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Following a careful analysis of the original papers connected with the process of creating of the special relativity theory, i.e. Lorentz, Voigt, Poincaré, Einstein 1905 and 1916 papers as well as many present students textbooks and monographs discussing the ways of obtaining Lorentz transformations, and also deducing kinematical relativistic effects from them, there have been found principle incorrectness connected with these problems. The article discusses in detail the defects concerning Lorentz transformations as well as the ways of overcoming them. 

1. Introduction
The teaching of the special relativity theory on the academic level begins usually with the process of deriving the equations transforming position and time coordinates of the definite event from one inertial reference frame to another, assuming that these two systems move in relation to each other at the constant velocity V and assuming that the light velocity is absolute. These equations are well-known as Lorentz transformations. From these equations one then deduces kinematical relativistic effects (i.e. time dilation and shortening of the length of a rigid rod).  
It turns out that in many academic textbooks authors do not attach too much importance to defining the variables in Lorentz transformations during their construction. Because of that their specific meaning escapes attention. The lack of the univocal definition of times t and t′ and variables x and x′ in Lorentz transformations has also a negative impact on the way of fixing the relation of the times shown by the clocks and the rod lengths resting in the two different reference frames which move in relation to each other at velocity V, which leads to mistakes and confusion. The fact is also surprising that the relation of shortening the length of rigid rods postulated by Fitzgerald and Lorentz does not result from Lorentz transformations. Nonetheless the authors of textbooks surprisingly receive it from these transformations, thus making logical errors of different kinds. 

The purely formal approach to the derivation of Lorentz transformations, with which we most often deal in academic textbooks, aimed only at obtaining their mathematical form, without reference to real (not fictitious) phenomena results in losing the physical sense of the whole relativistic problem and effaces the meaning of physical quantities with which we operate in these transformations. 
In general, authors of these textbooks, undertaking the task of deriving Lorentz transformations, do not specify the event in question, what the described event involves. They do not clearly define with which reference frames mentioned by them the light sources are connected. They do not explain what role is played in the location of these events by the light signals. Thereby the central role of light in the establishing of the relation of the times shown by clocks and the lengths of the rods situated in different inertial reference frames is most often disregarded and in consequence leads to misunderstandings.  

Astounding is that within the framework of the same theory some receive the dilation [1], while others the acceleration [2] of the moving clocks. The same can be said about the length of rods. For some the moving rods stretch out [3], for others they shorten [1]. 

2. A short history of the formation of the special relativity theory and the construction of Lorentz transformations 

The genesis of creating the special theory of relativity goes back to the first attempts at explaining the phenomenon of starlight aberration, discovered by Bradley in the year 1728, with regard to ether. Following the Young’s discovery of the phenomenon of light interference and putting forward to the foreground its wave-character, physicist again referred to ether, as at that time light waves required a special medium for their transfer. Unfortunately, as early as the first attempts at using it to explaining the phenomenon of starlight aberration, ether caused scientists trouble in adapting it to the theories aimed at explaining the observed phenomena in which light played an important role. Till the end of the eighteenth century this phenomenon was superbly explained by Newton’s emission theory of light. 
„The aberration of light which according to the emission theory results directly from the composition of two rectilinear motions is explained more easily by the wave theory” [4]. Arago’s observations from the year 1810, aimed at detecting the influence of moving transparent substances on optical phenomena, provoked Fresnel to the introduction of the coefficient of ether entrainment through the substances moving in the ether. Fresnel’s hypothesis of ether dragging was to some extent, as it was confirmed by Fizeau’s experiment of 1851 [5] to an accuracy of 13%. The more exact confirmation of Fresnel’s hypothesis (with the error of 4,5%) was obtained in Michelson experiment worked out together with Morley in 1886 [6]. The results of these experiments decidedly convinced Lorentz about ether, although the results of Hoek’s (1867) and Michelson’s (1881) experiments were well-known to him and they negated the idea of the stationary ether. 

As early as in 1886, in the paper entitled „On the Influence of the Earth’s Motion on Luminiferous Phenomena” [4] Lorentz began to build the general theory which would be able to explain all optical experiments and light phenomena observed from the position of the Earth moving in ether, with regard to the hypothesis of the stationary ether. 

