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Abstract. The phenomenon of local dynamica inhomogeneity of time is predicted, which implies that the
course of time adong the trgectory of motion of aparticlein the inertia reference frames moving relative to eech
other depends on the gtate of motion of the particle under the influence of a force field. Asis seen from the
results obtained, the ability to influence the course of time represents one of the most fundamental properties of
any materia system intrindgcaly inherent in it by the very nature of things, which manifests itsdf when the
system interacts with force fields. The inferences of the paper are not based on the use of any hypotheses and
grictly follow from relaivistic equations of motion. The dependence of the course of time upon the behaviour
of physicd system is, thus, a direct consequence of causdity principle, relativity principle and the
pseudoeuclidity of space-time. The results obtained confirm the Kozyrev hypothesis that time has physical
properties and open up radically new opportunities for the efficient control of physical processes. It is
demongtrated with point particle that the change in the courseof time results in the gppearance of an additiona
force acting on the particle. A generd conclusion is drawn on the basis of the theory advanced thet rddtivigtic
equations of motion for any kind of matter contain information about the physica properties of time, which
are, thus, of dynamica nature.

1. Introduction

Though dl events and processes in the world happen in space and in time and, hence, the laws that
govern space-time connections are the most generd and hold for dl the forms of matter, time ill remains one
of the most mysterious concepts of physics, the essence of which is not adequately revealed up till now [1,2].

It is commonly supposed that time defines only the duration of physical processes and characterizes
the consecutive order in which one event changes the other. Timeis absolutdly passive, it exigts independently
of material processes. At the same time, the run of al the events and processes, occurring in the world, is
subject to it.

New possihilities for clearing up the physicd gist of time are afforded by the specid theory of rdativity
(STR), which combines space and time into a sngle whole — the 4-dimensona Minkowski space. Time and
space coordinates are conddered in STR as the equd in rights and self-dependent quantities defining the
postion of dementary events in gpace-time. Time, on the other hand, stands out in relation to space
coordinates. The specid role of time is due, from the viewpoint of geometry, to the pseudoeuclidity of
geometry of the 4dimensond space. From the physical point of view, it is associated with the dynamica
principle (the causdlity principle), according to which the state of motion of a physical system at an indant of
time t unambiguoudy defines its behaviour @ the following indant of time t+0. The dgnificance of the
dynamica principle lies in the fact thet it relates the tempora evolution of system to the physical processes
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caused by force fields and in doing o it alows one to determine the course of timein the system, its possible
dependence upon the character of physical processes, and not just the sequence of events and their duration.

In connection with the dynamica principle the question arises as to whether there exist the physicd
properties of time, i.e. the question of whether the physical processes taking place in a system can influence
the course of time in it. The existence of the physical properties of time is supported by the following smple
condderations [3]. The force fidds (gravitationd, eectromagnetic etc.), crested by materid bodies in
surrounding space, change the space endowing it with physica properties. Because space and time are
indisolubly related to each other to form a sngle whole, the presence of a force fidd in gpace must
necessarily result in the gppearance of physical properties of time caused by the motion of a body in thisfield.
This conclusion fallows, in particular, from the Lorentz transformations, in accordance with which the tempora
coordinate of some event in one inertid reference frame is expressed in terms of the tempord and spatia
coordinates of this event in the other. Such an entanglement of coordinates indicates that time, as well as
space, becomes a direct participant of physical processes.

The idea about the existence of the physica properties of time belongs to Kozyrev N.A [4].
According to the results of theoreticd and experimental investigations, conducted by Kozyrev and his
followers [4-7], events can occur not only in time, but dso with the ad of time; in this case information is
trangmitted not via force fidds, but through the tempora channd, the trandfer of information occurring
instantaneoudy. The gppearance of extra forces, associated with the physical properties of time and capable
to produce work, indicates that time can serve as an energy source. Let us point to papers [6,7], in which the
physica properties of the world of events are discussed in detall and the problem of direct experimenta
research of the physica properties of time is formulated with the am to ascertain the reations of a new type
between phenomena and to discover new methods of changing the state of substance. The hypothesis on the
existence of physica properties of time and its consequences are condgdered from a quditative point of view in
the paper by A.M. Bych [§].

