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ABSTRACT

The simplest six-dimensional treatment of the expanding Universe in the form a three-
dimensional sphere appeared as a result of the intersection of three simplest geometrical
objects of finite sizes in the six-dimensional Euclidean space — of three uniformly
expanding five-dimensional spheres — with account of an increase of speed of light in
cosmic time (a measure of expansion of five-dimensional spheres) is given. Its effect on
redshift for distant sources and theoretical redshift dependencies compared with observed
data are demonstrated. A scenario in which the speed of elementary particles, including
photons, in the six-dimensional space is constant in cosmic time is considered. This
scenario corresponds to the energy conservation condition in that space. Some difficulties
of standard cosmology are discussed on the base of six-dimensional cosmology. Recurrent
formulas generalized the theory on the case when three original perturbations in the form
of (n—1) - dimensional spheres expand in N -dimensional space.

Keywords: Multi-dimensional space; cosmology; redshift.
1. INTRODUCTION

The space-time in which the true Lorentz transformations, is commonly considered to be
pseudo-Euclidean and the interval of the theory of relativity — element of the particle
trajectory in space-time. However, in Euclidean spaces with the number of spatial
dimensions of a large three the Lorentz transformations are obtained elementarily, if the
proper time of an elementary particle assumed to be proportional to the path traversed by it
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in the extra space (Y), supplementing the observed three-dimensional space (X) until a
multidimensional space, provided that the elementary particles like photons, moving at the
speed of light in the whole space [1]. This explains the paradox of twins: the faster the object
moves in a X, the slower its speed in the complementary subspace Y of the total space, and
hence the slower the flow of his own time.

Widely it is discussed indefinite question ‘What is time?’ However, in the formulas of the
theory of relativity appears only the proper time, various in different reference frames. In this
context, it makes sense to only the question ‘What is the proper time?’ The proper time is an
integral measure of the movement of elementary particles in the complementary subspace of
multidimensional space, while the proper energy and the proper momentum are differential
measures of movement in the complementary subspace Y in the case when movement in X
is absent. The proper time is proportional to the path traversed by the particle in the
complementary subspace, and the velocity of the particles in the whole Euclidean (not
pseudo-Euclidean!) space equal to the speed of light.

However, it does not follow that the speed of light is constant in time and even has always
been different from zero. Cosmological time should not be to define through the speed of
light, if this speed can be equal to zero. Cosmological time used to describe the evolution of
the Universe, should determine on the basis of the initial cosmological process that led to the
observed occurrence of a three-dimensional universe and allowing the process to establish a
link between the expansion rate of the universe and the speed of light. Cosmological time
should be defined so that we can answer the question: ‘What was before the emergence of
the observed three-dimensional Universe and what has led to its emergence?’ However, we
need to know the number of dimensions of space in which there is an evolution of the
universe. The geometric model of the universe must be constructed in accordance with the
principle of simplicity [2]. The multidimensional interpretation of the Lorentz transformation
opens the opportunity of an adequate multidimensional treatment of the origin and evolution
of the three-dimensional Universe. The need for a multidimensional cosmology is seen from
the fact that the Universe is very homogeneous in a large cosmological scale. Therefore, it is
a three-dimensional sphere. This sphere can be expanded, and only in the space of a higher
number of dimensions than 3. Similarly, N-dimensional sphere may only expand in the space
of a higher number of dimensions than N. Homogeneous universe can expand in itself only if
it has the shape of a plane or hyper-plane. Such universe has no beginning, her age is
endless, but the question why, however, the density of matter in it during its expansion is
finite if it is our world, and it exists indefinitely, has no answer.

Note that the volume of a three-dimensional universe from a geometric point of view, there is
a three-dimensional hyper-area corresponding to area on the three-dimensional sphere.

The evolution of the three-dimensional universe depends on the dimensionality of the total
space. A simple explanation of the spin and isotopic spin requires six spatial dimensions
[1,3-5]. Therefore, in cosmology, based on the principle of simplicity, the number of spatial
dimensions also can not be less than six.

The light and particulate substance has both wave and particle-properties. Electron
diffraction and photo effect indicate that the basic properties of substance particles and the
light is the same. The basic property of light is that in the absence of gravity, it propagates
with equal velocity in any frame of reference. Therefore, the particles of the substance must
move at the speed of light, what is only possible in a multidimensional space.
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All directions in the subspace Y of the Euclidean multidimensional space are perpendicular
to any direction in the three-dimensional subspace X. For this reason, projections ds and dx
of a displacement of the particle moving at the speed of light in the whole space of any
number of dimensions, respectively on the subspace Y and X, are connected by

Pythagorean theorem: (cdt)? = ds? + dx? where cdt is displacement of the particle in the
whole space per the time dt (See Fig. 1). Hence, we obtain the metric of the special theory
of relativity: gs? = (cdt)2 —dx?.

Fig. 1. Projections dsand dx of displacement cdt of a particle moving at the speed of
light in the whole space. These three quantities ar e related to the Pythagorean
theorem

Elementary particles can't be removed from the three-dimensional universe at large
Compton distances and must be held near universe by forces of cosmological nature.
Otherwise, the trajectory of the elementary particles in additional to the three-dimensional
subspace of the universe would not be compact and macroscopic bodies would not be
possible. These forces (sort of the Lorentz force, which particle mass plays the role of the
charge) are perpendicular to all directions of the three-dimensional subspace. They cause
compactification of particle trajectories in the complementary subspace, resistance to
centrifugal forces in it, but leaving the possibility of free movement of particles in the three-
dimensional subspace. This provides the possibility of the existence of elementary particles
and the formation of atoms, molecules and macroscopic bodies.

For any acceptable cosmological model the maximum of distribution of galaxies on redshift
is of the order of unity (actually there is a maximum at a redshift 0.7). The average density of
galaxies for any acceptable model will be of the same order of magnitude as the observed
value.

Metagalaxy radius is of the order 10* of average distances between galaxies. Therefore,
non-uniform on angular coordinate part of the microwave background should be as many
times smaller than the homogeneous part, what is really observed. Moreover, the
inhomogeneous part of the microwave background must be due to the component of the
spatial spectrum distribution of galaxies. It was detected the periodicity in the distribution of
galaxies with a period of about 100 Mpc [6]. The observed maximum of 200-th spherical
harmonics in the angular spectrum of the non-uniform microwave background corresponds
to the spatial period of the same order. Of course, comparative periods do not have to be
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exactly equal to each other, as the microwave background is analyzed in the projection on
the celestial sphere.

To compare the observed data with the theoretical ones, it needs to know the value of the
Hubble constant (HO). According to [7], it amounts to 74.2 +/- 3.6 km/s Mpc. However, this

value is obtained using the equations of Einstein's cosmology. Indeed, the paper [7] is
divided into two parts. In the first part, on the observations of cosmologically near supernova

is found the value of the Hubble constant H, :47’_’%;1 km/s Mpc. At this stage, the

Einstein’s equations are not used. At the second stage, with a view to verifying the result the
authors of [7] used limitations based on the use of Einstein's equations in cosmology. This
restriction was chosen in preference to the result of the first phase of the work. In the end,
the result of 74.2 +/- 3.6 km/s Mpc turned up far beyond of the upper limit 47 + 14 = 61 km/s
Mpc for the confidence interval of the Hubble constant on the first phase of work.

Six-dimensional interpretation of the expansion of the universe is not using the Einstein
equations and contains five independent parameters, in contrast to the six parameters of the
standard cosmology. In the 6D cosmology the Hubble constant is consistent with the result

of Hy = 471'%3 km/s Mpc obtained in the first phase of work [7] without the use of Einstein's

equations. In fact, almost the same result (H, = 55’_'; km/s Mpc) was obtained earlier by
G. A. Tamman [8].

Standard cosmology has other contradictions and shortcomings.

