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A Telemetric Multispace Formulation of Riemannian Geometry,
General Relativity, and Cosmology: Implications for Relativistic Cosmology
and the True Reality of Time

Larissa Borissova
E-mail: borissova@ptep-online.com

This thesis reveals an extended world-picture of Riemannian geometry as a telemet-
ric multispace model of real space on the cosmological scale: certain new aspects of
General Relativity are presented in terms of a fundamental membrane-transition picture
of the deeper reality of time. We refer to this as telemetric multispace formulation
of General Relativity , a world-system with heavy emphasis on Riemannian geometry
per se (in light of a particular set of extensive, purely geometric techniques), without
all the usual historical-arti cial restrictions imposed on it. This seminal model gives the
purely geometric realization of instantaneous long-range action in the whole space-time
of General Relativity whose sub-structure is extended to include an intrinsic, degener-
ate gravitational-rotational zero-space hosting zero-particles. The mathematical basis
of modern cosmology is the four-dimensional pseudo-Riemannian space which is the
curved space-time of General Relativity. The additional restrictions pre-imposed on
space-time due to so-called physical reasons are, regularly: the signature conditions,
the prohibition of super-luminal velocities, and the strictly uni-directional ow of time.
We here study the peculiar conditions by which the observable time 1) is stopped; 2)
ows from the future to the past. Our world and the world wherein time ows oppo-
sitely to us are considered as spaces such that they are mirror images of each other.
The space wherein time stops (the present) is the mirror re ecting the future and the
past. Then we consider the interaction between a sphere of incompressible liquid (the
Schwarzschild bubble) and the de Sitter bubble lled with physical vacuum: this is
an example of the interaction between the future and the past through the state of the
present.

1 Riemannian geometry as a mathematical model of the pseudo-Riemannian spacélat Riemannian spaces, where
real world all the basis vectors possess unit or imaginary unit lengths,
are known as th&uclidean spacesE For example, thé&s

A brief historical background is at hand, followed by a criticd? the ordinary at three-dimensional space where the uni-
mathematical repraisal. As known, the mathematical basid@¥ System of Cartesian coordinates can be introduced. Flat
modern cosmology is the four-dimensional pseudo-Riemafiffémannian spaces where some basis vectors are real and
ian space the curved space-time of General Relativity. IPther ones are imaginary, are known asgbeudo-Euclidean
belongs to the whole spectrum of Riemannian spaces 8Baces The four-dimensional pseudo-Euclidean spage
tained by Bernhard Riemann as a generalization of CYffich possesses one imaginary basis vector along with three
Gauss’ work on curved surfaces. Riemannian spaces H@é" Ones, 1S known as thdinkowski Space(Ger.man Min-
sess any number dimension The numerical value of is KOWSki introduced time as the fourth coordinaté= ct,
determined by a maximal number of independent basis viieret is the coordinate time while is the light velocity).

tors (general basis, in the collective sense) of the Riemadh€ Pseudo-Euclidean spakg is of course the basic space
nian spacé/, [1]. The basis of the/, is introduced at ev- (space-time) of Speqal Relativity. _The pseudo-Riemannian
ery point of the at spaceE, which is tangent to tha/, at (cur_ved) four-(jlmensmn.al spadh with the. same set of the
this point. If the basis vectors are linearly dependent, tR@SiS vectors is the basic space (space-time) of General Rel-
dimension of thev,, is less than that of the space wherei@tlVity- The idea of applying the four-dimensional pseudo-
the basis vectors are independent of each other. There dxl§fnannian space to the description of the real world was
two types of basis vectors possessing: 1) the positive squitfggested Marcel Grossman, a close mathematician friend of
of the length (a real vector): 2) the negative square of thipert Elns_tem. E|rjste|n agreed with him, t')ecause'the metr|—_
length (an imaginary vector). As familiar, if all the basi§&! Properties of Riemannian spaces are simplest in compari-
vectors of the space are real or imaginary, it is known §8n t0 the properties of other metric spaces. The point is that
the Riemannian spacelf some of the basis vectors are redRiemannian metrics are invariant relative to transformations

