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THE DUALITY OF SPACE AND TIME AND THE THEORY OF RELATIVITY 
B. Guy Ecole Nationale Supérieure des Mines de Saint-Etienne, 158, Cours Fauriel, 42023 Saint-Etienne Cedex 2, France e-mail: [email protected] 
Abstract 
Space and time concepts cannot be defined independently of each other; thus, there is a mathematical link between the corresponding parameters describing our physical world. An expression of this link is met in that, to-day, assessments of space and time standards are both derived from one single phenomenon, light movement, whose velocity is decided at an arbitrary mathematical value. A way to describe the space-time-associated reality is done by means of a phase-space frame where the position of the entities are represented with respect to each other without the need of a special time parameter. The “ extraction ” of a single time parameter from this frame is done by favoring, among all the physical entities, one that is assumed to be moving by itself (e.g. the photon), the position of which defines the time. Because time is related to position, one may give a pre- temporal significance to a three-dimensional spatial parameter. Three- dimensional pre-time, to which is associated three-dimensional space parameter through a tensorial duality, allows a straightforward expression of the consequences of space-time duality, particularly for frame transformations, with space and time parameters on an equal footing. If one wants to have a suitable connection between the physical descriptions of phenomena both in a mobile frame and in a rest one, the same ratio of space to time standards must be taken in both frames. As a result, effects similar to Lorentz transformation are obtained; they may be understood as picturing a non-Euclidean metrics for the mobile frame as represented in the rest frame. They may also be conceived as uncertainty relations connecting the values of time and space standards to that of light velocity. 
1 Introduction 
In order to build a quantitative representation of the physical world, it is necessary to define a frame where the position and the time of the events are measured. By doing so, space and time co-ordinates are viewed as four independent parameters, setting up a four-dimensional mathematical frame. This frame is considered before any other frame, having a relative motion with respect to it, is examined; so it has been named “ rest frame ” since A. Einstein (1). The well-known associated changes for space and time co- ordinates in Special Theory of Relativity, only occur when a new moving frame with respect to the rest frame is considered. Inside the starting rest frame, space and time co-ordinates are supposed to be measured separately by use of rules and clocks; time measurements have a meaning in the whole frame after all the clocks, located at the different space points, have been synchronized. These operations and the assumptions on which they lie (rigidity of rules, punctuality of clocks etc.) have been abundantly discussed since Einstein. Paradoxically however, it happens today that space and time in the rest frame are not defined (nor measured) independently. Both are determined together by the same non-rest phenomenon: the displacement of an electromagnetic signal (2), (3). The velocity of this signal is inferred, or, rather, decided, to be constant; its value is chosen at an arbitrary mathematical value. In this context, space is no longer measured by rigid rods but by the time of light travel. Practically, space cannot be defined without time because measurement operations of space take time; more fundamentally, in order space has a physical meaning, its different parts must be connected by the time- consuming travel of a signal. For a located observer, true space and the distant objects that constitute it are always discovered through a time mediation. Conversely, time is correlated to displacement of light in space. It may be defined as the position of a photon. This situation takes us back to Aristotle who defined time by movement, time not being intrinsic but defined by the relative position of the objects. In a way, time and space thus appear as two points of view on the same reality. Only the relative positions and relative displacements of physical entities (material and light entities will be treated equivalently in our discussion) matter to build the physical 
2 appearance of our world and thus to define space and time. The velocity of material entities can be divided by an arbitrary factor, or any velocity may be subtracted from all the velocities and no apparent change will result. Equivalently, any quantity may be subtracted from all the positions or times, with no change. On the whole, there is an arbitrary both on origin and scale, for positions, times and velocities of physical entities, and, again, there is something too much in counting space and time independently. At last, according to the above modus operandi, light is a physical phenomenon to be described within our representation of the world, and at the same time the tool to measure space and time: therefore it is no longer possible to define separately the velocity of light and the value of space and time units; we are in a circle. 
In short, time and space are computed as independent parameters within a four- (and not three-) dimensional frame, and, in the same time, are linked at the basic definition level. In the present paper, we propose a first quantitative assessment of this paradox and examine the question whether something may be discussed about space-time dimension and about time and space parameter independence. The paper will remain at a cinematic level; dynamical and electrodynamical questions will only be alluded to. Our theory does not bear on observational data. We think it will help discuss, and possibly solve, several internal inconsistencies in Relativity Theory that have been raised by many authors, and also give a new content to the formulae of Relativity Theory, that will be partly modified. 
Outline of the paper In first step (Sect. 1), we start with a 3-dimensional spatial frame, called E3, wherein the position of each entity of the universe is merely defined by the distance from the origin of co-ordinates. Each spatial coordinate may be duplicated by the light travel time from the origin. This is a first way to express the fundamental link between space and time co-ordinates and space E3 thus already has a temporal meaning. On this basis, a phase-space may be constructed, called Q3N, with the 3N co-ordinates of the N entities composing the universe. Velocities need not be represented in this phase- space for reasons that will appear clear in the sequel. 
3 The second step (Sect. 2) will consist in favouring, among all the entities of the preceding universe, and thanks to postulates that will be indicated, one specific entity that is moving by itself (e.g. a photon), in order to define a time for the whole frame. This is another way to say that time was already embodied in spaces E3 and Q3N; so, a phase-space with an additional time parameter of the type Q3N+1 might actually be replaced by a timeless phase- space Q3N, and, by way of consequence, one dimension of standard space- time E3+1 may be seen as superfluous with respect to the three dimensions of timeless space E3. In other words, if a space such as E3+1 is compulsorily needed to draw the trajectories of physical entities from a practical point of view, one must know that this space is in part redundant, because the spatial axes already have a temporal meaning and the time axis already a spatial meaning. In phase space Q3N the trajectories of the entities are simply defined with respect to the other entities. Provisionally, the three spatial coordinates of the above photon allow to define a three-dimensional pre-time (that might equivalently be defined by three photons moving along the three co-ordinate axes). Pre-time coordinates are merely position coordinates that are computed separately from other spatial parameters and that serve as a basis to choose the ordinary time parameter. Together with the three spatial coordinates of the entities, the three temporal co-ordinates of the photon define an intermediate 6-dimensional frame, E6, that proves to be useful, in particular, to discuss frame changes. In third step (Sect. 3), we will examine more fully the case when starting three-dimensional space E3 is non-Euclidean; in that case, one is naturally led to give two associated tensorial characters (covariant and contravariant respectively) for the three pre-time and the three space co-ordinates of the photon considered at previous step. In fourth step (Sect. 4), we will be ready to consider the case of one moving frame with respect to another, either in the E3 (or E6) spatio-temporal representation, or in the Q3N phase-space representation; because of the fundamental link between time and space parameters, such frame movement may equivalently be viewed as an intrinsic unprecision on the space and time measurements within one single frame. The following sections (5, 6 and 7) will give a physical, Lorentz- transformation type, interpretation to the preceding results and discuss 
4 corresponding equations for the three-dimensional time case. One important contribution of the three dimensional pre-time is to help connect moving frames when the relative velocity vector is arbitrary in three dimensional space (and not parallel to one axis), a situation that causes some difficulties in the classical Relativity Theory. In next section (8), we will sum up how to get back to a four-dimensional space (transition from E6 to E4), with a time with one dimension instead of three. This will be based on the choice to consider, in order to define the time for a whole frame, only one entity as moving along only one co- ordinate axis (synchronization procedure). Thereby is illustrated in a new way the twofold meaning (spatial and temporal) of all the co-ordinates: instead of three spatial and one temporal co-ordinates, one may equivalently speak of three temporal (the three light travel times from an origin to the current position) and one spatial (the position of a specified photon) co- ordinates. The last section (9) will be devoted to a general discussion of the points raised by the approach presented. 