In 1997, a supernova SN 1997ff was discovered at redshift 1.7 and a brightness of 1.5 times
less than the prescribed standard cosmology. To resolve this discrepancy between theory
and experiment had the cosmological constant set equal to the value at which the
deceleration parameter expansion of the universe @, was negative, which corresponds to

the acceleration of the expansion of the universe, rather than slowing down as previously
thought [9]. However, according to Kellermann [10], who measured the angular dependence
of a size double radio sources, the linear size of which is estimated at 41 pc, with redshift z

and compare it with the corresponding results of theoretical curves, it is clear that a
satisfactory agreement with the observations is achieved only at g,= 0.5. For the remaining

two values of (, the discrepancy between theory and observations is unacceptably high
(see Fig. 2). If (|, <0 it more. Therefore, the introduction into the equations of the theory of

cosmological term does not help. However, the opinion of experts was confirmed that
‘Gurvits corrected this error of Kellermann’ and that in the subsequent joint publications the
problem is removed. However, in a joint paper [11] of these authors, published six years
after [10], it is noted that all the previous results on the subject remain in force. In fact, in
[11] to the previous data added new data relating to the radio sources are smaller in size
(consider the cases for which /h= 9.6 pc and 22.7 pc, where ¢ the linear size, h is the
Hubble constant carried to 100 km/s Mpc.

In [11] it used 330 sources to 79 in [10]. The less a linear size the greater the error in
measuring the angular size of the source. As a result of ‘dilution’ of previous data with new,
confidence intervals are increased so much that they went to the bottom edges of the range
of angles corresponding to negative values Jo- This created the appearance of well-being.
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However, the data of [10] are statistically self-sufficient, have smaller confidence intervals
and clearly demonstrate the impossibility of matching the standard theory for negative
values % with the observations.
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Fig. 2. The dependence of the angular size of the d  ouble radio sources (in angular
milliseconds) with the linear size of 41 parsecs on redshift Z.

The maximum of distribution of galaxies on the redshift z=0.72 is observed at [12]. In the
book [13] a formula is given for the density of matter in the universe n(z,Q),

n (Z, Q ): 4 [Q zZ+ (Q - 2)(\/1 +Qz - 1)]2 , depending on redshift 2 and the
3@+ z2)*Vi+Qz

ratio Q of the density of matter to the critical density, but calculations according to this
formula were not performed. At the critical density the maximum of this function is placed at
too large value z=1.7 of the redshift compared with the corresponding observations,
z=0.72. According to this formula, the maximum is in the right place at the relative density
Q =6.4 unacceptably large for the standard cosmology, considering that the density is
critical. Accounting for the cosmological constant does not help, as its increase (starting in
the zero) acts opposite to increase the density of matter, so that the discrepancy between
theory and observation will only increase.

Observations show that at high redshifts the metallicity of galaxies and intergalactic gas —
the relative density of the chemical elements more massive than hydrogen and helium —
does not depend on redshift [14]. These chemical elements are formed by supernova
explosions, the formation and heating of which need sufficient time. According to standard
cosmology, the time corresponding to a given value z and measured from the beginning of
the expansion of the universe tends to zero as z growth. When at the same time to
supernovae occur and prepare for an explosion? Without the answer to this question it gives
the impression that there were galaxies in the universe is in a ready state. With respect to
quasars it is clearly indicated by the impression [15] already in 1995.
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According to [16], the maximum rate of star formation is observed at z=1.1. The standard
cosmology does not contain any mechanism that could be responsible for this fact.

2. SIX-DIMENSIONAL PHYSICS CAPABILITIES

Before discussing the results of the six-dimensional cosmological assumptions give a six-
dimensional interpretation of physics. Note that the same dispersion equation holds for

electromagnetic and acoustic waveguide, and for the de Broglie waves: VphVg = (:2 where
Vp
the group velocity of the de Broglie waves Vg is equal to the particle velocity. The main

i Is the phase velocity of the waves, C is the speed of the waves in an infinite medium,

characteristic of any waveguide is that it has finite cross-section sizes. They are responsible
for the wave dispersion. This indicates that the portion of the space, with which we are
dealing in the experiment, is only approximately three-dimensional one, with a very small
dimensions (Compton, as is evident from a consideration of the properties of spin and
isotopic spin) of the additional subspace. The equation of wave dispersion is a consequence
of the perpendicularity of rays to the wave fronts.

Six-dimensional interpretation of physics, including gravity, based on the principle of
simplicity [2]. It fits Einstein's assertion that ‘nature keeps principles’, and the assumption of
the identity of the basic properties of matter and light, as exemplified by the diffraction of
electrons and the photoelectric effect. This assumption goes back to the idea of F. Klein [17-
19] of the motion of the particles with the speed of light in a multidimensional space in which
the mechanics are presented as quasi-optics. The first justification of a six-dimensional
space is given by di Bartini in [20], where the fundamental physical constants are calculated.
Types of brane worlds in the higher-dimensional space are considered in Ref. [21-34]. In
particularly, the brane worlds applied in the frame of higher-dimensional Einstein theory are
used for explanation of cosmic acceleration of the universe expansion in extra-dimensions
[35-43]. However, comparison of the theory with observations shows the inapplicability of the
General Relativity equations to cosmology as it is seen, for example, from the distribution of
galaxies on redshift.

The main property of light is that, in the absence of gravity, it propagates at the same speed
in every frame of reference. If the main properties of substance and light are the same,
which corresponds to the principle of simplicity, then the particles of matter must move at the
speed of light, which is only possible in a multidimensional space. Further assume that the
substance particle travel at the speed of light in a multidimensional space in the Compton
neighborhood of three-dimensional sphere. This means that each elementary particle is
acted by a cosmological force orthogonal to the three-dimensional sphere. It holds a particle
at Compton distance from this sphere. Without such a force there would be no macroscopic
bodies. Whole space is considered to be Euclidean and at least a six-dimensional one,
because for it the simple interpretation of the spin and isotopic spin is possible [1].

We believe that in the whole multidimensional space the formulas of Newtonian mechanics
are applicable for a suitable choice of the proper time specified below, and that the position
of the particle is fixed by an observer in three-dimensional projection on the subspace x; x,

Xq (X) tangent to the three-dimensional universe as a three-dimensional sphere in Ry at the
location of the observer. In this case, the Newton’s formulas referred to R,, when projected
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of the events on X, give the formulas of relativistic mechanics, the Lorentz transformations,
the interval of the theory of relativity, spin and isotopic spin, the proper magnetic moment,
the de Broglie waves and wavelength, the fine structure formula, the Klein — Gordon
equation, CPT-symmetry, the quark model of particles composed of u- and d-quark, the
description of gravity [1,3-5,44,45]. For this description, it uses a small section of the
universe in the cosmological scale, neglecting the curvature of the universe. Six-dimensional
interpretation of the evolution of the universe at a stage where its radius is large compared to
the distances between the centers of the perturbations in the whole space, which led to the
formation of the universe, is given in [46,47].

A particle fixed in a projection on X in an inertial frame of reference K of the ‘fixed’
observer is moving at the speed of light ¢, in the simplest case, on a circle in a three-

dimensional subspace y; Y, Y3 (Y) supplementing X to Rs. with the center of the circle in

X. In any other inertial reference system the particle moves along a helical line (curve 1 in
Fig. 3) on the cylindrical surface (tube of motion, TM) in Ry with the axis belonging to X.

The proper time of the particle is considered to be proportional to the length of its path in Y.
This length is proportional to |cosf | where @ is the angle of the slope of the helical line to

the directrix of the tube (see Fig. 3).

