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12.  Conclusions and proposals for 
modification 

The Theory of Special Relativity postulated by A. Einstein in combination with the transfor-

mation equations derived by Larmor, Lorentz and Poincaré and further the relativistic in-

crease of mass makes it possible to describe all conceivable relations between moving bod-

ies in arbitrary inertial systems without contradictions. To prove this a wide selection of 

examples concerning this issue was already discussed in detail in the chapters presented 

before. 

 However, this concept is not sufficient to describe all observed cosmological cases. At the 

beginning of the second half of the 20th century it was found that a cosmic microwave back-

ground radiation exists, which is isotropic and constant in all directions. Therefore, based 

on the “Ether-theories” already developed at the end of the 19th century, new attempts 

were made to bring special relativity in accordance with a state of absolute rest. However, 

none of these theories were able to show results without severe discrepancies to experi-

mental findings. The most important theories will be discussed briefly in the following. In 

addition, the Einstein synchronization already discussed in chapter 3.4. will be evaluated 

again. 

 Furthermore, it is proved that by using light pulses for a signal exchange between two 

observers moving arbitrarily to each other, additionally a superordinate system of absolute 

rest can be incorporated. With the use of the Lorentz transformation as only precondition 

this system can be integrated without contradiction. This is done first for the case that two 

observers are on a straight line in orientation to the system at rest, then for arbitrary con-

stellations. 

12.1  Alternative theories 

In the following theories shall be presented, which are not in accordance with the calculus 

of the Lorentz-Transformation (LT). They were developed to avoid the principle of “relativ-

ity of simultaneously”, which is integral part of LT. The main difference is the introduction 

of an absolute time which is concurrent valid in any arbitrary inertial system. Although all 

these theories in their initial form are not in compliance with experimental results, they are 

historically important and, because of the basic approach concerning violations of LT, are 

still basis for current research programs. 
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12.1.1  Simple addition of velocities 

At the early beginning of discussion concerning speed of light and “ether-drift” it was gen-

erally assumed, that the velocity of an observer (together with the measuring device carried 

with him) and the speed of light must be simply added [12c]. Also, the theoretical approach 

connected with the Michelson-Morley-Experiment is based on this assumption, and for the 

calculation of light beams coming and going to mirrors the value was either higher or lower 

than the speed of light 𝑐. 

 Already in the year 1913, however, the examination of double star systems by W. de Sit-

ter provided evidence, that the speed of light is independent of the speed of the object that 

is transmitting the signals [55]. It was now proven for the first time that this assumption is 

not in accordance with the facts. 

12.1.2  Theory of „Neo-Lorentzianism“ 

Following a similar idea of H. Ives and developed further by J. S. Prokhovnik [74] it is as-

sumed that in all parts of the universe a reference system S exists, which is at absolute rest. 

When a different inertial system is moving relative to it, the only related attribute valid for 

this system is, that space is contracting according to 

𝑥𝐴 =
𝑥𝑆

𝛾
                                                                (12.01) 

Consequently, for the coming and going of a light signal inside this system the following 

different velocities will appear 

𝑐1 = 𝑐 + 𝑢𝐴                                                             (12.02) 

𝑐2 = 𝑐 − 𝑢𝐴                                                             (12.03) 

The characteristics of time can be calculated by the consideration of a closed loop for a 

signal 

𝑡𝐴 =
𝑥𝐴

𝑐1
+

𝑥𝐴

𝑐2
=

𝑥𝑆(𝑐 − 𝑢𝐴 + 𝑐 + 𝑢𝐴)

𝛾(𝑐 + 𝑢𝐴)(𝑐 − 𝑢𝐴)
=

2𝑥𝑆

𝑐
𝛾 = 𝛾𝑡𝑆                        (12.04) 

This means that time dilatation is only a seemingly effect which is not real. Effects con-

nected with this theory should be found easily using e.g. synchronization experiments and, 

because this is not the case, the theory must be rejected. However, the involved persons, 

mainly Herbert E. Ives (1882-1953), are still today of historical interest. He was all his life 

in strict opposition to Einstein and, apart from his different theoretical approach, tried hard 

to discredit him in any possible way. He denied his contribution to Special Relativity and 

even tried to show that the equation 

𝐸 = 𝑚𝑐2                                                                   (6.17) 

was not originally developed by Einstein [75]. Nevertheless, he provided evidence with the 

Ives-Stilwell-experiment (co-working with G. R. Stilwell) that time-dilatation for moved 

bodies exists [17,18] and thus supported, surely without intention, the validity of the Lo-

rentz-equations. 



