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All processes in Nature and technology are realized by transmittal of forces and actions (information) with certain signals which takes time and is oriented concurrently to the flow of time. This includes the propagation of fields at finite (possibly variable) velocities. The process evolution (motion) follows certain path or propagation route which is always optimal with respect to some criteria (known or unknown) within natural or technological bounds. This provides for an orderly deterministic or stochastic (under disturbances or in probabilistic description) evolution of a process. Transmittal of forces (information, actions) at finite velocities implies the relativistic effects considered in [A. Einstein, Zur Elektrodynamik der bewegte Körper. Ann. der Physik, 17 (1905) 891–921] with respect to the rays of light as the carrier of relativity in observation. Natural synchronization of time in different reference systems at rest or in motion is conditioned on the physical processes (signals) that transmit the information in process evolution, and it is achievable only within some margin of accuracy. Natural time delays in transmission of action by physical processes are intertwined with relativistic phenomena in a structure of mutual interdependence. This requires a unified study of process evolution, with the information transmittal, time uncertainty, optimality and relativity as the basic elements in their intimate interrelation at finite velocities, in both deterministic and stochastic environments. Analysis of relations between these basic elements in process evolution is presented in this paper which opens new perspectives for research and development in physics, engineering and technology.
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1. Introduction(
Back in1924, the first volume of Methods of Mathematical Physics by Richard Courant and David Hilbert was published by the firm of Julius Springer, and in the preface Courant says: "Since the seventeenth century, physical intuition has served as a vital source for mathematical problems and methods. Recent trends and fashions have, however, weakened the connection between mathematics and physics; mathematicians, turning away from the roots of mathematics in intuition, have concentrated on refinement and emphasized the postulational side of mathematics, and at times have overlooked the unity of their science with physics and other fields. In many cases, physicists have ceased to appreciate the attitudes of mathematicians. This rift is unquestionably a serious threat to science as a whole; the broad stream of scientific development may split into smaller rivulets and dry out…" The drive for innovation at all costs gained so much popularity and prominence that certain natural laws and properties were not noticed in some surrealistic considerations promoting new theories and notions, like the absolute time, the infinite speed, the instantaneous actions. As an example, we reproduce the announcement in the Notices of American Mathematical Society, p. 453, of March 2012:
"*2-4 Superluminal Physics & Instantaneous Physics – as new trends in research (electronic conference), University of New Mexico, 200 College Road, New Mexico. 

Description: In a similar way as passing from Euclidean Geometry to Non-Euclidean Geometry, we can pass from Subluminal Physics to Superluminal Physics, and further to Instantaneous Physics (instantaneous traveling). In the lights of two consecutive successful CERN experiments with superluminal particles in the Fall of 2011, we believe these two new fields of research should begin developing. A physical law has a form in Newtonian physics, another form in the Relativity Theory, and different forms at Superluminal theory and at Instantaneous (infinite) speeds – according to the S-Denying Theory spectrum. First one extends physical laws, formulas and theories to superluminal traveling and to instantaneous traveling. Afterwards one founds a general theory that unites all theories at low speeds, relativistic speeds, superluminal speeds, and instantaneous speeds – as in the S-Multispace Theory.

Deadline: Papers should be sent by July 1, 2012, to Professor (name omitted).

Information: http://fs.gallup.unm.edu/SuperluminalPhysics.htm.
The consideration of Newtonian absolute time, instantaneous transmission of actions and instantaneous propagation of light and certain fields may serve as an approximation to reality, bypassing relativity. However, the "Instantaneous Physics…at Instantaneous (infinite) speeds…" as a general approach to sciences is product of fantasy, and often just wishful thinking according to the following citation:

"Experimental results can be clouded by wishful thinking. Back in 1953, Nobel Prize-winning chemist Irving Langmuir coined the expression "pathological science" to describe a process in which a scientist seems to follow the scientific method but unconsciously strays in favor of wishful thinking. Pathological science is distinct from fraud; it is essentially faulty science promoted by people who are somehow blind to the evidence against their own ideas" (Montreal Gazette of September 15, 2012, page B5.)
Indeed, the above expressions "Instantaneous Physics, Traveling, Speeds", and the like are self-contradictory. If, say, a mass is instantaneously transmitted from one place A into another place B, then, in fact, that mass at the same moment of being at A is also at B, as prescribed by the word instantaneously which means "at the same moment of time". If applied to the transmission of time, it would mean that all points of the Universe would have the same time, and if the bodies of the Universe are allowed to change in their own ways, there would be uncountable sets of same time values meaning something (what ??) at all spots of the Universe. For this reason, the words instantaneous speed, change, etc., have no sense, being absurd. In Nature, all velocities are finite, and the time-values at different points may be equal, or different due to transmission of time at finite velocities.
Usually, the current time is measured by clocks, with different clocks in different spots showing different current times (some of which wrong because of bad clocks). Here we consider the Time as a physical parameter which existed always, even in the epoch of dinosaurs when there were no clocks. This time-parameter is present and changing in all processes. It is convenient to consider this unique time-parameter by its uniformly increasing value which presents the positive orientation of natural time. We do not consider speeding or lagging clocks or time-functions, sometimes used to denote time with respect to which some processes may be described in a simpler way.
The time-values are transmitted by signals, usually by the rays of light [1–2], or radio waves, or sound waves, – all having finite velocities. The forces and actions are also transmitted by signals, not by the rays of light which do not propagate in metals and some other media. Transmittal of forces and actions is directional and follows one, several, or all (spherical waves) directions which are optimal with respect to some criteria (known or unknown) that assure the orderly transmission of actions. These optimality criteria hold for any small interval of time, thus presenting total optimality, in contrast to the terminal optimality imposed by technical or economic considerations. For example, Fermat’s principle of minimum time for passage of the rays of light, or the least action principles in mechanics are total optimality criteria that determine the path for rays of light or actual motion in mechanics. The optimality criteria may be not fixed, but changing in time which implies the changing directions or velocities, leading to a process corresponding to variable optimality which prescribes directions of signals. All processes evolve optimally with respect to the optimality prescribed by Nature or by technological requirements in process control which modify the optimality over some intervals of time in the way desired by people. If the processes P1, P2  evolving in different frames K1, K2  are dependent in their evolution, such dependence is realized by certain signals transmitting the action at finite speed which implies relativity present in such interacting processes, and not only in their observation by the rays of light. A measured (identified, occurred) point-value z(t) of time, z(t)( t, or some other quantity, z(t)( t, depending on time, when transmitted by a physical process relates to an instant which, at the moment of reception, is already in the past. If transmission is carried over a short length with the speed of light, its time ( > 0 is very small, so transmitted z(t) is considered at reception as current value despite that, in fact, it is already past, the current value being z(t+(), where ( > 0 is unknown and depends on a finite speed of information transmittal. 
In this paper, some general notions about the real time synchronization, information transmittal, relativity and optimality in their interrelation are discussed, which are important for process evolution and control in nature and technology.
The paper is organized as follows. In Sec. 2, Einstein’s definition of simultaneity is presented with further discussion related to the real time of synchronized clocks affected by the natural time delays due to information transmittal. In Sec. 3, Einstein’s relativistic model [1, 2] is considered with derivation of the calibration factor (  for abstract time, verification by spherical wave propagation, and observed relativistic contraction along the X-axis. In Sec. 4, the generalized relativistic transformations in real time are obtained for observations in experimental physics and astronomy. In Section 5, the relativity in transmission of energy and action is considered. Section 6 presents discussion of multiple relativities as the origin of entanglement and non-locality (the EPR paradox [3]) in quantum mechanics. In Sec. 7, the relativistic effects acting on the mass in transmission of forces are discussed, and in Sec. 8 the general results and special points of interest are summarized, followed by the references immediately relative to the problems considered.
2. Definition of Simultaneity: abstract time and real time
First, we reproduce the original Einstein’s description of time and simultaneity [1, § 1] in the English translation from the Russian edition [2, pp. 8–10]. For a coordinate system "in which are valid the equations of mechanics of Newton", called "still system", or system at rest, the following is written.