If the particle makes one revolution for proper time 7, then, by the clock of ‘fixed’ observer
relative to which the particle moves along the tube at a speed V = CSiné, it will happen

over time t=r/|cosd| where sinéd=v/c, cosf=+ 1—(v/c)2. Here and below, a

positive sign refers to a particle revolving around the tube axis in the positive direction,
negative — to antiparticle, revolving in the opposite direction. Oppositely charged particles
revolving around the axis of the tube move in opposite directions. Antiparticles have opposite
charges and rotate in opposite directions. Under time reversal particle must be moving
backwards in its path on the same helical line and therefore rotate in the opposite direction.
Hence, the sign of its charge should be changed so that the particle must be transformed
into its antiparticle. The motion of the particle will be mirrored. Taken together, these
properties of the particles and anti-particles constitute the content of CPT-theorem.

The lapses of the proper time of particle (or antiparticle),dr , and the time of fixed observer,
dt, are connected by the relationship

dt = +d7/cos6 = dr/y1-(v/c). 2.1)

In the fixed frame of reference, K, a particle has a velocity component c[co<é along the
directrix. The proper time of the particle in terms of a stationary observer, according to (2.1)
is also proportional to co<d, so that the particle and in its own reference frame K'is moving
with the speed C. The displacement of particle to the interval ds on the directrix of TM and
corresponding to it a turning to the angle da =ds/ a around the axis of TM, where a is a
radius of TM, are identical in any frame of reference. Designating through dX, in the system
K, the projection of displacement d¢ of particle over the surface of TM on its generatrix and

using the Pythagoras theorem, we obtain that ds? :(Cdt)2 —dx?. But if we consider this
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relation as initial, then from it follows d¢ = cdt , i.e., that particle moves in R, with the speed

c.
A particle located at rest in X moves in Y with the speed of light. Therefore it has in Y
the rest momentum (i.e. the proper momentum) py =mc, and the rest energy (i.e. the

proper energy) E = Py [t = mcz, where IM is the mass of particle. It travels an interval

ds = +cdr on the directrix per proper time d7. In general, the total momentum of a
particle is a vector directed along the tangent to its helical path on the tube motion and in
magnitude p equal to the product of the particle mass M on the ratio of the path d¢ = cdt

traversed by it in the whole space to spent on this path the proper time dr7:
pzma = \coaﬂ = /1—(v/c) . This is a relativistic formula for the total momentum of

the particle [48]. While its total energy is E = pc = mcz/‘cosﬂ = rmz/qll— (v/c)? .

Fig. 3. 1 — helical trajectory of a particle moving in a six-dimensional space with the

speed of light on the cylindrical surface of Compto n radius h/(mc) with axis in the
subspace X and the directrix in the subspace Y; 2 - helical line intersects the helical

trajectory at right angles and passes through the p article. It moves along the tube at

the speed of de Broglie waves. Its step is the de B roglie wavelength. This is the line of
the same proper time of the particle.

The rest energy must also be equal tohv , by virtue of the principle of the identity of the
basic properties of substance and light, where V is the frequency of rotation of particle
around the axis of TM, his the Planck constant. This implies that the radius of the tube is

a:h/mC, and the length of the directrix is equal to Compton wavelength, which

corresponds to the period h of the action coordinate in the 5-optics [19]. Another helical line
intersects the helical trajectory at right angles and passes through the particle. It moves
along the tube at the speed of de Broglie waves. Its step is the de Broglie wavelength. This
is the line of the same proper time of the particle [3-5].
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3. MULTIDIMENSIONAL GEOMETRIC MODEL OF THE UNIVERSE

Six-dimensional interpretation of the expanding universe is also built on the principle of
simplicity. The simplest geometric object of finite size in the six-dimensional Euclidean space
is a five-dimensional sphere. Therefore, the simplest six-dimensional interpretation of the
expanding three-dimensional sphere is its representation as the intersection of three five-
dimensional spheres expanding in the six-dimensional Euclidean space - three five-
dimensional spherical frontiers of disturbances propagating in this space. Thus it is assumed
that these perturbations occurred as a result of three separate ‘explosions’ in the centers of
these five-dimensional spheres. Point of first contact of the three five-dimensional spheres
corresponds to the location of the center of the three-dimensional universe in the six-
dimensional space. However, we can't exclude that the space is a seven-dimensional one.
In this case, the primary cosmological perturbations will take the form of six-dimensional
spheres. The case 7D may be considered in future when observations will be more precision
ones. While the question of the number of dimensions involved in the primary spherical
perturbations, remains open, it is preferable to build a multidimensional cosmological model,
assuming these perturbations N -dimensional ones.

These N -dimensional (ND) spheres are described by equations

N+1

>(za-2 P =RR; (3.1)

a=l

where 7, are the Cartesian coordinates in the (N +1)-dimensional space, z, the center
coordinates of the j -th sphere, Ry its radius, g = 1, 2, ... N. The centers of spheres can be

considered located in the plane Zy Zn+1) SO that Zj =25 == Ny = 0.

Intersection of two ND spheres is (N — 1)D sphere. Its center is located on a line passing
through the centers of these ND spheres. The intersection of each pair of (N — 1)D spheres is
(N — 2)D sphere centered on the line passing through the centers of these (N — 1)D spheres,
etc. Thus, the intersections of three ND spheres are three (N — 1)D spheres which, in turn,
intersect to form a three (N— 2)D sphere, etc.

In a plane passing through the centers of the three ND spheres, the distance |J. between the
centers are linked by the cosines theorem |J.2 = ri2 + rk2 - 2nr,cosB; = (r, - rk)2 +4s;,

where Sj = hify sinzﬁ. ] =123, I'; are radii of these spheres at the intersection of all

three spheres at one point on this plane (Fig. 4). Here, ,Bj is the angle between the ends of
the segment ¥ visible from this point, j k =1,2,3, k#z |, kzizj.

Unlimited expansion of 3D sphere can only occur at the same rate of expansion of the 3D
spheres, it formed is. Otherwise expanding 3D sphere will change by compression,
contraction and disappearance. Then simply confine ourselves to the case of expansion of

three ND spheres with the same constant speed G, where the radii RN]. are represented in
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the form Ry =R+r;. Equality R=cyt introduces the cosmological time, measured from the

moment of intersection of all 3D spheres in one point on the triangle with vertices at the
center of the sphere. At this point, R= 0, and all spheres are sequential intersections of three

ND spheres and spheres of lower dimension, have formed. For small r| compared with the

radii of ND spheres, arising (N — 2)D spheres have at time t =0 respective small radii and
pass through above point on the triangle.

I3

Fig. 4. The radii rj of three ND spheres in the plane on which the centers of sp  heres

placed when the intersection of all three spheresi s at one point. Centers of ND

spheres are located at the vertices of the large tr  iangle, | J- the distances between the

centers, | =1,23. Inthe case of the 6D space N =5.

Consistent appearance of nD spheres with consequent reduction of N is described by
recurrent formulas obtained from Fig. 5 in a plane passing through the centers O and

q“- of two nD spheres. It is evident that equalities

R(Zn_l)k = Rﬁl _dr;Zij = Rﬁj _dr?ji’ dnij +dnji :Ink, where dnij and dnji the distances from
the center of (n—1)D spheres to the centers of the | -th and J -th n-dimensional spheres ,
respectively, give a consequence of the formulas:

dny = (R2 ‘Rﬁj)zl*l" dpij —dn :(Rﬁi ‘Rﬁj)

K, 1 3.2)
nk 2 k

In
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RE-RE) (1)
R(n -1)k ( 2]) 2Ink " (ij . 33

Applying the law of cosines to that shown in Fig. 5 triangle with vertices O, at the centers

of nD spheres, similar to that shown in Fig. 4, and triangles, one of the vertices of which are
also placed in these centers, and the remaining vertices — in centers of (N-1)D spheres, we
can express the distance |(n_1)i between the centers of the (N-1)D spheres through the

radii of nD spheres and the distance |, between their centers.