For the purpose of congtructing the rigorous and consstent theory taking into account the possible
gppearance of the physica properties of time, one should turn to dynamics. As was noted above, it is the
dynamica principle that relates the evolution of a system in time to the action of the force fidds. As A.A.
Logunov underlines, " if for some form of matter we have the laws of its motion in the form of differentia
equations, then these equations contain information on the structure of space and time ™" [2]. Apparently, the
dynamica equations should contain information not only about geometrica, but adso about physica properties
of space-time[3,9].

It is shown in this work on the bads of rdativity principle and rdativisic equations of motion of
classcd point particle that, when a particle moves in an externd eectromagnetic fied, there arises the
phenomenon of loca dynamicad inhomogenety of time, having reative character. The essence of this
phenomenon isthat the course of time aong the trgectory of motion of particle depends on the character of its
motion. The inferences of the paper areillustrated by the example of homogenous dectric and magnetic fields.
It is noted that the phenomenon of time inhomogeneity does not result in violation of the totd energy
conservation law of the particle when it moves in arbitrary homogeneous externd fidd. The results of the
paper indicate that the physical properties of time are not preset a priori, they are inevitably crested by
materid sysems owing to their movement under the influence of the force fidds.

The exigence of the phenomenon of the dynamica inhomogeneity of time confirms Kozyrev's idea
that time has physcd properties, and opens the way to the quantitative explanation of the results of
experimenta investigations [4-6] without resort to any additiona hypotheses.

The basic ideas of this paper are briefly outlined in [3,10,11].
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2. Local Dynamical Inhomogeneity of Time

Let us consder the mation of a point particle from the viewpoints of two inertid reference frames K
and K¢ moving relative to each other. Galilean coordinates are put into correspondence to each of them and it
Is assumed that the vy, z- axes and the y¢ z¢-axes are pardld to each other, the x-axis coincides with the

x(-axis, the frame of reference K¢ moving rdative to the reference frame K with aveocity v, dong thex-

axis and coinciding with the K a the ingtant of time t = t¢= 0. The Lorentz transformations for coordinates
are of the form:

=g(te+v,x¢), x=g(x¢+yte), y=y¢ z=z¢ gz(l- V2 )'1/2. (1)

If in the empty space the motion of merely one particle is consdered, then there are no scales of time
and distances other than the time and space interva's connected with the mation of the same particle rdlative to
some frame of reference. For this reason, it is these quantities, which are adopted as the time and distance
scales. Denote by dr the increment of the position vector of particle in the frame of reference K for thetime

dt , and by dr¢and dt¢ the andogous quantities relating to the motion of particle in the reference frame K.

Then the quantities % ° yft) and Z—; ° udtd will have the meaning of the particle velodities in the reference

frames K and K¢, respectively. Caculating differentids of the left and right parts of the former of the
relationships (1), we obtain:

dt = g(1+v,ug(tq)dtc. )
From the inverse Lorentz transformations we can derive smilarly:
dit¢=g(1- v,u,(t))dt. ©)

The quantities dt and dt¢ in (2) and (3) have the fallowing physica sense: they are time intervas between
two infinitely close events associated with the particle motion in a path and considered in the inertid reference
frames K and K¢, repectively. The following equdity results from comparison of (2) and (3):

g7 (1+voud(t9)(1- vou, (1)) =1, (4)

which leads to the velocity addition rule:
_ug(td+v,
ut)= 1+ugtdy, ®)

Consider the case when the particle is a rest in the frame K¢, i.e. ut® = 0. Then the quantity dt¢
coincides with the proper time dt of the particle, and equdity (2) can be written as

dt =1- v dt. (6)

Reationship (6) describes the dowing down of the proper time dt of the particle as compared to the time dt
measured by the K -observer moving with avelocity v, relative to the particle. The phenomenon described

by (6) is characterized by the following features: firdly, the dowing down of the course of proper timeisa
purely kinematic effect and its magnitude depends only on the relative velocity of the reference frames K and
K ¢ and, secondly, this phenomenon is of agobd character: the course of time in the reference frame K at dl
points of gpace is changed to the same magnitude in comparison with the proper time.

