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The question about of whether the necessary @astof the constancy of the speed of light for
the construction of the Special Theory of Relagiwitas raised and discussed, at least two indepénden
authors [1, 2]. The answer to this question is wdotogically very important in recognition of thact
that the foundations of the output of the Galildeansformations and Lorentz are the same basic
properties of substantial space and time of Newitoturned out that in the classical physics "higima
contradiction in the substantial properties of gpand time. What is the essence of this contradieti
The article attempts to answer this question.

Note that the authors of the mentioned works haeeived their findings generally avoiding
mention of the words "light" and "the speed ofsipgead".

Arithmetization of space-time relations

We introduce after A.A. Friedman [3] the concepaiothmetization of space-time relations. As a
result of the arithmetization procedure, each poirgpace receives three coordingtes, z). By placing
a clock at each point in space, we get a 4-cootelisgstem. The only requirement for the result of
arithmetization at this stage is the condition ohtmuity: infinitely close space-time events must
correspond to infinitely close points of the cortcep 4-space. Let us denote this coordinate sysiem
reference systei? and call it a laboratory reference system. Theltesf the arithmetization can be
represented as an opportunity in every point ots@ad at every moment of time "to find a labelthwi
four coordinatest, x,y,z). It is only necessary to remember that these foumbers are obtained as a
result of arbitrary arithmetization with an arbitframetric, and "lengths" and "time intervals" as
characteristics of neighboring points of sets atenermalized measures. It's just Jordan's measures

Let us consider the second reference frAmevhich is obtained biransforming the coordinates
of the laboratory system according to the formulas:

x'=x-Vt, 1
t'=t. 1)

If we trace from the systemthe pointx’ = 0 of the originZ’, we see that the coordinate of this
point, by virtue of the first relation (1), changascording tor = V t. That is, the syster®’ in the
laboratory frame of reference moves at a speatbng the common axis.

We introduce the third reference systém, which is also obtained by transforming the
coordinates of the laboratory system, but accortbrte formulas:

" x—Vt
x' =
V1i- V2 )
t”_t—Vx ()
Vi-v?

1)1 beg your pardon for my not very good EnglishThe original text on Russian
http://vixra.org/pdf/1804.0331v1.pdf

It so happened that the article [5] appeared befasework and therefore its results were not coawig enough.
The purpose of this paper is to fill a gap in thguanents. See also [6, 7].

2)Formally, the reference system is called such tesysthe arithmetization of space-time relationwhich can be
implemented using real physical procedures.
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If, as in the previous case, we trace from théesy§ the pointx’’ = 0 of the originZ'’, we see
that the coordinate of this point, by virtue of fivet relation (2), changes according= Vt. Also, that
is, the systend”’ in the laboratory frame of reference moves ategedp/ along the common axfs

As a result of the rearifmetization of the spdogetrelations by formulas (1) and (2), observers
associated with the reference systéthandZ’’, will receive their own "set of labels" for theardinates
of 4-events’ .

The possibilities of describing the movemerit.

Let's solve the "problem of meeting" of two obsesv In fact, there is the coordinate method of
arifmetization that appeared for solving probleshthis type. This method does not require or inthly concepts
of length, duration or their measurements.

Let the observer of the laboratory systBmmake an appointment to the observers connectéuthet
systems’ andX'’ at pointx at timet. He himself began to move from the poin& 0 at timet = 0. To reach the
point of encounter, it must move at a speed x/t.

Let us consider the possibility of "guessing” thisnt and get exactly there and at the right tome
observers of the systerisand” with re-charted coordinates of space-time everteraling to (1) and (2), using
only their coordinate data and their velocity aiddiiaws.

1. Coordinates of the meeting point in the sysimre determined according to (1).

If the observer of the systeln started moving from the point = 0 at the timet' = 0 , then he will have to move
at the speed’, which he must determine according to his lawedbeity addition from (1). We have

dx' = dx — Vdt, dt' = dt,
whence it follows that

v=v-V. (@)
As expected, we obtained the law of velocity additiwhich coincides with the classical form.