1 “ Timeless ” space-time frame 
1.1. Construction of a timeless space-time frame Let a world be defined by N material entities (assimilated as points). Let the 1 2 3 1 2 3 coordinates of the entities be written as x L, x L, x L for point L, x P, x P, x P for point P and so on. In our approach, time monitors, and is a reflect of, the changes between the relative positions of the entities and will not be considered separately from the position. Two types of spaces may be constructed with these co-ordinates. i) A phase-space frame Q3N is simply constructed by the 3N coordinates of the N material entities, for “ universal point ” M. In the paper, phase-spaces of that type will be termed Q, with dimension of space as an exponent. Such space pictures the relative positions of the entities with respect to each other, and its scale and origin may be arbitrarily changed (in particular, the co- 1 2 3 ordinates x S x S, x S of an arbitrary point S may be subtracted from the other coordinates). 
5 ii) The point co-ordinates may simply be reckoned in a three-dimensional space frame E3, where time is not counted separately either. Spatio-temporal frames of that type will be noted as E, with the dimension as an exponent. If pre-time co-ordinates, that are extra spatial coordinates (see below), are distinguished from (ordinary) spatial co-ordinates in such spatio-temporal frames, the notation will be of the type E3+3 (or E6) for a three-dimensional time, or E3+1 (E4) for a one dimensional time. If time and space are not distinguished from each other, the exponent indicates the common space + time dimension as in E3. In general there is no ambiguity. Both spaces E3 and Q3N are called timeless frames because a single parameter for time has not been distinguished. But time is present because, at this stage, each co- ordinate has both a temporal and spatial meaning, that is why we can eventually speak of timeless space-time frame. 
The dual (spatial and time) content of the co-ordinates may be expressed by i attaching to each of the co-ordinates such as x L, other co-ordinates such as i t1L, t2L, t3L, through the equation x L = ctiL. It is another way to measure the coordinates of the points by the light travel from the origin. If the metrics is non-Euclidean, the correspondence will be non-trivial and of interest (Sect. i 3). It will be defined locally by equations of the type Σgijdx = cdtj where gij is the metric tensor in three-dimensional space. 
1.2. Example of timeless phase-space frame A timeless phase-space frame F = Q2 is represented in Fig. 1A for a very simple universe; only three entities (two of which are independent so the dimension of Q is two) are taken and located along one single spatial dimension (here E = E1), the x axis (not represented): a photon P and two material points O and O’. O stands for the origin and O’ is moving at velocity v with respect to O. Light sources may be located in O and O’. The universal point M’ represents the relative position of O’ and P with respect to O; it is reckoned by its co-ordinates xp - xO against xO’ - xO, where xO, xO’ and xp are the abscissa of O, O’ and the photon P respectively; the frame may also be noted (O’, P)O. Frame F is attached to point O; it is equivalent in the above coordinates to decide that xO = 0. In this timeless phase-space frame, previous coordinates define line OM’ with slope v/c, as the trajectory 
6 for universal point M’; as has been said, only the ratio v/c matters (one shifts from relative positions to relative velocities and scale is arbitrary). There is no specific time co-ordinate. Time evolution is represented by the movement of the photon P (for which x and t identify; in the sequel, for the photon, which is the gauge, the co-ordinates will be written by capital X and T in order to distinguish them from x’s and t’s for the other points); associated standard space and time X and T are monitored along the horizontal axis of this timeless frame (the behavior of coordinates along each axis separately, particularly along the x axis, gives us information on space E1 for the present problem). Current Q2 timeless frame easily allows to get back an ordinary 2D (x, t) representation. Fig. 1B portrays another phase-space frame G, for another universal point M (O, P) represented with respect to O, noted (O, P)O (the mobility of O’ is not represented). 
2 Separation of space and time from timeless frame 
2.1. Postulates As we begin to see from the previous example, the movement of one entity (photon) may be extracted from timeless spaces (either of E or Q type) in order to define time. Note that Rovelli (4), (5) already discussed a physical world with no time, where time is “ identified with one of the internal degrees of freedom of the theory itself ”. Such formulation is needed by some presentations of Quantum Theory which by itself seems to prefer a three dimensional space-time frame (see (5), (6) among others). Postulates allowing such a separation of space and time from timeless frame are of a philosophical nature (see also (7)). They may be expressed as follows. 
Postulate i) Because the model world we build is a realistic representation of the physical world, we are sure that some, among the N entities, will move with respect to the others. This can be phrased in a more general way according to: 
7 Postulate ii) Space, time and matter concepts, together with mobility and immobility concepts, cannot be defined independently of one another, neither physically neither mathematically. This is a self-reference situation: therein, an autonomous definition of a concept cannot be given; other expressions of the same concept, of associated or opposite concepts are actually already needed (8). Compare with the pairs of associated opposite concepts discussed by Lévy-Leblond (9). These statements compare with Bergson’s point of view; this author constantly reiterated in his work (10), (11) that “ state is already a change ”. 
Postulate iii) In order to define time in a unique manner for a whole stretch of space, one entity is arbitrarily chosen (for practical reasons, it is light photon) and is decided to be mobile with rectilinear and constant velocity movement. The position of this entity along its line settles the time. Movement is at the foundation of time and space determination; a standard movement needs be defined, so as to complete the quantization task of the physical world. At the limit, what is movement, and what is not, might be chosen separately of practical reasons. No independent means may be given either to decide that a movement is rectilinear or with any specific constant velocity. This arbitrary is also found in the physical phenomenon chosen to define the standard movement. Light is chosen but other “ standard ” movements might be chosen to define time, and link it with space, for example that of earth rotation; light transport may be regarded as more simple to operate with. The constancy of light velocity appears as an unavoidable epistemological postulate (and not properly a physical postulate) connecting space and time intervals to the same phenomenon. The paradox is that relative movement was said to be sole important for material entities, but, for the (photon) gauge, the movement is compared to nothing. Taking into account the non-Euclidean metrics gij that may be used, a more precise statement of postulate iii) is to say that the norm of the light event is conserved (isometry), while noticing the metric may become non- Euclidean in the course of the frame change (see below). 
Postulate iv) Some among the material entities of the universe are rigidly bound together; they define space with respect to the moving others, among which some are chosen to define time. 
8 Postulate iv) seems to contradict postulate i) or ii) in that time and space are defined separately. Actually, iv) is another manifestation of the circular self- reference nature of i): time and space, mobility and immobility, are both defined separately and together ... The separation between the two groups of entities (those relatively immobile and those relatively mobile) may in part be discretionary. By this operation (that can also be called “ synchronization ”), one can say that time and space detach from each other (7). A paradox is that three "times" are first derived from the preceding operation, instead of one. The question is not only the definition of time, but the associated definition of space, both time and space being extracted from the space-time timeless (and, in a way also, spaceless) frame. 
2.2. Three-dimensional pre-time As a consequence of the practical link between the working of standard clocks and that of standard rods, time is always associated to a displacement of matter; in other words, there is invariably a correspondence between a time interval and a space interval. That is why, as an elementary (and provisional) step, there are three (independent) time intervals associated to the three independent spatial intervals. By choosing one photon to define the time, its three spatial co-ordinates set up what we can call a three- dimensional pre-time. The (rectilinear uniform) movement of the photon is projected along the three axes; this leads to three rectilinear uniform movements. Because of the projections, there are scale factors with respect to light velocity c for the velocities of the three movements along each axis. Thanks to changes in the scales along the axes, we can still say that the movements are ruled by x = ct. As indicated in sect. 1, the space and pre- 1 2 3 time coordinates of the photon P will be noted as X P, X P, X P, T1P, T2P and T3P. One could also consider that three different photons P, P’ and P’’ are moving at velocity c, each along each coordinate axis; this will define three 1 2 3 2 1 pairs of co-ordinates (X P, T1P) (with X P = X P = 0), (X P’, T2P’) (with X P’ 3 3 1 2 = X P’ = 0), and (X P’’, T3P’’) (with X P’’ = X P’’ = 0). The point with 1 2 3 coordinates (X P, X P’, X P’’) also goes at a constant velocity, which still can be decided to be c via a change of scale. So the two points of view are equivalent. There is an easy correspondence of this three-dimensional pre- time with a unique time in the starting (rest) frame where three-dimensional 
9 time is thus redundant. As announced, three-dimensional pre-time will have an interest as an intermediate for computing frame transformations with arbitrary movements. Note that, in the case of a strongly anisotropic gravimetric field, the working of a clock (based on light propagation) will be different when considered along the different spatial directions, which is another way to understand how three times may rise. 