Formula (6) refers to the case when the particle moves with a velocity v, = const relative to some

inertiad frame of reference. The quantities dt and dt in (6) represent the time intervals measured in the inertia
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frames dt in the frame of reference, in which the particle is at rest, and dt in the reference frame, relaive to
which the particle moves with velocdity v, . It should be emphasized that the phenomenon described by (6) is

of a globd character by virtue of specid choice of inertid reference frames, which results in ther reaive
velocity coinciding with the velocity of the particle.
Let now there be given a homogeneous magnetic fied

B¢=(0, 0, B¢) = const. ©)

in an inertid frame of reference K¢ . Solution to the rdativigtic equations of motion for a point particle with
charge e, moving in the plane z¢= 0, may be represented as (see [12])

u¢=ugcosj ¢ u¢=-ugsinj ¢ (8)
where u$=const, wé=eB¢m, j ¢=witt¢+a, a =const, m is the rdativistic mass of paticle. Write
down the position vector of the particle in the form

rétd = ro¢+%(s'nj ¢cosj ¢0), ©

ré¢=const . According to the formulas above, in the reference frame K¢ the particle moves round a circle
with constant velocity: |u4t9| = ug. Since to the arcs of the same length dsdwhich the particle goes in the
frame K¢ in magnetic fidd (7) there correspond the time intervas dt¢( dt¢= dsq!ug) equd in magnitude, the
K ¢-observer can use the physica process under study for making ided clock. The uniform course of this

clock isdueto the fact that dl the ingtants of time on the time axis are physicaly equivaernt.
However, the course of this clock proves to be irregular from the point of view of the reference frame
K. Redly, it is seen from (2) and (8) that
= g(t9ate 9(t9=g(1+v, ugcosj @), (10)
i.e. to the time intervas of the same length dt¢ measured in the frame K ¢ there correspond the time intervas
dt intheframe K depending on the choice of the instant of time (dt = dit(td) ). Consider the events 1 and 2

related to the motion of two different particles in the magnetic field and described in the frame K¢ by
coordinates (t¢ rdtd) and (t¢rHt9), respectively, where

rn¢(ta)=r0¢+%(sinj ¢,cosj ¢,0), j¢=wktt+a,, (n=12). (11)
Let us cdculate the difference of time coordinates of these eventsin the view of the K -observer:

¢

- +
t,- t, =2gv, —sna 4 cosQWQ¢+a 2,0
we 2

ﬂ

(12)

Asis seen from (12), the everts 1 and 2 smultaneous in the frame of reference K ¢ cease to be smultaneous
in the frame K. What is more, because the course of time in the view of the K -observer is not uniform, the
quantity t, - t, oscillates with time &t the rotation frequency of the particle in magnetic fidd, i.e. from the
viewpoaint of the K -observer event 1 takes place dternately before and after event 2.
Cdculate the period T of particle’ s motion from the viewpoint of the K -observer:
Tog
T= ¢pltddie=gTC (13)
t§
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Here T ¢=2p/wl is the period of moation of the particle in the frame K¢, t§ is an arbitrary ingtant of time.
Determine now the time interva Dt in the reference frame K, which corresponds to the haf of the period of
motion of the particle in the view of the K ¢-observer:

T—¢+t5t
2 )
Dt= ¢ g(tddte= gl%el- Ev0 ugsin(waeg+a) 2 (14)
t§ 2e p (]