"When desired to describe a motion of a material point, we specify the values of its coordinates as functions of time. Thereby it should be noted that such mathematical description has physical sense only if it is first understood what is meant by "time". We should pay attention to the fact that all our considerations in which time plays a role are always the considerations about simultaneous events". Then we read on page 9 of [2]:

"If at point A of a space there is a clock, then an observer at A can establish the time of events in immediate proximity of A by observing the simultaneous with those events positions of hands of the clock. If at another point B of the space there is also a clock (we add "identical as the one at A"), then in immediate proximity of B it is also possible to make time estimate of events by an observer at B. However, it is impossible without further hypotheses to compare timing of an event at A with an event at B; we have yet defined only "A-time" and "B-time" but not the common for A and B "time". The latter can be established by introducing a definition that "time" necessary for passing of a ray of light from A to B is equal to "time" necessary for passing of a ray of light from B to A. Consider that at a moment tA of "A-time" a ray of light leaves from A to B and is reflected at a moment tB of "B-time" from B to A returning back at A at a moment t’A of "A-time". The clocks at A and B will be, by definition, synchronized, if 
tB  ( tA  =  t’A (  tB  .                    (1)

We assume that this definition of synchronization can be made in a non-contradictory manner, and furthermore, for as many points as desired, thus, the following statements are valid:

1) if the clock at B is synchronized with the clock at A, then the clock at A is synchronized with the clock at B;

2) if the clock at A is synchronized with the clock at B and with the clock at C, then the clocks at B and C are also synchronized with respect to each other.

Thus, using certain (thoughtful) physical experiments, we have established what should be understood as synchronized located in different places still clocks, and thereby we evidently achieved definitions of the concepts: "simultaneity" and "time". "Time" of an event means simultaneous with the event indication of a still clock which is located at the place of the event and which is synchronized with certain still clock, thereby with one and the same clock under all definitions of time. 

According to experiments, we also assume that the value 
2AB / (t’A (  tA) = V
(AB is the length of a segment)
          (2)
is a universal constant (the speed of  light in vacuum).

It is essential that we have defined time with the help of still clocks in a system at rest; we shall call this time that belongs to a system at rest, "the time of still system".

"§ 2. About relativity of lengths and of segments of time (Sec. 2 of [1]).
Further considerations are based on the principle of relativity and on the principle of constancy of the speed of light. We formulate both principles as follows.

1. Laws which govern the changes of state of physical systems do not depend on which of the two coordinate systems, moving with respect to each other with a constant speed along a right line, these changes relate.
2. Every ray of light propagates in a "still" system of coordinates with certain speed V irrespective of whether the ray of light is issued by a resting or moving source.
Thereby, formula (2) applies, and the "segment of time" should be understood in the sense of the above definition". In these and following citations, the quotes, notations and italics are by Einstein, but formula numbers are ours (no numbering in the cited papers of Einstein). It is worth noting the following remarks of Einstein from his answer to Paul Ehrenfest [4]", see also [2, pp. 51–52]:
"… Principle of relativity, or more accurately, the principle of relativity together with the principle of constancy of the speed of light, should be understood not as a "closed system" and not as a system in general, but only as a certain heuristic principle containing in itself only statements about solid bodies, clocks and light signals. All other results the theory of relativity renders only because it requires the existence of links between events that were perceived before as independent.
… In the theory of relativity, we are still far from the final goal. We know only kinematics of rectilinear motion and the expression for kinetic energy of a body in translational motion if it is not interfering with other bodies (footnote: "That this is essential, we shall soon show in a separate paper", see [2, pp.60–62, § 3, "Remarks on dynamics of a solid"]). 
Remark 2.1. The two principles of Einstein and his answer above are based on the results of well known physical experiments that were done using sources of light moving with velocities much less than the speed of light itself. For this reason, we interpret both principles under the restriction that a source of light moves with velocity strictly less than the speed of light. ( 
Observers at A and B clearly do not physically coincide with the points A and B, thus, to be observed (received, registered), the time estimates of the moments of arrival at A and B in (1) must be transmitted to the observers near A and B visually or otherwise, by a physical process which takes some time ( > 0. Thus, if we want to consider in (1) the time estimates of the moments registered by a sensor (observer), we have to agree that those estimates of the moments of arrival of the ray of light at A and B will not be received by the observers, or registered by the sensors, at the very same instants as the light arrives at those points, but a little later. It means that reception, or registration, of time estimates of arrivals is not simultaneous with the actual arrival time of the ray at A and B but relates, in fact, to past moments, due to a finite speed of information transmittal to the sensors (observers). Hence, if we want to consider the real time estimate registered by a sensor, not some arrival that actually occurred but is not yet detected (received), we have to replace the estimates in (1) by the instants of actual reception of past arrivals, and add to tB certain time interval ( ( 0 of reflection in the mirror at B which time interval is contained in time differences of (1) if reflection in a mirror is not instantaneous. This renders the equation for experimentally observed time estimates that correspond to the genuine moments of arrival already past: 
(tB + (  + (B) (  (tA  + (A ) = ( t’A + (A )(
– ( tB + (  + (B ),    (A , (B ( (0, (] .    (3)