If the observer of th& system will move according to the indicationstud trenormalized" speedometer
according to (1), he must to get to the point labany reference frame specified by the obseEverLet check it.

At the point of the meeting of observéss, t ), the condition must be fulfilled by the coordirate the

system2’.

x'=v't. (b)
Substituting (1), (a) in (b )we obtain:—Vt = (v — V)t = vt -Vt or

X =vt. (c)

2. The coordinates of the meeting point in theesys”” are determined according to (2). If the obserder o
the systent” started moving from the poirt’ = 0 at the timet” = 0, then he must to move at the spe€dwhich
he can determine according to his law of velocdgigon from (2). We have
dx— Vdt dt — Vdx
= dt" =

dx”

whence it follows that
v-—1V

" = . al

v Y (@)

As expected, we obtained the law of velocity additiwhich coincides with the relativistic form.

If the observer of th&" system will moves according to the indicationshef "renormalized" speedometer
according to (2), he must to get to the point labany reference frame specified by the obsekveilet's check it.

At the point of the meeting of observéss, t "), the condition must be fulfilled by the coordirat the
system”’

X” — vlrtlr. (bu)

®)The reference systems obtained by rearifmetizatien 2’ and> — 2" ‘with the help of (1) and (2) will be called
for brevity Galilean's and Lorentz's frame of refeze in connection with their laws of addition efacities ) and
(a)). Note that these are only symbolic names.

) |t is assumed that the synchronization conditiomet:x = x' = x”" =0,t =t' =t" = 0.
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Substituting (2), (a") into (b") we obtain:

(v — V)t - Vx
X—Vt: N7 or
V1=v2 1—-vV

x=-Veo@—-v)=({t - Vx)(v — V),thatis

x=vt (c)

The solutions of the problem of the meeting ifedéht variants show that the coordination of sptoe
events is possible without involving the physicetrio properties of space and time. Ordering andtouwlity are
sufficient propertiesWith continuous arifmetization and continuous tfanmations of 4-coordinates, integral
solutions are possiblgith the use of the concept of velogityas a derivativey, = dx/dt.

Measurements. Standards. Metrization
Let us consider the featuresliofear transformations (1) and (2).

1. The Galilean transformations (1) leave invariamtdda's measures of segmenendx: At = At’
andAx = Ax'atAt = 0.

2. From the Lorentz's transformations (2), the existeof a maximum velocity value follows. The
property of maximum value provides its uniqueneass lzence invariance with respect to Lorentz
transformations (se€’)). The value of this speed in the relativistic systof units of
measurement (RSU) is taken to be 1.

Thus, there are two possibilities for normalizataf Jordan's measures with the help of different
standards:

1. A pair of classical standards of length and tinhe Galilean case (1)).
2. A single speed standard with a value equal toete hthe speed of light propagation in
vacuum is used as a standard (Lorentz's case (2)).

In the first case, we obtain a description of sgéoe relations by classical dynamics, in the
second- by relativistic dynamics. It is this fact that lesatb contradictory interpretations of
the space-time relations in STR.

With help of continuous transformations

= fi(x*), ((,k=0123) (3)
we introduce into consideration the frame of rafee’””’. The transformations (3) must be chosen so
that the square of the differential forte? takes the form:

ds® = gy (F)dx' dx*, (i,k =0,1,2,3), (4)
andg;, satisfied the formal requirements of a metric ¢epseudo-Riemanngpace. This frame of
reference we will call pseudo-Riemannian. The grgfseudo” is necessary to denote the signatutteeof
metric tensog;, as(+, —, —, —).

In this case, unlikéa) and(a), the law of velocity transformation will be quiebitrary due to

the arbitrariness of the transformations themsg([8gand it will be difficult to call it the law ofelocity
addition although the "meeting problem" will have its g@uo in this case as well.