3 Associated tensorial characters of three- dimensional space and time intervals 
The correspondence between space and time intervals proposed previously for the photon is now examined on a more quantitative basis. The consequences derived from this correspondence will transfer to the independent space and time coordinates of any event. The three pre-times will be noted: T1, T2, and T3, in connection with the three possible movements of the photon along the three directions of space X1, X2 and X3. We will use X2 and X3 rather than Y and Z for better symmetry between the different spatial and temporal co-ordinates. Thanks to the propagation equation ∆X = c∆T, where c is light velocity, and to changes in the choice of origins for space and time, the three basic time intervals associated to the three spatial intervals along the three co-ordinates may be noted according to 
1 X = cT1 (1) 2 X = cT2 (2) 3 X = cT3 (3) with the same factor c. The same hypothesis of constant light velocity is taken along the three directions. A total spatial length is given by 
L2 = (X1)2 + (X2)2 + (X3)2 (4) 
To it corresponds a total time interval vector T in 
2 2 2 2 T = T1 + T2 + T3 (5) 
10 
Corresponding time ITI is not necessarily a unique synchronized time; it is a unique total time interval built with three different time intervals, similar to the case of a (total) distance built with three independent distances in eq. (4). Because of (1) to (4) we have 
2 2 2 2 2 2 2 2 2 L = c T1 + c T2 + c T3 = c T (6) 
This may also be written as 
3 L2 = c ∑ XiT i=1 i (7)
In the above relation, space and time intervals may be considered of different tensorial type for the same variable. Space is contravariant and time covariant; the alternate choice may also be done. This representation is justified by the mathematical consistency of the frame change equations in Special Theory of Relativity, and by the link with General Relativity theory (see below). The physical content of the preceding statement lies in that, when a non-Euclidean metrics gij is operating, the spatial length is distinguished from a mere difference of spatial co-ordinates. A distance is physically experienced by traveling it through; thus, when compared to a co-ordinate difference, one may ascribe to the physical meaning of the length, the time to cover it at a given velocity; this time will change with the metric gij for a same spatial co-ordinate difference; space is “ temporalized ”. It is thus natural to involve the metrics and give to time along each direction, the tensorial meaning dual to the corresponding spatial co-ordinate. If a non-Euclidean metrics is defined by tensor gij, it is natural to write 
3 ∑ g Xi = cT i=1 ij j (8) or equivalently 
11 3 ∑ ij j cg Ti = X (8’) i=1
In the sequel, the convention of implicit summation for repeated indices at different levels will be taken. Eq. (8’) gives the reciprocal meaning to (8): time is spatialized; it is experienced by a distance covered at a given i velocity. In equations of the type gijdX = cdTj, it is equivalent to say that c is constant with a variable metrics, or that light velocity is variable in space according to the factor c/gij. Within a non-Euclidean metrics, only the ratio c/gij actually matters, and one may prefer to define a universal ratio c separately from the velocity of light that may then be non-constant. The preceding expresses an equivalence between metrics and light velocity. For example, as seen from outside, the velocity of the light emitted by a black hole, whose dimension is limited, can be considered as non constant and going to zero, as has already been pointed in the literature (in which case metrics coefficients go to infinity). The example of the black hole makes one understand the meaning of the tensorial duality between space and time parameters. In such a situation, the spatial extension of the object is finite, but time to travel it through goes to infinity because of the singularity of the metrics. In the starting Euclidean frame, space and time intervals for light coincide, via a c factor, that may for convenience be chosen equal to one. If the frame i metrics is diagonal, we have giiX = cTi with no summation. In differential form, the square of elemental spatial length or square of elemental norm is written as 
2 i j dL = gijdX dX (9) or 
2 i dL = cdTidX (10) or, by use of (8’), 
2 2 ij dL = c g dTidTj (11) 
12 that can be written 
 dL2 = c2dT2 (12) 
So, in fine, the choice of light time and space intervals as co-ordinates of different tensorial types in (8) or (8’) is in agreement with the standard correspondence between time and space intervals, defined by light displacement. For sake of mathematical consistency, the above writings of ij eq. (4) and (5) are valid in Euclidean frame, and implicitly contain g or gij δij δ coefficients, equal in that case to and ij coefficients of Kronecker tensor. In the norms (4) and (5), the X’s and T’s have not all the same variance, one is computed as a contravariant X and the other as a covariant T. 
4 Effect of “ mathematical ” frame deformation on space and time interval precision 
Postulate v) Laws of physics are insensitive to changes in time and space standards within different frames, provided the ratio of these standards is taken as constant. When changing of spatio-temporal frame, say from E3 to E’3, or E6 to E’6 and corresponding changes from Q3N to Q’3N, where the primed frame is the new frame, the problem of an arbitrary on the choice of time and space standards will hold; the same attitude as above must be taken. In both frames, a space interval is associated to each time interval; the identical correspondence (via “ constant ” light velocity) is applied in the different possible frames, expressing that there is no other means to define time than within displacement and that there is an arbitrary on the velocity of the gauge, that must be kept constant once it has been chosen. 