The time estimates in parentheses we shall call real time, which is the instants registered in the sensor as times of arrival, with delays due to information transmittal. The moments indicated in (1) we shall call abstract time. 
Abstract time in not a fictitious moment, – it has really occurred but cannot be known exactly. It can only be estimated up to some precision and with a delay equal to duration of information transmittal by an available physical process. Classical relativity theory operates with abstract time, thus, ignoring delays due to information transmittal. Of course, this simplifies the analysis, but makes its verification and results subject to added inaccuracies of information transmittal which in some cases may be quite large and comparable with purely relativistic effects. For this reason, it is interesting and important to consider a parallel representation of relativity theory in real time, to compare it with classical representations and results presented in abstract time.
If information transmittal were instant-taneous, or if it is ignored, then abstract and real time coincide. Real time is the time of actual reception of a signal, being it in observation or in action transmitted by the signal. Abstract time t is the time considered in thought experiments which is time past and uncertain, being in a left ( ( neighborhood of the exact real time  t  + (  of the reception of the signal. It means that exact synchronization of clocks postulated in (1) is conditioned on duration of information transmittal and on the time of mirror reflection (  that may be positive of the order 10-10 sec, which awaits experimental confirmation, see [5, Sec. 3. 4]. However, ( ( synchronization in (3) can be achieved within some margin ( > 0  of time uncertainty. 
Remark 2.2. As concerns relation (2), the time delays (A  of information transmittal cancel out, but the time of reflection in mirror B, if positive, is contained at left, though it does not interfere with the principle of constancy of  the speed of  light V  which is just a little less if computed by (2) with (  included: 2AB / (t’A (  tA  + ( ) = V. (
Difficulties with synchronization have long been known in special relativity. In [1], see [2, p. 13], Einstein writes: "So, we see that one should not ascribe an absolute sense to the notion of simultaneity. Two events, simultaneous while observed in one coordinate system, are not perceived as simultaneous while observed from a system moving with respect to that system". Furthermore, "If at point A there are two synchronized clocks and one of them is being moved along a closed curve with a constant speed v until it comes back to A (which takes, say, t sec), then this clock upon arrival at A will be lagging in comparison with the clock remained still at A by 0.5t(v2/V 2) sec." [2, p. 19].
Albert Einstein wrote in 1949: "Es gibt keine Gleichzeitigkeit distanter Ereignisse" (There is no such thing as simultaneity of distant events [6]). One can add: also of close events, for a different reason independent of relativity. Indeed, relativistic impossibility of synchronization follows from contraction of time that can be large at high velocities (up to 50% for v ( V). In contrast, impossibility of exact synchronization due to finite speed of information transmittal does not depend on a state of motion and affects all processes, measurements, and computations. This carries a problem not only for an abstract theory, but for very practical things. Computers and other time sensitive devices cannot be exactly synchronized (up to zero, not up to a second or microsecond), even if they are located in the same room. Physical processes cannot be exactly described by ODEs or PDEs; to agree with data given in observations, they must be delayed.   Fortunately, the exact synchronization is usually not required. Engineers and economists are used to the uncertainty of everything they do. Real life processes in physics, biology and other natural sciences do not admit time dependent exact solutions. In fact, some beautiful results felt or thought to present exact solutions are imbedded (floating) in an uncertainty band without possibility to locate them within that band. If the band remains narrow in the course of time (stability), then it may present a viable real life solution.
Remark 2.3. In fact, non-simultaneity caused by time delay due to information transmittal is much greater than non-simultaneity due to relativistic contraction of time at usual velocities less than the speed of sound (340 m/s, in the air at 15o C). Indeed, if we suppose that information transmittal is carried with the speed of light V = 3(1010  cm/s  over the length l = 10 cm, then from the equation  ( = l / V = 0.5 t v2 / V 2 sec, we have  v2 = 2lV / t , and for  t = 1 min = 60 sec  we get  v ( 10 5 cm/s = 1 km/s . This means that contraction of time during 1 minute of speeding at 1 km/s (supersonic flight at 3 mach) is equal to duration of information transmittal over 10 cm  to a clock at rest. (
Of course, relativistic considerations can be applied also to processes of information transmittal which represent certain kinds of motion too. However, the consideration of secondary relativity applied to those time delays of transmission would unnecessarily complicate the analysis and would not correspond to the original considerations and comparisons of relativistic results made by Einstein up to the first order. In [2, p. 49], Einstein writes: "…uniformly moving clock from the viewpoint of a still frame goes slower than from the viewpoint of an observer moving with the clock. If  u  is the number of clock ticks in unity of time for an observer at rest and  u0  is the same number for an observer moving with the clock, then u0 / u = [1( (v2/V 2)] 0.5 or, in the first approximation, (u - u0) / u0  = ( 0.5(v2/V 2)". For these reasons, we do not apply the relativistic considerations to the relatively small time of information transmittal added to the actual time of reception of the transmitted signals. 
3. Information Transmittal 
and Relativistic Transformations [1, § 3] 
In Newtonian mechanics, the intuitive notion of time is perceived as absolute and time transmittal as instantaneous; it would correspond to the infinite speed of light and radio waves if time is transmitted by these physical processes. Since the constancy of the speed of light and its independence of the velocity of a source of light in a frame at rest, see (2), was experimentally confirmed, the necessary corrections were made, and a new approach to physics was developed in relativity theory with respect to the abstract time (moments) of arrival in a still or moving with a constant speed reference system, with notable difference in those times of arrival, this yielding the 4D Minkovski’s space-time frame (with time and space fused in one single setting). 
Following [1, § 3], consider in a "still" space two 3D Cartesian frames with a common origin and parallel axes, each equipped with identical scales and clocks. Now, let the origin of one of those frames (k) be in motion with a constant speed v in direction of increasing x of the other frame (K) which is at rest. Then, to each moment t of still frame (K) corresponds certain position of axes of moving frame (k) whose axes can be assumed parallel to axes of the still frame (K).
Now, let the space in the still frame (K) be graduated with its scale at rest, and same for the space in the moving frame (k) graduated with its own scale at rest with respect to (k), yielding coordinates x, y, z in (K) and (, (, (  in (k). Using light signals as described in Section 4 [1, § 1], let us define time t in (K) and (  in (k) with the clocks at rest located in each frame. In this way, to the values  x, y, z, t  which define the place and time of  an event in the still frame (K), there will correspond the values  ( , ( , ( , (  that define the same event in the moving frame (k), and we have to find the system of equations that link those values of coordinates and times. According to the assumed homogeneity of space and time, those equations must be linear.
If we denote x’ = x – vt, then to a point at rest in the moving system (k) will correspond certain, independent of time, values x’, y, z in the still system (K). Let us determine (  as function of  x’, y, z, t, which would mean that (  corresponds to the readings of clocks at rest in the moving frame (k) synchronized with the clocks in the still frame (K) by the rule (1), thus, excluding time delays due to information transmittal. 
Choosing in (1) the point A as the origin of the moving frame (k) and sending at the moment (0 = tA a ray of light along the X-axis to the point x’ (point B) which ray is reflected back at the moment (1 = tB to the origin where it comes at the moment (2 = t’A , we have from (1) the following equation: (1 ((0  = (2 ( (1    which is written in [1, § 3], quote from [2, p. 14, the first equation], in the form:

0.5 ((0 + (2 ) = (1  ,                      (4)
or, specifying the arguments of the function (  and using the principle of constancy of the speed of light in the system at rest (K), we have

0.5[(0 (0,0,0,t) + (2 (0,0,0,{t+ x’/(V( v)+ x’/(V+ v)})] = (1 [x’,0,0, t + x’/(V( v)].
  (5)

If x’ is taken infinitesimally small, then it follows

0.5[1/(V( v)+ 1/(V+ v)] ( (  /( t = ( (  /( x’ + [1/(V( v)] ( (  /( t ,

  (6)
or       ( (  /( x’ + [v/(V 2( v 2)] ( (  /( t = 0 .     (7)

It must be noted that we could take, instead of the origin, any other point to send a ray of light, therefore, the last equation is valid for all values  x’, y, z".
Details of derivation from (4) to (7) are omitted in [2, p. 14], so for clarity and convenience of the reader, we provide them below, marking all our equations by the star (*) before the equation number. Expanding the terms of (5) in Taylor series for the vector function up to the first order and considering the terms (0 ,(1 ,(2 in (4),(5) as time values of one and the same function ( (.), we have, noting that at the origin of the moving system (k) it is taken that (  = 0 and t = 0 :
(0  = ( (0,0,0,t) = (  + t ( (  /( t + …,
 *(8)