For sufficiently smooth functiong, (%) in the neighborhood of any point, the magix can be
reduced locally to the diagonal form:

1 0 0 0

@y= |0 1 0 0
tk 0 0 -1 0 ()

0 0 0 -1
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It is easy to verify that in this case (4) takas form:

ds? = (dx°)2 — (dx")? — (dF?)? — (d73)?, 6)
and whend%! = dx? = d%3 = 0, the ratio (6) takes the form:
ds? = (dx°)? = dr2. )

It can be seen that by virtue of (&, like ds, are the invariants of transformations of the f¢8); as an
elements of 4-the length of the world line. Timalefined by (7), we ca#tigentime and time defined as
%% =1, (c =1) -coordinate time

In the general case (4) the relation between rdiffigal elements of the interval, eigentime and
coordinate time is given by the expressibn

ds? = dt® = goo(X")(d%°)?, (7)
that makes ihecessaryo distinguish an eigentime and a coordinate time.

The main feature of the representation (4) is thearianceds for arbitrary continuous
transformations of the form (3), the consequencewbich is the eigentime invariance for all
transformations, including (1) and (2).

It would seem that (1) and (2) give two alternagivin the description of space-time relations,
from which it is necessary to choose one. Howe{&rcombines them and adds a fundamentally new
moment. Let us consider this in more detail.

First. Measuring the eigenvalue of time, length.

The coordinate values of the time interval, leng#locity — At, Ax, v,, are determined by the
relations:
At =t, — ty, Ax = x5 — X4, v, = dx/dt.

These values have not yet been physically measweahy standard. The only measures for them is
Jordan's measures, but their* values "as for contmsubsets, are" equal”, because between sets and
subsets of can be established a one-to-one corrdspce. All these sets have a unique property of
ordering. The transformations (1) and (2) are lindhis means that these transformations will prese
linear ordering, and hence the 4-coordinates vaienthe property of affinity.

Thus, the coordinate spatiotemporal parametengehtae property of initial ordering, which for
linear transformations (1) and (2) acquires andfi(linear) status.

For the measurement of space-time characterigtissnecessary to find some standards. Since
the standard by definition must be immutable, ithecessary to look for the standards among the
invariants.

The eigentime intervalis an invariant of general continuous transforovati of the form (3).
Thus, the value of will be identical in reference systenX¥,x”,£'"” at a point with coordinates
associated with coordinate transformations(1), (2), The measurement is carried out in the refaren
systemE, which is obtained by means of transformatiéns: £:(x™*) , when the conditions are met:

d§t=dg?=dg3=0, g% =1. (8)

Here: &' — coordinates of a point in the syst@m which measures the interval of eigentimé:—
coordinates of one of the systeri§x", %", if we are talking about one of them, or of anlyest These
conditions determine the requirements for the mtaoe of measuring eigentime: the first of them nsean
the measurement of time by a motionless clock,sémnd - the equality of the "course” of hours at
different points in space to get the ability to dyronize multiple hours localized at different geiim
space, that is, the coordination of "coordinateetinand "eigentime". In the frame of refereriEe
eigentimer coincides with the interval of coordinate tigfe 7 = &2 — &2,

®) L.D. Landau, E.M. LifshitzTheoretical physics. v. II; §84, (84.1)
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5.

The measurement of eigenlength or spatial distaiscearried out by converting the coordinates
n' = n(x™) to the reference systeBnunder the conditions:

n® = constu g(()(;) =0,(a = 1,2,3);
synchronization of the clock along the measurgddtary .

(9)

Here:n® is the time coordinate of a point in tBesystem. The requirement for the components of the
metric tensor follows from the allocation of theaspl party,z of the 4-metric according

Joad
Yap = —YGap + 2e70f . (10)
911
Then the square of the trajectory length is deteechby the formula
12 = f Yapdx® dxF . (11)

n%=const

Integration into (11) is performed along the tr&geg lying on the hypersurfacg® = const.
The conditions on the metric tensor (8) and (#haine thesynchronoudrame of reference.