To receive the Doppler law, he assumed that the phase of the wave had the same value both in the system of the star (S) and in the system of the observer on the earth (Sr). However Lorentz realized that his argument for  Doppler law was based on the principle of summation the velocity of light and the velocity of its source, which was at variance with Fresnel’s ether theory. Thus, because of the ether paradigm which was obligatory at that time, he couldn’t accept this result. 

2.1. Voigt’s theory of Doppler phenomenon from 1887.

In 1887, in his paper: „On Doppler’s Principle” [7] Voigt worked out the universal method of transforming the light wave equation from one inertial reference frame (U) to the other (U′), moving in relation to the first one at the constant velocity. Voigt’s intention was to transform the equation of the wave light traveling  in the system of the source resting in ether to the observer system moving in relation to ether so that one could deduce the Doppler law from it. 

Voigt accepted the principle of the invariance of the wave-equation, while keeping the same form and the same velocity of light wave traveling in both reference frames. He limited himself to the case of parallel axes of both coordinates systems and to their mutual movement only along one X-axis, at the constant velocity. Along the same axis there was also traveling  the wave whose source was found at the origin of the system U. In this special case he received the transformation equations of position coordinates of the wave forehead settled in one (x, y, z) and the second (system and times of the course of the light wave (t) and ( on ways counted from the beginnings of reference frames to the common for both systems position point of this wave forehead: 
[image: image1.wmf]Vt

x

ξ

-

=

,
[image: image2.wmf]yq

η

=

 , 
[image: image3.wmf]zq

ς

=

,
[image: image4.wmf]2

c

Vx

t

τ

-

=

 , where 
[image: image5.wmf]2

β

1

q

-

=

, and 
[image: image6.wmf]c

V

β

=

.

The dependence of the time coordinate  on the spatial coordinate x is a consequence of applying the same wave velocity in both reference frames. 

From Voigt’s transformations there result the relations of light velocity components. The relation of velocity components on the direction x confirms the assumption about the similar light velocity in both systems. From Voigt’s transformations there also result the delaying the clocks effects, and shortening of the length of rigid rods in relation to the length of the rod resting in the system of the light source, namely: 
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Although Voigt’s transformations remind of Lorentz transformations, they are not the same. They are not symmetrical and favour one system - the system of the light source, and therefore are contradictory with the principle of relativity. One cannot say that Voigt was a forerunner of STR. 

Voigt used his own transformations to describe the Doppler phenomenon. The equation of the wave describing traveling  disturbances in the system of the source he transformed to the system of the observer and from here drew out the conclusion that in the system of the observer moving away from the source of waves the vibration period had grown smaller, and according to Doppler theory it should have been enlarged. It turns out that Voigt wrongly transformed the wave equation from the system of the source to the observer system. Instead of marking inverse translations of coordinates, he exchanged only symbols of variables x and t on andThen in place of variables and he substituted his own transformations and received the inappropriate result from which he drew out the inappropriate conclusion. This error affected his further work and its importance in the development of science. Voigt’s paper was forgotten for a long time. However, it has an important value. The method which Voigt used in the transformation of the wave-equation from one system to the other permits to show that the equation of the light wave can be successfully transformed from one inertial system to another in relation to the Galilean transformations. By the way comes to light the relative character of the light speed, that is to say the dependence of the velocity of light traveling in the vacuum on the velocity of its source, up to the pattern: 
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2.2. The transformation of the light wave in relation to Galilean transformations with the Voigt method 

The wave-equation for the component x in the system of the source assumes the form: 
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 is an equation of the wave in the system of the source, traveling  in the positive direction of X-axis. After the transformation of the equation of the wave to the system of the observer by means of the Galileo transformation, 
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 and the wave phase does not change. From the condition of the invariance of the phase of the wave there result the relations 
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, and  the wave-equation in the system of the observer assumes the form 
[image: image18.wmf]2

2

2

2

2

c

τ

x

¶

Y

¢

¶

×

¢

=

¶

Y

¢

¶

: wherein( is an equation of the wave, while c′ is its velocity in the system of the observer, moving in relation to the system of the source at the speed V. After accomplishing the procedure of the transforming wave-equation in relation to the Galilean transformations we receive the equation 
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from which two other equations result: 
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. 
It is easy to check that the solution of these equations is the equation of the wave traveling  in the system U′; (’ = F(’t – k’). In a similar way, with different assumptions, one can transform the equation of the light wave from one inertial reference frame to the other by means of Lorentz transformation.