Another way to view the link between light velocity and space and time standards is to compute the “ unprecision ” on time and space measurements because of a “ mathematical ” modification of the co-ordinate frame. In order to do so, the length is supposed an invariant, as if it were measured through a means independent from light displacement; a “ light event 
13 vector ” is chosen for which, following the preceding section, two associate coordinates may be defined; accordingly, the scalar norm of the vector (which identifies with the spatial length in the starting frame), is a constant independent of the frame, where both coordinates of dual tensorial types are associated. This constancy of norm is a way to express the constancy of light velocity in the different frames: the same (“ physical ”) length will be covered. Variations of co-ordinates may be computed when the frame is deformed by a little modification of basic coordinate vectors. This modification is indeterminate for the moment; as discussed in Sect. 9.1. it may be viewed either as an uncertainty on the velocity of light, which is the basic measuring tool, as an uncertainty on the immobility of the light source, or as a little movement of the reference frame at velocity v; c = 1 2 i will be taken for simplicity. The constant norm of the event L is X Ti; so: 
 i i i δ(X Ti) = δTiX + δX Ti = 0 (13) which can also be written 
 i i X Ti = X’ T’i (13’) 
The vectorial writing of L is: 
 i L = X ei (14) 
3 where ei is a basic vector in E space; the variation of L reads 
 i i δL = X δei + δX ei (15) 
The variation δei of the basic vectors are defined along the starting basis in E3 by 
 j δei = w i ej (16) 
 j where w i coefficients define matrix w. In the dual basis, this is written as 
 i i j δe = W j e (17) 
14 
Capital W is taken in (17) to distinguish it from w for contravariant co- ordinates. δL may also be written by use of the dual basis and the co-variant type co-ordinates Tj: 
 j j δL = Tjδe + δTje (18) 
The norm of δL reads: 
2 i i j j (δL) = δL. δL = (X δei + δX ei).(Tjδe + δTje ) (19) 
Because δ(L2) = 0 = 2LδL, for L ≠ 0, δL = 0 and (19) is also zero. By developing, one gets: 
2 i j i j i j i j (δL) = 0 = (X Tjδeiδe + X δTje δei + TjδX eiδe + δTjδX eie ) (20) 
By use of eq. (16) and (17), this reads 
 i k j l i j i k j ∑ X Tjwi Wl eke + ∑ δX δTjeie + ∑ X δTjwi e ek i,j,k,l i,j i,j,k i j l + ∑ TjδX Wl eie = 0 (21) i,j,l
In the general case when starting E3 space is non-Euclidean, use of metric j tensor gi allows to transform products of basic vectors in 
 j j gi = ei e (22) 
Eq. (21) may also be written 
 i k j l i j i k j ∑ X Tjwi Wl gk + ∑ δX δTjgi + ∑ X δTjwi gk i,j,k,l i,j i,j,k i j l + ∑ TjδX Wl gi = 0 (23) i,j,l
15 where summations have been indicated for clarity. The above relations connect the uncertainties on conjugate space and time coordinates δX and δT for little (indeterminate) variations of the representative frame, embodied in w and W matrices. Let us consider the particular case of an orthonormal Euclidean frame. Products ei.ej = gij define Kronecker tensor δij, and similar tensors for the i i indices with different variance. In that case, coefficients w j and Wj with i ≠ i i j need not be considered. Furthermore, coefficients w i and Wi where both indices are identical are equal with opposite sign. To demonstrate this, one writes 
 i e ei = 1 (24) where no summation is involved. By differentiating, it comes 
 i i e δei + eiδe = 0 (25) 
By use of eq. (14) and (15), and keeping same indices i and j, it comes 
 i i i i e eiw i + eie W i = 0 (26) which leads to 
 i i w i = -W i (27) 
Another simplification arises in (21) or (23): the sum of third and fourth factors is equal to (13) which cancel. In this particular case, eq. (21) and (23) finally give: 
 i i i i i i 2 δTiδX = - X Ti w i W i = - X Ti (w i) (28) 
In the case of only one displacement along one coordinate (space E1) it remains 
1 1 1 2 δT1δX = - X T1(w 1) (29) 
16 
In the simplified case of the orthonormal Euclidean frame, relation (28) may be found in a slightly different way. The new frame is defined by vectors e’ = e + δe. The same event L is written in the same time in the starting basis defined by vectors e, and in the new one: 
 i i i j L = X ei = X'e'i = X'(ei + w iej) (30) where (16) was used. X’ is the value of X in the new frame; similarly T’ will j be the value of T in the new frame. In this simplified case, w i coefficients are zero when i ≠ j; there remains 
 i i i X = X'(1 + w i ) (31) 
If we write X' =X + δX and T' =T + δT we have 
 i i i i i i i i δX = - w i X’ = - w i X /(1 + w i) ≅ - w iX (32) 
(approximation) and similarly 
 i i i i δTi = - W i T’i = -W i Ti /(1 + W i) ≅ -W iTi (33) 
(approximation). We then have 
 i i i i i i 2 i i 2 δX δTi = X’ T’i w i W i = - X’ T’i (w i) = -X Ti(w i) (34) 
 i i as in (28). The last equation is exact since X Ti = X’ T’i. 
5 Physical interpretation of frame deformation 
As an example consider the case of one-dimensional space-time frame E1 (or E1+1 when time is distinguished) and two-dimensional phase-space Q2, defined by three entities (one photon and two material points O and O’). The discussion of the physical interpretation is carried in phase-space Q; this space represents the relative positions (and times) of the entities that 
17 only matter to define space and time; the different choices on the (possibly moving) entities that serve as a basis to define such Q frames must be indifferent; that is what is expressed in Q-frame changes. The consequences will be carried onto space E1 (or E1+1) that is abstracted from Q space, and where space and time are measured. In rest frame F = Q2 of Sect. 3 (Fig. 1A), universal point (O’, P) is represented with respect to O. Time and space are measured by the movement of the photon along the horizontal axis (representing E1) where the standard couple (X, T) is defined. Let attach to O’ a new (mobile) frame F’ = Q’2, where same universal point M’ (O’, P) is represented, noted (O’, P)O’, defined by xO’ - xO’ = 0 and xP - xO’ (Fig. 2A); similarly, a standard couple (X’, T’) will be defined along axis O’M’ (representing corresponding space E’1). In the new frames Q’ (and so E’), we still decide to take the photon as the gauge and thus assign c = constant = 1 to its velocity. This comes to affecting the same numbers to space/time/velocity ratios in the different frames. We impose that xP - xO’ = x’P = X’= ct’P = cT’. It is represented by line O’M’. The observer wants to picture F ’ = Q’2 as seen inside F (= Q2) where he stands. He thus makes point M’ (O’, P) coincide in both frames F and F’. Both frames F and F’ are represented in Fig. 3A with coincident origins O and O’. The new x’P axis is represented along OM’ line. The new frame seems to have rotated with respect to the first. In the same time, if one says this is the same photon movement along the abscissa axis, the norm of the photon event is conserved. This is a particular isometry because the abscissa axis in that the new frame, seen from the first, is now non-Euclidean. 
Representation in phase-space Q2 of both space-time frames E1 and E’1 displays the correspondence between the frames. In the starting frame E1 (along OP) norm is L2 = X2 = X.T (c = 1); then, in E’1, i.e. along OM’, X’ and T’ split but one still has XT = X’T’. X is contracted as compared to X’ in its own frame and T is dilated with respect to T’. A mere rotation of the frame E1 to E’1 would take P to M’’ and not to M’. If X’ represents O’M’, then T’ is represented by O’P’, where P’, M’ and P are on the same circle of diameter PM’. Roles of space and time might be exchanged. In other words, according to general postulates of Sect. 3, a velocity v may be subtracted from O’ and P velocities, while keeping same gauge-photon velocity in the different frames, and nothing will appear changed. There is a dissymmetry 
18 of the problem in the different phase-spaces: in F where the observer stands, the mobility of F’ is pictured, whereas in F’, where the observer does not stand, the reverse mobility of F is not represented (one cannot represent in the same time the mobility and the immobility of the same entity!). For universal point (O, P), frame G of Fig. 1B is seen in frame G’ of Fig. 2B (where frame G’, point (O, P) is represented with respect to O’, noted (O, P)O’) in the same way as F’ (Fig. 2A) is seen from F (Fig. 1A) for universal point (O’, P). 
Let us examine the consequences of the above transformations on the basic vectors in space-time frames E1 and E’1. Rotation angle a = v/c in Q2 will be considered as small. Let e1 be the unit vector allowing the computation of X 1 1 and T in space-time frame E . We have e1 = e at the beginning. Vectors δe are defined in E space but, provided we consider only their projections onto e or e’, are made visible in Q space. Norm of vector δe1 = e’1 - e1 is v/c (e1 is unity) and the angle of δe1 with e1 is π/2 - a/2, cosine of which is v/2c (Fig. 3B). So the writing of w that links δe1 to e1 is: 
 w = - v/c.v/2c = -v2/2c2 (35) and 
 w2 = v4/4c4 (36) and 
δX δT = - X.T v4/4c4 (37) 
1 For T’, e’ is now different from e’1 (Fig. 3C). One checks that the 1 1 projection of δe1 and δe on e1 = e are equal with opposite sign as predicted 1 1 by eq. (24): w 1 = -W 1. 
