previous discussions that the Lorentz transformation was derived without 

generality using the method of taking a specific coordinate system and using a one-way velocity of 

light. It seems that by the derived transformation, the unification of space and time is explained, but 

the obtained results clearly violate the principles of relativity and show paradoxes incompatible with 

physical realism. Indeed, according to the Lorentz transformation, the space-time scales in two iner-

tial frames are distinguished from each other by relative motion. Thus, the meaning of relativity be-

comes contradictory. By the Lorentz transformation, the equations of electrodynamics are covariant, 

but instead, since the scales of space and time are changed, space and time which underlay all physical 

laws become essentially different. Thus, the principle of relativity and the principle of the constancy 

of the speed of light are contradictory. In the end, it has been clarified that Lorentz transformation 

does not guarantee the compatibility of the two postulates of STR, and that there cannot exist other 

linear transformation between any two inertial systems. Such theoretical consideration and 
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conclusions adduce reason in support of Refs. [5,7,9,10,12-16]. 

A mathematical basis for constructing STR is the concept of the interval between two events. 

Our study has proved that the concepts of events and space-time intervals are not both mathematically 

and physically meaningful. Thus, we have demonstrated that there cannot be the unified space-time, 

and that the Lorentz transformation based on the unification of space and time does not have physical 

meaning. This means a failure of the geometry of relativity and leads to the theoretical conclusion 

that the starting point of general relativity also is incorrect. Our research has provided reasonable 

answers to the arguments given in Refs. [10,17-20]. 

Our study has shown that the two principles of STR cannot be established individually, and it is 

impossible to resolve the physical paradoxes that we encounter in the theory of relativity within the 

framework of this theory. The time delay and the length contraction cannot be reasonably explained 

in terms of relativity. They are mathematically contradictory results and are physically unrealistic. 

The mathematical contradictions have been explained in detail in Sect. 2. In the sense of relativity, 

the time delay and the length contraction are physically inconsistent. If in the sense of relativity, there 

is the time delay, then as a limit case, a stop of time also must be possible. What is the stop of time? 

Perhaps if there is the time delay, it means that physical phenomena proceeds relatively slowly, and 

the stop of time would mean that the physical process has stopped. Therefore, these physical proper-

ties should be interpreted not on the basis of the properties of space and time but by considering 

physical effects. 

If the time delay exists in the sense of relativity, it is indicative of the fact that there is a simple 

physical cause related to the correlation of two inertial frames, i.e., to the relative velocity. Then, it 

follows that the nature of space-time of an inertial system depends on other physical entities that do 

not interact, which cannot be regarded as objective truth. Obviously, according to the principle of 

relativity, the relative velocity must have no effect on the inertial system itself. Nevertheless, it is a 

contradiction to imagine the time delay as the change of a physical process due to the existence of 

another reference system independent of interaction. In fact, the Lorentz transformation, determined 

by the relative velocity, produced this strange law that is incompatible with physical reality. Therefore, 

both postulates of STR are incompatible. 

In the real sense, the stop of time means the stop of physical processes. But it is not logic that 

the relative motion of the two inertial frames can produce a physical world in which all motions would 

have ceased. In this world, the atomic clock would stop, and thus, the world of this state would be a 

primitive world in which all physical laws, including classical mechanics and quantum mechanics, 

would have disappeared. Surprisingly, this strange world can be created by the relative motion of two 

inertial frames of equal qualification. Moreover, because of the presence of one virtual stationary 

inertial system, which is related to relative motion, it is possible that the delay or stop of time in 

another inertial system without interaction can occur. Thus, the concepts such as the time delay or the 

stop of time by STR are physical fictions brought by wrong concepts.  

The delay and relativity of time can be considered logically. Dingle pointed out that slow elapse 

of time in a moving clock is purely a fantasy. His argument was ignored at that time, but still remains 

a legacy for the posterity of criticizing STR. His syllogism clearly shows the logical shortcoming of 

STR today. Considering that syllogism is a complete deductive approach, the results derived using 

this approach are completely true and provide an absolute criterion for evaluating rational ways of 

thinking in science. 

Dingle’s syllogism states as follows [6]. 

Main premise: According to the philosophy of relativism, if two bodies (for example two iden-

tical clocks) separate and reunite, there is no observable phenomenon that will show in an absolute 

sense that one rather than the other has moved. 