2.3. Lorentz papers of 1892 - 1904.

From the year 1892 Lorentz seeks a new theory explaining the aberration phenomenon of starlight and the Doppler phenomenon. Henceforth the explanation of optical phenomena is connected with the Maxwell theory. It axiomatically accepts that Maxwell-Hertz equations from which there resulted the equations of electromagnetic waves, including light waves, are just in every inertial system. In the paper „The Maxwell Electromagnetic Theory and its Application to the Moving Bodies” [8] he seeks such translations of coordinates of the position of the wave forehead and the time which would permit to transform the wave-equation, so that in both reference frames they would give the same wave form and the same velocity of light traveling . He goes out from the Galilean transformations, i.e.:  xr  =  x - Vt,  yr  =  y,  zr  =  z,  tr  =  t,  and uses the convective derivative, but this does not yet permit him to receive the specific equation of the wave in the system of the moving observer Sr. Hence he introduces the additional system ′ and the additional transformation from the system Sr to the system ′: 
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. But again he received the equation of the wave, wherein the light speed was relative to velocities of the source. And again the result was not acceptable, because it collided with the ether theory of light. Lorentz finished his own paper with the derivation of Fresnel’s coefficient of ether entrainment which in this paper already obtained the dynamic interpretation.

To explain Michelson experiment Lorentz proposed „the desperate” hypothesis. In the paper of 1892, entitled „The Relative Motion of the Earth and the Ether [9]” he assumed that the arm of the interferometer in length L lying parallel to Earth motion shortens in relation to the perpendicular arm by the factor 
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. To substantiate this hypothesis he put forward several others, concerning powers: „molecular powers  which qualify the shape of the substance and act through the mediation of the ether”; „molecular powers change under the influence of the movement of the substance in ether so, that in a suitable manner they could bear on its shape”. 
Besides, he assumed that „the influences of the motion of ponderable matter on electric and magnetic forces molecular was the same for molecular forces”. „Introducing the fictitious reference frame resting in ether Lorentz transferred the electrodynamics problem to the electrostatics one” [5]. In this system he received equations: 
[image: image28.wmf]r

x

F

F

x

=

¢

¢

,
[image: image29.wmf]2

2

r

y

y

c

v

1

F

F

-

=

¢

¢

,
[image: image30.wmf]2

2

r

z

z

c

v

1

F

F

-

=

¢

¢

. Now he could prove that measurements of substances in Sr grew shorter in direction of the motion by factor
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. The shrinking of measurements only toward the motion is well-known as the Lorentz contraction. Lorentz realized himself that the contraction and consequences resulting from it could not be observed.  

In the paper „The Proposal of the theory of phenomena of electric and optical moving bodies” of 1895 Lorentz formulated the theorem about corresponding states which bound phenomena in two equivalent reference frames and enabled their dynamic explanation. The theorem about corresponding states permitted him to use to him similar light velocity in both systems S and Sr. According to the theorem the observer in Sr  determined the frequency and the direction of the wave, as if the system Sr rested in the ether. 

A base for this theorem was the hypothesis of the local time; 
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. (In 1905 Einstein treated Lorentz’s local time as the physical time). In the paper of 1895 Lorentz again applied a principle of the invariable phase of the flat wave, to explain the starlight aberration, and to receive the Doppler law in the form from 1886, but in a different way.

After the experimental confirmation of the velocity dependence on the electron mass by Kaufmann Lorentz included the motion of free electrons in his own research. In the paper the „The Maxwell Electromagnetic Theory [11]”, from the beginning of 1904 in which he still used the transformations of 1895, he began to speculate about the mass of the electron. 