12.1  Alternative theories 

171 

12.1.3  RMS-Test theory 

The development of another alternative theory started with a proposal by H. Robertson 

[59] and was finalized by R. Mansouri and R. Sexl [24] and is today usually referred to as 

Robertson-Mansouri-Sexl- or RMS-Theory. In this case it is assumed, that a system of abso-

lute rest (called “ether system”) exists. For the notation of this ether-system capital letters 

and for any arbitrary initial reference system small letters are used for calculation. The fol-

lowing general transformation equations are valid: 

𝑡 = 𝑎𝑇 + 𝜀𝑥                                                              (12.10) 
 

𝑥 = 𝑏(𝑋 − 𝑣𝑇)                                                         (12.11) 

where the factors 𝑎 and 𝑏 can be determined by measurements (e.g. Michelson-Morley- and 

Kennedy-Thorndike-experiments) and 𝜀 out of synchronization effects as 
 

1

𝑎
= 𝑏 =

1

√1 − (
𝑣
𝑐)

2
                                    𝜀 = −𝑣                           (12.12) 

Hence 

𝑡 =
𝑇

𝛾
− 𝑣𝑥                                                             (12.13) 

 

𝑥 = 𝛾(𝑋 − 𝑣𝑇)                                                          (12.14) 

Equation (12.14) is obviously corresponding to the Lorentz-Transformation according 

to Eq. (1.08). Eq. (12.13) can be transformed to 

𝑡 =
𝑇

𝛾
− 𝑣𝑥 = 𝛾𝑇(1 − 𝑣2) − 𝑣𝑥 = 𝛾𝑇 − 𝛾𝑇𝑣2 − 𝑣𝑥                        (12.15) 

If Eq. (12.11) is converted, then 

𝑇 =
𝑋 −

𝑥
𝛾

𝑣
                                                             (12.16) 

with 

𝑡 = 𝛾𝑇 − 𝛾
𝑋 −

𝑥
𝛾

𝑣
𝑣2 − 𝑣𝑥 = 𝛾𝑇 − 𝛾𝑣𝑋 + 𝑣𝑥 − 𝑣𝑥                         (12.17) 

and 
𝑡 = 𝛾(𝑇 − 𝑣𝑋)                                                          (12.18) 

This means that the calculations follow exactly the Lorentz-Transformation. The RMS-

Theory now predicts that during passing of a moving system a comparison of clocks inside 

both systems shows the result 

𝛥𝑡 = −𝑣𝑥                                                              (12.19) 

Eq. (12.13) is transforming to 

𝑡 =
𝑇

𝛾
                                                                 (12.20) 
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A graphic presentation leads to the diagram shown in Fig. 12.1. 

    
Fig. 12.1: Space-time diagram following Eq. (12.18) 

  (according to [24]) 

 

It is obvious that in this case during a synchronization performed with light signals dif-

ferences inside the moving system should occur; however, no experimental evidence could 

be provided up to now [54,75]. Although the theory shows severe shortcomings, it is further 

developed until today [54]. The reason is that new approaches using quantum gravitation 

resp. string theory are suggesting violations of the Lorentz-Transformation. In combination 

with the equation 

𝑦 = 𝑑 · 𝑌                     𝑧 = 𝑑 · 𝑍                                             (12.21) 

now effort is made to find small differences to the equations given by the Lorentz-Transfor-

mation 

1

𝑎
= 𝑏 = [1 − ( 

𝑣

𝑐
 )

2 

]
 − 

1
2

                         𝑑 = 1                               (12.22) 

The intention is that with increasing accuracy of experiments following the methods of 

Michelson-Morley, Kennedy-Thorndike, and Ives-Stilwell these differences will be detected 

and that it will be possible to integrate the results into a generally valid overall picture. 

Examples for new measurements with highest precision are given e.g. [76,77,78,79], how-

ever, up to now no violations of the Lorentz-Invariance could be detected. 