(2  = ( (0,0,0,{…}) = (  + {t+ x’/(V( v)+ x’/(V+ v)} ( (  /( t + …,             *(9)
(1  = ( [x’,0,0, t + x’/(V( v)] = ( + x’ ( (  /( x’ + 
[t + x’/(V( v)] ( (  /( t + …,         *(10)

where (  and its first partial derivatives are calculated at zero since  x’ is assumed small and t = 0  at the origin, thus, small nearby. Substituting expressions *(8) to *(10) into (4), with certain terms being cancelled out (without setting them to zero), yields 

0.5((0 +(2)( (1 = 0.5 [x’/(V( v)+ x’/(V+ v)]( (  /( t ( x’( (  /( x’( [x’/(V( v)]( (  /( t = 0, 
[1/(V+ v)( 1/(V( v)]( (  /( t ( 2( (  /( x’ = 0, *(11)

[v/(V 2( v 2)] ( (  /( t + ( (  /( x’ = 0,
*(12)

which is identical to (7).
"Since the light along the axes ( and ( , if observed from the system at rest, always propagates with the velocity (V2 – v2)0.5, so the similar argument applied to these axes yields ( (  /( y = 0,  ( (  /( z = 0". Note that x’ is projected at zero on the axes Y, Z, so ( (.) does not depend on y, z, making (4) trivial identity with respect to those axes (our remark). "Since (   is a linear function, so from these equations it follows 

(  = a[t (  vx’/(V 2( v 2)],
   (13)

where a = ( (v) is yet unknown function, and for brevity it is taken that at the origin of the moving frame (k) if (  = 0, so also t = 0". (Einstein’s notations, see [2, p. 14–15]).
Remark 3.1. The transition from (5) to (6) contains an implicit assumption that there exists a unique time surface ( (t, x’, v, V) such as (13) containing the time curves corresponding to intervals  (0 ,(2 ,(1   in (4), (5). This supposition is emphasized in italics and explicitly written in *(8) to *(10). This surface must be totally optimal with respect to neighboring surfaces in the sense of [7, pp. 1342–1343], and its existence for V = const is not automatic. When a ray of light propagates in the air with different densities at different heights, continuous refraction takes place, thus  V ( const  in which case such surface does not exist and Einstein’s PDEs (6), (7) are invalid as well as resulting solution (13) and all relativistic transformations for V = const that follow in the sequel. Classical theory of relativity applies only to motions in vacuum or in media without refraction. Extension to cases V (  const  and/or v (  const requires major modifications.  
Remark 3.2. If we want to include the time of information transmittal into this relativistic framework, we should use relation (3) instead of (1), thus considering the real time of light registration instead of abstract time of light arrivals in (1). Since the clocks are at rest with respect to the system (K) or (k) where they belong, so all deltas in (3) and the time of reflection are constants, though unknown, and assembling all those constants at the right-hand side of (4), we shall get those constants at right of (7), (11), (12), instead of zeros, yielding, instead of (7) or (12), the equation:
( (* /( x’ + [v/(V 2( v 2)]( (* /( t = ( ,
(  = (A (  (B ( ( 0 ,                   (14)

where ( 0 ( 0  is the time of mirror reflection at B. Using the function ( (.) of (13), the solution of equation (14) can be written in the form (* = ( + pt + qx’, where p, q are constants satisfying the relation p v/(V 2( v 2) + q = ( , and having the same sign as  ( : 

(* = ( + pt + qx’ = (p + a) t + [q (  a v/(V 2( v 2)] x’,  p v/(V 2( v 2) + q = ( ,             (15)
which for ( = 0  yields p = q = 0 with the solution in (13), and two parameter family of other solutions for some  ( ( 0. We see that Einstein’s PDE (7) yields not only the relation (13) for abstract times of arrival in (1) but, with the modification in (14), it also provides the relations (15) for different real time observations that include delays due to finite speed of information transmittal in the same framework as considered by Einstein. This, of course, should have been expected. In fact, all experiments that confirmed the theory of special relativity carried time delays due to finite speed of information transmittal whereas the theory itself did not contain those time delays which may be comparable with time intervals in (1), thus, with the values (0 ,(1 ,(2 in (4) for smaller lengths AB in (2). Abstract times of arrival were considered instead. The confirmation was, thus, "by default", based on some real data in neighborhoods of the times of arrival.  
Remark 3.3. At this point we need to emphasize the meaning of the principle of constancy of the speed of light cited in Section 4 from [1, § 1] that "every ray of light propagates in a still system of coordinates with certain speed V irrespective of whether the ray of light is issued by a resting or moving source". This statement represents the results of experiments made on Earth considered as a still system (K) in which the speed of light issued by a moving source was measured by and with respect to a still measuring device. However, the same measured value of the speed V of the front of that same ray, if measured with respect to the origin of a moving system (k) by a still measuring device in (K), would be affected by the velocity  v  of the origin of (k) which results in the appearance of  terms (V( v), (V+ v) in (5), (6), (9) to (11) and of the term (V 2( v 2) in (7), (12), (13) to (15). According to the above formulation, Einstein argues about measured values of the speed V of a certain physical process (light propagation from a source of light) in a particular setting of a still coordinate frame, produced by real life physical experiments on Earth considered as a still frame (which it is not, but one can define it as still frame with all surrounding space moving around it, and neglect, for the moment, the effects of the accelerated surrounding space, in a thought experiment). Tacit assigning of some absolute mystical sense to the speed of light would be an error. According to Einstein’s words after (2), the value V  "is a universal constant (the speed of light in vacuum)", thus, the same for a resting or a moving source in that vacuum which means that light in a moving system (k) propagates with the same speed  V, as in the resting system (K), if measured by a device resting or moving in either system with a constant (cf. the principle of relativity) speed v < V (if v ( V, the synchronization of clocks in (k) and (K) is impossible since a ray of light issued from A, the origin of (k), cannot reach x’( (K), point B; also, a ray from B cannot reach A( (k) moving with v ( V, so that equation (4) becomes void). We see that the universal constant V should not be confused as something absolute, being the same when measured from anywhere with respect to anything, cf. Einstein’s answer to Ehrenfest cited in Section 2. Furthermore, in this argument based on real life experiments, it is quite reasonable to consider and include into experimental readings the time delays due to finite speed of information transmittal which delays are present there anyway, this leading to relations (3), (14), (15).
3.1. Calibration factor for transformations without time delays

Let us consider first relativistic transformations based on (13), that is, for abstract time (time of arrivals), without time delays due to finite speed of information transmittal. Given, according to experiments, that light in a moving system (k) propagates with the same speed V, Einstein writes [2, p. 15]: "For a ray of light issued at the moment ( = 0 in direction of increasing (, we have  ( = V( , or ( = a V [t – x’ v/(V 2– v 2)]. However, with respect to the origin of system (k), the ray of light, if observed in the still system (K), propagates with the speed V – v, so it follows
x’/(V( v) = t . 

