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Introduction

The multidimensionality of our space is now generally recognized. Four-dimensional spaces are known in which the fourth dimension
-time-is a special physical entity orthogonal to the three spatial dimensions [1]. One of the theories explaining the structure of our
world is the theory of superstrings [2]. The main provisions of this theory are the multidimensionality of our space and the
representation of elementary particles as modes of vibrations of superstrings. Superstring theory assumes that there are three extended
spatial dimensions available to our perception, seven microscopic dimensions and time. A similar idea of the multidimensionality of
our space is proposed in this article, however, unlike existing theories, it tries to completely eliminate the differences between space
and time.

Space and time
Suppose that our Universe is a three-dimensional sphere-like closed space P3(X, Y, Z) expanding from a point O in a four-
dimensional space P4(X, Yy, z,t) (FIG. 1) [1]. All objects N; of our Universe are rigidly bound to three-dimensional space and,

regardless of the state of rest or movements relative to this space, move in the direction of the fourth dimension due to the
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expansion of the Universe. We perceive this movement as the passage of time. The rate of expansion of space S in this case
corresponds to the distance by which the radius of the Universe R has increased during the time that we perceive as 1 second. To a

stationary observer N, moving with the space along the axis Ot,, from point O, to point A (FIG. 1), it should seem that time for
an observer N, moving at the speed of V from point O, to the point B, flows slower, since the projection t, of the point B on
the time axis associated with the observer N , is in the past. The time t; —t; can be determined by the equation

t; —t, =Qsin{ar cos[(R+S)sin¢, / QJ},

2.,
where Qz\/ZR(R+S)(1—cosal)+S o <ay,
R -the radius of the Universe.
Relative velocity of time flow for moving N 5 and stationary N, observers (t3 —tl) / (t2 —tl) does not depend on the radius of

space R =nS, where n is the number of seconds that have passed since the beginning of the expansion of the Universe, is valid for

any region of space with constant curvature and differs slightly from that calculated by the Lorentz formula [1].
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FIG. 1 A three-dimensional space P*(X, Y, Z) expanding from a point O in a four-dimensional space P*(x, Y, z,t) : Ot, -the
time axis; R -the radius of the Universe; S -the rate of expansion of the Universe; M, -objects having mass; V , c-object

speed; d -distance between objects; g; -the angle of entry of radiation into space; y; -the angle of inclination of the space

The vector of the maximum possible speed V. = ¢ is directed tangentially to three dimensional space at the starting point O, , and
the projection on the time axis Ot, of the point C to which the observer N. moved, does not change: t, —t, =0, i.e. from the

point of view of the observer N, time for the observer N stops (FIG. 1). From the point of view of the observer N . time at

point A has stopped, and the observer’s own time at point C flows normally. The resulting time dilation is determined by the final

location of the observers and does not depend on which of them was moving. According to the general theory of relativity, the space-
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time continuum has a hyperbolic character [3]. This suggests that objects with masses M; bend space inversely proportional to the

distance from them by 1/ X forming around themselves a region with curvature K; [4],

K, = 2kgM22(x, 1 {1 X1 )2,
Where K, - the coefficient of elasticity of the space; X - the distance from the center of the object, normalized relative to points of
maximum curvature. As a result, while the flow of universal timet, , determined by the expansion of space, is uniform, each i point
of space has its own local time txi , the speed of which is determined by the angle of inclination y, of the curved space relative to
the vector of its expansion at this point X, (FIG. 1). For a region of space with curvature K, , the velocity of local time tXi relative to
the world one 1, is determined by the equation
t, /t, = cosy, = cos[arctg(L/ x7)].