R

Onk

Fig. 5. Triangle with vertices O, atthe centers of nD spheres.

H 2 2 2 _ 2 2
We obtain I(n—l)| dnu +dn|k 2dnijdnik COSG’ni ’ Ini - Inj + Ink _2|nj|nk COSG’nI !

ay; is the angle at the apex O ; of the triangle with sides |

ni’
I(n 1)|—dr$u+dn|k+(| |2 Iz)dnudnlk
Injlnk
:(|§i_|:j_|:k1:(Rm Rn])2|§k ;:”:(Rnl Rnk)2|2 2:|+(R1| Ru (Ru Ri)%+%|nzk+
+(Rr%i_R§k 4|2 (Ru Rnk); Ll,rlri (3.4)

2
41\ - r—r
In particular, when N= N we have: dNij :(R+r' 2r1jrll—rj+|§k’ a, :( II JJ ,
k k

a = 2= = -ZrrnecosB ==(r,-n)*+s. S =r :
| RS ‘ 2
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2
+r; r+r |2
Lla +| R+—L |lr —r )+, (3.5)

R(ZN—l)i = (l_ai )[RZ +(r; +rk)R+%(rj +rk)2:|_$ ’

I
d :(R” '

(3.6)
2
i+ I+, |2
|(N-oy Z(R““ : 5 'j ak+(R+ : > 'j(ri —rj)+i+
‘|‘F{+ri+7rk R+I (r_r)+|12+
2 2 k 4
‘f('az—l?—lk2 SPRUIMUR UL VY |- T R Ll S
. 2 )12 2 2 )12 2
|(2N—1)i = A R? + UR+V;, a7
d d? | 1, 1
aR (o Z2ART M — 1y =2 ] :7(ri—rk)2+sj,
r -
A =g +a;+( "2‘|k) 12 |2k,
k j

o= (6 +r)a +(n+n)a; +2n -1 -+

2_12_12 _ 2 2 2_ .2
2 2|0 121

2_,2 ) 2
_a a; Im=r- rc-r, |.
4(r+r) 4’(n+rk)2+' b+

2 2 4

2 _ 2 2 2 2 2 2
i), oo eert]
4 12 12 12

+

li

Right sides of (3.5)-(3.7) are quadratic in variable R =cyt. The right-hand side of formula
(3.3) with n =N —1 is a function of R, only asymptotically quadratic:

Riv-2) = (R(N—l)l R(ZN—l)J') (R(N—1)| R(N—l);)2 1'(N—1)k

4|(N—l)k
&*ta; Aln2,|1l-a 1-a Hy
=1- ——C RTH| = (r; +n ) +———(r; +1,) —=¢ |R+
( 2 4 2 ( k) 2 (| k) 4
—a 1-a; S +Ss; v 1
+78a1 (rj +n)? + 8 L )2 - -

, 3.8
2 D(ZN—l)ij (R) (38)

4 MR+ Ry,
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Dy (R) = Ry ~ Ry _ 2= R? +[r,- i Nty ;rk @jm

2 2 2 2 !
-a 1-a; S —
173 (r,+1)° - Lr+r )2+ 2= 5 (3.9)
8 2
Derivatives of (3.6-3.8) in R are of the form:
d
ﬁR(ZN—l)i =(1-a)2R+ r+ r)
ED(N—l)ij(R) =D(n-y)j (R) =(a; —g)R+- a; - 5 a + 5
|2 = A R%+ R+ d|2 =2AR+ 2I2 =2A
(N-Dk = Ak H R+ Vs gr (b T4 M grZ (N-ui T <A
d A U  1-a 1-3
—Rn-2k(R) =] 2-a -a, —— R-="+ r+n)+——-(n+r)+
dRR(N 2)k( ) ( al j 2) 4 2 (] k) 2 (| k)
D(n-1ij (R) Dy (R )
#lr -1 —a; 2R+ 41 )+a QR+r, +r, )NV w01 (R 1, (3.10)
[l j 1( i k) |( j li/]kRz + LRV, +( KR+ 14 AkR2+,ukR+vk
d? A (aj = &) D(n -y +(D'N—l ")2
7R(2N—2)k:2_ai_a'_ k _ot7i i /= (N-1)ij (N-Dii /.,
dR? 2 MR%+ 4 R+v,
2AR+ 14 ) Dy - 2Dy -
+| AD(n-p)ij +2(2/]kR+:uk)DEN—1)ij _( : > ) Ryl > (=20 5
AR+ uR+y (AR + 4 R+vy)

From the formula (3.3), we find that the deceleration parameter of expansion of | -th (N-2)
-dimensional sphere in (N + 1) -dimensional space is:

_R(N—Z)i - —1- ZR(ZN—Z)i d> _d ZR(ZN—Z)i 1 (3.12)
o R Tlm e e R T g
R(N—Z)i d 2 dR dR Bl 2
[dRR(N_Z)i} dR[R(N—Z)i]

Here, R=Cyt, t is the cosmological time elapsed since the intersection of the 3D spheres
at one point. Further restrict ourselves to the case N=5 of the expansion of 5D spheres in
the 6D space with the same constant speed Cs.

From (3.11) and when i =2 and R=cst we find the deceleration parameter of expansion

of the 3D sphere of primary interest for comparison of observations: g, = — R32I§32/R322

that equals 0.038 — the value obtained in [49] by the method of EMN (Evrard, Metzler,
Navarro), not associated with Hubble constant.
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Finding the parameters of the theory under which the results with acceptable accuracy would
accord with observations, it is convenient to take place in two stages. At the first stage we

put Ré(R’) approximately quadratic function in the variable R actually being only

asymptotically quadratic in R'. In this approximation in the theory will be only two
independent parameters. In the second stage it is expected to clarify the parameters of the
theory.

In the simplest scenario, the value of the speed of light and elementary particles c; in the

six-dimensional space is constant over time in the reference frame associated with the
center of the three-dimensional sphere. Restrict ourselves to this case.

4. INCREASING THE SPEED OF LIGHT IN AN EXPANDING UN IVERSE

All directions on the 3D sphere at any point are perpendicular to the direction of expansion of
the sphere. Therefore, the speed of light c; (R) on this sphere and the speed of its radial

expanding dRy(R) = dRy(R) cg are connected by Pythagorean theorem:
dt dr'
dRSi (R’)

2
ciZ(R')+[ . j c2 =¢2 = const ; R’ is the difference of the current radius of a 5D
RI
sphere, and its value at the time of the first crossing of the three spheres. Thus the equality
R =cgt introduces the cosmological time, measured from the moment of the first
intersection of the three 5D spheres, with today's value ¢ (R) for a suitable index i is the
observed velocity of light C. The speed of light in 3D universe depends on radii of 5D
spheres. However, being a real quantity, it satisfies the Pythagorean theorem only if

AN 2
ci(R')=Re\/c§—(CRjFEﬁ)j . (4.1)
Given that dR; (R) = 1 ngi (R) , here we obtain
drR’ 2R;(R) dR
¢ 1 (dRR)Y 42)
6(R)=csRe C§—4R§(R,)[ o ] , -

2
wherefori=2 ¢ =¢ % - 21 dR%(R) |, ¢,(R) = C is the speed of light today.
2 4RL(R)|  dR

Note that in the whole space accordingly to the principle of simplicity any elementary particle
moves with constant speed Cg without change its energy while speed of expanding of the

3D sphere is varying in time and only asymptotically becomes constant. This 3D sphere may
be considered as a brane expanding in the whole Euclidean space. Significantly, each
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elementary patrticle is acted by a cosmological force which is orthogonal to the 3D sphere. It
holds a particle at Compton distance from this sphere.