Minor premise: If upon reunion, one clock were retarded by a quantity depending on its relative 

motion, and the other not, that phenomenon would show that the first clock had moved (in an ob-

server-independent “absolute” sense) and not the second.  
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Conclusion: If the principle of relativity is universally true, the both clocks all together are time-

delayed or not time-delayed at all. In other words, when the clocks meet again, they must point to the 

same time. If the two clocks show different times, the postulate of relativity would be wrong. However, 

the calculation method given by the second postulate of STR shows different times. This clearly 

shows that the two postulates are mutually exclusive. 

Dingle continues to mention: According to the logic of relativity, in fact, everything must be 

relative. In this connection, if there is an absolute effect as a function of velocity, then velocity must 

be absolute [6]. This is Dingle’s syllogistic disproof of Einstein’s theory of relativity. 

The time delay that STR explains based on the two principles cannot be physically imagined. To 

consider this in a comprehensible way, let us recall the description in textbooks [80]. Observer O  

is in motion and observer O  is stationary. Refer to Fig. 5. The observer O  considers that a light 

pulse is reflected on the mirror and propagates through the distance of 2d along the paths of BD and 

DB. On the other hand, the observer O  sees that the light pulse moves along the diagonal path ABC, 

and judges the propagation length to be greater than 2d. 

 

 
 

Figure 5: The propagation path of light observed in both inertial frames 

 

Finally, the moving inertial frame and the stationary inertial frame have no equivalent status in 

the propagation of light. From the point of view of the ether, O  is located at a system accompanying 

the ether, while O  is located at a system that moves relative to the ether system. Then, for the ob-

servers, commonly the following relation holds: 
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where t  is the time interval in the inertial system at rest. Solving Eq. (7.1) with respect to time 

yields 
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By the principle of the constancy of the speed of light, taking into consideration that 
c

d2
 is the time 

of propagation of light in the moving inertial system, mt , Eq. (7.2) is expressed as 
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Hence, it follows that time in the moving inertial system is delayed. Regrettably, in this explanation 
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the relativity of length, or, the length contraction has been disregarded. 

It is useful to consider this problem from the viewpoint of the velocity addition. From Fig. 5, the 

following transformation must hold. 

( ) .222 ccT =−                               (7.4) 

where T signifies the transformation operator of velocity from a stationary reference frame into a 

moving reference frame. Eq. (7.4) tells us that since ( )222 sin cc =− , the projection of the velocity 

of light in an inertial reference system onto a given direction always is viewed as the universal con-

stant c in another inertial system. In other words, while the relative velocity of light and an object in 

an inertial frame satisfies the classical law of velocity addition, in all other inertial frames the relative 

velocity under consideration is viewed as being equal to the universal constant c. According to the 

relativistic rule of velocity addition, a relative velocity of any two bodies in an inertial system can 

take an arbitrary value between 0 and 2c but in any other inertial system this relative velocity cannot 

exceed c.  

It is instructive to consider physically this example from the standpoints of the two observers. In 

the above example, the stationary observer states that light does not propagate with reference to his 

inertial frame. This is because the light reflected from the mirror does not come back to him, but goes 

back to the moving observer. On the other hand, the moving observer recognizes that his or her inertial 

system is a preferred inertial system in the propagation of light, since the reflected light from the 

mirror returns to him, not to the stationary observer. Based on this fact, both the stationary observer 

and the moving observer have common view that the moving inertial system is a preferred inertial 

system in relation to the propagation of light. Thus, the both observers recognize the existence of the 

preferred inertial frame and calculate the relative velocity of light in the stationary inertial frame using 

the law of velocity composition. As a result, the observers come to see that the relative velocity of 

light in the stationary inertial frame must differ from the velocity of light in the preferred inertial 

frame. However, if the observers measure the one-way velocity of light in two inertial frames, the 

obtained values must always be the same, according to the principle of the constancy of the speed of 

light. Thus, the observers are faced with the surprising fact that the law of velocity composition does 

not hold for light. No physical explanation can be made for this strange physical phenomenon, and 

the reason only should be found from the nature of space and time. But there is a problem here. It is 

the following reason: while one says that all inertial frames are equivalent in relation to the propaga-