The Speed of Light

The speed of light ¢ under accepted assumptions is determined by the ratio of the magnitude of displacement in three-dimensional
space O,C to the magnitude of displacement in the direction of the fourth dimension At, =t, —t, (FIG. 1). The maximum value of

the speed of light is determined by the curvature of free space and is

Croy = SV2N+1 )
Near massive objects, the speed of light is also limited by the slope of space v, , which, for a fixed radius of curvature Ri reduces
the speed of light for various g; proportionally to cosy; . The resulting dependence of the speed of light CXi on the radius of

curvature of space R; and the angles S, and w; when moving along the x axis can be represented as,

¢, =[yR?+osc? B(2RS, +S2)~R]sin 3, /S, @
where S; = S cosy;

The radius of curvature of space in the plane of ray propagation at the point N; can be determined by the equation [4],
R =D¢ + (¢ +y21 1123 -y ¢ +y2)?],
where x;, y; are the relative coordinate values of the point N.. The angle of inclination of the space y; can be determined by the
equation,
w; = arctg [xi /(x i2+ yi2 ) 32 ]
Graphs of the dependence of CXi relative to the rate of expansion of space S when moving along the x axis from the distance y,

from the center of the object are shown in FIG. 2. The dependence of the speed of light on the curvature of space fully corresponds
to the basic provisions of the general theory of relativity, in particular, confirms the presence of the Shapiro effect within the

framework of the presented model of space, and leads to a curvature of the trajectory of the light beam [1,5]. The instantaneous values
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of the angle of rotation per unit length of the path of the light beam can be calculated by the equation,

8, =arctg [(cxil/cXi - 1)/Ay] x 2062657,

where cx_1 and c, are the speeds of light rays spaced Ay, calculated by equation (2).
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FIG. 2 The speed of light C, relative to the rate of expansion of space $ for different y; at j,=10".

To estimate the final form of the trajectory of the light beam, we can use the specific values of the rotation angle dio when the beam

passes at the minimum distance from the object (x; = 0), which are shown in FIG. 3. At A, >0.003", the beam trajectories are always
open, and at 3 <0.003’, it is possible to capture a beam of light, at which it remains in orbit around an object with mass. For example,
with $,=0.001", this happens when the beam passes at a relative distance of y;, from about 1 to 4. The presence of two points of
intersection of the curve of the specific angle of rotation J;, and the curve of the specific angle of rotation when moving around the
circle 5, , equal to 1/ y; [rad], automatically keeps the beam in the area of the point y; ~1, and leaves the opportunity to leave the

orbit with random perturbations of the curvature of space when the beam is in the area of the point y; ~ 4. As f; decreases, the

point of intersection of the curves on the graph moves to infinity, which means that in a relatively flat space, the probability of
transition of all rays to closed orbits tends to 1. Thus, initially there were only extremely high-frequency electromagnetic oscillations
in the Universe; the energy density and uniformity of space were very high. With the expansion of space, the possibility of its local
deformation appeared due to its own energy of short-wave oscillations. Further, the deformation zones became centers of attraction
and capture of other electromagnetic waves, which, falling into closed orbits, formed a semblance of standing waves. As a result,

local areas of concentration of electromagnetic energy or what is now called matter were formed. For the first time such an idea was

formulated by Albert Einstein in ref. [6].
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FIG. 3 Specific values of the rotation angle &;, depending on the relative distance y; for different pi and when moving

around a circle 50 .

An integer number of wavelengths in these orbits further determined the quantum properties of the microcosm. At a sufficiently small
distance, the particles of matter interacted with each other, generating electromagnetic oscillations with new frequencies on the
nonlinearity of the curved space. The resulting relatively low-frequency oscillations could not form closed orbits and remained in the
form of radiation. High-frequency vibrations formed new stable particles of matter. Thus, the separation of matter and electromagnetic
radiation occurred. It should also be noted that the axis of rotation of electromagnetic waves forming particles of matter lies outside

our three-dimensional space, which can cause paradoxes of the spin of elementary particles. The propagation of light at the exit angle

w; from the point of formation continues until it enters a strongly curved space, for example, when it hits a particle of matter. As the

light beam propagates, the angle of entry into space is constantly increasing, reaching the limit value of,Bi =a, =y, = 90 . The

speed of light drops to the speed of expansion of space, and from the point of view of a three-dimensional observer N., tends to zero,
while the wavelength increases. Consequently, all received signals experience a red shift

z=AAIA=cosy; [ cos(e; +y;) -1, ©)
which depends only on the angles a, and y; (FIG. 4). Accordingly, from the point of view of each of the two fixed observers

separated by a., the time of the other flows slower by 1+z times. It follows from modern concepts that the Universe expanding after
the Big Bang became transparent at a temperature of about 3000 K. Now the relict background radiation has a temperature of the

order of 3 K, hence its red shift isz ~1000, which corresponds to «_ =arccos[cosy, / (z+1)] -y, ~89.943 and a 1000-fold

F

increase in the size of the Universe in time for . ~0.
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FIG. 4 Red shift z for different angles a, andy; .