As is seen from (14), Dt T/2, the quantity Dt depending on the choice of zero reading of time
(Dt=Dt(t$)) and the difference Dt - T/2 being an oillating function of tg¢. Thus, the ingtants of time

cease to be physicaly equivaent from the viewpoint of the K -observer.
If in an inertid frame of reference K¢ there is a homogeneous dectric fidd E ¢= const , then the
solution to the rdaividic equation of motion dd—?:: eE ¢, obeying the condition p¢|t¢zO =0, may be written as

p¢= eE & d. Accordingly, the velocity of particle is expressed by

¢
udrg=—2C% a=SE® (15)
Vi+a’t€¢ m,
m, being the rest mass of particle. On the strength of Lorentz transformations we obtain:
® v,att 0
dt =gCl+ 2= did (16)
(é Vi+a’tf¢ g

From hereit is seen, that dt > gdt¢ at a, t¢>0 and dt < gdt¢at a, t¢< 0, i.e. when the paticlemovesina

homogeneous dectric field, the course of time depends on the direction of projection of the eectric fied
drength on the direction of relative movement of reference frames. For comparison, let us cdculate the
differentia of proper time of particle when it movesin the dectric fied:

dt =~/1- (udtd )’ dte= dtd//1+até . (17)

According to the last formula, dt < dt¢ with dt/dt®® 0 a t¢® ¥.

As is seen from the examples consdered above of motion of a charged particle in an externd
electromagnetic fidd in inertid reference frames moving relaive to each other, the purdy kinemétic change in
the course of time, dependent only on the speed of relative movement of reference frames, is accompanied by
a dynamicd one, which depends on the character of motion of the particle The peculiaities of this
phenomenon (we call it the effect of dynamical inhomogeneity of time) may be revedled in the genera case, for
arbitrary motion of particle, garting from relationships (2) and (3).

According to (2), the course of time in the frame of reference K depends not only on the velocity of
relative movement of the reference frames, but dso on the state of motion of the particle in the frame Kd. Let
for definiteness v, >0. Then the time in the frame K is running fagter then in the frame Kd¢at u¢>0

(dt > gdt¢), and Sower at u¢ <0 (dt < gdt¢). The course of timein the frames of reference K and K¢ is

identicd (i.e dt = dt¢) provided u¢= (1/1- vl - 1)/v0 °y” (or u, =-u", see the velocity addition rule
(5)). Thetime in the frame K is running faster than in the frame Kdat u¢>u” (ora u, >-u") and Sower
a u¢<u (ora u, <-u").Itshould be emphasized that here we ded with the change in the course of time

in one inertiad frame of reference as compared to the other not in the whole space a once, but localy — at the
point of the particle locdization. The dynamicd inhomogeneity of timeis, thus, of alocd character: it manifests
itsdf only aong the trgectory of motion of particle. Generdizing the result obtained to a system of arbitrary
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number of particles, one may assert that in the regions of space filled by particles the course of time essentidly
depends upon the behaviour of particles.

According to the results given above, the dynamica inhomogeneity of time follows immediately from
the Lorentz trandformations and equations of motion. If the course of time depends on the state of motion of
particles, then, apparently, there should take place a back influence of the time distorted by physical processes
on the character of these processes.

Note that, according to (1),

dx _ & v, 0
o % " ugds 4

For aclassicd particle, on the basis of the Galilean transformations, we can derive:
dx=u, dt=(ug+v,) dt, dx¢=ugdt .

From hereit followsthat dx = dx®+ v, dt and
L
dx¢ ug

Up to thefactor g the latter equdity coincides with (18).

To daify the physicd gist of the phenomenon of dynamica inhomogenety of time and its dissmilarity
from the effect of dowing down the proper time of particle, let us consder again a particle moving arbitrarily
relative to an inertid frame of reference K . We put into correspondence to this motion the time-spaceinterva
ds® =dt® - dr?, where the quantities dr and dt are assumed to be, as a the beginning of this section, the
increment of the radius-vector of the particle and the time interval, corresponding to it, measured in the
reference frame K. Then the quantity ds® can be written as ds? = dt? (1- u?(t)). Denote by S the

reference frame, in which the particle under study is at rest. In this frame of reference, which is noninertid, the
following equdity holds ds® =dt?, with dt being the proper time of the particle. From the two last formulas

one can derive the equdity

dt = (1- u2(t) e, (19)

which describes the dowing down of the course of proper time of the particle as compared to the time in the
inertid frame of reference. Emphasize that the quantities dt and dt entering into (19) refer to the physcaly
nonequivaent frames of reference: the former refers to the noninertid frame of reference S, and the latter to
the inertid frame K.