The above result for w can still be found in another way; one has 
 sina ≈ a ≈ v/c (38) 
19 The rotation is visible in the factor 
 cos a = (1 - v2/c2)1/2 (39) this factor rules the projection upon the X axis of the length measured along the X’ axis. This may also be written as 
X = X' cosa = X'- δX (40) 
T = T' / cosa = T'- δT (41) 
Let us write B = cos a = (1 - v2/c2)1/2. From the preceding relations one gets: 
δX = X' (1 - B) ≈ X’( 1 - 1 + v2/2c2) = v2/2c2X’ ≈ v2/2c2X (42) 
(approximation) and 
δT = - T' ( /B1 - 1) ≈ -T’(1 + v2/2c2 - 1) = -v2/2c2T’ ≈ -v2/2c2T (43) 
(approximation). So the product 
δX. δT = - X'T' (1- B)2 / B = - XT (1 - B)2 / B (44) for which we can compute an approximate value: 1 - B is close to v2/2c2 and B is not different from 1 for v << c. One then gets 
δX.δT = - X.T.v4/4c4 = -X’T’.v4/4c4 (45) 
δX and δT are presented as associated in the product δXδT (when starting space is Euclidean, the δX and δT are computed separately as in above equations (42) and (43)). As a conclusion, space / time co-ordinates for the gauge are contracted / dilated in the starting frame when compared to the modified one. 
20 6 One dimensional Lorentz transformation 
The preceding results may be compared with that of standard Relativity Theory. When space and time co-ordinates are not connected as in Sect. 4 and 5 for light movement, contraction dilation effects will still be effective because they modify the standards. But, in addition to the mere distorsion of the spatial and temporal variables, a time and space lag must be taken into account concerning origin O’ with respect to origin O; in the preceding figures, spatial and temporal intervals were studied, and O and O’ were put together. The distortion effect on space coordinate is written as X’ = X/B = X/(1 - v2/c2)1/2, with B = (1 - v2/c2)1/2; the corresponding shift in the origin is given by X = x - vt. The complete transformation for independent space and time co-ordinates reads 
 x - vt x' = (46) 1 - v 2 / c 2
The distorsion effect on time is expressed in T’ = BT = T(1 - v2/c2)1/2= (T - Tv2/c2)/B. The corresponding time shift for the origins is Tv2/c2, with x = vt for O’ with respect to O. It is thus transformed in Tv2/c2 = vx/c2 and this leads to 
 t −v x / c 2 t' = (47) 1−v 2 / c 2
The inverse may apply by changing v to -v to go from (x',t')to (x,t); the one- dimensional Lorentz transformation is recovered. When the two equations x = ct and x’ = ct’ for light are added to the preceding, only three of the four equations are independent and photon does possess a degree of freedom, its time or position. 
In the present approach, Lorentz transformation is retrieved from the contraction-dilation effect; this is the reverse from standard theory where the contraction-dilation effects are consequences derived from the Lorentz transformations. The latter are also found from different requirements 
21 discussed in (12) One also checks that xt = x’t’ for light and that x2 - c2t2 is conserved for all event. For light, this last quantity is zero. In our representation, x and t are oriented in the same sense. Elbaz (13) discusses the case when x = ct and x = -ct are distinguished. 
7 Three-dimensional transformations 
7.1. Three dimensional Lorentz transformation The same approach may be adopted in the case of three space directions (in spaces E3 or E3+3 instead of E1 or E1+1). The three-dimensional transformation results from the matching of the three one-dimensional transformations operating along each of the directions separately, where the same hypothesis of constancy of light velocity and so on is taken. Vector v is three-dimensional and has three co-ordinates v1, v2 and v3 along the three directions x, y and z. We take the same example as previously (spaces E1 and Q2) and phase space is now Q6 (three co-ordinates for two independent points); three angles a1, a2 and a3, with ai ≈ vi/c define the apparent rotations of axes x',y 'and z'with respect to x, y and z, connecting each of the E1’s composing the E3, to the corresponding E’1. Transformations analogous to that for {(x, t1);(x’, t’1)} will obtain for {(y, t2); (y',t' 2)} and {(z, t3); (z’, t’3)} as functions of v2/c and v3/c respectively, where 2x3 pre-times are at first considered (reduction to one time is discussed below). Rest frame is chosen as Euclidean. Consider that the movement along the y axis for example has no influence upon the link between x’ and x so there are no crossed-terms in the equations. This is a provisional hypothesis that may be discussed. So, contraction-dilation effects will occur for each space dimension separately, and will be characterized by the corresponding velocity co-ordinate vi. And the same for the “ uncertainty relations ” valid independently for each group i δX δTi with a different vi (this might be generalized with a summation of the different terms such as in Eq. (23)). On the preceding basis, a modified three-dimensional Lorentz transformation may be set forth for an arbitrary event, i.e. when time and space are not related within photon movement, but decoupled. Relations are obtained as before from the dilation-contraction effects and taking into 
22 account the co-ordinate lags for the origin. The expressions are different from the standard three-dimensional ones because of the provisional use of three pre-time co-ordinates and three separate components vi of velocity v. In the case where spatial and temporal co-ordinates are decoupled, the six coordinates are independent: the three spatial co-ordinates x1, x2, x3 or x, y, z refer to a first material entity M and the three temporal ones t1, t2, t3 correspond to the position of one or three other physical entities, e.g. the photons along the three spatial dimensions (cf. Sect. 2.2); the transformation equations are then 
− 2 3 t1 v1x / c x' =∑ , t'1 = − 2 2 i = 1 1 v1 / c
− − 2 y v 2t 2 t 2 v 2 y / c y' = , t'2 = − 2 2 − 2 2 1 v 2 / c 1 v 2 / c
− − 2 z v 3t 3 t 3 v 3z / c z' = , t'3 = (48) − 2 2 − 2 2 1 v 3 / c 1 v 3 / c
The synchronization in the rest frame comes to deciding to write t1 = t2 = t3 = t (this is always possible, see Sect. 2.2). In the new frame, t’1 is different from t’2 and t’3 and the t’s cannot be arbitrarily equated. This effect results from the non-Euclidean character of the mobile frame as seen from the rest one. However, provided the synchronization has been done in the first frame, time t’1 depends on t and on x, and similarly for t’2 on t and y, and for t’3 on t and z. By making use of the relation between the x’i and the xi, the t’i are a function of t, x’i and vi, t’i = t’i(x’i’, t, vi). The t’i’s are different from each other but can always be correlated through the knowledge of the actual position in the new frame (non-Euclidean effect). One can decide that the common t’ to the mobile frame is one of the t’i’s. The non-Euclidean character can be illustrated by the deformation of a sphere to an ellipsoid; one parameter may still be used to reckon the position in the ellipsoïdic frame; it corresponds to the radius in the spheric-symmetric space, provided the position in the ellipsoïdic frame is known so as the proportions between 
23 the axes. One could note that in the standard Relativity Theory, t’ is variable on x’, which still could be matter for debate. If the starting frame has been synchronized, the Lorentz transformations with one single t read: 
− − 2 x v 1t t v1x / c x' = , t'1 = − 2 2 − 2 2 1 v1 / c 1 v1 / c
− − 2 y v 2t t v 2 y / c y' = , t'2 = − 2 2 − 2 2 1 v 2 / c 1 v 2 / c
− − 2 z v 3t t v 3z / c z' = , t'3 = (49) − 2 2 − 2 2 1 v 3 / c 1 v 3 / c
One may check that, due to the non-euclidean character of the new frame 2 2 with respect to the starting one, as embodied in g’ii = 1 - vi /c (see detailed computation in (44)), the vectors defined in eq. (48) and (49) are actually three-vectors (the norm is conserved in the transformation). Modified three- dimensional Lorentz transformations may be found by requirements analogous to the standard ones for the one-dimensional case. Three times for light propagation will fulfill: x = ct1, x' = ct'1, y = ct2, y' = ct'2, z = ct3, z' = ct'3; conditions on the origins read x'(t1=0) = 0, x(x'=0) = v1t1, y'(t2=0) = 0, y(y'=0) = v2t2, z'(t3=0) = 0, z(z'=0) = v3t3. The other requirements are the homogeneity and isotropy of space and time, and the group structure (cf. (12)). 