In paper of 1904 „Electromagnetic Phenomena in a System Moving at any Velocity Less than that of Light [12]” he worked out a full theory of the deformable electron which, beside the mass of the electron, explained the phenomena in the optics of moving bodies. He assumed 10 assumptions in this paper, among which are: the same light velocity in all systems, the hypothesis of the shortening, the equivalence of molecular and electromagnetic powers. Since the year 1892 Lorentz first transformed equations of the electromagnetic field from the system S to the system Sr, using both the convection derivative and Galilean transformations, and next he introduced the additional system and the new set of coordinates transferring Maxwell equations to this additional system, so now he also introduced the new set variables to transformation Galilean coordinates to the auxiliary reference frame(, with coordinates: 
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. By means of these transformations he proved that Maxwell-Lorentz equations from the system S kept their own form in the system(, and these equations binding velocities in Sr and(, accept the form
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. However, the velocity transformations were not correct. As Poincaré showed „the root of the problem, was Lorentz’s two-step procedure which used  S, Sr and (, in addition to the convective derivative” [5 Miller]. Just by means of these defective velocity transformations Lorentz deduced the most awaited at the beginning of the XX-th century the velocity mass dependence of the electron. Thus he gave the description of the phenomenon discovered by Kaufmann, but did not explain it correctly.

Lorentz finished his search for the translation of axis of the wave forehead and time position, in accordance with all his own assumptions not earlier than in 1904. He obtained it cut-and-try method modifying the Galilean transformations of axis of position and time. Setting off from the hypothesis of the motionless ether, acknowledging Fresnel papers, simultaneously taking into consideration the Maxwell - Hertz equations Lorentz aimed at unifying the description of electromagnetism and optics. He obtained what he wanted, that is the same form of the electromagnetic wave equation in both reference frames, i.e. in S - the system of having a rest in relation to the ether of the wave source and in the Sr - the system of moving in relation to the ether of the observer. However, in spite of the great effort Lorentz made to protect ether, science slowly got matured to reject it. Poincaré significantly contributed to this. In the paper from 1902 „Science and Hypothesis” he voiced the opinion: „the day will come, when ether becomes derelict as useless” [13]. And really the idea of the “luminiferous ether” appeared an unsuccessful hypothesis. 
3. Einstein’s derivation of Lorentz transformations and its faults 
In 1905 Einstein published the paper „On the Electrodynamics of Moving Bodies” [14] in which he approached the problems of optical phenomena and the electrodynamics of electrons in a different way from Lorentz. Similarly to Lorentz, he based his own considerations on the relativity principle embracing electromagnetic phenomena, but the idea of luminiferous ether was replaced by the principle of the absolute light velocity. As the point of departure for his own reasoning he accepted the idea of the simultaneity of events, emphasizing the „definition of time” and the simultaneity of events. He introduced the method of synchronizing „the clocks located at different places, and resting in relation to one another”. Discussing the measurement of the length of the moving rigid rod by means of the clocks synchronized in the “resting system” and the ray of light, he came to conclusion that: „we cannot attach any absolute signification to the concept of simultaneity; but two events which, viewed from a system of co-ordinates, are simultaneous, can no longer be looked upon as simultaneous events when envisaged from a system which is in motion relatively to that system”[14]. 
The quoted statement became a basis for the construction of the theory of the translation of axis and time from the resting system to system moving in relation to its uniform rectilinear motion. Einstein considers two coordinate systems with parallel axes, whereby the system k moves at the constant velocity V, towards the growing values of the coordinate x of the second system K. To every set of quantities x, y, z, t which completely marks the position and the time of the event in the resting system K there corresponds the set of values, defining this event in relation to the system k. Then he passes to the delimitation of the system of equations binding these quantities. Using a very non-didactical and unusually complicated reasoning he arrives in his paper at the demanded transformations which structurally do not differ from Lorentz transformations.

A considerably more accessible derivation of Lorentz transformation one can find in the appendix to his paper from the year 1916: „On the Special and General Relativity Theory” [15] in which the essential faults of his reasoning come to light more clearly. There Einstein is examining the events happening along the X-axis of both systems. These events in the system U are defined by coordinates x and the time t, while in the system U′ by coordinates x′ and the time t′. Einstein assumes that in both systems, in compliance with equations x = ± ct and x′ = ± ct′, light signals disperse. To tie the coordinates of events defined independently in both reference frames Einstein creates a couple equations: 
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. After the expression of coefficients and by new a and b he receives another couple of equations: 
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. Now it is still necessary to introduce the relative velocity of systems U and U′ to these equations. Substituting x′ = 0 to the equation 
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 he receives the relationship 
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, wherein V is the relative velocity of the systems. Then using the relativity principle he assumed that the length of individual rods having a rest in U′, estimated from U, must be exactly the same as the length rods having a rest in U, estimated from U′. He suggests taking the „instantaneous photograph” of the system U′ taking from the position in U, which is to mean that in the system U time it does not exist; t = 0. On this basis he receives the relationship x′ = ax. While taking the instantaneous photo from the system U′ (then the time t′ = 0), he receives the relationship 
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. Comparing these „instantaneous photographs” taken once from the system U, once from the system U′ he receives factor 
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. After further comparatively simple transformations he receives Lorentz transformations. 