By the definition of the Hubble constant, we have

- Rsz(R) =c dRy,(R)

/R32(R), from this and (4.1) we obtain

° Rup(R) ° dR
R d R d
Ht=— — R, (R =——-— — R%(R) =0.875, (4.3)
= RR dRRsz( ) 2R (R) dRRsz( )
c2 s dRy,(R) _ H 2 ¢ _dRy,(R)
_g—]_:_SL:_ORBZ(R), G _C _ URgpp\RJ,
C c drR c c52 Cé drR

Numerical calculations were performed for the following choice of parameters of the
theory:r,/R=0.115, r,/R=0.179, r,/R=0.278, 5, =194,5,=185. Inthis
2
H,t = 0.875, Re(R) _ 1.104- In[47]itis obtained that C—g = [1+£JA, where q=1.8, A
R Cs q

is the coefficient at R? in an approximate representation R322(R)= AR? +2pR. In the

2
exact representation (3.8) Azl_m _A , G _ 1+1 (1_3.1*-3.3 _/]2)
2 4 ¢ q 2 4
% —1.481, % =1.746,
o c
Ho _ | .
“OR,(R)=,/-8 -1=1431 (4.4)
c C

The speed of light is no longer a zero and begins to grow from the time for which

4RL(R)|  dR 2

— 2 _
1 [dR§2(R)J _ G, c,(R)=0. Value R is determined by parameters of the theory.
Cs

Relationship between the cosmological time t(R') = R//c; and the time by Einstein's light
clock t,(R') (the indices i, j, k later in inessential cases omitted) is defined by (3.13),

cdt, = ¢(R')dt and dt = dR'/c; , whence it follows that cdt, = ¢(R") dR'/cs,

Ry |2 2 (o1 )2
t.(R) :}Rej' Ce _ 1 dRs,(R') dR', and the passage of light to the light
c Z\cZ 4RL(R)| dR

clock of the astronomical object under consideration to the observer is equal to
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R 2 2 n )2 _
T.(R) :EJ' S _ 1 dR;, (R) drR', Ry> R. Here and below, respectively, the
cplcs 4RL(R)| dR

value is marked with an asterisk in a place of radiation.

Light clock starts ticking from the moment when the speed of light becomes different from
zero, i.e. when R, > R.When R, < R t,(R) =0, so look back over time T,(R), the light
clock do not give opportunities. Even greater restriction on the range of observation
establishes the requirement that the redshift is finite and positive. It is violated when the
observed object is removed with velocity greater than the speed of light. Thus, the age of the
universe is equal to T_(R) by the light clock. Same cosmological age of the universe, if it is

measured from the intersection of the three 5D spheres at one point is equal to

2 2 2
p=R_RJG 1 [dR(R)|  where Ryy(R) is the radius of the 3D sphere today.
o old wmm R

5. REDSHIFT IN AN EXPANDING UNIVERSE
Beam of light came out of a point of the expanding 3D sphere and describes helix unwinding

in a plane passing through the center of the sphere, the point of the source and the
observation point. In this way d¢ a photon is rotated in said plane at an angle

~dy =d¢/R, . (5.1)

The angle between the point source and the observation point, drawn from the center 3D
sphere is

1
Xo=X(R) = It [c(R)/Ry(R)t' = C—jR [c(R)/Ry(R)IR'- (5.2)
L 5 ° RO
According to (4.2), it reduces to
AT P | (ole(R')J2
= — = drR . (5.3)
AR F[D&(R')ch 4RZ(R)( R
In this
d ryo__ L |G 1 drR2(R) )’ 54
R Ry(R)\cZ 4R}(R)| dR

Distance on the three-dimensional sphere of radius R, from its pole to the point with the
angular coordinate X is YR;. Let the observer is placed at the pole, and light source at any

point of the 3D sphere with a fixed angular position Y. When expanding the 3D sphere,
removal rate of the source from the observer on the sphere is proportional to this removal
(Hubble's law) and equal to Vv = y R3;(R) = sR;(R)/R;(R) =sH, where
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S= R3(R))(D. However, the observer sees the light source not there where this source
there is (3D sphere of radius R3(R)), and not such as this source is at the time of

observation, but where this source was (in a 3D sphere of radius R3(RD)) and such as this
source was at the time of radiation.

From (5.3) it follows that the light from a source away from the observer at a fixed angular

distance in this plane passes through the expanding 3D sphere path C()(D)=I:D Rydy .

2
From this and (5.4) we have = _ .[Rg(R)dX(R)d ,:I\/Ce 1 (ngZ(R)J 4R’

2 2 4RZ(R)[ dR
When R-R<< R, (5.2) follows - CR-Ry
g G Rs
c
C:XDR3:?(R_RD)' (5-5)
5

Removal rate of the source from the observer u = ¢ according to (5.3) and (5.4) is equal to

.[R3d)( deng IC(Rs)

R3D R3D
:csRef = ‘ié- 1 dRsz(R')zde(R')an (5.6)
R2RI(R)\ 2 4R(R)| R drR

R 2
ref 1 \/cé_ 1 (dR?(R')] dRE(R) 4y
uR) _ r2R(R)

¢ 4RI(R)| dR dR . (5.7)
°‘Rﬂ> Jce L [R)
¢ ARI(RYL OR
Whence, for R—R; << R we obtain
u(R) 1, {R3(R)} {R3(R) 1}_ (5.8)
¢(R) 2 |RIR)| 2[Ri(R)

Redshift due to the Doppler’ effect only (we denote Z; while leaving the standard notation Z

for the cosmology of magnitude), satisfies u /C |_1+ Zd —lJ/l_(1+ Z, )2 +1] [22],
which implies .
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2

2
1-uR)/eR)] T :Jl-[u(RD)/c(RD)] 69

1+z4) +1=
z,

And when R-R << R we have

:@:1“’]
cR) 2 Ri(R) 2

. R(R) _ 1{1_ Ri(@}:l_ R(R) (5.10)

R(R) Ri(R)

According to (5.5) and (5.10) the distance ¢ is expressed through the Hubble constant H:

c-_C Z(Ru)zc{l_w}:c(l_%),where 7<< 1.
R H,R HoR|" R(R)| ol R

1 T T T

;
;
)
0.4r ; 7
. ;
)
;
)

0.2

Fig. 6. Dependingon r = RJ/R, the relative cosmological time
1 —the relative velocity of light, 2 — its square, 3 —the relative radius of 3D sphere, 4 -—
redshift z(r), 5— z(r)/lo, 6 — relative time by the light clock, 7 —the sam e closer then
the particle horizon.

Fig. 6 shows, depending onr = R/R, the relative cosmological time: the relative velocity of
light c,(Rr)/c,(R) (curve 1), 2 - the square of it, 3 - relative radius R,,(Rr)/Ry,(R) of the
3D sphere, 4 - redshift 2, 5 - z(r)/10, 6 — the relative time t,(Rr)/t by the light clock (on

the dotted portion of the curve 6 object of observation is hidden from the observation), 7 —
the same closer then the particle horizon.

The energy of each elementary particle, including photons, increases in proportion to the
square of the speed of light. This effect is due to the constancy of the total energy of
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elementary particles in the 6D space and slowing expansion of the three-dimensional
sphere. Thus the energy of a photon in the time of arrival at the observation point, taking into
account the cosmological expansion of three-dimensional sphere will be equal to

hv = (c/co)f’ hvy/(L+ z4). (5.11)
where V is the frequency of the radiation and h is Planck's constant near the source from

the point of view of a distant observer, c,=c(R-) . In the observational cosmology redshift z
is determined from the relation

V=v,/l+2) (5.12)

between registered frequency V of characteristic radiation and respective frequency
radiation v, received in the laboratory. From (5.11) and (5.12) it follows

(c/ec)” hy/(1+ 24) = hvg /(14 2). (5.13)

For frequencies characteristic radiation of a hydrogen atom in the transition of an electron
with the m-th energy level to the n-th, we have V= [s(m)—s(n)] mecz/h,

V= [s:(m) - s(n)]mec? /s where s(m) =1-(Za/m)* , s{(m)=y1-(Zay/m)*, Z is

the atomic number of the nucleus of the atom, m, is the electron mass, a = ez/hc is the fine

structure constant. From (5.10), (5.13) we find 1+ z= (1+ Z4 )M It follows that if
s(m)-s(n)

the fine structure constant does not change over time, and this with great accuracy

confirmed by observations, then z, = z, that more and accepted.