while other ones are imaginary, the space is known as gfecoordinates. It implies that the square of the elementary
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in nitesimal vectordx conserves its length: quantities in General Relativity. These fundamental quanti-
ties are linked to the reference body which can, in general,
ds'=g dxdx; ; =0123 @ gravitate, rotate, and deform. The thyree-dimensionalgobserv-
where the contraction by indices denotes the summation able space (the reference space) can be both curved and at.
Metrics of Riemannian spaces are symmetgic € g ) The reference body is considered as a set of real coordinate
and non-degeneratg € detkg k, 0), while the elementary systems, to which the observer compares all results of his
four-dimensional interval is invariant relative to any referenéeeasurements. Therefore the physically observable quanti-
system s = cons). The invariance of thels’ is a very ties are constructed as the result of fundamentally (in a uni-
important argument on behalf of Riemannian geometry as tRg, simultaneous geometrical-mechanical fashion) project-
mathematical basis of General Relativity. ing four-dimensional quantities on the lines of time and on
The metric coe cients are of course the cosines of thiée three-dimensional space.
angles between the basis vectors in the locally at tangent The chr.-inv. form of the four-dimensional intervds’
space. This is becausk? is the scalar product afx with is[2]
itself. The dimension of the at tangent space and the cor- W
relation between the imaginary and real basis vectors are thes’=c¢’d > d % d = 1 — dt —;
same as in the corresponding Riemannian space. A system of ¢ ¢ 3)
basis vectorg can be introduced at any point_ of the_ locally g 2= dXdX; hi= gu+ M; k=123
tangent space. The are tangent to the coordinate lines
The fundamental metric tensor can be expressed through\ifred is the interval of the observable timg, 2 is the

vidx |

basis vectore as [2]: observable spatial interval, w c(1 Too) is the three-
g =eecosk:x : (2) dimensional gravitational potential, = #99% is the linear

velocity of the space rotatior) is the three-dimensional

wheree is the length of thee . Assume here the temporafndamental metric tensor. The expression (3) may be rewrit-
basis vectos, to be real, while, correspondingly, the basign in the form

spatial vector® (i = 1;2;3) are imaginary. 5! _

We recall that the intervals’ can be positive, negative, or g2 = 24 2 1 Vo Vi = ax. V2= ViVE  (4)
null. The valuedsis used as the parameter along trajectories ¢’ d’ ’
of particles (world-lines of particles). These lines can be: \}\)n
real byds > 0, 2) imaginary byds < 0, 3) zero byds? = 0.
The valuedsis used as the global parameter along worlc&-v
lines. Real mass-bearing particles (the rest-nmags O,
the relativistic massn = % is real) move along the cd = d; (5)

ereV' is the observable three-dimensional velocity.
It follows from (4) thatdsis: 1) real ifV < ¢, 2) imaginary
> ¢, 3) zero ifV = c¢. The conditionrds= 0 has the form

non-isotropic linesds , 0) at sub-luminal velocitie¥ <

o : beari . h hettegh which is of course the equation of the elementary light cone.
¢, Imaginary mass-bearing particles or hypothe ?rf YONS The termelementarymeans that this cone can be introduced
(the rest-masay , 0, the relativistic masm = p—==is

1 Ve only at every point of the space-time, but not into the whole
imaginary) move along non-isotropic linesy, 0) at super- space. The elements of the cone are trajectories of massless
luminal velocitiesV > c; massless particles (the rest-magmarticles moving along null geodesic lines.
mp = O, the relativistic massn , 0) move along isotropic  As follows from (4,5), photons are at rest within the
lines @s = 0) at light velocityV = c. Thus, for example, space-timeds = 0) itself, but they move at light velocity
photons are actual light-like particles. (V = c¢) along three-dimensional trajectoriesd( = d )

The description of the world is to be linked with the reakithin the three-dimensional observable space. The light
reference frame of a real observer who actually de nes batbne is known as the light barrier which prohibits mo-
geometrical and mechanical properties of the space of reteyns at super-luminal velocities. Really, this restriction
ence he inhabits. The reference frame is a reference bawyans that mass-bearing particles, both real ones and
where coordinate nets are spanned and clocks are installad@tyons, cannot move at light velocity. The zero-particles
the every point of the reference’s body. The profound propenetrating the light cone are considered in detail in [3].
lem of the introduction of physically observable quantities ifhese particles are essentially thinner structures than light,
the whole inhomogeneous, anisotropic curved space of Gbaeause their relativistic massesare zeroes. Zero-particles
eral Relativity is to determine which components of the epossess non-zero gravitational-rotational masses
ery four-dimensional quantity are the physically observabié = 1(W+—r\:u,:C2 whereu' = % Zero-particles transfer
guantities. This problem was solved decisively and comprastantly @ = 0) along three-dimensional null trajectories
hensively by A. Zelmanov [2]. He introduced chronomefd = 0). The light cone is therefore transparent for zero-
ric invariants (chr.-inv.) as physically observable geometiparticles and non-transparent for mass-bearing real particles