Electromagnetic waves forming matter are relatively stationary and do not experience red shift when space expands. Considering

their energy E = mc? unchanged, we can conclude that the mass of matter decreases with the expansion of space. In the limit, perhaps,
the mass of the particle will not be enough to warp space and it will unfold into a propagating electromagnetic wave, which will
eventually fade out in the same way as the relict radiation.

Dimensions of the Universe

To determine the size of the Universe, we can use the known value of the deviation of the radio emission of a quasar when it is

covered by the Sun, which is 1.75” [1]. FIG. 5 shows the total values of the rotation angle o with the curvature of the space of the
form1/ x, calculated by the equation
o0
oy = 5,0, (X)dx.
From the equation (3) and the graphs in FIG. 4 it follows that for all known quasars with z>0.16, the angle of entry

b= o+ vy > 30.5 which allows us to determine the total angle of rotation along the curve for g, = 90" (FIG. 5). Modeling of
the curvature of space created by the Sun taking into account the density increase as it approaches its center allows us to conclude

that the curvature of space on the surface of the Sun coincides with a curve of the form 1/ x [7]. Therefore, y; of the Sun’s surface

can be taken to be equal to y  =1.92 (FIG. 5).
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FIG. 5 The total values of the rotation angle o when the beam passes at a distance of y; from the object for different 5, .

The angle of the luminous flux from the surface of the Sun V= arctg(1/ yszs) =15.2" from which it follows that when light
propagates from the Sun to the Earth at a distance of d = EF (FIG. 1), the Earth is moving in the direction of the fourth dimension
at a distance of Ly = d xsin[arctg(1/ y_fs )] = 0.262d, i.e. the rate of expansion of space S ~ 78500 kms*. The obtained value with a
modern estimate of the Hubble constant 72 kms'Mpc? corresponds to the radius of the universe

R = (78500 kms’l)/[72 kmsflMpc_l] ~1.1Gpc . To compare the results obtained with the observational data, assume that all

galaxies consist of stars on average similar to the Sun, i.e. thaty, = 15 [8]. In FIG. 6 graphs of the dependence of the red shift z on
the distance to the object d are given, calculated using the equations (3), (4)

d = Rsing; / cosy; 4

c+ Hd
z = / -1 (%)
c+ Hd

forH =72 kms’lMpc’l. Curve 1 according to the proposed model at ranges up to 300 Mpc coincides with curve 3 calculated by the

for the above estimates y; and R and by the equation

equation (5). At distances of more than 300 Mpc the curves diverge sharply, and curve 3 is confirmed by observations of type la

supernova (SN 1a). The indicated divergence of curves 1 and 3 may be due to the combined action of the following factors:

e Asfollows from Fig. 4, at a fixed «, , the red shift strongly depends on the radiation output angle y; . The angle of radiation
output from a rarefied gas cloud g, is significantly smaller than the angle of radiation output from incomparably denser

stars (w;s = 15 ), and it can be considered equal to 0°. Accordingly, the red shift of the galaxy Z and the supernova Z that

erupted in it may differ by about 2 times (FIG. 6, curves 1, 2). As a result, the integral luminosity of a SN la in the visible

part of the spectrum, calculated by the Planck formula, in the red shift range of galaxies Z from 0.1 to 1.5 is less than

expected by | =1.267 —3.241times [9].
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FIG. 6 Dependence of the red shift z on the distance to the object d.

e For an observer on Earth, time in the galaxy where the SN la broke out flows according to equation (3) 1+z times slower.
Accordingly, the observed luminosity of SN la decreases by 1+z, times. At z = 0.1-1.5, the luminosity drops by
I = 1.031-1.745times. An increase in the duration of a supernova outbreak with an increase in red shift is confirmed by

observations.
e The dependence of the radiation intensity on the speed of light according to the Planck formula leads to the fact that at

temperatures above 30, 000 K, the radiation intensity in the visible part of the spectrum decreases slightly with a decrease

in the speed of light. The speed of light in accordance with equation (1) falls for SN la in [1+ z, times. The corresponding

intensity reduction values for z=0.1-1.5arel, =1.021-1.145.

e  The mass of matter increases with the fall of the speed of light, therefore, the achievement of the critical mass for a SN la

(the Chandrasekhar limit) occurs with fewer atoms, respectively, fewer photons of radiation are formed during the explosion.