6. Radiation Power Density And Brightness of Cosmo  logical Distant Source

For the power density U of the radiation source as a black body, given that according to
Planck the emissivity of the black body is dependent of the speed of light c; in the place of
radiation, we have [13, 50-54] at the temperature T of the radiating surface from the point of
view of the observer:

e ] 2
Up= E[vaé%[exdhym/kﬁ)—l] Ydy,= lf’Féhg(kTD)‘l, (6.1)

where K is the Boltzmann constant. Power radiation of a star as blackbody is
, 2

o
two-dimensional sphere of radius R;,(R)sSin x;, and because of the increase in the speed of

4m2UD = 4@ (kTu)4' where a is its radius. Light is distributed over the surface of the

light towards the observer photon energy increases in cz/cé time, and the Doppler-effect
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due to the expansion of the universe decreases in 1+ z time. With increasing speed of light,
not only increases the velocity of particles along helical trajectories, but also the projection of
the velocity, in the same proportion. Therefore, the temperature being proportional to the

mean square of the velocity of the Brownian motion of the particles is proportional to c2.

Whence we have T,=T(c,/c)’, where T is the temperature of the radiating surface of the
same source at cosmologically close distance. As well, according to the principle of equal
basic properties of substance and light, the energy of a photon hj/D is also proportional to
cé- The frequency of the radiation v is proportional to ¢ as well. From this it follows

h,=hc;/c, Vo=V C/C> (6.2)

so that the intensity of light produced by this star near the observer equals
2 a’y1-(u/c)’ ¢
S=m kT)*! .
15c2h3( ) [Re,(R)sinx 1+ z(R))] ¢

If the power density to determine a radiation energy per unit area and per unit time by light
clock, given the ratio cdt, = cdt, this intensity is equal to

S STVFSHNN ) 1 L ey
R Rsnx Pl 2R\ ¢ ) e AR +1[R,(Risin P

where L= —=— He (kT) 2 is the luminosity of the same source at cosmologically close
152

distance. Here, 4ﬂ(R32(R)Sin)(D)2 is the surface area of a sphere over which flowed
radiation at the time of observation; (1+ z)_1 accounts for the decrease of the photon energy
due to the Doppler effect, 1—(uD/cD)2 accounts for the decrease of the number of photons

due to time dilation in the source system, the factor (c/cD)2 in (5.11) describes the relative
increase in energy of the photon due to increasing the speed of light during the journey. In

this [ _ 2 _ 21+2(R)] . And (6.2) also implies (5.13). Since 2 _ Cu
J1-(u/c) TR o s 5CDhD(kTD) 4t =13

the luminosity of the distant source L is less luminosity L: L= (CD/C) . If the luminosity

L. is defined as the radiation energy per unit time for light clock, then L= (qj/c)

From (6.2) and constant over time the fine structure constant a,= eé/hmcD it follows that the
charge is proportional to the speed of light: q]:eq]/c. Substituting (6.2) into (5.11) gives
V= V,ab/(1+ Z4 ) a comparison of which with the formula (5.13) again leads to the result

zy=z. At 2=17 (for SN1997ff) (c/c_)* =1.456. From this and (6.4) shows that the

deficiency of brightness of distant cosmological sources explained by an increase in the
speed of light over time [46, 47], so that in the distant cosmological past corresponding to
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large z the speed of light was smaller. For the most distant supernovae discovered from
2=1.914, L/Lemz(c/cm)4 =1.486. Note that since the gravitational constant and the

temperature is proportional to Cé , the force of gravity in deep space, ceteris paribus, is
smaller, it is balanced by the smaller pressure gradient within the star.

z

6

Fig. 7. Dependence Z on M. For large Z the brightness of stars, quasars and galaxies
is weakly dependent in Z  since near the particles horizon small variations in distance
from the source corresponds to a large range of cha nges in Z,

Note that in the formulas of the standard cosmology, the received intensity is generally

assumed inversely proportional to (1+ 2)2: Doppler-effect weakens it in 1+ z time and in
the same time it is considered weakened by reducing the frequency of arrival of photons to
the observer [13]. Disagreement with this is expressed in [50-53], where reduction in
intensity is accounted by the factor (1+ Z)_l, and not (1+ Z)_Z, so that reducing the

frequency of arrival of photons to the observer not taken into account. In formula (6.3), a
decrease in the number of photons due to time dilation in the source system is described by

2 L . -1
the factor ,/1— 2= . At large z, it twice multiplier (1+z) = used
e Ry AR e

in the standard cosmology to account for reducing the frequency of arrival of photons to the
observer. On Fig. 7 it is shown a function z weakly depending on the argument
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M :—2.5122[bd_R322(R)S@/LJ at large redshifts. So brightness of cosmological distant
guasars weakly depends in z.

7. METAGALAXY AS A PART OF THE EXPANDING UNIVERSE WHICH IS
AVAILABLE TO OBSERVATIONS

For particles on the horizon Z =<, u(Rj)/c(R])Zl, N=ry, X=X The selected

parameters of the theory are Ry, (Rr,)/Rs,(R)=0.398, r, =0.3258, )= 0.595,
siny,, = 056. Metagalaxy radius is equal to R32(R)sin)(w. Affordable to monitoring portion
of the volume of the Universe is equal to

. 1_2 3 15 _ (7.2)
2x. —sin(2y, )= =% y3[1-2
[2x., =sin( /Yoo)]z 3 /Yoo( 5/\’00 +D]]]3

It is 4.2% of its total capacity of the Universe. History of the Universe when r <t is hidden
from observation.

Expression (7.1) can be obtained as follows. Equation of 3D sphere of radius R, has

Cartesian view 212 +z§ +z32 + zf = I% Coordinate z, (as well as other location) varies in limits
- R, <z, <R,. Therefore, it can be expressed as z, = R,cosf so that at a fixed angle g the

equation reduces to the 2D sphere z2+72+22 =RZsir? @. Its surface area is 47RZsin’ 4.
Integrating this area to range from zero to Y find the volume of the section of 3D sphere

under consideration: V(X)deX—SiQX)@zzT@f[l—éf+[ﬂ]§, V(m=2PRS, which

implies (7.1). Full volume amount of Metagalaxy by the selected parameters is
V(x..) =2y, -sin2y., )RS = 2.94300" cubic Mpc.

8. THE ANGULAR SIZE OF THE DISTANT DOUBLE SOURCE

The angle subtended by a linear object — double radio source, removed by a distance
corresponding to redshift zZ(R') and 3D sphere radius R,(R) is equal to

o(R) = fC(R)' , (8.2)
o(R)Rs(R)sin x(R)
where £ is the linear size of the object at cosmologically close distances. This relation
follows from the fact that each beam is in its meridional plane passing through the source,
the observation point and the center of the 3D sphere, and the angle between the meridian
planes does not change with time. Double radio source components are gravitationally
bound. Gravitational constant is proportional to the square of the speed of light, and the
force of attraction between them is inversely proportional to the square of the distance
between the components. The speed of light is decreasing with red shift increasing.
Therefore, the distance between the components increases as the source is removed, and
faster than the distance to the source, which leads to an increase in the angular size of the
double source for sufficiently large Z. This factor, c¢(R)/c(R’), takes into account the right-
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hand side of equation (8.1). Thus, the curve 8(z) has a minimum that was observed
experimentally by Kellermann and specifically noted [10].