12.1.4  Further alternatives 

In the last years many alternative theories were developed, which are demanding varia-

tions of the Lorentz-Equations. These approaches are usually connected with a further de-

velopment of the “Theory of General Relativity”, trying to find a general unifying theory 

tan𝛼 =
𝑣

𝑐
 



11.2  Interpretation of Einstein-synchronization 

173 

(GUT), which can possibly bridge the gap to quantum mechanics. These new theories are 

generally of high complexity, but despite of fierce struggle it was not possible to find a rea-

sonable formalism during the last decades. Here the question is allowed, why such an effort 

is made and how this can be justified. To answer this, a remarkable statement shall be cited 

out of a publication by C. M. Will [64]. This is in principle dealing with the position of Gen-

eral Relativity, but because further developments of this theory are mainly connected with 

the search for violations of the Lorentz-Invariance, it is also valid for the relations discussed 

before: 

 ”We find that general relativity has held up under extensive experimental scrutiny. The 

question then arises, why bother to continue to test it? One reason is that gravity is a fun-

damental interaction of nature, and as such requires the most solid empirical underpinning 

we can provide. Another is that all attempts to quantize gravity and to unify it with the other 

forces suggest that the standard general relativity of Einstein is not likely to be the last 

word. Furthermore, the predictions of general relativity are fixed; the theory contains no 

adjustable constants so nothing can be changed. Thus, every test of the theory is either a 

potentially deadly test or a possible probe for new physics. Although it is remarkable that 

this theory, born 80 years ago out of almost pure thought, has managed to survive every 

test, the possibility of finding a discrepancy will continue to drive experiments for years to 

come.” 

11.2  Interpretation of Einstein-synchronization 

In chapter 3.4 the Einstein synchronization was already discussed shortly. Because of the 

paramount importance it shall be investigated again and a close look at this topic will be 

taken. In a first step the theoretically appearing synchronization differences for an observer 

at rest and in a moved system are established. 

 In the following space-time-diagram the synchronization differences 𝛥S and 𝛥S′ experi-

enced by an observer at rest A in view of a moved observer B are presented (Fig. 12.2). The 

diagram is standardized (which means a scaling of 𝛥𝑡 = 𝛥𝑥 = 1). In a diagram scaled this 

way, light pulses show a graphic orientation of 45° to 𝑡 and 𝑥 axis. The velocity used for B 

in this diagram is 𝑣 = 𝑥 𝑡 = 0,5𝑐⁄ . 

The cases appear, that: 

a) A is sending a signal which is reflected by B, 
 

b) B is sending a signal which is reflected by A. 

The equations necessary for the calculation of the synchronization differences are com-

piled in Tab. 11.1. For A the interpretation of diagram a) is simple and because of the ap-

pearing symmetry 𝛥𝑡0 = 𝛥𝑡2 = 𝛥𝑡1 is valid. 

The situation of part b) is different and the calculation more complex. Observer A is mon-

itoring in his view, that the signal will be sent later from B, because time is running slower 

by factor 𝛾, but that it is arriving earlier compared to the signal sent by him. The latter is 

caused by the effect, that B is increasing distance to A during the transmission of the signal 

(for exact definition and modes for calculation see chapter 2.). 

The synchronization difference for A can be calculated as follows 
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𝛥S = 𝛥𝑡𝑆

1 −
1
𝛾

1 −
𝑣
𝑐

                                                           (12.30) 

 
Fig. 12.2: Definition of synchronization differences 𝛥S resp. 𝛥S′ 

𝛥𝑡𝑆 𝛥𝑡𝑆
′ = 𝛾𝛥𝑡𝑆 

𝛥𝑡0 = 𝛥𝑡𝑆 [
𝑣

𝑐 (1 −
𝑣
𝑐)

] 𝛥𝑡0
′ = 𝛥𝑡𝑆𝛾

𝑣

𝑐
 

𝛥𝑡2 = 𝛥𝑡𝑆 [
𝑣

𝑐 (1 −
𝑣
𝑐)

] 𝛥𝑡2
′ = 𝛥𝑡𝑆𝛾 [

𝑣 (1 +
𝑣
𝑐

)

𝑐 (1 −
𝑣
𝑐)

] 

𝛥S = 𝛥𝑡𝑆 + [
𝛥𝑡0 + 𝛥𝑡2

2
] − [𝛥𝑡𝑆

′ + 𝛥𝑡0
′ ] 

= 𝛥𝑡𝑆

1 −
1
𝛾

1 −
𝑣
𝑐

 

𝛥S′ = 𝛥𝑡𝑆
′ + [

𝛥𝑡0
′ + 𝛥𝑡2

′

2
] − [𝛥𝑡𝑆 + 𝛥𝑡0] 