  (16) 

Substituting this t into equation for (, we get ( = a x’ V 2/(V 2– v 2). "Now, with x’ = x – v t in the expressions for (  and (  (13), it yields
(  = a[t (  vx’/(V 2( v 2)] = a( 2(t (  vx/ V 2),
( 2 = V 2/(V 2– v 2),                   (17)
( = V(  = a x’ V 2 / (V 2– v 2) = a( 2(x – vt).   (18)
Further, Einstein writes [2, p. 15]: "Considering rays propagating along two other axes, we find

( = V (  = a V[t – x’ v/(V 2– v 2)] ,  whereby
 t = y/(V 2 – v 2)0.5 ,  x’ = 0 ;           (19)
hence (with our notation in (17) for ( 2)
( = aVy /(V 2 – v 2)0.5  = a( y ,
(  = aVz /(V 2 – v 2)0.5 = a( z".            (20)
To determine the function a(v, V) in (17), (18), (20), Einstein writes in [2, pp. 16–17]: "For this purpose, we introduce one more, the third coordinate system (K’), which with respect to system (k) is in translational motion parallel to ( – axis in such a way that its origin moves with velocity ( v along ( - axis. Suppose that at the moment t = 0 all three axes coincide and for     t = x = y = z = 0 the time t’ in (K’) is 0. Suppose that x’, y’, z’ are coordinates measured in system (K’). After applying twice our transformation formulae (17), (18), (20), we obtain" 
t’ = a( 2(( + v( / V 2) =
=a 2( 4[t( vx/ V 2 + v(x( vt)/V2] = a2( 2 t ,     (21)
x’ = a ( 2(( + v( ) = a 2( 4(x – vt + vt (  v 2x/ V 2) = a2( 2 x,  (22)
y’ = a( ( = a 2( 2 y , z’ = a( ( = a 2( 2 z    (23)
"Since relations (22)–(23) between x’, y’, z’ and x, y, z do not contain time, the systems (K) and (K’) are at rest with respect to each other, so it is clear that transformation from (K) into (K’) must be the identity transformation". [2, p. 17] Hence, a2( 2 = 1 and also a( = 1 since the axes (, y and ( , z have the same directions. Now, using the value ( 2 from (17), we get
a 2( 2  = a 2 V 2/(V 2– v 2) = 1, a = [1 (  (v/V)2] 0.5,  a ( 2 = (  = [1 ( (v/V)2]-0.5.           (24)

Substituting the values of a( 2 = ( from (24) and a( = 1 into (17), (18), and (20) yields relativistic transformations [1, 2] well known in the literature:
(  = ( (t( vx/V 2), ( = ( (x( v t), (  = y, (  =  z ,
(  = [1 (  (v/V)2]-0.5 ,                (25)

where ( is the calibration factor corresponding to (1).

3.2. Verification by spherical ave propagation

To prove the consistency of two principles (the principle of relativity, and the principle of constancy of the speed of light), Einstein writes [2, p. 16]: "Suppose that at the moment t = ( = 0 from the common, at this moment, origin of two frames, a spherical wave is sent which propagates in frame (K) with the speed V. If (x, y, z) is a point to which comes this wave, then we have 
x 2 +  y 2 + z 2 = V 2 t 2 ". 
  (26)
If the speed of light is the same in the moving frame (k), then this equation must hold also for (( , (, ( , ( ), that is
( 2+ ( 2+ (  2 = V 2( 2.       
  (27)
Let us check it for transformations (25). Substituting (25) into (27), we have

( 2(x( v t) 2 + y 2+ z 2 = V 2( 2(t( vx/V 2)2 .   (28)

Substituting  ( 2 by its expression in (24), (25), we get
(x( v t) 2+ [1( (v/V)2]( y 2+ z 2) = V 2(t( vx/V 2)2. (29)

Dividing (29) by the bracket and simplifying the expression, we obtain

V2(x( vt)2/(V2– v2)+y2+z2=V2V2(t( vx/V2)2/(V2–v2). (30)

Squaring the first parentheses and simplifying yields

V 2(x 2( 2txv + v2 t 2) / (V 2 – v 2) + y 2+ z 2 = V2(V2t2( 2txv + x2 v 2/V 2) / (V 2 – v 2) .

Canceling the term ( 2txv on both sides and multiplying by (V 2 – v 2), we get

V2(x2+ v2t2) + (V2 – v2)(y2+ z2) = V2(V2t2 + x2v2/V2).(31)

Rearranging the terms in (31), we have

V 2(x 2+ y 2+ z 2) + V 2 v 2 t 2 – v 2(y 2+ z 2) =
= V 4 t 2 + x2 v2 . 
   (32)

Due to (26), the first terms at left and at right cancel out. Dividing the remaining equality by v2 and taking the parenthesis to the right-hand side, we obtain (26) again. This proves that equality (27) holds in the moving frame (k) under the transformations (25).
3.3. Contraction along the X-axis

Following Einstein [1, § 4], let us compare the physical sense of equations (27) for moving solids. With respect to (27), Einstein writes (translation from [2, p.18]): "Consider a ball of radius R being at rest with respect to the moving system (k), whereby the center of the ball coincides with the origin of system (k). Equation of the surface of the ball moving with respect to system (K) with velocity v has the form

( 2+ ( 2+ (  2 = R 2.    

  (33)

The equation of this surface, expressed through  x, y, z,  at the moment  t = 0  is

( 2 x 2 + y 2 + z 2 = R 2 .  
  (34)

Hence, a solid, which at rest has the form of a ball, while in motion – if observed from the still system – takes the form of ellipsoid of revolution with half-axes

R [1 (  (v/V)2] 0.5,  R ,  R .
  (35)
As dimensions of a ball (so also every other solid of any form) do not change in motion with respect to axes Y, Z, dimensions with respect to X become contracted in the proportion 1: [1( (v/V)2]0.5, and more contracted with higher v. For v = V, all moving objects, observed from the still system, are flattened and transformed into plane pieces". 
3.4. Invariance and Symmetries of Relativistic Transformations

The two principles (of relativity and of the constancy of speed of light) and the special relativity argumentation are based solely on the specific physical experiments measuring the speed of light, see [5] and references therein. The derivation of  time and coordinate transformations of special relativity [1, 2] makes use of those two principles and of one specific physical model that represents the setting and results of physical experiments. Without that model, which was the case before the experiments on light propagation and measurement of the speed of light were done (at times of Newton, before 1730), there was no relativity theory. The model used to derive Einstein’s equations (25) of special relativity is conditioned on the assumption that light is the carrier of information. Indeed, if one puts a non-transparent plate between points A and B, the simultaneity relation (1) becomes void and the initial basic equation (5) is vacated with the entire relativity theory based on the rays of light as the carrier of information. This feature we express by saying that classical relativity theory is calibrated by the rays of light.
Consider relativistic transformations (25). Due to notation x’ = x – vt, to any still point ( in the moving frame (k) there corresponds some point x’ in the system at rest (K), ( = ( x’, where ( 2 = V2 / (V2 – v2) is implied by the time transformation in (25), and ( > 1 if v < V. The value x’ = x( vt = 0, the origin of (K), corresponds to a moving point x = v t which is observed in (K) as the moving origin ( = ( (x( v t) of system (k), yielding the correspondence between points of the still frame (K) and moving frame (k) as observed from the still frame (K), and this for any values of ( = ( (x( v t), and fixed v, V. This means that universal constancy of the speed of light is not necessary for Einstein’s model of two frames with light as the signal for calibration of clocks in those frames that register times of arrival (abstract time). In different media (vacuum, air at a fixed height), light propagates at different but constant speeds. There are other carriers of information with their own constant speeds that furnish calibrating time signals for which relativistic transformations conserve the same form. This yields the following.
Relativistic invariance statement. The form of relativistic transformations (25) is invariant to the choice of a calibrating signal provided that its speed of propagation remains constant.