Many other papers in the literature discuss three dimensional space-time frames (e.g. (14)), or three dimensional relative velocity space (15). Some papers deal with the reduction of space-time frame dimension to three, where space is counted for 2 and time for 1 as needed by Quantum Gravity Theory toy-models (e.g. (16), (6)). Six-dimensional three-space / three-time co-ordinate frames have also been proposed and abundantly discussed in the literature (e.g. (17) to (24)). In these papers, the three time co-ordinates are presented as intermediates in the calculations, and a unique time is written 
24 2 2 2 2 by t = t1 + t2 + t3 . The authors of the papers note that, with such a definition of time, the linearity of transformations for x, y, z, t1, t2, t3 is lost for x, y, z, t. This problem is not found in the present paper where space and time co-ordinates are on an equal footing. Each intermediate pre-time has a meaning. The tensorial correspondence presented between pre-time and spatial co-ordinates in a 3D frame gives a further understanding of norms l2 or t 2 that must be distinguished from the particular co-ordinates. The time 1/2 computed as a norm tn is such that tn = (3) .t, where t is the synchronized time used in the frame transformations. 
7.2. Composition of velocities and group structure Composition of velocities may be defined by successive rotations of the frames represented in Fig. 1 through 3; the velocity of a material entity or that of a frame, which has an operational meaning only when attached to a material entity, may be considered on an equal footing. Resulting transformations are a matching of the transformations along each of the spatial directions (Fig. 4), still in the case the three space directions are considered as independent. For spatial direction i, if vi is the velocity of a mobile entity or frame F’ with respect to F and v’’i the velocity of a third frame F’’ with respect to F’, the transformations may be synthetized in 
 xi’= f(xi, t, vi), t’i = g(xi, t, vi) (50) and 
 xi’’ = f(xi’, t’i, v’i), t’’i = g(xi’, t’i, v’i) (51) where one started in a synchronized frame so that ti = t, and where expressions for f and g, so as the meaning for intermediate times t’i and ti’’ can be found in previous sections. One can check that the resulting transformation will be of the same form 
 xi’’ = f(xi, t, v’’i) ti’’ = g(xi, t, vi’’) (52) with 
25 
+ v i v'i v’’i = + (53) 1 v iv i '
The frames may be synchronized as indicated in 7.1. The above relations are valid for the three directions i = 1, 2, 3 separately. For x, y and z axes, the complete explicit set of velocity transformations may be written as 
 v'+v'' v = x x (54) x + 1 v'x v''x
+ v'y v''y v = (55) y + 1 v'y v''y
 v'+v'' v = z z (56) z + 1 v'z v''z where v’i and v’’i may be the velocity of a mobile or of a frame. This possesses a group structure. One might use angle φi in the expression: 
 vi = thφi (57) 
(th is hyperbolic tangent) allowing a better computing of the group structure (25), (26). 
7.3. Discussion of standard representation of three-dimensional effects Difficulties arise in the standard three-dimensional velocity composition equations, when the velocity of the mobile frame is arbitrary, i.e. not parallel to x axis of the rest frame. This is the case for the composition of different frame velocities or when the arbitrarily oriented velocity of a material entity is composed with that of a frame parallel to x axis. The relations are no longer commutative nor associative; apparently, going from one frame to another gives different result if an intermediate frame is considered; 
26 standard composition equations show no symmetry between different velocities. Similar and independent symmetries would yet be expected between respectively v and v’i, when v is successively parallel to the different axes xi’s. This is not the case for standard formulae where the composition of velocity are symmetrical only for v and v'x. Same problem may be found for the transformation of the momentum, derived from the spatio-temporal transformations, that one would expect to be px = mvx/(1 - 2 2 1/2 v x/c ) and the same for py and pz. In other words an independence of the three space directions would be expected for polar vectors. 
These difficulties have been abundantly discussed in the literature. The so- called Thomas rotation ((27), (28) and so on), restricted to small v/c, was proposed as a solution. It has been found very paradoxical. Let Σ be the rest frame, Σ‘ and Σ‘’ the frames attached to the entities moving at v and v’ velocities respectively; the rotation of the third frame Σ‘’ with respect to the first Σ needs two velocities, whereas it is not the case with the second frame Σ‘ with respect to Σ. In addition, Thomas rotation does not solve all the problems, and particularly in the case of the transformation of electromagnetic field (29). 
In our approach, there is no problem of commutativity nor of transitivity of the operations defined by two or more successive transformations, because three different times and three co-ordinates of the velocity vectors are involved independently, as connected to the three space directions. Co- ordinates x, y and z are on the same footing and the situation is symmetrical, contrary to the conventional case. The physical meaning of the transformation lies in the displacement along each axis. The three dimensional approach with separate vi components proposed here may also be compared to what is computed about star aberration, as often related to Relativity theory transformations: the direction of the stars is modified with an angle v/c perpendicularly to the direction of the movement with velocity v of the observer with respect to light path. The lengths parallel to v are contracted in the ratio (1 - v2/c2)1/2. If v is projected along the three directions 1, 2 and 3, where its co-ordinates are v1, v2 and v3, then the contractions along the three directions 1, 2 and 3 will merely be ruled by 2 2 1/2 2 2 1/2 2 2 1/2 factors (1 - v1 /c ) , (1 - v2 /c ) and (1 - v3 /c ) in correspondence with 
27 present modified Lorentz group for three dimensions. Geometrical interpretation of Lorentz transformation found in (30) also needs a rotation angle v1/c corresponding to one direction, and the same with angles v2/c and v3/c would be expected separately for the other directions. 
Another point of standard three dimensional effect in Relativity textbooks may be questioned; it is expressed in the so-called constancy of the product (in our notations) 
XT = X'T' (58) 
By multiplying this relation by Y = Y’ and Z = Z’, one obtains the so-called constancy of the universe hypervolume. This has no meaning; the above relation merely expresses that, in the case of one dimension, the norm of the spatio-temporal event is kept in the rotation. In the general three dimensional case this must be written 
1 2 3 1 2 3 X T1 + X T2 + X T3 = X'T'1 + X'T'2 + X'T'3 (59) 
 i i or X Ti = X’ T’i (60) separately for each coordinate when the spatial directions are independent. 
8 Synchronization; from three-dimensional time to one-dimensional time 
In synchronization procedure, a single time is defined for a given frame. This is valid if we suppose this time may be known at all the different points of the spatial frame; this frame must itself be defined thanks to the postulate that some entities are rigidly bound together and that space and time can be separated from each other (cf. postulate iv). At a first stage, time is a three- dimensional position parameter. The second step is the transition from three- to one-dimensional time; this operation does not lie on the continuous change of any parameter (one cannot make 3 go to 1). At this stage, synchronization procedure merely comes to decide what time co-ordinate is 
28 favored, or what operation on the co-ordinates is chosen to define a scalar. If time for instance is specified by the movement of a photon along the first co-ordinate axis, then t = T1, and also T1 = T2 = T3 = t as was indicated. Provided the three space directions are independent, there is no fundamental difference between one- and three- dimensional time. Three-dimensional pre-time, and associated tensorial duality with space, is useful to discuss the consequences of the space-time duality with always keeping time and space parameters on a equal footing, space being three-dimensional. 
An example of non synchronized frame may be given as the earth before the choice of a time common to a given country: time is different according to longitude and sun position. Provided there would be three relative movements with respect to three suns along three orthogonal movements, we could define three times! At the earth poles, there is no movement and no time. The synchronization is possible because the different parts of solid earth do not move too quickly with respect to each other, although, at geological scale, they do move! Spatial frame is an approximation. The validity of the synchronicity hypothesis of distant points is always known afterwards. Also, in the earth’s non synchronized frames, the eastward- westward velocity of a mobile may be estimated with a sundial, but an uncertainty appears. 