= 𝛥𝑡𝑆

𝛾 − 1

1 −
𝑣
𝑐

 

Tab. 12.1: Equations for the calculation of 𝛥S resp. 𝛥S′ 
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In view of the moving observer B in b) a similar situation appears. In this case also the signal 

will arrive too early with 

𝛥S′ = 𝛥𝑡𝑆

𝛾 − 1

1 −
𝑣
𝑐

                                                        (12.31) 

Because time is running slower for the moving observer the subjective values for both 

are equal and it applies 

𝛥S′ = 𝛾𝛥S                                                                 (12.32) 

The Einstein-Synchronization now specifies the following: 

At time 𝑡𝑆 resp. 𝑡𝑆
′  a signal will be transmitted by observers A and B. When the signals are 

received by B resp. A, the clocks are considered as synchronized, when the following con-

ditions apply: 

𝑡1 = 𝑡𝑆 +
𝑡2−𝑡0

2
                                                         (12.33) 

and 

𝑡1
′ = 𝑡𝑆

′ +
𝑡2

′ −𝑡0
′

2
                                                         (12.34) 

For system a), the validity of the determination results directly from the representation 

in the diagram and there are no differences to the calculations carried out. For b), however, 

there are serious changes. 

An essential statement is first that 𝛥𝑡1
′  is hereby uniquely determined and the division 

between the single times 𝛥𝑡0
′  and 𝛥𝑡2

′  does not play any role. Together with the statement 

that the speed of light is the same in all inertial systems, in this way the synchronization 

difference becomes a virtual quantity which cannot be determined from the moving system. 

Since this value would be measurable for a resting observer, however, at the transmission 

of impulses with superluminal velocities, there must be no information transmission faster 

than the light and also no system of absolute rest on the basis of these determinations. Here-

with, a central statement of the special relativity theory is described. 

So, it becomes clear that the Einstein synchronization is a definition and not covered by 

an observation. 

The use of the Einstein synchronization has beside the possibility for the calculation of 

the Lorentz equations still another meaning. As already described in detail, from the point 

of view of an observer at rest it is not possible to describe the course of oscillation of an 

electromagnetic wave (e.g. light) without contradiction without using the principle of con-

stant phase velocity in a moving system.  

To avoid this, it is a simple means to use the definition of the Einstein synchronization in 

such a way that oscillation considerations are permitted in principle only within the respec-

tive inertial system. If one proceeds according to this principle, it follows that a state of 

absolute rest cannot be inserted; this leads to apparent contradictions, and then the princi-

ple, that a system of absolute rest can exist, must be rejected as erroneous. This will be an 

important consideration in a final study of the speed of light in chapter 13.1. 
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In the following, another important aspect on the subject of the speed of light will be 

dealt with. The statement: "The speed of light is the same in all inertial frames" must be 

considered and interpreted carefully. 

However, if several test participants from different inertial systems moving against each 

other observe the same event, e.g. the signal exchange between different spatially separated 

points, different observations must occur. If the speed of light of the own system is taken as 

a basis for measurements and if the times and distances necessary for the signal exchange 

are determined for the way there and back, they come to different results. Path and time 

are not divided symmetrically. This effect is caused by the "relativity of simultaneity". 

 

 
Fig. 12.3: Schematic presentation of a signal in a laboratory L between E and A from the point 

of view of an inertial system S moving relative to it (𝑣 = 0,5𝑐). 

a) Correct: 𝑐 = const. referred to S. 

b) Not correct: 𝑡1 =  𝑡2 referred to S 

To make this clear, the situation is shown in fig. 12.3. While the situation is always clear 

for an observer at rest (the outward and return paths are of equal length and the individual 

times are also equal), this does not apply to an observer from an inertial system S moving 

relative to the lab. 

The determination of the Einstein synchronization, i.e. at the outward and return path 

for the signal exchange between two points (e.g. the ends of a laboratory A and E) time and 

path are in each case divided to the half, is valid only subjectively for the system L which is 

in rest to the laboratory. If from another inertial system S moving relative to it this deter-

mination would also apply and the times 𝑡1 =  𝑡2 would be equal, the situation would arise 

a) b) 

𝑣 = 0,5𝑐 𝑣 = 0,5𝑐 
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as shown in the right part of the diagram with signal velocities larger or smaller than c as 

well as measurable synchronization differences. Moreover, according to these considera-

tions, a situation where the path is constant in both directions cannot even theoretically 

occur because the lab end moves away from the original point immediately after the signal 

is emitted and is at a different location on the return path. Instead, the situation as shown 

in the left partial picture applies. This means that the determination of a reference system 

can always only be subjective. 