Second.The expression (11) for length does not have tbpgsty of 4-covariance. Therefore, a
different approach is needed to measure speedsud.aise the fact that the representation of the
pseudoeuclidity (5) is possible for each pointhaf #-pseudo-riemannian space, and the only valtieeof
maximum velocity determined ") is an invariant of transformations (2). This sugigehat it should
be physically measurable. This value is assumédx tb. Thus, there are new measures for measugng th
space-time relations - the standard of time aedstandard of the maximum speed of signal propagati
However, as it is easy to notice, the invariancedafterval is simply another formulation of the
maximum velocity invariance. Taking its value eqtall, we come to a single standard for measuring
space-time relations instead of individual lengtd &me.

Third. Affine covariance. The form (5) of the local repeatation for the metric tensgf, is also
preserved under transformations (2), which leadee¢dormulation of thé.ocal Lorentz InvariancéLLl)
principle. The transformation (2) preserves thealodgew metrics (5), which is the subject of local
Lorentz invariance

Summary

None of the systems X', X", ", is not "loaded" by metric properties.
Initially, the 4-coordinates of these referencetesys have only the property of
ordering, and the systen®, X" have the property of linear ordering, i.e. affini
physically measurable metric arises when using oreagent standards.

Such a standard in STR is the maximum speefdpropagation of the signal
in the Lorentz frames of reference. The propertynaiximality provides it with th
uniqueness of the value and invariance in the foamsition of coordinates (2), whic
meets the requirements for the measurement staridaveever, this standard is local
and does not have the property of general covagiaDoe to the property of local
invariance, instead of the second postulate of SRR, principle of local Lorent
invariance (LLI) enters on the scene, which is ae of the components of the Genefal
Einstein equivalence principle (EEP) *

® L.D. Landau, E.M. LifshitzTheoretical physics. v. II; 884, (84.7)
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The LLI principle states the covariance of the ptgysquations with respect to the
Lorentz transformations (2) and gives the outputhef concept of coordinate time
having an affine property. To date, the princigéelf is confirmed with phenomena
accuracy on the scale of macrophysics. To datepttineiple itself is confirmed with
phenomenal accuracy on the scale of macrophysics.

The same idea allows to endow by the metric ptgpaf its eigentime, the
magnitude of which is invariant under all continsotransformations pseudd
riemannian space. The maximum spedd the standard for measuring this time.
Invariance of 4-interval, direct connection 4-inr with its eigentime, locality of
eigentime measurement all this determines the possibility to measure tioé
eigentime, using speedas a standard. In the relativistic system of units 1 is
assumed. It is significant that this speed can basured in the Galilean frame of
reference with the help of classical standardseafth and time. Modern physigs
associates the maximum speed c with the speedtdfpropagation in a vacuum. In
the relativistic system of units,= 1 is assumedat is significant that the speed can be
measured in the Galilean frame of reference with lilelp of classical standards of
length and timeModern physics associates the maximum speeith the speed of
light propagation in a vacuum.

) General Einstein equivalence principle (EEP):
weak equivalence principle (WEP),
the principle of local Lorentz invariance (LLI),
the principle of local positional invariance (LPI)
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V.A. Kasimov. On the postulate of the constancy dhe speed of light in theSTR (English version)

Abstract

The question of whether the necessary postulatgeofonstancy of the speed of light for the comsima of the
Special Theory of Relativity was raised and disedsst least two independent authors [1, 2]. Thesvanto this
question is methodologically very important in rgation of the fact that the foundations of thepuitof the
Galilean transformations and Lorentz are the samsélproperties of substantial space and time oftbie It
turned out that in the classical physics "hidingbatradiction in the substantial properties ofcgpand time. What
is the essence of this contradiction? The artittengts to answer this question.

Note that the authors of the mentioned works hageived their findings generally avoiding mentidrithe words
"light" and "the speed of its spread".
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