58 Larissa Borissova. A Telemetric Multispace Formulation of Riemannian Geometry
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and tachyons. As such, we may call it a membrane . Thus As the metric formd 2 is positively determined, the con-
the apparatus of General Relativity allows the existencedifiond 2 = 0 means that it is degeneratéut= detjjhijj = 0.
long-range action as truly instantaneous-transfer zefidie determinants of the maﬁricgs: detjjg jj andh are
particles. Moreover, this fundamental transfer unies thihked by the reIationp_g = 907] [2], therefore the four-

worlds of both real particles and tachyons. As for the othgimensional matrijjg jj is degeneratedy = detjjg jj = O.
new aspects of General Relativity, we shall introduce themThe condition of the membrane transition can be written in
the next sections. the form [3]:

2 The past and the future as the mirror re ections each wHvd = d 2= gdXd¥ = 1

2
other & cdt’; ")

C2
Most contemporary scientists presuppose that time ows onhere the rst expression characterizes the condition of the
in a single direction from the past to the future. The math-stopped timethe second expression describes the geometry
ematical apparatus of General Relativity does not prohibit ththe hyper-surface, where events of the present are realized.
reverse ow of time, i.e. from the future to the past. Neverthe- The conditions (7) describe the zero-space, where, from
less, the reverse ow of time is not introduced in contempa-viewpoint of a real observer, zero-particles extend instantly
rary physics and cosmology, partly because modern scient{dts = 0) along three-dimensional null lined ( = 0) [3].

refer to Hans Reichenbach’s arrow of time, which is diThe instant transfer of zero-particles meansltmg-range-
rected always to the future. However, upon further analysistion. We conclude that th&ture-past transfer is real-
Reichenbach, speaking about a unidirectional ow of tim&ed instantaneously i.e. it is the long-range-action. Note,
implied a rather limited world-process of evolution (transfehe coordinate lengtd = 1 = cdtdepends, in part, on
mechanism of energy). He wrote: Super-time has not a die gravitational potential w, whereth = 0 by the collapse
rection, but only an order. Super-time itself, however, covendition: w = ¢®>. Thus the metric on the hyper-surface
tains local sections, each of whom has a direction, while tisein general, not a Riemannian one, because its interval
directions change from one section to another [4]. Conteng-not invariant (yet it is invariant by the collapse, as in this
porary scientists consider the light cone of Minkowski spacased 2 = 0). The region of space-time, which is located
as a mathematical illustration of the time arrow: the lowgetween the spaces of the past and the future, is percepti-
half of the cone means tipast while the upper half the fu- ble by a real observer as the present. It is the hyper-surface
ture. The past automatically turns into the future at the poiwhere all events are realized at the same moment of observ-
t = 0, meaning thegresent But such an automatic transfemble time ¢ = const i. e. such events asynchronizedThe

is due to the fact that the Minkowski space of Special Rghomentary interaction (the long-range-action) is transferred
ativity is de facto empty. Besides, it does not at all includsy particles of a special kind zero-particles They pos-
both gravitation and rotation (in addition to deformation argkss zero rest-mas®g, zero relativistic mass, and non-zero

the whole curvature), therefore the ideal, uniformly owingyravitational-rotational madel. This quantity is determined
time of Special Relativity does not (and can not) depend prthe generalized space-time where the condigien0 is sat-
gravitation and rotation. In other words, this transfer does ngied. The masaM in the generalized space has the form [3]
require fundamental transformations of matter. In fact, in this

picture, photons ow continuously from the lower half of the M = m¢ .

cone to the upper one. However the real space perceived 2 (w+vu)’

by us as the present is ultimately penetrated by gravitation. .

Besides, the objects of the said space, ranging from electr sThus the eI_ements 9f the el_ementary curved light cone
to galaxies and their clusters, do rotate around their centerﬁa? so-called light barrier ) are indeed penetrable for zero-

gravitational attraction. The problem is therefore to descrikﬁ?,rt'des' As follows fm”.‘ (5), trajectories of photons belong
in the framework of General Relativity, the fundamental i 0 bOt.h the space apd t|rr_1e, because they extgnd aI_ong null
teraction between the future and the past as a proper e @uyi-dimensional trajectorieds = 0. The three-dlmgnsmnal
getic transfer through the present state. Such descriptio ijy of the real observer can thus move at pre-light veloc-

the future-past transfer is a more exact approximation, tH n'nhthde thrﬁe-dlmensmn;al_spaceh_bllit_ Itis a|Wa>t/:)S| ”g'dl%’
in the self-limited Minkowski space, because the observafiiched to the moment of time, which is perceptible as the

time essentially depends on both gravitation and rotatio?{:esent,' . . . . .
see (3,5). The expressiods = 0,d = 0 describe the A brief philosophical digression: transfers both in the past

membrangewhich is situated between the past and the futwaé?d in the f“‘F”e are possible, so far, only mentally. The typi-
These expressions can be rewritten in the form [3]: cal human mind does remember the past (not always clearly)
and does predict the future (not always exactly). It is possible