12.3  Integration of a system at absolute rest into the Lorentz-Equations 

 

The approaches to combine a system of absolute rest with the Lorentz-equations presented 

in chapter 11.1 were obviously not successful. In the following it will be examined whether 

it is possible for two observers moving in arbitrary directions against each other to inte-

grate an additional superior system which is at absolute rest. In this case the use of the 

Lorentz equations must lead to a consistent connection without discrepancies. First a sim-

ple comparison reveals the fact, that this must be possible because the discussed equations 

can be considered as a mathematical group. The implementation of the Lorentz equations 

in a system  A→ B  can therefore easily being carried out using  A→ S→ B, where S could be 

a system with a basis at absolute rest. 

 Because of the importance of this proposition the validity of this correlation will be pre-

sented here in detail. To show this, the possible constellations between the observers will 

be treated separately in the following. 

1. Observers A and B are moving on a straight line in relation to S 

In the following the experimental relation shall be examined in an analytical way, where 

the system at rest S and an arbitrary reference system 1 with observer A, which is moving 

in relation to it with 𝑣0 and the investigated system 2 with observer B (moving with 𝑣1 

compared to the reference system) are lined up and 𝑣0 < 𝑣1 applies. To simplify the calcu-

lation the values of the velocities shall be replaced by their quotient to the speed of light 𝑐. 

 The Lorentz equations between Reference System 1 and the investigated System 2 are 

given by 

𝑥2 = 𝛾1(𝑥1 − 𝑣1𝑡1)                                                       (12.40) 
 

𝑡2 = 𝛾1(𝑡1 − 𝑣1𝑥1)                                                       (12.41) 

where 𝑥1 and 𝑡1 are coordinates of the Reference System 1 and 𝑥2 and 𝑡2 coordinates of the 

investigated System 2, which is traveling with speed 𝑣1 compared to system 1. If a system 

which is at absolute rest is introduced, then system 1 will generally show a movement com-

pared to this. In view of the system at rest the following relations apply 

𝑥1 = 𝛾0(𝑥0 − 𝑣0𝑡0)                                                       (12.42) 
 

𝑡1 = 𝛾0(𝑡0 − 𝑣0𝑥0)                                                       (12.43) 

𝑥2 = 𝛾2(𝑥0 − 𝑣2𝑡0)                                                       (12.44) 
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𝑡2 = 𝛾2(𝑡0 − 𝑣2𝑥0)                                                       (12.45) 

where 𝑣0 is the speed between system at rest and Reference System 1, whereas 𝑣2 repre-

sents the speed between the system at rest and system 2. Furthermore, the equation for 

relativistic addition of velocities applies 

𝑣2 =
𝑣0 + 𝑣1

1 + 𝑣0𝑣1
                                                          (12.46) 

Equations Eq. (12.42) and (12.43) are leading to the following relationship for the coor-

dinates 𝑥0 and 𝑡0 

𝑥0 = 𝛾0(𝑥1 + 𝑣0𝑡1)                                                       (12.47) 
 

𝑡0 = 𝛾0(𝑡1 + 𝑣0𝑥1)                                                       (12.48) 

In combination with (12.44) and (12.45) this yields 

𝑥2 = 𝛾2(𝛾0(𝑥1 + 𝑣0𝑡1) − 𝑣2𝛾0(𝑡1 + 𝑣0𝑥1))                                (12.49) 
 

𝑥2 = 𝛾2𝛾0((1 − 𝑣0𝑣2)𝑥1 − (𝑣2 − 𝑣0)𝑡1)                                   (12.50) 
 

𝑡2 = 𝛾2(𝛾0(𝑡1 + 𝑣0𝑥1) − 𝑣2𝛾0(𝑥1 + 𝑣0𝑡1))                                (12.51) 
 

𝑡2 = 𝛾2𝛾0((1 − 𝑣0𝑣2)𝑡1 − (𝑣2 − 𝑣0)𝑥1)                                  (12.52) 

The equations (12.40) and (12.41) shall be identical with equations (12.50) resp. 