Now let us turn to equality (2). The fundamenta difference between (2) and (19) is tha the quantities
dt¢ and dt in (2) are the time intervals measured in the inertid frames of reference, which are physicaly
equivaent to each other. It should be emphasized that by virtue of the physica equivaence of inertid frames of
reference K and K the primed quantities t¢ and r ¢ play in the reference frame K¢ precisdy the samerole,
which is played by the unprimed quantities t and r in the reference frame K. Thus, the essence of the
phenomenon of dynamica inhomogeneity of time described by (2) conssts in that the course of time in one
inertid frame of reference is changed in relation to the course of time in the other, and this change depends on
the character of motion of the particle.

Turning back to the change in the course of time of a particle moving in an externd dectromagnetic
fidd, it is intereting to note that for arbitrary homogeneous dectromagnetic fidd the sum of rdatividic
€=mc?® and potentid U energies of particle is conserved. Indeed, from the relativistic equation of motion

@:eE +e[uB]
dt
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folows the equdity d €/dt =eEu. From here, by virtue of the relaion eEu=-(dU/dt), where
U =-eEr is the potentid energy of particle in eectric fidd, the required rdationship is received:

d (e+U )/dt =0, i.e €+U =const. Aswe see, the loca dynamica inhomogeneity of time, which results

from the motion of particle in an arbitrary homogeneous eectromagnetic field, does not lead to the violation of
the total energy conservation law of particle. It should be emphasized once more that the phenomenon under
dudy is of ardative nature: the case in point is the change in the course of time of particle in one inertid frame
of reference in comparison with the course of timein the other due to the motion of particle under the action of
aforcefied.

As the physica process defining the time and distance scales we have consdered in the above the
motion of a point particle. Because of the fact that the velocity of particle does not exceed that of light, the
quantities dt and |dr| connected with the particle’'s motion make up time-likeintervas ds® = dt” - dr® > 0.

In the case of goatidly extended particles this limitation is removed in a naturad way [11,13-15]. Apparently,
time in this case becomes inhomogeneous in that regon of space, which is occupied by particle. If the eectric
charge of the particle is distributed in space according, for example, to the Gaussan didtribution,

_ 2 |r-r,(t) o _
r—roexpé-—;, r, =const,
a g
where r =r (r,t) isthe charge density, it should be expected that the dynamical inhomogeneity of time will be
most consderable in the regions, whose linear dimensions are of the order of a, lying in the vidnity of
maximum of the charge digribution. On the tal of the digtribution the inhomogeneity will be exponentialy
smdl. The requirement for stability of particle resultsin that the points belonging to the region, occupied by the
particle, and separated by space-like intervals cease to be physicaly independent. It is possible to think that
this phenomenon is conditioned by the back influence of the time inhomogeneity on the physical processes
occurring indde the particle. Perhaps, it is this back action on matter of the change in the course of time that
results in the gppearance of superlumina sgnals.
In the example congdered above, which is illudrative of the origin of the phenomenon of dynamica
change in the course of time in magnetic field, the ratio of periods of particle’s motion in the reference frames
K and K¢is(see (13)): T/T¢=g. For arbitrary motion of particle the ratio of the periods of motion T/T ¢
depends not only on the velocity of relative movement of reference frames, but aso on the state of motion of
particle. Indeed, let in the frame K ¢ the particle move according to the law:
rtd = adin wa ¢+ ugte, a¢=const, u$=const.

In this case equdity (2) may be written in the form:
dt = g(tddt¢ g(td = g[1+v, (agwloswe ¢+ ug )].