There are other types of invariance in Einstein’s relativity theory because of special relationship between time and the three coordinates in relativistic transformations. For a moving clock x = vt in (K), the time transformation in (25) presents contraction of time [2, p. 19]:  

(  =((t( vx/V 2)=( t(1( v 2/V 2)=t(1( v 2/V 2)0.5 =
= t – [1( (1( v2/V 2)0.5]t (  t( 0.5 t v 2/V 2.

However, the most important implication of the relativistic invariance is that there may be different calibrating signals corresponding to different carriers of information. There may be more than three coordinates (parameters) and more than one calibration signal, this creating a multitude of relativistic theories and transformations, each with specific time flows according to the nature of information transmittal actually implicated in a certain physical, technological, or biological process. 
4.  Relativistic Transformations
in Real Time
The calibrating factor ( = [1( (v/V)2]-0.5 of (24)–(25) is defined by sequential application in (21)–(23) of the same relativistic transformations for + v and ( v and making use of Newtonian axiom that two rectilinear motions with equal and opposite velocities cancel each other (+ v – v = 0), so the frames corresponding to those motions are at rest with respect to each other, thus, identical. Seemingly obvious and correct for abstract time and abstract coordinates used in Newtonian mechanics, this assumption is incorrect for the real time and coordinates that are measured (observed), thus, include natural time delays due to finite speed of information transmittal.
Indeed, due to time delays and to positive orientation of the flow of time, for system (k) moving with + v with respect to (K)  the real time (* > ( , see (15), and for system (K’) moving with ( v with respect to (k) the real time  t’ > (* again, thus system (K’) has its  real (measured, registered) time t’> t despite being "at rest" with (K). The principle of relativity notwithstanding, the following is true:

Diversity statement. Identity of two physical processes cannot be observed.

According to its linguistic sense, the word identity means exact identity. This general property of only approximate observability of a motion (physical process) immediately follows from the real time equation (3) above with uncertainties within (0, (], and applies to relativistic transformations in the same way as to Newtonian equations. It is clear that all universal physical constants, including the speed of light, are only approximately observable, and even the question of their "constancy" in its exact mathematical sense is undecidable, again as a consequence of the real time uncertainty in (3). It is known that Newtonian mechanics is an approximation to relativistic mechanics. From the above considerations, one can see that relativistic mechanics is also an approximation to reality, irrespective of the exact transformations (25) based on the identity assumptions made for two systems (K) and (K’) in (21)–(23). Let us find what kind of approximation it may be.
Since, we must have t’ > t in (21), so we should consider a2( 2 > 1, thus, a( > 1 too. With  ( 2 = V 2/(V 2– v 2), see (17), we get a 2 > (V 2– v2)/V 2 = 1 – (v/V) 2 = 1/( 2, thus, a > 1/( and a( 2 > V 2/(V 2– v 2) ( = ( 2/( = ( = [1 ( (v/V)2] -0.5. 
It means that in transformations (25) we have, in reality, the signs ( >), not the equality signs, since with v( [0, V) we have a( 2( (1, ( ). To deal, for simplicity, with the equalities, we can consider a( 2( [( 1+ ( , ( m ]( (( , ( ), m > 1+ ( > 1. Since with a > 1/( , we have a( > [1 ( (v/V)2] -0.5 / ( = 1, so we can set a( = ( ( > 1 for ( > 0. Now, for any fixed finite ranges of the variables x, v, t in (25), we can consider the transformations

(  = ( h(t( vx/V 2),   ( = ( h(x( v t),   (  = ( r y,
(  = ( r z ,   ( = [1 (  (v/V)2] -0.5 ,         (36)

where  1< h (  m  and r > 0, with  h, r  chosen so as to cover the specified ranges. The reader can check that for h = r + 1 ( 1+ (  to a spherical wave (26) in (K) there corresponds the spherical wave (27) since (26), (27) admit multiplication by a constant.

The real time transformations (36) imply that instead of relations (34), (35) we have at the moment t = 0 the relations

( 2h x2 + ( 2r y 2 + ( 2r z 2 = R 2 ,            (37)

R ( -h,  R ( -r, R ( –r;  ( =[1 (  (v/V)2] -0.5,  h > 1, 
r ( ( > 0 .                   (38)

Thus, ellipsoid of revolution with half-axes of (38) contracts, in fact, into a point, not into a flat circle as in (35) if v( V. In this case, the time  (  of (36) when this contraction could be observed tends to infinity, which means that, in reality, contraction into that point cannot be observed. Hence, we do not know whether motions with velocities v ( V may or may not exist. We come to the following conclusion:

Limit of knowledge statement. 
The knowledge obtained by experiments and computations is effectively limited by the carriers of information used in physical processes embodied in those experiments and/or computations. 
With time delays due to information transmittal, we have, due to (15), (25):
( * = ( + pt + qx’ = ( (t( vx/V 2)+ pt+ q(x( vt); (39)

(* = V( * = V(( + pt + qx’) = V[( (t( vx/V 2)+ 
+ pt+ q x’],               (40)

and, again using (16) for t, we obtain due to (25):

(* = V x’ [(p+()/(V( v) + q]( ( v x / V  = x’[( + p V/(V- v) + q V]  = ( + [ p V/(V- v) + q V](x – v t),   (41)
where  v < V,  p v/(V 2( v 2) + q = ( ,  and 
(  = [1 (  (v/V)2] -0.5 .
Using in (19)-(20) ( * of (39), instead of (  of (25), we obtain transformations with time delays due to information transmittal for the axes (, ( : 
(* = V(( + pt + qx’) = V[(( + p)t + qx’– ( v(x’+ vt) /V 2],
where   t = y/(V 2 – v 2)0.5,   x’ = 0,  yields
(* = y +  p( ,  
( * = z +  p( .      (42)

Equations (39), (41), (42) present relativistic transformations in real time. If time delays are ignored, that is ( = 0, then p = q = 0, and we return to equations (25).
In practice, the values of p, q, (  need not be determined. Indeed, Einstein writes in [2, p.16]: "If no suppositions are made about initial position of a moving system and a zero point of the variable (, then to each right-hand side of equations (25) one has to append one additive constant". It means that, if equations (25) are used with real time measurements, then those additive constants are already included in the transformations in accordance to actually realized values of p, q, (  supplied by the measurements.
5. Relativistic Transmission of Energy and Action
Let us consider again the Einstein model in [1, § 3] reproduced in Sec. 3, in translation from [2, p. 14], with the noteworthy replacement of a mirror at the point x’, point B in the still system (K), by a black screen which fully absorbs the rays of light issued from the point A at the origin of the moving frame (k). Then there will be no reflection back to point A, the origin of the frame (k). However, the energy of the ray of light sent from point A( (k) at a moment (0 = tA  to the black screen at point B( (K) will be absorbed and felt at point B at the moment (1 = tB with some delay (0 ((1 = tA ( tB = AB / V, see (2) for the one way travel of the ray of light along the X-axis from point A to the point x’, point B, with the velocity V assumed to be a universal constant, Law 2 in Sec. 2 (the principle of constancy of the speed of light), irrespective of the motion of the source of light. It means that the transfer of energy by the rays of light, the carrier, occurs with the speed V, irrespective of motion of its source with a constant or variable velocity.
The energy and pressure of light were considered by Einstein in [1, § 8] from which we reproduce, in translation from [2, pp. 29–30], the following quote: "The energy of light on a unit of surface of the mirror sent at a unit of time (measured in a system at rest), is clearly equal A2 (V cos (  (  v) / 8 ( ". Here A is the amplitude of the light waves and ( is the angle between the normal to the front of wave (direction of the ray of light) and the line joining the source of light with the observer, in our case the X-axis, so that ( = 0.