It is easy to notice that on the one hand the variable x, earlier defined as the coordinate of the wave forehead position is a path of light during t, expressed as x = ct, on the other hand x means the path of the system U′ beginning during t, which is expressed by the equation x = Vt. However, photo is taken from the system U, we have x′ = ax, while when it is taken from the system U′, we have 
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. One cannot miss the fact that the „instantaneous photograph” demands the infinite velocity of the light travel. Of course these faults and ambiguities have an influence on the determination of times relation and comparing the length of rods. If in Lorentz transformations we substitute x with x = Vt, as Einstein did in his first paper, we will receive 
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The same we have in the case of comparing the rod length. When we take the „instantaneous photograph” in the system U, ie. when t = 0, then 
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, which means that the moving rod is lengthened. However, when we take into account that x = ct, is 
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From Lorentz transformations one cannot obtain the expression in the form of Fitzgerald-Lorentz shortening. The hypothesis of Fitzgerald-Lorentz shortening was introduced only to explain the zero-result of Michelson experiment. It refers to the length relation of the arms of the Michelson interferometer which are perpendicular to each other. The assumption of the shortening of the arm parallel to the direction of the Earth’s movement in ether in relation to the perpendicular arm, explained the zero-result of Michelson experiment. This experiment compares the travel of light along two mutually perpendicular arms of the interferometer which belong to the same system and for the external observer both move in relation to him.
However, in the reasoning where one comes to Lorentz transformations the travel of light in different reference frames only in one direction is compared. So, by means of Lorentz transformations one can compare lengths of rods resting in different reference frames, but only arranged in the same direction. Besides, the hypothesis of contraction was deduced thanks to Galilean law of the velocity addition, and not thanks to Lorentz transformations. Lorentz transformations do not explain Michelson-Morleya experiment, and vice versa - the hypothesis of the shortening does not result from Lorentz transformations.
All attempts at obtaining this relation from Lorentz transformations are doomed to failure, because this hypothesis has never been directly inscribed to these transformations. In textbooks  one usually the same error is made which was made by Einstein, referring to the „ instantaneous photograph” and the assumption about the lack of passage of time t = 0, which is contradictory to the fact of the complete velocity of the light travel. The shortening of the length would result from the transformation but only on condition that V = c.

Even the nomenclature connected with the relativistic effects of the delay of moving clocks and the shortening of the length of moving rods seems to be misleading. It is not known why in STW the effect of the moving rod shortening is called a contraction. The contraction, that is the counteraction, made sense in Lorentz theory of ether where the hypothesis of the moving rod shortening rod was explained by the counteraction of ether against the action of the moving rod on ether. Ether would reciprocate to the rod, and so the rod would be shortened. It is not known either, why the effect of the dilation (from Latin, dilatio - the delay) of the moving clock in relation to the motionless clock one called a dilatation, (from Latin, dilato – in the enlarge meaning).

4. Methods of deriving Lorentz transformations in current student textbooks

In present academic textbooks we meet numerous modifications of Einstein method of deriving Lorentz transformations. Although they differ, each of them hides the same errors as the ones which appear in Einstein’s method. These errors, introduced in disguise of seemingly correct auxiliary assumptions, are the price which it is necessary to pay for the acceptance of the absolute light speed.

Some authors of textbooks, like Einstein, derive Lorentz transformations basing on the assumption that the light velocity „is the same in all inertial systems and is independent of the direction in the space” [2], which can be expressed by equations: 
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. To obtain Lorentz transformations from these equations it is still necessary to introduce to them the relative velocity of reference frames V. And here lies the essence of the problem, as all commit the same mistake, i.e. refer to Galilean transformations or smuggle the grotesque condition V = ± c.