_— _ Cody to say that the past and the future are virtual, because only the
w+ud =c% mdXd¥=0; U= a (6) human consciousness moves in these virtual spaces, but the

Larissa Borissova. A Telemetric Multispace Formulation of Riemannian Geometry 59
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physical body is strictly in the present (reality ). Studyinghe beginning of this paper is to study the future-past transfer
the past of the Earth and remembering our own past, we sde the point of view of a real observer, who is located in
recurrence of some events, both planetary and individual. Ye world of positive ow of coordinate timelt > 0. This
know what happened with the Earth in the past due to maimgoblem is essentially simpli ed in the case where the refer-
the tales of our ancestors, if not historians. Events (thremce space does not rotate. Then the expression (8) can be
dimensional points, as well as threads extended in time) exeritten in the form

ordered in a determined sequence in time. Comparing simi- D W

lar events from dierent intervals of time, we can say that the d = "Qgdt= 1 — dt 9)

past and the future are similar, being mirror re ections of one ¢

other. The object of the three-dimensional space and its mir- Taking into account the collapse Conditigr% we shalll

ror re ection di er only by the notions of left and right ~ stydy the direction of observable time ow in the gravitational
possessing the opposite sense for every one of them. Thedps |t follows from (9) that the observable time 1) pos-
tervals of both coordinate time and observable time are linkggsses positive direction ﬁ% > 0, 2) possesses negative

by the formula [3] direction if p% < 0, 3) stops if"Gop = 0. Because the
vV conditionggo = 0 is the collapse condition, tleirface of the

dt '—2 1 collapsar is the mirror separating the spaces with both

q = —Cpg_T: (8) positive and negative ow of the observable time The ob-

servable time is perceptible by human consciousness as ow-

The expression (8) was studied in [3] by the conditidAg from the past to the future, therefore we call the space
oo > 0. It means that we did not consider in [3] the revergd such direct ow of time the space of the past . Then the
of time while simultaneously taking into account the state 8pace of reverse ow of observable time is necessarily the

collapseggo = 0. As follows from (8), the coordinate timte ~Space of the future . The present space is situated between
1) is stoppeddt = 0) if V' = ¢?; 2) possesses direct owthese spaces. The concrete spaces re ecting from the surface

(dt > 0) if V' > ¢2; 3) possesses reverse owlt(< 0) if Of the collapsar, as from the mirror, will be studied in detail

vV < 2 Thus the spaces with direct and the reverse ovi® the next section.
of coordinate time are divided by a fundamental surface of

rotation, where the vectorsandV' are linked by the relation, 3 The interaction between the Schwarzschild and de
see (2,3): Sitter bubbles as instantaneous transfer

R Vi = Qieivii - All objects in the Universe consist of the same uid sub-
W= FujVjcos Vi = cjejivijcos 8V ; stance being at derent stages of cosmic evolution. Many

whereg is the spatial basis vector in the tangent MinkowskPSMic bodies (planets, stars, .....) are spheroids, namely spin-

space. It is evident that this relation is realized for two cas&dd: deforming spheres. Probably the physical body of the
1) the vectors; andV/' are co-directedyij = jVij = c; Universe hgs the same form. The problem is to m_troduce
2) the vectors; andV' are anti-directedyij = jV'j = c. the space-tlme (grawtgtlpnal eld) creatgd by a liquid incom-
Since the vector, means the linear velocity of space ropre53|ble sphere. A similar model was introduced earlier by

tation, we conclude that the very surface dividing the spad§ German astronomer Karl Schwarzschild [5]. He solved

with direct and reverse ow of coordinate time rotates at light® €!d equations (Einstein equations) for the sphere by the
velocity. The rotation is either left or right. assumption that the solution must be everywhere regular. In

A real observer measures that the timeoincides com- ©ther words, Schwarzschild ruled out the existence of sin-

pletely with the coordinate timieonly in the case wherein thegularities. Meanwhile the problem of singularities is very

reference space does not rotate=( 0) nor gravitate (w= 0): actual for astrophysics and cosmology. The more general,
see (3). Ifw, Oorv , O,the ,in contrast td, depends allowing singularities, solution of the Einstein equations for
. ’ (I} ’ ’ ’

essentially on gravitation and rotation. Because we live in ti{i¢ SPhere lled by ideal incompressible liquid was obtained
real world, where gravitation and rotation do exist, we wif! [6]: The substance liing the sphere is described by the
further consider thebservable time energy-impulse tensor

The observable Universe, which is a part of the In nite p p
Whole, can belong to one of the aforementioned spaces (ei- T = + 2 bb g ; (10)
ther possessing positive or negative ow of coordinate time).
Let the ow of coordinate time in the region, where the obahere = constis the density of substance,is the pres-
server is situated, be positivelt > 0. The observable timesure,b = dd—xs is the four-dimensional unit velocity vector:
is divided by the consciousness of a real observer into theb b = 1.
past, the present and the future: time ows from the The solution allowing singulary states of the space-time
past to the future through the present. The problem statedhas the form [6]