This experiment may be considered as an argument in favor of increasing the speed of light
in time and as a way to more accurately determine the Hubble constant.

Right side of (8.1) with z << 1 and ¢ << ¢ reduces to ZHO/(Cz) that does not depend on

the parameters of the theory, which is useful for determining the Hubble constant from
measurements H(z) for the cosmologically close sources. If g(R) present in the angular

milliseconds, then in the case /¢ =41pc right side of (8.1) must be multiplied by
41h216/(1000Qn) - In this case the Hubble constant is determined from the condition that at
small cosmological distances function /H/ (CZ) is an asymptote for the function 9(2).
With setting in the theory it will be h=0.604. From this and (4.3), given that the
Mpc
km/s
cosmological time and 1144x10° years by the light clock and according to (4.4) we obtain
Rs,(R) =7103Mpc and R =6432 Mpc. The radius accessible to observation of the Universe

is equal to Ry, (R)sin x,, = 3980 Mpc.

=9778x10' years, we find the age of the Universe 1417x10° years by

In Fig. 8 double logarithmic function H(z) is represented by the solid curve in the angular

milliseconds using the relation (8.1) for £ =41 pc. With increasing z it tends to a constant
non-zero value, which is consistent with the observed dependence of the angular
dimensions of similar sources [10,55] and because the particle horizon is placed at a finite
distance from the observer on the line of sight. The dotted line shows the function zHO/(cz).

Only when R>R, the speed of light becomes nonzero, it become possible interactions

between particles, and density inhomogeneities of the Universe begin to growth, followed by
star formation. At this point, its relative radius reached a fairly large value of 0.18. For such a
large radius of the Universe significant irregularities gravitational interaction is possible only
within a relatively small area of the Universe, so that the evolution of inhomogeneities in
each area is weakly linked with the evolution in the neighboring areas. Therefore, in large
volumes, containing many such areas, the distribution of matter in space must be very
uniform, and consistent with the observed distribution of galaxies. Initial stage of growth
inhomogeneities hidden from observation by particle horizon, so that on the horizon the
inhomogeneities may already be present in the form of stars. In [50-54], it is actually dopted.
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log 9(2)2 A
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log z
Fig. 8. Dependence on Z the angular size (in milliarcseconds) double sou rce having
at cosmologically close distances linear size of 41 pc.

9. DISTRIBUTION OF GALAXIES ON REDSHIFT

With a uniform distribution of matter over three-dimensional sphere its amount in small angle
range dy is proportional to sin® y dy , the average number of galaxies in the range dy is
proportional to the same magnitude, if at the time of the observed light emission formation of
galaxies is completed.

Relative density distribution of the number of sources on R and Z are given by:

nr(RD) __4n d/\’(RD)SinZ X(RD)' where according to (5.4)

N, dR;
ngX(RD):_R;RD)\/z:i_LtR;(RD)[deF(ﬁRD)] |
nr(RD):s.nZX(RD)Nw;g”(RD)J;GZ-4R§1(RD)[degDRD)]2, n(R)=n(R) - dz(:f)r’
dc;?uz(RD): (R) 1 ( )Z;DRE%}
RcalmEs]
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d[u(RD)}zl ~W(R) uRy) 1 |dRE(R),
dR:[ c(RY | 2| 4cz/c2)R2(R) - (0R2(Ry/aR,f S(R) RE(R) | dR

W(R) = (ngé?(D)R/D(:RD)Z -2 dzlzi(;ﬂ) , N, = N(OO) is the limit of the function

N(z)= 471)I(sin2 xdx = d2x]r(2)] -sin2x{r (2} N =72, -sin(2x.,)]- When R-R<<R,

u(Ry) :1"{ R§(R>}~ 1{ R3(R) _1]

c(R) 2 |RXR)| 2|R:(Ry

N

0.2 -

0 0.5 1 1.5 2

Fig. 9a. Relative density distribution of number of galaxies at redshift  Z: calculated
(solid line) and measured (dashed) [12].

Function n(z) is shown in Fig. 9 by the solid curve. Dashed curve reproduced obtained from

observations in the near infrared range density distribution on z of low-luminous galaxies
tens of thousands [12], it is normalized so that the maxima of the two curves coincide.
Steeper decline of the right branch of the curve at large z compared to the theoretical may
be in the result a greater likelihood of shading sources by closer galaxies and dust clouds. If
galaxies were distributed uniformly across the sky, then at each galaxy it would have a
portion of the celestial sphere, roughly equal to one square arc second. The angular size of
distant galaxies is approximately equal to one arc second, so that approximately half of the
galaxies with large z are shaded by closer galaxies. However, there are no catalogs of
galaxies with the same angular coordinates.
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Fig. 9b. The same theoretical curve in comparison w ith the later experimental curve
[56]

log N

0 | | | |
€ 7 6 5 4 -3
log S
Fig. 10. Logarithm of the distribution function of gamma-ray bursts as a function of
the logarithm of the detected energy flux: calculat ed (solid line) and measured

(dotted)
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It is essential that n(z) decreases as (1+2) with increasing z , unlike the law (1+2) %2 on
the standard cosmology [13]. According to the observations of the two groups of researchers
[15], the density distribution of quasars over z decreases as 2z [57] or (1+2)>"° [58].

Gamma-ray bursts are in galaxies, so they are evenly distributed over the 3D sphere with
the same distribution function N . Obviously, for the same type of sources

logN :IOQ[ZX_SmZX]"'CN, where S is the recorded flow of energy, Cy and Cgare
constants. In Fig. 10 for 1878 GRBs dependence of |ogNin l0gS is represented by the

solid curve for Cy =3.74 and Cg =-5.36. The dashed curve (here expressed in units of
erg/cmz) presents the observational data [59].

Shading of gamma-ray bursts is very little in comparison with the shading of galaxies even at
large z.In Fig. 10 at large z shading of gamma-ray bursts is not observed.

10. INCREASING THE SPEED OF LIGHT AND THE ENERGY FLOW INTO THE
UNIVERSE AS A CONSEQUENCE OF SLOWING DOWN OF ITS
EXPANSION

Increase in kinetic energy of particles caused by an increase in the speed of light, as well as
the increase in potential energy due to an increase in the gravitational constant, it would
seem, is a clear violation of the law of conservation of energy. However, in the preparation of
the energy balance in a multidimensional space is necessary to consider the energy of all
kinds of movement, including the movement along a helical path placed at the Compton
distance a = #/mc around the three-dimensional projection of the particle trajectory, as well

as movement in the extra space caused by the expansion of three-dimensional universe.
Total particle velocity in the six-dimensional space remains constant in magnitude,
irrespective of the trajectory in three-dimensional space as well in the whole space.
Therefore, the law of conservation of energy in the whole space is not violated.

When slowing down the expansion of the universe, three-dimensional velocity of light
increases while when accelerating expansion — decreases. Note that the relatively recent
withdrawal of standard cosmology accelerated expansion of the Universe is made in the
implicit assumption of the applicability of the Einstein equations to cosmology. In the six-
dimensional interpretation of the expanding Universe, this assumption is not involved.

The growth of the speed of light is limited. But when the cosmological age of the Universe
will double, the speed of light squared increase by 0.061 of its current of magnitude. This
corresponds with nothing not comparable amount of energy that yet to enter into the
Universe, 6.1% of the current energy of all types, including the energy of particle motion with
the speed of light at a specified helical line [1, 3-5]. Energy flow per unit time, which basically
determines the observed rate of star formation in galaxies continuously throughout their
history, is proportional to the magnitude
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When the radius of the universe doubles, the energy flow will decrease 6.65 times. In an era
when the radius was half the current one, which corresponds to the red shift z=153, the
flow was 4.2 times greater than the current one. Redshift z=o corresponds to the relative
value of the radius Ry,(Rr,, )/Rs,(R)=0.398 and the flow of energy 6.34 times more than the

current inflow. At even smaller radii, the inflow was much more: in the moment when the
inflow was started, it was 95.6 times greater than the current one. At that moment, the radius
of the Universe and its cosmological age were respectively 5.56 and 10 times less than the
current ones, and only joined the light clock.