9 Discussion 
9.1. The meaning of velocity Basically, velocity is a ratio between two space or, equivalently, two time intervals, attached to two different material entities. It is attributed to one of them, while the other entity is said to define the unitary movement. For this last entity, velocity thus has a different character from the other velocities. So far as frame deformations are concerned, corresponding effects are viewed in different equivalent ways. Mathematically, all these choices are equivalent, all basically come to keeping x = ct in all frames. Physically, it is a matter of deciding what is assumed first. - It may be stated that, although one assumed that c is constant, it varies a little in a proportion v/c that is not known. 
29 - Or, the perfect immobility of the light source is ignored: it may move at velocity v. One can decide first that v is known absolutely, as independent from the other quantities, and then deduce uncertainties on space and time. - Or, the measurements of space and time parameters possess some uncertainty, for practical or fundamental reasons that need not be known. These uncertainties may be computed and linked through an equivalent velocity v/c. 
The above approaches define velocity within several equivalent equations that are given in detail in (44). Therein, the case when the ratio of frame velocity to light velocity is not small is examined. 
9. 2. Uncertainty relations and quantum mechanics Quantum mechanics has been said to be incompatible with Relativity Theory. The first theory forbids the infinite precision on position and velocity of material entities; in the latter theory, an absolute precise velocity may be attributed to a photon, whose position with time is supposed to be determined accurately. This conflict may be commented briefly within the present approach, as a direction for future research, while the precise examination of the results of Quantum Mechanics is outside the scope of the paper. Let consider a spatio-temporal frame with one dimension whose meaning is in the same time temporal (variable T) and spatial (variable X); let the frame be slightly deformed and let characterize this by the ratio v/c. As was demonstrated in Sect. 4 and 5, and within some simplifying assumptions that have been discussed, variations δX and δT of the variables fulfill: 
δXδT = - XT v4/4c4 (61) 
This uncertainty relation may be compared with the results of Quantum Mechanics. Above relation results from X and T being the different tensorial co-ordinates of a unique variable. It sets limits to the precision on X and T when the coordinate frame is slightly modified, while the ratio of space to time units is kept constant. Product δXδT is not zero only if there is a non- null velocity v that marks the uncertainty on the frame, and if the norm XT 
30 is not equal to zero. This may be understood as an uncertainty associated to the points that are different from the origin (where X = T = 0); this uncertainty may also be recognized as that intrinsic to a distant knowledge because of the link between space and time measurements. A. Einstein was imagining a space filled with observers located at each point of it, sitting there before any experiment and with tools independent from the physical phenomena. This point of view is always implicitly adopted. The observation at the exact point where things happen is made without error. In the real world however, the observer is not at the point of what he observes (this is virtually impossible because of the non-superposition of material objects) and a possible error arises. In our approach, rods and clocks are to be considered as fundamentally part of the world, and not outside it; this is not the choice of Relativity Theory where independent tools to measure the world are supposed to exist. The limit where the clocks put at every point of space should be multiplied infinitely with smaller and smaller size is not admissible. Quantum mechanics experiments also make use of the concept of knowledge at a distance: measurement implies an interaction, for instance by a photon emitted from a distant source. There is then a perturbation of the object; its position and velocity cannot be known in the same time. Although it does not bear directly on space and time but on space and momentum, one can note the existence in Quantum Mechanics of three uncertainty relations for each spatial co-ordinate; this might be compared to the three times that were defined here. The present interpretation of uncertainty relations does not need a statistical approach. Note also, that due to the “ uncertainty ” content given to velocity in the modified relativity theory presented, the incompatibility of the new theory with Quantum Theory does not happen on that respect (when compared to standard Relativity theory where infinite precision on space, time etc. measurements is not precluded). Other uncertainties may be related to the foregoing ones. For instance, localizing a distant moving object may be done thanks to the measurement of the return travel of a light impulse; an uncertainty appears . 
9.3. Nature of time irreversibility Irreversibility characterizes the property of physical systems whose natural evolution goes in one direction only. Laws of mechanics are reversible 
31 whereas thermodynamics offers irreversible ones. The link between the second law of thermodynamics and the laws of mechanics is not clearly established; one may even speak of their incompatibility, constituting what Prigogine calls the time paradox (31). Solutions to this paradox have been given by various authors, such as a probabilistic interpretation for entropy (32), the loss of trajectory concept for general evolutions (31) and so on. In the present approach, space and time are not at once distinguished from each other. Speaking of time irreversibility in a timeless frame seems a new paradox! In such a frame, time and space are both settled by the position of the material entities. At this stage reversibility and irreversibility are no more distinguished from each other than space is from time. The separation of space from time allows to define reversible movements; it is second and lies on an approximation. It always come to make a partition among the material entities: 1) those for which the reciprocal distances are declared to be invariable and define spatial frame (reversible movement possible); 2) those moving inside this frame whose reciprocal distances are variable; among them, some are chosen to define uniform movement, and thus time, as independent from space. In order to illustrate the concept of irreversibility, physics textbooks present the image of a film projected backward; reversing natural movements looks absurd; it is permitted by the mechanical reversibility. In such experiment however, all the movements are not reversed, but only those of a somewhat arbitrary part of the universe. If the movements of the photons were also reversed, the film could not be seen. If the velocity of the photon is reversed, then space, as we have defined it, changes. In the basic timeless frame, if one wants to say that t is changed into -t, one must at least change the sign of one spatial co-ordinate -that was measuring time-. Then the trajectory of representative point in timeless phase-space frame is not the same. If the velocity of one material entity is changed from v to -v while keeping the photon still moving the same way, the trajectory in the phase- space defined above is no longer the same either. Basic mechanical reversibility is rooted in fundamental dynamic principle stating that trajectory is ruled by force only through acceleration d2x/dt2. If t only is changed to -t, the acceleration is not changed, and trajectory is not modified, as has been so often commented. But note here that if x is also changed to - x, then sign of acceleration does change and trajectory will be modified. 
32 Through a basic postulate, the motion chosen as standard is said to be rectilinear and uniform; the distance covered and the time of travel are linked by x = ct where c ratio is constant. There lies the fundamental irreversibility, as for any movement, which, like a moving arrow, has only one way at the same time! The real bearing of time is its being irreversible. One can say here the same for space: considering space as totally given in the same instant is a way to negate real space. Actually, true space is given progressively as related to time and travel. As a provisional conclusion, reversibility and irreversibility part from each other like space and time do from the timeless frame. In other words, reversible space, inside which reversible or irreversible time may be thought, is second; space (and time) are together “ irreversible ” at the start, and irreversibility of time cannot be conceived without the basic space irreversibility. This conception of irreversibility has no link with any statistical character, at variance with the above mentioned solutions to time paradox. Further discussion is given in (44). 