60 Larissa Borissova. A Telemetric Multispace Formulation of Riemannian Geometry
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around the Sun, as well as the stars, rotating around the cen-
r r 1 ter of the Galaxy, are in the state of weightlessness [6]. As-
e lé 1 E 1 ﬁg 2de sume that stationary stars consist of condensed matter. For
3 example, consider the Sun as an actual sphere of condensed
dr2 (11) matter. The density of the Sunis = 1.4 glcm?, and its
r3(d 2+ sir? d' ?); radiusisa=7 10°cm. We ndry, = 34 108 cm. It
1 L follows from (12) that the collapse of the Sun is impossible
3 in this state of matter, becaugehas an imaginary value. Itis
interesting to note that the surface of breaking of the Sun is at
Newton gravitational constar,is its radius. _the distancebr:2.3 AU, where theAstronomical Unit(AU)
spherical coordinates . is the average distance between the the Sun and the Earth: 1
. ' . . AU = 1.49 10" cm. So we obtain that the surface of break-
The gravitational eld described by (11) has two singu- ) o .
larities [6]; ing (curv_atl,!re dlSCOﬂtIhUI_ty), (_:reate_d by the Sun, is actually
1) it collapses if situated |n§|de the aster0|d_ strip region, very close to the orbit
of the maximal concentration of asteroids: 2.5 AU from the
r s r 1 Sun [6]. (As known, the asteroid strip’s distance from the Sun
31 —= 1 —; is within the limit of 2.1 to 4.3 AU).
3 3 Let's now study the simultaneous mechanical and geo-
2) it breaks the space if metrical properties of the metric (11). As shown in [2], the
three-dimensional observable space (the reference space) is
characterized by the three mechanical characteristics and one
geometrical. The mechanical characteristics are: the vector
of the gravitational inertial forc€&;, the tensor of the angular

. The radius of the collapsag and the rgdms of the break'velocity of rotationAj, and the tensor of the rate of deforma-
ing spacey, have the forms, respectively:

_8G

where = Is the Einstein gravitational consta@,is the

" are the

(r
- =1
3

tion Dj:
S !
24 P— 2 v .
re= 9a2 —= 9a2 8ry>% (12) Fi= < @ av . Dy = }@
{ 2 wa@ @ 2 @
a— !
i s, = 3 = 4308 1 v 1
where the breaking radiug, = K 4407 .cm. o Ay = > @/ @ + _2(':in Fv);
It follows fr0r(51£12) that the incompressible Ilqulﬁi sphere @ @v c
collapses ifa > §ror = 0:94ry. (Because bp = §ry where $= %gis the chr.-inv. operator of derentiation

the collapsing object transforms into the poigt= 0, we along the temporal coordinate.

do not consider this case non-sense in the physical mean-We nd that the reference space of the metric (11) does
ing). If = 10 2° g/lcm?® (the assumed value of the densityot rotate A, = 0) and deform Dy = 0), but it gravitates.
of matter in the observable Universe), then the sphere cbhe gravitational inertial forc&; has the only non-zero com-
lapses bya > 1:2 10?2 cm and breaks the surrounding spaggonent [6]

bya = 1.3 107 cm. If the density of matter inside the

sphere is = 10" g/cm? (as inside the atomic nucleus), then = { ¢ r |

a> 38 10° cmandr, = 4 10° cm. The density of VU3 T = (7 = 13
matter inside a typical neutron star is regularly assumed to 31 & 5 15 19
be the same as the nuclear density, while its radius is about &, < 0:

dozen kilometers. With these, larger-sized neutron stars may

be non-observable, because they are gravitational collapsarsThus the quantity; is the non-Newtonian force of attrac-
Estimate now the minimal value of the mass of the neutrtian. ThenF; ! 1 both by the collapse and the breaking of
star by the assumption that it collapsesa i 3:8 10° cm, space [6].

then the masM = 4 23 =23 10¥g=11:5M , whereM The pressure of the ideal liqujlis determined from the
is the mass of the Sun. Assuming= 1 g/cm® (the density of conservation law [6]. It has the form
hydrodynamical uid), we ndry, = 4 10 cm. It means, r r
such a uid sphere collapses if its radiusais 4 10 cm. 1 {r 1 { &