tion of light, why should one think of a preferred inertial frame. In fact, from the physical point of 

view, there must be the preferred inertial frame related to the propagation of light. This is because if 

there is no preferred inertial frame, the reflected light can come back to the observers stationary in 

any two inertial frames simultaneously. If so, this means that light is separated by the relative motion 

of the observers. If light does not return to the two observers with relative velocity, the both inertial 

frames are not the preferred inertial frame. If the preferred inertial frame exists, then all other inertial 

frames are inertial frames moving relative to this preferred inertial frame. If there is the preferred 

inertial system in the propagation of light, it is clear that for any inertial system, one spherical light 

wave cannot be a spherical wave that satisfies the principle of the constancy of the speed of light. 

It is difficult to find ways to overcome the physical paradoxes that result from the concept and 

interpretation of the theory of relativity within the framework of STR. They are paradoxes concerning 

the core results of the relativity theory, such as the time delay and the length contraction. Indeed, the 

twin paradox is a mystery related to the fate of the theory itself. However, we have relied on it to 

explain the relativistic phenomena aside from the problem of this paradox. It is not a true scientific 

methodology to interpret physical phenomena using problematic paradoxes and to produce plausible 

results. Against this background of logical, philosophical and physical viewpoints, several discussions 

concerning the philosophical and physical interpretation of the nature of space and time have attracted 

attention [21,66]. 

Not only the time delay but also the length contraction is a contradiction which cannot be 
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justified in the sense of STR. If there is the length contraction, we are faced with the contradictory 

result that the length contraction depends on the existence of other inertial systems that do not interact, 

while according to the principle of relativity we encounter the question of how to explain the opposite 

result obtained when we change the qualifications of inertial systems. This fact is directly contradic-

tory to the principle of relativity and causality. If the length contraction is real, then it is illogical to 

consider that the physical objects present in any inertial system, such as atoms or molecules, must 

undergo spatial changes due to relative motion.  

But logically judging, we would see the same world of nature in any inertial system, and we 

could never find a physical world in which a distorted atom or a three-dimensional object is trans-

formed into a two-dimensional object. Just according to the Lorentz transformation, when the velocity 

of motion of an object approaches the speed of light, an observer in a stationary inertial frame would 

find that the contraction in the direction of motion occurs, and all physical objects change into shapes 

of two-dimensional objects of zero volume. It is a miracle that arises not in the objective condition of 

the inertial system, but from the existence of another unrelated inertial system at rest. 

The apparatus of measuring the space also raises the question. Even if there is the relativity, an 

experiment comparing the relativity of space is never possible. Since the ruler also is relativistic and 

varies with space, so the scales of space in the two inertial frames cannot be compared, in practice. 

Measurements in an inertial frame obey the law of relativity. In other words, we cannot identify rela-

tivistic changes in scales of space in any way, since rulers also obey the Lorentz transformation. 

Therefore, an absolute ruler is required to confirm the validity of the present theory of relativity. 

However, this contradicts the principle of relativity, so in the theory of relativity, it is completely 

impossible to compare the scales of space of the two inertial frames. Unlike space, it is possible to 

identify the relativity of time because the times read by each of the two inertial frames are comparable 

by the two observers being in communication with each other. Thus, our theory has fundamentally 

resolved issues associated with paradoxes of STR posed in Refs. [12,16,23,24,37-41]. 

One should not forget the fact that the wrong concept may well explain physical phenomena 

within certain limits. The geocentric theory and the theory of phlogiston belong to such theories. The 

idea for the unified space-time has shown the bewitching power of deductive thinking in establishing 

an extended theory of mechanics and electrodynamics. However, this theory cannot be considered to 

have completely succeeded in constructing a theory that is free of paradoxes and is compatible with 

physical reality. 

Of course, relativity associated with the motion and gravity exists in reality. The time delay also 

is possible. Therefore, the theory of relativity is necessary. But unless we could completely explained 

in the realistic view what relativity is and what physical cause of relativity is, the theory of relativity 

would remain an incomplete theory that cannot explain the physical essence and causality. 