The decrease in luminosity can be estimated at I, =1.031-1.743.

e The difference in the emission angles of the galaxy and the gas cloud SN la means that at the time of the explosion, the star

was at a smaller distance than that determined for the previously observed galaxy. The distance reduction is determined by

the value Ky =cosy, = cos 15 =0.966 .
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FIG. 7 The profile of the relative deflection of space depending on the distance L to the center of the galaxy.

The resulting decrease in the visible Iluminosity of SN la compared to the expected for curve 1 is
Iy = Lxl xI xI % (KR)2 =1.28-10.5 times, which is equivalent to an increase in apparent range by 1.13 to 3.24 times. Curve

4 of apparent range up to SN la, recalculated from curve 1 taking into account the above corrections, is shown in FIG. 6. It coincides
well with the curve 3, determined by the visible luminosity of SN la for H=72 kms*Mpc™, up to distances of the order of 1500 Mpc
(z=0.5). Then curves 3 and 4 diverge, and the visible luminosity corresponds to curve 4. Modern physics interprets this as an
accelerated expansion of the Universe due to the action of dark energy, however, the effect can be explained without involving new
entities. The proposed model allows us to solve another problem - the existence of dark matter. As follows from equation (2), the

2

speed of light CXi largely depends on the curvature of space and grows in direct proportion to xi3’ at x; >1 and inversely

proportional to x2 atx. <1.The result of modeling the curvature of space created by the stars of the galaxy, taking into account the
i 1

possible density of their distribution, shown in FIG. 7 (simulation result for 10000 points), showed that the radius of curvature of
space at the edge of the galaxy can be 10 times to 20 times smaller than in neighboring regions, which it leads to a drop in the speed
of light and a proportional increase in the mass of the stars located there [8]. The number of stars located on the periphery of the
galaxy can reach 15% to 30% of the total number and equivalent total mass of the galaxy can be 2 times to 7 times greater than the
visible one. At the same time, the peripheral mass will affect mainly the external interaction of galaxies, which is actually observed

[8]. The assumption made about the physical nature of time admits experimental verification - it is possible to directly measure the

rate of expansion of space S . To do this, it is necessary to determine the delay time T, , which provides the maximum of correlation
function of background radiation signals received from one direction in space by receivers spaced along the same direction at a

distance of r. Indeed, since the angle of entry into the space for background radiation B ~a. ~89.943 is defined, then

S = er_ltg Be = er‘1 «10%, which means that at present the rate of expansion of the Universe is about a thousand times greater than
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the rate of propagation of relict radiation.
Conclusion
A four-dimensional model of space is considered in which a closed three dimensional Universe moves in the direction of the fourth
dimension due to its own expansion, and this movement is perceived in three-dimensional space as time. Within the framework of
the presented model, it is possible to explain the reason for the limit of the speed of light, the mechanism of cosmological time
dilation, time dilation when moving at high speeds and in strong gravitational fields, as well as an explanation of the cosmological
red shift without involving the Doppler Effect. One of the main consequences of the assumption made about the physical essence of
time is the possibility of representing matter in the form of electromagnetic waves rolled into a ring, which explains the particle-wave
dualism of matter, the quantum properties of the microcosm and the paradoxes of the spin of elementary particles. The presented
model allows us to estimate the radius of a closed Universe of 1.1 Gpc, the rate of expansion of the Universe - 80,000 kms™, and the
rate of propagation of relict background radiation 80 kms™. It is possible to explain the apparent accelerated expansion of the Universe
without the involvement of dark energy, as well as the excess of the estimated mass of galaxies over the visible one without the
involvement of dark matter. The presented model does not contradict the basic provisions of the general theory of relativity, and the
assumption about the physical essence of time allows for a fairly simple experimental verification based on measuring the propagation
speed of relict background radiation.
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