A sphere of incompressible liquid with a constant volume p= ¢ 3 ; 3 o 0 (14)
and a constant density, which is situated in the state of weight- { a2 {r?
lessness, is a kind @bndensed mattehe planets, rotating 3 1 3 1 3
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It follows from (14) thatp ! 1 by the collapse and = %2
at the surface of break.
The geometric characteristic of the reference space is

chr.-inv. three-dimensional tensor of curvat@g, [2] pos-

sessing all the algebraic properties of the Riemann-Chridto

four-dimensional tensor of curvature
form [2]:

. TheCijk| has the

1
Cij = Z(Hijkl +Hij  Hjik + Hilj); (15)

whereH;ji is the chr.-inv. close analog of the Schouten tens?

in the theory of non-holonomic manifolds

@' @'
Hi = gt kom0 ke (16)
where I
1 @ @; @
ikj = pkm ij: ijim = > @ljm " quim @r: (17)

are the chr.-inv. Christcel symbols of the second and rst

kind, respectivelyz? = 2 + ¥ &is the chr.-inv.operator of
di erentiation along spatial coordinates [2].

The tensorsd;jq andCy; are linked by the relation [2]
1

Hijw = Cij + 2 2Ai Dy + AkDj + AjjDix

+AIDjc + AjDy :

It is evident, therefore, tha@y;; = H; if Ax = 0 or
Di = 0. Calculating the Christeel symbols of the second
kind, we obtain for the non-zero components:

(18)

. _{r 1
11~ 3 ,
3 2
. L7
1 3 5!
1 -3 - {r
227 P 3 (19)
1 .
3 — .
53 = Cot:

Substituting (19) into (16) and lowering the upper indiceﬁ1e

we nd the non-zero componen@yq; for the space-time de-
scribed by the metric (11)
Ciaiz _ { r2

sir? 3

Cro=

~| =
N

-

1 (20)

w ‘

4
Cozz= {—rsmz .
3
The component€y = h™Cin and the three-dimen-
sional scalaC = hC;, have the form [7]

1

2 C 2{ r?
Cu= {T { 2 Ca = —.nzs = {3 ;
1 - sl (21)
c=2{ >0
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The three-dimensional reference space satis es the con-
dition

the {

Cijw = q(hichy  hyhi); q= 37 const  (22)
therefore it is the space of constant positive curvature, where
gis the Gaussian curvature of the three-dimensional reference

space. It follows from (12) that the radius of curvatur%I is

or = {i Itis necessary to note that taussian curvature

Ipd, consequently, the radius of space breaking depend on the
ensity of incompressible liquid

Thus we have found that the three-dimensional reference
space of the space-time (11) is the space of constant positive
curvature. Study now the geometric properties of the four-
dimensional space (11). As is well-known, the geometric
properties of every curved (Riemannian) space are described
by the Riemann tensor

1
R =35@g +@ @ @g )+
5(@49 g g g) 23)
+g ( )
where are the Christoel symbols of the rst kind
1
=5@y +@ @9 ) (24)
Calculating the values .  for the metric (11) we obtain
r r
{ & {r
3 1 — 1 —
0= gz Lf .3 3.
01,0 001 12 T { r2 ’
1 —
{r 1 3
1= 5 ; r2'2; (25)
1 —
3
221=  122=1,;
331= 133 =[ISif;
332= 233=r?sin cos:

Calculating the components of Riemann tensor (23) for
metric (11) we nd

s
2 2
a r
3l e 1=
r
_ 1 _br br
Roi01= — S ;
4rbr r2
1 —
r
S bs S
2 2 2 2
r a r r
Rozo2= 75 T 1 R 1 5 (9
Tor Tor For Mor
2 4
r 1 re .
Ri212= ———5: Reszs= —sint;
r
br 1 br

rg
. r .
Ro3os = Ro202Si? ;  Rig1z = Rip12Sir? ;
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whererﬁr = é =2, gisthe GaHssian curvature of the reference space. Assuming
The space-time is therefore not a constant-curvatye For = 3 and substituting this expression in (11), we

{

space, because the compondRigk of the Riemann tensorObtain the de Sitter metric

do not satisfy the condition

r’(d ?+sin® d' ?): (30)

!
1 r2’ dr?

R =K@ g gg) K=const (27) dszzzl gczdtz 5
1 —
which is a necessary and suient condition that the space- &
time possesses constant curvature. Note that the spatial comThe gpace-time described by the metric (30) satis es the
ponentsR;j satisfy (27), while the mixed componerijk  Einstein equations
are zeroes. It means, due the structure of the components
Roiok, the space-time (11) does not possess constant curva-
ture.