(12.51). To prove this a comparison of coefficients is carried out and the following equa-

tions apply 

(12.40)  (12.50)         𝑥1:                𝛾1 = 𝛾2𝛾0(1 − 𝑣0𝑣2)                                                   (12.53) 

(12.40)  (12.50)          𝑡1:               𝑣1𝛾1 = 𝛾2𝛾0(𝑣2 − 𝑣0)                                                  (12.54) 

(12.41)  (12.51)          𝑡1:                𝛾1 = 𝛾2𝛾0(1 − 𝑣0𝑣2)                                                   (12.55) 

(12.41)  (12.51)         𝑥1:               𝑣1𝛾1 = 𝛾2𝛾0(𝑣2 − 𝑣0)                                                  (12.56) 

Obviously, the equations (12.53) and (12.55) as well as (12.54) and (12.56) are identical. 

Because of 

𝑣1 =
𝑣2−𝑣0

1 − 𝑣0𝑣2
                                                          (12.57) 

Eq. (12.54) can be replaced by Eq. (12.53) since 
 

(𝑣2 − 𝑣0)𝛾1 = 𝛾2𝛾0(𝑣2 − 𝑣0)(1 − 𝑣0𝑣2)                                   (12.58) 
 

It is now proved that all 4 equations are identical. To show the validity of the complete sys-

tem it is necessary to validate only one of these equations. 

 If now both sides of the Eq. (12.54) are squared and the respective values for 𝛾 are in-

serted, it follows 

𝑣1
2

(1 − 𝑣1
2)

=
(𝑣2 − 𝑣0 )²

(1 − 𝑣2
2) · (1 − 𝑣0

2)
                                          (12.59) 
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and 

(1 − 𝑣2𝑣0 )2𝑣1
2 = (𝑣2 − 𝑣0)²                                             (12.60) 

If for 𝑣2 the equation (12.46) is used, then 

(1 −
𝑣0 + 𝑣1

1 + 𝑣0𝑣1
𝑣0)

2

𝑣1
2 = (

𝑣0 + 𝑣1

1 + 𝑣0𝑣1
− 𝑣0)

2

                               (12.61) 

 If this equation is expanded completely, then 20 terms will occur which will add up to 

zero. It was thus shown for this case that the integration of a system at rest will not lead to 

any violations or to mathematical inconsistencies by using the Lorentz equations. Modified 

conditions taking 𝑣0 > 𝑣1 into consideration lead to the same result, because in any case 

only linear conditions are present which can be combined without restrictions. 

 When an arbitrary dependency between the combinations of velocities for the move-

ment of observers in different directions is considered, however, the calculation will be 

more difficult. In this case the observers will not contact each other but approaching to a 

minimum before they increase the distance again. It was already shown in chapter 2.1.2, 

that for any observer in a system at rest (A) or in a moved system (B) there is no difference 

in their observation of the situation and that it is not possible for both of them to decide 

with measurements during a signal exchange, whether they are moving or at rest. If a sys-

tem of absolute rest is integrated, which is different from zero to an observer A which was 

stipulated to be as at rest before, then the calculation will be more complex, but the situa-

tion can be simplified considerably if a suitable point of origin for the calculation is defined. 

 For simple calculation the fact is used that the direction vectors of both observers are 

passing along a straight line. If the vectors are moving along these lines the correlation be-

tween them are changing as a linear quantity, which means in a mathematical sense a con-

stant is added which can be subtracted later after the calculation is finalized. Two different 

cases must be dealt with: 

2. The straight lines of the direction vectors are intersecting 

For this purpose, the fact is used that if a system at rest is assumed then no further require-

ments concerning the point of origin are necessary from which the examination would have 

to start. This means that out of the unlimited possibilities the point of origin can be defined 

in a way that A is distancing to it and is part of the directional vector; this line is defined as 

corresponding to the 𝑥-axis. Further the vectors of both observers are moved in such a way 

that they are intersecting. These are the conditions to determine the point of origin as zero-

coordinates of 𝑥, 𝑦, 𝑡 in view of the system at rest S, the values for the 𝑧 axis are always zero 

due to the definition of the coordinates. In this case the correlations must follow the Lorentz 

equations. 