Cdculate the period of motion T :
Te

T = (p(t9di¢=g(1+v, ug )T
0

As we can seg, the ratio T/T ¢ depends dso on the velocity of motion of particle in the frame of reference
Kd.

3. Dynamical principle and the cour se of time

The conclusion that the course of time depends on the state of motion of particle, is obtained in the
previous section on the badis of Lorentz transformations for spatial coordinates and time by identifying the
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quantities dt and |dr| with the space and time intervas, which the point particle passes when it movesin a

path. Let us show that this concluson can be dravn mathematicdly more grictly - from the rddivigtic
equations of motion and rdaivity principle.

In mechanics the state of particle (mass point) a an ingant of time t is completely determined by the
position vector r and momentum p, caculated a the same ingtart of time, i.e. by the quantities r(t) and

p(t). The bagc problem of dynamics is formulated as follows: given the state of motion of a particle a an

indant of time t, one should unambiguoudy define its state of motion at the next ingant of time t + dt , where
dt (dt>0) is an infinitesma quantity. In other words, the problem of dynamics is that the quantities

r(t+dt), p(t+dt) should be unambiguoudy determined by the known quantities r(t), p(t). From the
expansonsinto a Taylor series (in the linear gpproximation in dt )

r(t+dt):r(t)+drTEt)dt, p(t+dt):p(t)+d?T(t)dt,
it follows that the basc problem of dynamics can be solved if the increment of momentum
dp(t)° p(t+dt)- p(t) is expressed in terms of the known quantities r (t) and p(t), i.e if the following
relaionship isfulfilled

dp(t) = f (r(t), pt))dt, (20)

with f (r(t), p(t)) being a continuous function. We suppose that the particle velocity u(t) can be expressed
interms of momentum p(t).

Let us dencte by dp(t) = (dp°(t), dp(t)) the increment of the 4vector of energy-momentum of a

particle for the time dt . As there exigts a relationship connecting the energy and momentum of particle, the
time component of the 4-vector dp(t) can be represented in the form analogous to (20). Therefore we shall

use the representation
dp'(t) = f' (r(t), p(t))dt, (i=0223), (21)
where f'(r(t), p(t)) are some continuous functions. The equdlities (21) are the dynamica principle of
mechanics (causdity principle).
By virtue of relativity principle the equalities, andogous to (21), should take place in any inertid frame

of reference. Assuming the raionships (21) to hold in an inetid frame of reference K, we can write
andogous equdities in the other inertid reference frame K d:

dp¢(t9 = f ¢(r¢td, ptd)di¢ (i =012.3). (22)

Here dp¢(t9 is the increment of the 4 momentum of partidle for atime dt¢ in the frame of reference K¢
corresponding to the increment dp’ (t) of the 4-momentum of the same particle for the time dt in the frame of

reference K provided that the particle's state in the frame K at the ingant t is described by the quantities
r(t), p(t), andintheframe K¢ a the moment t¢ - by the quantitiesr ¢(t9, pdt9.
If the relation between coordinates and time in the reference frames K and K¢ isgiven by

x' =L, x&, (i=0123). (23)
where x' =(t,r)=x, x¢=(t¢r¢)=x¢ L, is the marix of Lorentz transformations, the following
relationships are fulfilled:
dp'(t) = L, dp&(td), (i=0123). (24)
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The equalities (24), in which 4-vectors dp(t) and dp4{td are given by (21) and (22), relate the course of time
dt intheframe K in the vidinity of theingtant t at apoint with position vector r = r(t) to the course of time
dt¢ in the frame K¢ in the vidinity of the ingtant t¢ &t the point with position vector r¢=r ¢t provided that
the coordinates of point x =(t, r(t)) arerelated tothose of x¢=(t¢r¢t9) by Lorentz transformations (23).
The equdities (24) by virtue of (21) and (22) can be written as