Another method of obtaining Lorentz transformations consists in generalizing Galilean transformations. Now, to the time t in the system of the light source, the element conditioning time t′ in the moving system by the coordinate of the light wave forehead position x is added, as it was publicly done by Lorentz, to obtain the condition of the same light velocity in both systems. Then after the introduction of additional conditions one finds a desirable form of Lorentz transformations. Although the departure from Galilean transformations suggests that both transformations are compatible, and variables x and x′ and t and t′ concern the movement of any body, it is not the case. Lorentz transformations cannot descend from Galilean transformations, nor the other way round, because both theories are based on different proprieties of light, one on absolute, the other on the relative light velocity. In the year 2006 Baierlein [16] showed that Lorentz transformations did not reduce themselves to Galilean transformations. Besides in Lorentz transformations variables x and x′, and t and t′ exclusively refer to the movement of light, and not the movement of any objects, which is shown by assumptions: x = ct and x′ = ct′.  

A more original manner of the access to Lorentz transformation was presented by Kopczyński and Trautman [1].  They used the radar method based on the absolute light speed, by means of which they first fixed the relation of times shown by the clocks found in two inertial reference frames, and moving in relation to each other at the velocity V, along the axis x, and next by means of this method they arrived at Lorentz transformations. The radar method does not create any greater objections when used for the description „of the relativistic” Doppler phenomenon and settlements of times relation for the clocks moving in relation to each other, as the consequence of the absolute light velocity. However, it brings to light some subtle, yet essential defects when used for deriving transformations. In the radar method, similarly to Einstein’s method, there comes to light the double character of variables occurring in Lorentz transformations, but in spite of these defects, this method permits to understand better, the meaning of the coordinates x and x′ and times t and t′. Thanks to this method, we know that on the one hand coordinates x and x′ mean the path covered by beginning point of the moving observer system in relation to the system „of the motionless” observer during t or t′, then x =Vt  or x′ = -Vt′, and on the other hand these coordinates mean the paths covered by the light suitably in timest = (t - t ort′ = (t’ – t’1), counted from points of their position at the beginnings of system U and U′; then x = c(t - t1) or x′ = - c(t′ - t1′). We see that the time of light travel on the same path is different from the time of system movement. 

The procedure leading to obtaining Lorentz transformations with the radar method masks the fact that the light running from the suitable source to the point P - the point of event occurrence - is not sent in the moment t = t′ = 0, as one assumed, but a little later. This collides with the canon of every reasoning aimed at obtaining Lorentz transformations and deducing kinematical relativistic effects from them: „We will assume that observers O and O’ set their clocks so that they read on them the time  t = t′ = 0 in the moment, when x = x′ = 0, i.e. when the beginnings O and O’ of systems U and U′ agree with each other” [17]. Obviously this fact influences the settlement of time relations for the clocks and the relations of the length of rods having a rest in both reference frames moving in relation to each other at the velocity V by means of Lorentz transformations, similarly as in Einstein’s method, which was discussed above.

There are other methods whose authors most often start with the wrongly grounded effects of the shortening or the well-known conclusions resulting from Lorentz transformations, to come back to them.

5. Conclusion
We owe all problems connected with the construction of Lorentz transformations and with deducing kinematical relativistic effects from them to the principle of the absolute light speed. To get rid of these problems one ought to depart from this principle. 

To solve all optical and electrodynamics problems it is sufficient to use the principle of the relative light velocity, confirmed by Galilean transformation. Michelson experiment [18] and Doppler phenomenon, together with the phenomenon of the starlight aberration [19] is simply explained by the principle of the relative light velocity. 

However, the basic problem of electrodynamics at the beginning of twentieth century, (i.e. mass of the electron depending on its velocity), and also other phenomena connected with the acceleration of the electron were effectively solved by new quantum-electrodynamics theory, based on the energy-momentum conservation principle [20], without resorting to Lorentz transformations. This theory presented a quantum-dynamical, as opposed to relativistic, approach to the process of electron acceleration. The formulas are obtained for electron mass, momentum and kinetic energy as functions of velocity measured in the laboratory frame. Also the radiated electromagnetic field is calculated. A picture of the Compton phenomenon is obtained on this theoretical basis. Angular distributions of the synchrotron radiation have been found. The results are fully consistent with experiments.
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