So forth, study the geometric properties of the space-time ) 3
(11) in terms of Zelmanov’s theory of physically observablhere the cosmological constant 2.
quantities. Zelmanov selected three groups of all independentThe termg  can be expressed in the form [7]

R %g R=g ; (31)

curvature component the projections on time, the B .
projections on space, and the mixed projections [2]: g ={%: (32)
_ ik 3 R(;jk - - Thus the - eld generating the de Sitter space (30) is
xk= 200 vik=cgl . ZKi=2RNI: equivalent to the substance described by the energy-impulse
Yoo Yoo tensor
Here we have only interest in the componexits Calcu- ¥ o= 9 (33)

lating these components, we obtain Calculating the physically observable components of the

2 1 energy-impulse tensor (33) [2], we nd
Xller“s = 5 213 2>0; '
br a r r € ) cEl
g 1 rT 1 rT 1 rT O:ﬂ):_; J('):-p—izoy
br br br goo { Joo (34)
s
2 . . c?
1 rT (28) UIOK = c2gk = {_;
Xop= —B_ = °r o >0
26 2 T 2 o 2 where o, J) andUX are the chr.-inv. density of matter, the
31 = 1 = (vector) density of impulse, and the tensor of stress, respec-
Tor Tor tively.
AllcomponentsXy ! 1  inthe state of collapse. Besidescon'gistisr??:’ the expression (10) transforms into (33) if the
if the breaking of space takes place, g ! 1 andX;; = 2

Xa3 are zeroes. Comparing (13) and (28), we nd that the p= o= {—; (35)
gravitational inertial forcd-, and the radial projection of the,

Riemann tensor on tim;; are linked by the relation i.e. it describes mattgr in the state of in ation. '
Thus the energy-impulse tensor (33) describes substance

Fi= Xy (29) with positive constant density, = T and negative constant
pressurepy = o¢%. The ow of energy is given asp =
It means that the sign of thredirected force is opposite toJoc> = 0. This substance is callgghysical vacuum We
the sign of the temporal projection of the Riemannian tensmnclude thathe collapsing sphere of ideal incompressible
(the curvature of the time ) in this direction: theegative liquid transforms into a de Sitter vacuum bubble by the spe-
non-Newtonian force of attraction is due to the positive cial case of collapse, when the radius of the sphere a equals

curvature of time. the breaking radiusy;
The partial case of the collapse of the incompressible lig- s
uid sphere. = r,, = ais studied in detail in [7]. As follows 3
from (12), in this case the surface of the sphere is simulta- a=Tor = {_ = Te (36)

neously both the surface of the collapsar and the surface of
the breaking of the space. Remember that £ is also the where the radius of the collapsarcoincides with the radius
radius of curvature of the sphere of condensed matter, whef¢he sphere and the breaking radius.
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The physical vacuum is an actual substance, possessindt is easy to see that the components (26) transform into
positive density and negative pressure. Because the bulfB® by the conditiora = r,,. The components (39) satisfy
is stationary, the negative pressure, which in ates the bubktiee condition (27), where the four-dimensional constant cur-
must be balanced by attraction, thereby compressing it. vaiure is negativek = a_12
solve the problem of stability of in ation collapsar, it is nec- The quantitiesCij, Cik andC (20 21) of the reference
essary to nd this compressing factor. Study the physical aspgace (30) then take the form

geometrical characteristics of the de Sitter bubble and com-

pare them with the corresponding characteristics of the liquid ¢,,,,= Ciais _ _r2 © Coap3= rtsin® :

bubble. This comparison allows us to consider the process of sit @ r? a2

transformation of the gravitational collapsar ( black hole) 5 c o2

into the in ational collapsar ( white hole ). Cu= 5 Ca= =38 - LZ; (40)
The physical and geometrical properties of the de Sitter a r sir? a

bubble, described by the metric (30), are studied in detail in
[7]. The local reference space does not rotate and deform. C = 2 >0

The gravitational inertial force has the form

The component<iy, (40) satisfy the condition (22),

cr where the three-dimensional Gaussian curvatuig #s a—lz

— . 1_ .
Fi= >0 F°= a2 >0 @37) consequently the reference space of the vacuum bubble is a

o _ three-dimensional sphere of the real radius p% We have

I.e. is the force of repulsion. As seen, the formula (13) rangiown above that the de Sitter space (30) possesses negative
forms into (37) by the condition (36). Thus the gravitationg),r_dimensional Gaussian curvatuge = 1= g con-
inertial force of attraction (13), acting inside the liquid bu%equently it is a four-dimensional sphere va\llith the imaginary
ble, transforms into a force of repulsion, acting inside the vagyi sr = iq.

uum bubble. Using the collapse condition (36), rewrite (37) comparing the obtained results with the analogical ones

in the form 2 ! for the liquid sphere (11), we nd that both reference spaces
Fl= { o = {_p > 0 (38) possess positive constant curvature, but the four-dimensional
3 3 de Sitter space possesses constant negative curvature. Calcu-

It is easy to see thdioth the positive density and the lating the physically observable components of the Riemann-
negative pressure both in ate the vacuum bubble As Christo el tensorXj (28) for the de Sitter vacuum bubble,
known, the generally accepted viewpoint consists in that thhe nd
stability of the de Sitter vacuum bubble is due to the action 2
of two opposite factors: 1) compression due to the positive X;; = S5 <0 Xop=— = — <0 (41)
density; 2) in ation due to the negative pressure. As follows a T sin? a
from (38), the positive density and negative pressureces We conclude therefore that the sign of curvature of the
are identical, consequently it is necessary to nd the factaie Sitter vacuum bubble coincides with the signs ofRhe
which causes the compression of the bubble. projections onto time (the negative curvature of time ).