"The energy leaving the mirror from the unit of its surface at a unit of time equals 
A’2(( Vcos(’’’+v)/8(". In our case, the mirror is replaced by the fully absorbent black screen, thus A’ = 0. Further, Einstein writes: "The difference between these two expressions, according to the principle of conservation of energy, equals the work done by the pressure of light at the unit of time. Equalizing the work to the product P v, where  P  is  the pressure  of  light,  we  get  

P = 2A2(cos ( (v/V)2/8( [1((v/V)2]. From this, in the first approximation, we obtain, in agreement with the experiments and with other theories, the value P = 2A2 cos 2(  / 8 ( ". In our case of ( = 0 and absorbent screen with A’’’= 0, we have to drop the multiple 2, arriving at the approximation P = A2 / 8 ( .
We see that the entire energy of the rays of light is absorbed by the black screen with a delay in time, irrespective of the purpose of observation of processes in moving systems in the special relativity theory. The absorbed energy represents the action of the rays of light transmitted along the X-axis upon the black screen at the receiving point B.
The relativistic effect in transmission of energy by a non-carrier of relativity was noted by A. Einstein of which we reproduce, in translation from [2, pp. 61–62], the excerpt: "We want now to show that not only the supposition about the instantaneous propagation of some action, but in general any assumption about the propagation of action with superluminal velocity is incompatible with the principle of relativity.

Suppose that along the X-axis of a coordinate system (x, y, z) a material channel is situated with respect to which an action can be transmitted with a speed W. Suppose that at points x = 0 (point A) and x = + l (point B) are positioned the observers at rest with respect to the coordinate system (x, y, z). The observer at A by the above mentioned action sends a signal to the observer at B along the material channel, thereby this channel is not at rest, but is moving with the speed  v (<V) along the x-axis in its negative direction. Then the signal is transmitted form the point A to the point B with the speed

(W – v) / (1 – Wv/V 2), see [1, § 5], addition of velocities (footnote on p. 61 of [2]).               (43)
Thus, the time T elapsed between the sending of a signal from point A to point B equals
     T = l (1 – Wv/V 2) / ( W – v ) .   
   (Our formula numbers, E.G.)
   (44)
The speed v can take any value, less than the speed V (of light, see (2) above, E.G.). Hence, if, according to our supposition, W > V, then the speed v can always be chosen such that T would be less than zero. This result means that we have to allow the existence of a transmission mechanism, by using of which an action (following an act of will) would happen before its own cause. Although, as to my opinion, this result does not contain a purely logical contradiction, it so much contradicts to all our experience that the impossibility of the supposition W > V can be accepted as well-founded conclusion".
It means, of course, that transmission (propagation) of action (information) cannot be faster than the speed V of the carrier of relativity which are the rays of light in [1, 2]. This is the essence of special relativity in transmission of any actions in interrelated processes, not just in observation of motion: Nature is relativistic in itself .
Remark 5.1. From this reasoning, it immediately follows that in the 3rd law of Newton: action = counteraction, there is a time difference between the two physical phenomena.

Remark 5.2. In elastic transmission of pressure (tension), the speed V of the carrying signals is the speed of sound: in the air V ( 340 m/sec at 15o C, in water V ( 1450 m/sec, in sea water V ( 1475 m/sec, in metals V ( 3400 to 5000 m/sec, in glass V ( 5200 m/sec. In chemical reactions, blood circulation, nervous systems, the speed V of carrying signals may be different, creating different time delays in transmission of physical actions and of vital life-saving signals in living organisms. The visual observation of such pressures may be possible too, in which cases the information of these signals can be obtained with the rays of light propagating at the velocity c >> V, almost immediately. However, it does not mean that the action was instantaneous. Note that light does not propagate in metals, living organisms, in deep water, in thick fog, where other signals can propagate and serve as the relativistic carriers of information and actions. 

Remark 5.3. From the above considerations, it is clear that the relativity introduced by Albert Einstein in [1] for the time synchronization and coordinate transformations, with applications to electrodynamics, to the theory of aberration and Doppler’s effect, to the pressure of light, the Maxwell-Hertz equations with convection currents, and to dynamics of a weakly accelerated electron, is applicable everywhere, and not just to observation of processes and motion by the rays of light, but to their natural evolution carried by signals transmitting the actions according to the relativistic real time considerations.
6. Multiple Relativities and 
Entanglement in Observations
The rays of light are not the only signals that can be the carriers of relativity in observation. They were chosen by Einstein for their highest speed not depending of the motion of the source of light, thus satisfying the principle of constancy of the speed of light, Law 2, Sec. 2, this being confirmed by the precise experiments. However, Law 2 which renders a simple and clear exposition of the theory, is actually not needed for practical applications of relativity. It is known that the speed of light V is not constant in the air (refraction) and also under gravitation [8]. There are other signals that can be carriers of action and relativity, some of which are mentioned in Remark 5.2 above.
Different signals propagating with different (possibly variable) speeds produce different observations for the same underlying process. This we call multiple relativities which may produce multi-simultaneity and entangled observations in the "alternative models to quantum mechanics that have been proposed in recent years in order to explain the EPR correlations between two particles" [9, p. 167, Abstract]. In [10, page 280], it is written: "The idea behind the detection loophole is very simple and natural. It merely states that the probability that a particle is detected depends, among others, on the particle state. This is true as well in classical as in quantum physics". One has to add that this detection depends on the available signal and the correct relativity produced by that signal. Also the so-called "superluminal influences" presume the existence (yet unknown) of signals propagating with superluminal velocities, and "entanglement swapping" may correspond to confused relativities in "entangled" experimental observations. Such questions are beyond the scope of this paper. 
7. Relativistic effects acting on the mass in transmission of forces
Any process or motion evolves under some exterior actions which are called forces in mechanics. In case of the 2nd law of Newton: mx’’(t) = F(t, x, v), the left hand side represents a moving mass  m  (the object), and the right hand side F(t, x, v) represents external forces which act upon the mass m. Since transmission of energy (force) takes time, so the value t in mx’’(t) at left is not the same as the time t in  F(t, x, v) at right. To avoid confusion, we have to use different notation for the value of time in F(.), writing it as F(( , x, v). In the case of a particle accelerating in electromagnetic field, see [1, Sec. 10], this is the time (  corresponding to moving waves, synchronized with the time t by Einstein’s time transformation  (  = ( (t( vx/V 2) of (25).
The relativistic expression of mass in motion m(v) is well known: m= m(v)=(m0 =m0[1–(v/V)2]-0.5, where m0 is the rest mass (the mass of an object at rest) and (  is the calibrating factor in (25), see [11, pp. 382–384] or [2, pp. 62–64] or other literature on the subject. Using the relativistic expression of the mass and the time (  in the transmitted force F(( , x, v), we can write Newton’s formula as follows: 
m(v) x’’(t) = F(( , x, v),             (45) 
where x, v in (45) are the same at left and right since the action of F(.) in (45) accounts for the same x, v at which the object m(v)x’’(t) moves at the moment t. This reflects the relativistic nature in transmission of energy (action) in the 2nd law of Newton.
Since we are interested in the motion of the object m(v)x’’ at left in (45) for its current mass (not its rest mass m0) in its own coordinates, we can use Einstein’s transformations (25) and write (45) as follows
m(v) x’’ = ( m0  x’’(t) = F [( (t – vx / V 2), x, v],
( = [1 – (v / V) 2] -0.5,             (46) 
which presents the relativistic form of Newton’s 2nd law (45) where V is the speed of a signal transmitting the force F(.) acting upon the current mass  m(v) = ( m0  of the object. Of course, V is not necessarily the speed of light, but the speed of the signals transmitting the action of the force F(.), see Remarks 5.2 and 5.3 above.