There is an important issue needing detailed considerations in relation to the principle of rela-

tivity. It is the question of whether all the physical laws necessarily should obey the principle of 

relativity. At least in acoustic waves, the principle of relativity does not hold. Acoustic waves are 

described by a standard form of equation only in a reference frame fixed to a medium of wave prop-

agation. If we try to establish the principle of relativity in acoustics, there is no alternative but to 

redefine the acoustical quantities incompatible with physical meaning, instead of preserving the for-

mula. There is no reason that electrodynamics must be built based on the principle of relativity. The 

principle of relativity is an assumption, and we cannot yet say that it has been fully verified experi-

mentally. 

It is clear that the laws of mechanics are covariant in all inertial frames, since it depends only on 

acceleration. But if a physical law has a velocity-dependent relationship, it cannot hold equally in all 

inertial frames, and the principle of relativity generally cannot hold true. The laws of electrodynamics 

belong to this case.. 

We have explained the results of several experiments on the speed of light, based on the con-

cept of the cosmon embodying the concept of the ether. The interpretation based on the cosmon gives 
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a good explanation of why the speed of light is independent of the velocity of the light source. The 

speed of light is determined by the medium of light propagation not by the speed of the light source. 

In this sense, the speed of light is constant. However, the speed of light is not constant for observers 

moving relative to the ether. An experimental evidence for this is the Doppler effect. In fact, this effect 

is impossible if there is no relative velocity of light source and observer. 

We have constructed relativistic dynamics, based on the notion of the probability of interaction 

in terms of the cosmon. In the relativistic dynamics of STR, there is a difficulty that cannot explain 

the asymmetry in the time delay and the length contraction which we are faced with when changing 

the relative relation of motion and rest. In our theory, the effect of the time delay is explained by the 

effective time of interaction. In nature, the effective time of interaction plays an essential role in all 

interactions, because of the existence of the maximum velocity of interaction propagation. The exist-

ence of the maximum propagation velocity of interaction is due to the ether. Therefore, two inertial 

frames with relative velocity are not always equivalent inertial frames. Only when considering the 

motion relative to the ether, the status of inertial systems can be evaluated correctly. In our view, the 

relativity of length is meaningless. In fact, changes of lengths in any two reference systems cannot be 

detected and cannot compared, because the lengths under consideration change homologously along 

with rulers. The study showed that the Lagrangian can be found with the help of the concept of effec-

tive time of interaction, and that the new relativistic mechanics can gives the similar results to those 

that Einstein’s relativistic mechanics gives. For this reason, the results given by STR are justified, if 

we regard the relativistic dynamics of STR as a theory that holds in a preferred reference frame. 

As shown in sect. 4, in our relativistic mechanics there are no unexplainable concepts such as 

the twin paradox or relativistic mass of motion, and these concepts can be explained in a realistic 

sense by the notion of the probability of interaction of the cosmon. Thus, our theory becomes an 

alternative theory of relativity based on ether-mediated interactions. Our theory has shown that the 

essence of mass as an open question is reasonably explained on the basis of the cosmon, and that field 

and matter can be treated in a unified way on the basis of the cosmon. Thus, our work has confirmed 

that the recent researches [26,34,65-69] assuming the existence of the ether and the preferred refer-

ence systems have practical value. Our study can also give a clear answer to the question of relativistic 

electrodynamics. We have shown that electrodynamic formulas are not necessarily covariant in the 

four-dimensional form. Of course, the requirement for relativistic covariance of the laws of electro-

dynamics is only one assumption. We have proved that there is no relativistic transformation with 

physical meaning derived based on the two postulates of STR, since the two postulates are not com-

patible. Thus, it is meaningless to construct relativistic electrodynamics based on the Lorentz trans-

formation. Electrodynamics is a theory in a preferred inertial system based on the cosmon, and if 

there is relativistic electrodynamics, it should be considered relativistic electrodynamics based on the 

probability of interaction related to the relative motion to the cosmon. 

The theory based on the cosmon enables us to explain consistently and in a unified way the 

nature of the gravitational field, the nature of time and the speed of light in the gravitational field, and 

the principles of equivalence, zero gravity and to build the theory of relativity in a context unifying 

STR and GTR. Newtonian mechanics as the nonrelativistic mechanics is automatically given as a 

nonrelativistic approximation of generalized mechanics in terms of the cosmon. In this theory, there 

is no need to build the theories of relativity in the special and general cases separately, and the theory 

of relativity is a natural consequence of the generalized theory. According to this theory, time and 

dynamic properties in the gravitational field can be dealt with in a comprehensive way to consider 

the cosmon density dependent on motion and gravity. Thus, the cosmon-based mechanics is expected 

to provide an important key to constructing unified physics for everything. 