Distribution of density of total energy inflow in the Universe on redshift per unit time,
including the proper energy of the particles E=mcé, is proportional to the function

ndcé/dte. Its maximum is reached at z=1134. According to [16], the maximum rate of
star formation is observed at z=1.1.

Even earlier, it was found [15] that at the same redshift maximum growth of metallicity of the
intergalactic gas is observed. This coincidence is natural, since the formation of stellar
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explosions and metals occurs, and the more energy flow in the stars, the more often they
explode.

Function JE = (ndcé/dte)/HOC2 depending on z as shown in Fig.11, decreases with

increasing z simply because in this ratio the distribution density of the galaxies by z
decreases, although the flow of energy in each galaxy is increased.

Fig. 6 shows that the changes of values r =R/R and te(Rr) which attributed to a region of

large redshift are relatively small. For such a small period of time a significant metallicity
evolution of galaxies and other characteristics not happen in time. But from the moment te(ﬁ)

corresponding to the value of r = R/R=0.100, from which the speed of light began to grow
from zero to a time corresponding to r =r, =0.326 and redshift z=oo, it passed a lot of
time: t(Rr,,)-t(R) =0.22&(R) and t,(Rr,,)/t,(R)=0.1630.807=0.202. That is, 22.6 and

20.2% of the age of the Universe, respectively, by the cosmological and light clocks. This
time is sufficient for the formation of galaxies. Moreover, by the time the Universe has
received 76% of the current energy.

oE

0.2

0.15

0.1

0.05

dc? /dt,
H 002

Fig. 11. dE =n

Metagalaxy — observable part of a three-dimensional sphere — is expanding along with the
three-dimensional sphere, though only from the time when the speed of light has ceased to
be equal to zero. In the process of expanding, Metagalaxy covers all new and new volumes
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of space with galaxies formed at least sufficiently large cosmological time t(Rrw). Thus, to

the observer's eye galaxies appear in his field of vision as really ready-made, though, of
course, the formation of galaxies does not occur before the emergence of the Universe, but
occur for cosmological sufficiently long time after the speed of light has ceased to be equal
to zero, and the Universe expanded to cosmologically large sizes.

The energy of motion of the particle E = mq% in the complementary subspace is proportional
to cZ . Its increment per unit time is equal to dE/dft, = mdcé/dte = E&, where, taking into
account cdt, = cdt e(Ry) =S def _ ¢ dRH(R) W, (R)R

L . .
4(C6/C5 )2 R322 (Ry) - (dRézé Ry )
0

¢ d, ct dRy

The same applies to the photon energy hy, and the kinetic energy, and hence the density
U of the thermal energy. Therefore dU/dt, = €U . Thus, in unit volume per unit time it is

inflated energy equal to &UJ . For the case when pumping occurs quasi-stationary, so that
the energy radiating by surface of a star or planet is almost equal to the energy pumping,
integrating over the volume of the celestial body of radius R, we obtain the relationship

between & and power density w of radiation by the surface of the body:
RS 12 r I 2
5.[0 r'2J(r')dr' = R2w, (10.1)

where r' is the distance from the center of a celestial body. Today ¢ = 305007° 1/s. In an
age appropriate to z=1, & there was more the current value in 4.15 times, at z=2 in 7.36
times, at z=3 in 8.34 times, at z=00 in 9.56 times.

With respect to thermal radiation of the Earth we have, according to (10.1) for the volume-
averaged quantities:

U,R’&/3=wR?, lU1R13+U2(R§'—R13)J£/3=WR53,

where R, is the radius of the Earth's core, U; and U, are averaged respectively in terms of
the core and shell of the Earth thermal energy density, w; is power density of the nucleus.

3

Eliminating U, we obtain W:E RU, 1_(R1/§5) for R, =6371km, R /R, =0.531,
37 T 1-(R/R) (w/w)

£=3.05107° 1/s. Light pressure in the shell of the Earth can be neglected. According to

[60] w,/w=1327, the heat capacity in the shell is 1.5 kal/cm®, average temperature can be

taken as 4500K. Thus U, = 28310°J/m°, w=16.8 mW/m?, which is 20% of the total density

of the observed flux equal to 87 mW/m? [61]. Since the cosmological component of the
geothermal heat decreases slower than release of energy due to radioactive decay, the
share of cosmological radiation power from the Earth will increase.
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For the Sun R=696010°m, the Iluminosity 3.84610°W, w= 6.31800" W/m?,
U =9.56010"7 J/m® = 2.283010" cal/lcm®. Temperature T corresponding to U we find from

the equation LT:aIT4+2—’0RgT [13], where y is the molecular weight of the gas,
7

R, =8.3145J/cm® deg is the gas constant,q, =n2k4/(15h3c3); k,%, C are fundamental

constants. For the Sun, consisting mostly of hydrogen - a monatomic gas, the equation

reduces to U =17.56[T +7.56€ 1022 [T*J/cm®. Its solution T =5.96[1C%K is a typical
temperature for the standard solar model [57].

Equation (10.1) by a known power density [62] allows us to estimate the average density of
the thermal energy within the celestial bodies, if the radiated power is mainly due to an
increase in the speed of light: U =3w/eR;. For the Moon R=1737km, w=22 mW/m?,

density p :3_344g/cm3, specific heat 0.3 cal/(g deg) = 1 cal/(cm3 deg). At the same time
U =1.245[10%° J/m®= 2974 cal/cm®, average temperature T = 2965K.

Range of luminosities of quasars is L =10°®+10*°W at radii of a few light-days. Assuming
for the quasar L=10°"w and radius equal to one light day, R= 259110 m, we obtain
w=118010*W/m?, U =4.81[10'7J/m?, so that the average energy density in quasars is of
the order solar one. This is evident from the formula U =L/ for the total thermal energy in
the quasi-steady energy pumping.

With accumulation of power, massive star cannot expand all the time quasi-stationary. With
increasing radius of the star, photons travel from the center to the periphery (in the scattering
medium) occupies more time. Because energy accumulating faster. When due to the
increase luminosity L and thermal energy L/e of the star, the pressure gradient of light on

its periphery exceeds the density of gravity force, and the substance will be carried away
from the stellar surface by light pressure. And the gradient of light pressure on the renewed
periphery of the star grows in accordance with the higher temperature of its deeper layers,
and then the star explodes as a supernova or nova. Sparse in the explosion stellar matter
again aggregates by gravitational forces, and the process of star formation in the universe
continues until the square of the speed of light increases with time not too slow.

11. CONCLUSION

A multidimensional cosmological model of the expanding universe built on the principle of
simplicity is given. Three-dimensional universe in the form of three-dimensional sphere arise
in the multidimensional Euclidean space with the number N +1 of spatial dimensions as a
result of subsequent intersections of three N -dimensional spheres — three N -dimensional
spherical frontiers of disturbances propagating in this Euclidean space.

The speed of light on that three-dimensional sphere and the speed of its radial expanding of
this sphere are connected by Pythagorean’s theorem. Sum of the squares of the two speeds
is assumed constant according to the principle of simplicity. By this the velocity of light was
equal to zero when the radius of the Universe was less than 18 percent of the current one in
the case N =5. From this point the speed of light is constantly increasing, asymptotically
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tending to a constant limit. Increase the speed of light leads to increasing of proper energy of
elementary particles and thermal energy of stars and planets.

The theory contains 5 free parameters. For the chosen parameters in the case N =5, the
effects of the theory and observations are compared.
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