L, fE(tddte
dt _f‘—(t)'

where f'(t)=f'(r(t), p(t)), f¢(d= f¢(rdtd, pdtd). Having expressed t in theright hand side of the
latter equality intermsof t¢ according to Lorentz transformations,

t= Ly x¢, x¢=(t¢ rétd)=x¢(t9,
we obtain the sought-for equality:
dt = g, (t§dt¢ (25)
where
L, fe(t
g (1g=—ku €19 (26)

T L xe(d)
To cdculate the function g, (tG) in explicit form, we make use of the rativigtic equations of motion
(see, for example, [12]):

dp' i X
e . 2
it dt @7

where p' :%dd—f, dt =dt1- (uft))’ . x =9,X', 9o =1 9., =-1 (a=123), p' ad m, are
the 4-momentum and rest-mass of particle,

20 -E -E -E0
«_¢E 0 -B, B+
"¢E, B, 0 -B
$E,-B, B, 0 g

F' isthe electromagnetic field tensor, E and B are dectric and magnetic fidds. A comparison of (27) and
(21) shows that:

fi(t)=eF‘kC:j—);k, f¢(t©=eF¢k%. (28)

Taking into condderation Lorentz transformations, the function g, (ttI) can be represented in the form

g.fy)=Fnd) f

(WOF 5|, L, >

t=Lox¥ (19

Further, for definiteness, we shdl take as the reference frames K and K¢ the frames specified at the
beginning of the previous chapter. By making use of the known equdity (see[2])
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2 0'1/2
Fi s o)

0, (t9= ol1+v, usftd) (30)

The equdity (25), with regard to (4) and (30), results, as it should be, in relationships (2) and (3). Note that
the quantity g, (t9 provesto be not dependent on i .

It should be emphasized thet the 4-vectorx = (t, r ) entering into the equation of motion (27)
describes a geometric point in space-time lying on the particle' s trgectory. For this reason the intervas dt
and |dr|, taken along the particle trgectory, have the direct physica meaning of time and space intervas
relating to the physcd process - the paticle motion. Hence, the quantity dt and the quantity dt¢
corresponding to it in the frame K ¢ describe the course of time on the particle trgectory in the view of the K -

and K(-observers. Therefore the inferences about the course of time obtained in the previous section directly
from Lorentz trandformations are absolutely rigorous from the physical point of view.

4. Conclusion

wefind:

First of dl, it should be noted that the proof of existence of the physical properties of time presented in
this paper has not required the use of any additiond hypotheses. the inferences of the paper are a direct
consequence of the rddivigtic equations of motion and reletivity principle. They can be reached immediately, if
one gpplies the STR kinematics to the motion of a particle in space-time under the influence of a force fidd
and takes into consderation that the time and distance scales should be associated with those time and space
intervas, which redly arise when the particle moves. The results of the paper are such that they could be
obtained a once after the creation of the STR. Why did this not happen? The reason is the conventiona
Newtonian concept of a sngle universd time, according to which time flows absolutely independent of dl
materia processes. "The absolute, true, and mathematica time, in itsalf, and from its own nature, flows equdly,
without relation to any thing externd ... " [16]. Such a concept of time, to which the physcigs were
accustomed, excluded the very statement of the problem about the existence of the physica properties of
time. Bowing before the genius of N. Kozyrev and rendering homeage to his deep physicd intuition, it should
be noted that the negative attitude of the mgjority of physicists to his papers concerning time is explained by
the fact that Kozyrev, with the aim to substantiate his views, used some additiona hypotheses (for example,
the hypothesis about the existence of a new congtant responsible for the physica properties of time) and in
doing so he overgepped the limits of conventiond classicad mechanics. It is shown in the present paper that
the idea about the existence of the physical properties of time can be proved remaining within the framework
of rdaivigic mechanics, without introducing any additiond hypotheses. The main objection of the opponents
of Kozyrev' sideais thereby removed and it becomes evident that the development of research on the time as
an active participant of physica processesis of fundamenta importance in modern physics.