 

8. Conclusions 
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Einstein’s outstanding and unparalleled contributions to the theory of relativity that had opened 

up an avenue towards a new physical world of relativity cannot be forgotten forever. However, the 

task to complete the theory of relativity still remains up to today, so it is indispensible to make a 

breakthrough for an alternative consistent theory of relativity. Meanwhile, the great thinkers, Lorentz 

and Poincaré’s profound idea and inspiration have led us to a new perspective and promising plans. 

In this context, we have proposed a generalized theory of relativity that covers inertial and nonin-

ertial reference frames altogether, based on the cosmon postulated as an original elementary particle 

which makes up the physical vacuum and matter. The assumption about the cosmon does not addi-

tionally require any of the fundamental postulates of the theory of relativity, such as the principle of 

relativity, the principle of the constancy of speed of light, and the principle of equivalence, and pro-

vides the possibility of constructing unified mechanics. 

First of all, we have interpreted the concepts, principles and results of STR from a new mathe-

matical angle, and have shown that the principle of relativity and the principle of the constancy of 

speed of light are incompatible with each other, and that the individual postulates also are not valid. 

The theory of relativity must be discarded if by experiments and mathematical and physical consid-

erations, it is confirmed that either one of the two postulates of STR is inconsistent or the two postu-

lates are incompatible with each other. Also, if the results of relativistic transformation are not phys-

ically consistent, then the theory of relativity should be regarded as being wrong. 

We have shown from this point of view that the Lorentz transformation, which is the transfor-

mation of the space-time coordinates between any two inertial frames, does not have unitary proper-

ties and that the Minkowski space does not satisfy the axioms of vector. In addition, we have demon-

strated that geometry in four-dimensional space-time cannot be established, since there is no invari-

ance of space-time intervals as the underlying concept of STR. 

We have logically and mathematically considered the physical consequences of the Lorentz 

transformation and have demonstrated that the concepts of the time delay and the length contraction 

which are explained within the framework of STR are unrealistic. The mathematical proofs given in 

this paper confirm that the Lorentz transformation is not mathematically general and is incompatible 

with physical reality, and that the relativity and unification of space and time are meaningless. 

We have established a relativistic dynamics from a realistic point of view by introducing the 

concept of the probability of interaction and of the effective time of interaction based on the cosmon, 

which is distinguished from the concept of the unified space-time at the root points. The existence of 

the cosmon and the maximum speed of propagation of the interaction in the ether system leads to the 

concept of the effective time of interaction. Our relativistic dynamics based on the effective time of 

interaction altogether has reproduced main results of the relativistic dynamics which STR had ob-

tained. But their physical essences are different: Einstein’s theory of relativity adopts the concept of 

the proper time, while in our theory is introduced the concept of the effective time of interaction 

which differs in essence from the former concept. To tell the truth, the notion of the time delay in 

STR should be replaced by the notion of the effective time of interaction. This is because the relativity 

between the cosmonic system and a non-cosmonic system, rather than the relativity between any 

equivalent inertial frames, makes a real sense. 

Meanwhile, our theory has provided a new theory of relativistic electrodynamics based on the 

cosmonic system. This theory has drawn the conclusion that the requirement that the law of electro-

dynamics must have covariance in every inertial frame is meaningless. Furthermore, we have formu-

lated a simple theory of gravity based on the cosmon, where all relativistic effects related to the grav-

ity including the time delay, frequency of oscillation, and the speed of light in the gravitational fields 

are successfully explained. Our theory of gravity is characterized by not relying on the concept of 

space-time and the equivalence principle. Since only the concepts of practical meaning are used, in 

our theory there is no paradox to be unexplainable, such as the time delay and the length contraction 

due to the nature of space-time. Of course, we do not deny that there may be some errors in our work. 
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But we believe that our study has a correct starting point and can contribute to establishing the solid 

foundations for developing the theory of relativity into a perfect theory without paradoxes incompat-

ible with physical realism. 
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