 For verification the following experiment shall be discussed: Starting from observer A 

observer B is departing with an arbitrary angle in relation to the 𝑥-axis. After a certain time 

𝛥𝑡 this observer is emitting a signal. The related coordinates will be determined by observer 

A and in the system at rest S. When these are identical after use of the Lorentz equations 

then the system at rest can be integrated without discrepancies. 
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The following calculations apply: 

Observer A finds that the signals transmitted by observer B distancing with the velocity 𝑣1  

are arriving with the delay 

𝑡1 = 𝛾1𝛥𝑡                                                               (12.62) 

The connected coordinates are 

𝑥1 = 𝑣1𝑡1𝑐𝑜𝑠 𝛼′                                                         (12.63) 

𝑦1 = 𝑣1𝑡1𝑠𝑖𝑛 𝛼′                                                         (12.64) 

In view of system S the velocity of observer B is calculated according to Eq. (4.20), see also 

chapter 4.1: 

𝑣2 =
√(𝑣0

2 + 𝑣1
2 + 2𝑣0𝑣1𝑐𝑜𝑠𝛼′) − (𝑣0𝑣1𝑠𝑖𝑛𝛼′)2

1 + 𝑣0𝑣1𝑐𝑜𝑠𝛼′
                          (12.65) 

where in his view the velocity of A is equal to 𝑣0. The angle 𝛼 measured by S is following 

equation Eq. (7.43) 

𝛼 = 𝑎𝑟𝑐𝑡𝑎𝑛 [
𝑠𝑖𝑛 𝛼′

𝛾0 (𝑐𝑜𝑠𝛼′ +
𝑣0

𝑣1
)

]                                          (12.66) 

(For details see chapter 7.2). Analogous to the coordinates found before it is 

𝑡2 = 𝛾2𝛥𝑡                                                              (12.67) 

𝑥2 = 𝑣2𝑡2𝑐𝑜𝑠𝛼                                                           (12.68) 

𝑦2 = 𝑣2𝑡2𝑠𝑖𝑛𝛼                                                           (12.69) 

Finally, the coordinates are calculated which can be found using the Lorentz equations and 

it applies 

𝑡1
′ = 𝛾0(𝑡2 − 𝑣0𝑥2)                                                       (12.70) 

𝑥1
′ = 𝛾0(𝑥2 − 𝑣0𝑡2)                                                       (12.71) 

The following correlations must apply: 

𝑡1
′ = 𝑡1                                                                  (12.72) 

𝑥1
′ = 𝑥1                                                                 (12.73) 

 𝑦2 = 𝑦1                                                                 (12.74) 

Eq. (12.74) shows that the values in 𝑦 direction are the same in all systems, what is a direct 

requirement of the Lorentz transformation. 
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Tab. 12.2: Comparison of calculations using Lorentz-Transformation. Values marked grey: 

Approximation (otherwise division by zero); Presentation in frames: 180 °+angle 

Equations for 𝑡1 → Eq. (12.33) to 𝑥1
′  → Eq. (12.42) see text. 

An analytical solution of these equations is complex, a direct numerical comparison not. 

In tab. 12.2 the results for the calculation of different angles between A and B and varying 

velocities are presented. No differences occur and Eq. (12.72), (12.73) and (12.74) are un-

restrictedly valid. 
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3. The straight lines of the direction vectors are not intersecting 

In the case where the direction vectors of observers A and B are not intersecting, this means 

in the terminology of analytical geometry, that the straight lines are “out of square”. For the 

solution of this problem first the position must be determined where the distance between 

the straight lines for both observers reach a minimum. In this case, here (and only here) the 

angle of the connecting line is matching the value of 90° in relation to the straight lines for 

both observers. 

 This connecting line is now selected as basis for the 𝑧-axis, which played no role in the 

interpretation up to now. The intersection point with the 𝑥-axis is now defined as origin of 

the coordinate system and the direction of the 𝑦-axis is perpendicular to both. When ob-

server B has reached the minimum distance to the center of origin with distance 𝑧𝑚𝑖𝑛 on 

the 𝑧-axis then 𝑥 = 𝑦 = 0 applies. Now the fact is used that the values in 𝑧-direction do not 

change during Lorentz transformation and that therefore a projection by factor 𝑧𝑚𝑖𝑛 is pos-

sible. The situation appearing now is identical to the case, where the direction vectors 

showed intersection. So, in a final statement it can be noticed, that it was possible to prove 

that a system of absolute rest can be integrated in any arbitrary inertial system without 

violation of the Lorentz equations or showing any other discrepancies. 

  