The theory given in sections 2 and 3 for point particles can be edly generdized to an arbitrary
physca sysem. The reaults received dlow to formulate the following generd concluson: from reativisic
equations of mation, governing the behaviour of physica system, and reldivity principle follows with necessty
the existence of physical properties of time conditioned both by the interaction between the components of the
sysem and by the interaction of the system with other bodies. Thus, any materid system is capable to
influence the course of time in that region of space, where it is placed. The ability to change the course of time
during the process of mation represents one of the most fundamenta properties of physica system, which can
be referred to as "the feding of time'. Apparently, "the feding of time", interndly inherent in any form of metter
(both particles and fields) by the very nature of things underlies the specific time Sructure of the materid
world, whose existence is discussed in [4,6,7]. Let us emphasize that the existence of physica properties of
time results from the pseudoeudlidity of space-time.
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According to [4], the change in the course of time caused by physica processes results in the
gppearance of additiona forces which are registered experimentaly. In particular, the direction of aplumb on
the earth surface is defined by the combined effect of the force of gravitationd attraction, a centrifugd force of
inertia, and a force associated with the change in the course of time. Asis clear from the results of this paper,
the forces conditioned by the physica properties of time are automaticaly taken into account in the rdativigtic
equations of motion. Let us show schematicaly how these forces can be separated explicitly under the
assumption that the velocity of relative movement of the reference frames and the particle s velocity are small
as compared to the velocity of light. We proceed from the reldivigtic equation of motion of a particle in the
reference frame K¢:

ImuRd _ o e, uétd, o,
dt¢
Expanding both parts d this equdity into a Taylor series in the vicinity of the point t¢=t, neglecting the
members of the second order of smalness, and taking into account that in the gpproximation considered
t¢=t- v, x, we obtain the equation:

m, 24 T )= @

F(rqp,ug))+ AU )

Solution to (31) can be looked for in the form
rdt)=ro(t) +n.(t). (32)

with r; (t) being the correction due to the change in the course of time. The subgtitution of (32) into (31), after
expansion into a powers series in r, (t) and dementary trandformations, leads to the equation (in linear
approximetion)

2
My = (rlNro)Fﬁ(ro,uo,t)+(u1Nuo)Fﬂ(ro,uo,t), (33)
3 _dr, B _dr, - . :
where r, =1,(t), u, = T n(t), u, == deriving (33) it was taken into account that the

quantity r, obeys the following equation of zero gpproximeation:

2
moFro = FG( Fos uo’t )
The right-hand sde of equaity (33) gives the sought-for expression for the force. Let us note that for the
congtruction of the congstent theory explaining the results of Kozyrev's experiments with gyroscopes and
pendulums, it is necessary to fulfill an andyss of equations of mation, analogous to the one given above, for a
noninertid (rotating) frame of reference.

It is pertinent here to point to an important moment regarding superlumind sgnas. Because the effect
of the dynamica inhomogeneity of time, consdered in the paper, is of alocd character and the particles are
point-like, the change in the course of time in the mode under study cannot give rise to superlumind sgnds.
However the latter necessarily arise when the sdlf-action of particle is taken into account as is explained in
[3,11,13-15]. The part of the physica bearer of superlumind signalsis played by the own fidd of particle,
which together with the particle makes up a Sngle open sdlf-organizing sysem. The phenomenon of dynamica
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inhomogeneity of time and the appearance of superlumind signals seem to represent the mutualy conditioned
phenomena, which can be congstently described by the non-linear quantum dynamica equation [17,18].

In the papers [11,13-15], in discussing the own field of particle, we are restricted oursalves only to
the fidd of dectromagnetic origin. It is natura to assume that there exist 4 components of the own fied of
materia body according to four types of interaction familiar to us now - gravitationd, electromagnetic, wesk,
and strong. Each of these components seems to be a classica (nonquantum) field, which is cgpable to transfer
perturbation with a superlumind velocity.

In concluson we should like to point to the applied aspect of investigation on the physical properties
of time: it opens up radicaly new opportunities for the efficient control of physical processes.
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