If v / V is small, then  ( ( 1, ( ( t, m ( m0   and we return to the textbook formula (45) for the 2nd law of Newton. However, if v( V, then (( (  and the 2nd law of Newton becomes void since the force F(( , x, v) at ( ( ( , is not transmitted to the current mass  m(v)( ( of the object. This is relativistic breakdown in transmission of energy and action. A physical example of it is well known: it is the sound barrier in a supersonic flight when the sound of engines is not heard by the people in the plane (in this case V is the speed of sound). The less trivial examples are furnished by particle accelerators and colliders where protons cannot be accelerated to the speed of light with propagation of the electromagnetic field as a moving force. Hence, models built on the results in the observations of particles moving close to the speed of light are actually the models of the observed relativistic effects, – not of the real structure of the atom.
Another important application for relativistic effects in transmission of information and forces is the current interest in the asteroid-hunting satellites. In the recent news release "Exploding meteor like 20 A-bombs" (Montreal Gazette, page A-4 of February 16, 2013) it is written: "The meteor above western Siberia entered the Earth’s atmosphere about 9:20 a.m. local time (10:20 p.m. EST Thursday) at a hypersonic speed of at least 54,000 km/h (15 km/sec) and shattered into pieces about 30–50 kilometers high, the Russian Academy of Sciences said. NASA estimated its speed at about 40,000 m.p.h., said it exploded about 12 to 15 miles high, released 300 to 500 kilotons of energy and left a trail 300 miles long... The shock wave blew in an estimated 100,000 square meters of glass, according to city officials, who said 3000 buildings in Chelyabinsk were damaged. At a zinc factory, part of the roof collapsed…Scientists estimated the meteor unleashed a force 20 times more powerful than the Hiroshima bomb, although the space rock exploded at a much higher altitude". It is clear that to intercept such rocks flying at 15 km/s and faster, the relativistic considerations for a hunting system, called NEOSSat, are quite necessary.  
8. Conclusions
This paper presents the causal approach to natural sciences and mathematics based on the notion of information and action transmittal by signals propagating at finite velocities in the course of time which is considered as a positively oriented ever increasing natural parameter. Physical actions and process evolution are subject to natural optimality and relativity which pertain not only to final results or process observation, but to the internal energy transformations over every small interval of time that affect dynamics of the process evolution. On this basis, some important physical aspects in dynamical systems, engineering and technology are considered which should be taken into account in theory, experiments and technological innovations and can be summarized as follows.
1. The Universe is composed not only of matter and motion but includes also signals of different nature propagating at finite velocities.

2. There are no instantaneous actions in Nature. It does not mean that we cannot consider some actions as instantaneous yielding an acceptable approximation to reality. If in (25) we set V = ( , then ( ( t and we return to the Newtonian absolute time "known and equal" at all points of the universe. With this notion people lived until 1905 when special relativity was discovered. We can live with it further in simple cases.
3. Some basic concepts that include causality, finite velocity of the action transmittal, its relativity, the infinitesimal (total) optimality, and the uncertainty of real time can be considered as the general laws of Nature known from everyday experience. They admit approximations that can be used in practice to simplify certain things.
4. Since actions are transmitted by signals propagating at finite velocities, it means that special relativity affects all motions and processes. Thus, relativity is everywhere, not just in observation by the rays of light. 
5. The ever present time uncertainty is very important in application to some notions and problems, such as stress relief phenomena, synchronization of clocks, high speed computations, measurement of the speed of meteors and asteroids, and of small particles at high velocities in particle accelerators and colliders.
6. Relativistic transformations in real time affect all processes and motions. At high velocities, the 2nd law of Newton and classical laws of mechanics and physics become invalid, and if v( c, they become void. This affects also experimental observations and may be the cause of failures at the CERN Large Hadron Collider in Geneva.
7. Atomic models without the signals that provide links between particles and their motions reflect distorted observations and not the reality of interactions on atomic levels.

8. The positive time orientation invalidates the right time derivatives normally used in mathematics. Derivatives that are included in the right-hand sides of equations of motion must be left, or delayed [12], derivatives which preserve the causality of motions affected by external forces and assure the measurability of such time derivatives.
9. The observations in astrophysics which do not take into account causality, relativity and time uncertainty are intrinsically wrong irrespective of the possibly high precision of the experimental installations used for observations.

10. The guidance and control systems with high security requirements, such as nuclear and chemical plants, the autopilot systems in aviation, spacecrafts, meteorite interceptors, should be equipped with the relativistic acceleration assisted controls based on the left higher order derivatives continuously measured in motion or process evolution.  
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All processes in Nature and technology are realized by transmittal of forces and actions (information) with certain signals which takes time and is oriented concurrently to the flow of time. This includes the propagation of fields at finite (possibly variable) velocities. The process evolution (motion) follows certain path or propagation route which is always optimal with respect to some criteria (known or unknown) within natural or technological bounds. This provides for an orderly deterministic or stochastic (under disturbances or in probabilistic description) evolution of a process. Transmittal of forces (information, actions) at finite velocities implies the relativistic effects considered in [A. Einstein, Zur Elektrodynamik der bewegte Körper. Ann. der Physik, 17 (1905) 891–921] with respect to the rays of light as the carrier of relativity in observation. Natural synchronization of time in different reference systems at rest or in motion is conditioned on the physical processes (signals) that transmit the information in process evolution, and it is achievable only within some margin of accuracy. Natural time delays in transmission of action by physical processes are intertwined with relativistic phenomena in a structure of mutual interdependence. This requires a unified study of process evolution, with the information transmittal, time uncertainty, optimality and relativity as the basic elements in their intimate interrelation at finite velocities, in both deterministic and stochastic environments. Analysis of relations between these basic elements in process evolution is presented in this paper which opens new perspectives for research and development in physics, engineering and technology.
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