9.4. Einstein’s theory of Relativity Einstein’s theory of Relativity is still much debated. First, difficulties may be found in the very mathematical derivation by Einstein of the Lorentz transformation. Basically, the problems lie on attributing in the same time, to the same variables x and t, different meanings, i.e. light and non light event; in the case of light, two propagations sometimes co-exist in x = ct and x = -ct (see also (33)). In our approach, a first step was clearly separated where light propagation alone is examined, and space and time variables connected; the consequences bear on the values of time and space standards. In a second step, independent x and t parameters are considered for any event. Many derivations of Lorentz transformations have been given. In some of them, the hypothesis of constancy of light velocity is not required (e.g. (12), (34) (35) etc.); c factor is considered there as a simple mathematical parameter characterizing the structure of the universe, and distinct from the velocity of light. This meets with the approach presented in the present paper: c needs not be constant by itself; the ratio of time to space units in different frames needs to be, provided it is admitted that time is related to 
33 displacement in space. Light velocity might still be greater than c, but never infinite in order the above ratio keeps a physical meaning. Note that in (34), the distinction of universal constant c from photon velocity solves the problem to define the relative velocity of the photon with respect to another photon. Some of the problems found in Einstein’s Relativity Theory arise from the difficulty to give a physical meaning to the formulae of the theory, such as that for time dilation, length contraction and so on. In our approach, time interval is interpreted as always corresponding to a space interval; this helps give a content to the standard Relativity equations. The dilation-contraction effects are basically view point effects ; they alternatively express the connection between the uncertainties on space, time and velocity standards; dissimilar space and time standards are affected to the mobile frame in order the same physical laws are kept in the different frames; the effects are not detectable by themselves (cf. also (36)). Other difficulties in Relativity Theory arise when the velocity vector of the mobile frame is not parallel to the x-axis of the rest frame. The unnatural character of some of the transformations predicted has been stressed in the literature, such as the non- commutativity and non-associativity of the composition of non-parallel velocities. The intermediate use of three times and the independent considering of the three components of the velocity vector may help solve this puzzle. Following the ideas of the present paper, new criticisms to Relativity Theory may be stated. They bear on our elementary comprehension of space and time and their consequences on the understanding of the basic measuring tools. Clocks cannot be punctual, and, reciprocally, rods cannot be “ synchronous ”, i.e. rigid. Assuming this in standard Relativity Theory leads to contradictions. The punctuality of clocks would mean that time meaning is independent of the movement of matter. The synchronicity of rods would imply that a rod of say several billions light-year long could instantaneously connect its extremities. This has no practical meaning, neither has it to synchronize our time with that of a star several billions of light-year far that may have disappeared. In brief, space is not given “ empty ”, independent of time, and already synchronized. The time to synchronize all space is infinite and there is always time in our vision of the universe. The separation of time from space is an approximation and the 
34 time common to different parts of space is always known afterwards (see (7)). One will find in (37) to (40), (45) to (46) etc. other discussions on Relativity theory. Mention at last that some dilemma in Relativity Theory are connected to the physical nature of light, i.e. wave-like versus corpuscular character. Michelson-Moreley experiment belongs to that category and may be interpreted differently according to the wave or particle point of view. If the second point of view is taken, it is not surprising that velocity is carried along in the movement and that the result of the experiment is negative (41). 
9.5. Other types of scalar and vector transformations: further research The approach of the present paper, and particularly the use of three- dimensional pre-time and the space-time tensorial duality, may help consider several types of transformations between vectors to discuss topics in relativistic electrodynamics and dynamics. First, all physical parameters connected to light movement (or any “ standard movement ” uniting space and time) may be given a dual tensorial character, both time and space containing. So a vector A attached to light will have contravariant i coordinates A and covariant coordinates Bj. These coordinates will fulfill a number of general relations detailed in (44). More generally, if pre-time is given a vectorial meaning within a three co-ordinate vector, standard scalars associated to standard scalar time, such as energy, mass and so on might be understood in the new frame, knowing that scalars may be constructed from vectors by several ways. The general transformations of physical equations within moving frames may also be discussed in the same frame. This approach may help solve some problems concerning the frame transformations in dynamics and electrodynamics raised by numerous authors, (e.g. (42)). Also, 6D Maxwell equations may be written similar to those given by Teli (43), and other authors. Other problems in electrodynamics equations have been pointed (42). They basically lie on the non-intrinsic influence of one electric charge upon another one, as apparently depending on the frame where the influence is computed, even though the charges are immobile with respect to each other. The formulation 
35 of space/time/velocity parameters only in terms of relative velocity within “ timeless ” frame could be helpful to solve this paradox. 
The author expresses his warm thanks to George Galeczki and Peter Marquardt for organizing the conference on "Physics as a science" and for fruitful discussions. 
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CAPTIONS OF FIGURES 
FIGURE 1A Timeless “ phase-space ” frame for a universe made up of three entities: a photon P, and two material points O and O’. O’ and P are moving with respect to O. Velocities of O’ and P with respect to O are v and c respectively; only “ universal ” point M’ is “ observable ” on universal line (or “ phase trajectory ”) OM’, with slope v/c; t disappears from coordinates xO’ - xO = vt and xP - xO = ct. 
FIGURE 1B Representation of universal point M (O, P) with respect to O, noted (O, P)O, in phase-space frame G; the co-ordinates of universal point M reduce to xO - xO = 0 and xP - xO = ct. 
FIGURE 2A Same universal point M’ (O’, P) as in Fig. 1A is represented in 2 mobile phase-space frame F’ = Q’ attached to O’ by its co-ordinates xP - xO’ and xO’ - xO’. It is noted (O’, P)O’. 
FIGURE 2B Universal point M (O, P) is represented with respect to O’; phase-space frame G’ is another picture of frame G (Fig. 1B); xO - xO’ and xP - xO’ are reckoned. 
38 FIGURE 3A Identification of phase-space frames F = Q2 and F’ = Q’2 for same universal point M’ (O’, P). Each of the frames F and F’ bears one one-dimensional spatial frame E1 and E’1 (abscissa axes OP and OM’ respectively), that are visually compared in the representation. Starting frame F is represented as in Fig. 1A. “ Mobile ” frame F’ is represented as in Fig. 2A. Both frames are equivalent. So, in order the two representations of universal point M’ match, frame F’ seems to have rotated with respect to frame F. Time and space are considered as associated tensorial co-ordinates for the same variable. In the starting spatial frame E1 along horizontal axis OP, T identifies to X, abscissa of the photon, with c = 1. In frame F, abscissa X’ of point M’ (along axis OM’ that represents new space-time frame E’1) is seen as contracted into X. Conversely T’ is dilated into T. Photon movement along x-axes (OP and OP’ (or OM’) respectively) remains the same in both frames ; it is defined by L 1 1 1 1 1 1 = X e1 = T1e = X’ e’1 = T’1e’ where X = X = T1 = T and X’ stands for X’ and T’1 for T’ for clarity; this leads to XT = X’T’ and X’ and T’ split in the mobile frame. T’ (point P’) in frame F’ is represented by the geometrical construction respecting the constraint XT = X’T’: P’, M’ and P are on a circle the diameter of which is M’P. Point M’’ such that O’M’’ = OP lays between P’ and M’ and expresses that while X’ is dilated T’ is contracted. The tangent of angle P’PM’ is still v/c. 
39 FIGURE 3B The correspondence between different unit vectors in spaces E1 and E’1 is made visible thanks to the construction of the previous figure (Fig. 3A) in phase-space F = Q2. It allows the computation of the projections of the vectors onto each other (in phase-space, only the projections of vectors δe1 1 1 and δe onto e1 or e have a meaning). The photon movement is represented 1 1 1 1 vectorialy by L = X e1 = T1e ; at the beginning, X = X = T1 = T and e1 = e . 1 1 1 We still have L = X’ e’1 = T’1e’ where X’ stands for X’ and T’1 for T’ (the indices show the tensorial character of the variables). The changes on X’ and 1 T’ with respect to X and T are associated to changes on vectors e’1 and e’ . The changes on covariant basic vector e1 are shown. Points O, O’, P, P’ and M’ are represented to help the understanding although the vectors are only proportional to the corresponding segments OP, OP’, OM’ and the same with O’. Equivalently, the vectors are represented for X = T = 1. 
FIGURE 3C Representations of the changes for contravariant vector e1, following the 1 approach explained in Fig. 3A and B. Vector variations δe and δe1 have the same projection on the horizontal axis with opposite signs. 
FIGURE 4 Composition of velocities. When compared with Fig. 3, a third line OM’2 is drawn ; the angle with OM’1 is α’ (α is the angle between OP and OM’1 = OP’), so that resulting angle α‘’ be such as α‘’ = α + α‘, with tgα = v/c, tgα‘ = v’/c. The relativistic addition law for velocities derives from the addition law for tangents. 
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