Studying the physical and geometrical characteristics of Comparing the componei; (41) with the expression of
the Schwarzschild liquid bubble, we have found that the forde gravitational inertial force (37), we nd that these quanti-
of attraction (13) is balanced by the valueXy;, which pos- ties satisfy the condition (29), i.e. the signs of freand Xy,
sesses the dimension of acceleration: see (29). The quariityopposite. We conclude thtae non-Newtonian force of
X11 > 0 is the observable projection of the Riemann tensaitraction inside the liquid sphere (11) is due to the pos-
componenRy1p1 0N time the curvature of time in the ra- itive curvature of time, the force of repulsion inside the
dial direction . Thus the non-Newtonian force of attractioryacuum bubble (30) is due to the negative curvature of
which is proportional to the radial distancgis balanced by time.
the action of the positive curvature of the time (the term These results are connected with the geometric structure
rXi1). of the physically observable curvature componefits Gen-

Consider the problem of the stability of the vacuum bulerally speaking, they depend on the deformation, rotation, and
ble. Calculating the Riemann tensor (23) for the metric (3@avitation of the reference space [2]. If locally the space does

Xa3 CZI'2

we nd not deform and rotate, the componeHjstake the form
-1 _ Rows _ r*@ %), Xi = S(FiFkt TeF)  —FF 42
Rowo1= 751 Ro202= I R . k= 5(riFce riF) - SFiF (42)
_ Rizz _ 2 _risir? where r ; is the chr.-inv. operator of covariant direntiation
Ri212= s . 2 1 Ros23 = z 12].
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We have thus shown that the collapsing liquid bubble (11) These equations have the form in terms of the physically
transforms instantly into the vacuum bubble (30) by the spEhservable quantities (viz. the theory of chronometric invari-
cial case of collapsa = ry,;. The surface = ain this case is ants) [9]

simultaneously: 1) the breaking surface; 2) the surface of the 14 1 dédk 1_dd

in ation collapsar. =+ Dy—— =F—=0; (47)
Calculating the elementary observable interval of time for ld c2""d d ¢ 'd
the metrics (11) and (30), we nd, respectively: q q >é! s
1) the Schwarzschild liquid bubble — 1 == 32 DL+ [l
r r 1 d d (48)
1 { a2 { r2 |i|idx”d)(k__
4= 538 1 5 1 pEL®3) B
dx dx¢
2) the de Sitter vacuum bubble kg =" (49)
' 2 The system of equations (47 49) is the chr.-inv. form of
1 r
dy= > 1 At (44) the parallel transfer equations of the four-dimensional wave
q vectorK = %%_x where the equations (47 48) are linked

by the relation (49). Solving the system for every metric,

Assuming in (43p = {é = Tor, We obtain we nd the frequency of the photon and the associted spatial
r trajectory in the given space-time.
d = }i 1 féﬁt (45) If the reference space does not rotate and deform, the
2 a? equations (47 48) take the form

We have obtained as a result that the observable time 1d 1 _dX _ o (50)
inside these bubbles ows in the opposite direction. We con- I d 2 'd 7
sider usually the observable time as owing in the positive 1d  dy _ o d
direction from the past to the future. In order to determine T I T F'+ I"kd_d_ =0 (51)

one of the two signs in the formulaes (43 44), it is neces- IR . o .
sary to ask, which of the two bubbles is more applicable as Substituting into (50) the expressions for gravitational in-
the model of the observed Universe: the Schwarzschild IRftial forceF; (13) and (40), we obtain the equations describ-

uid bubble or the de Sitter vacuum bubble? This questitit9 the behaviour of the cyclic frequency inside both the con-
will be studied in detail in the next section. densed matter and physical vacuum bubbles, respectively:

1) the Schwarzschild bubble

1d!
Consider the Schwarzschild and de Sitter bubbles as the twoy §~ ~
possible cosmological models. The choice of such a model
must be in accordance with astronomical data. The mostim- { ¢? . r dr (52)
portant criterion for the choice is the observed red-shift. In 3 Er [ & F {12 {12 d'
other words, the model, which allows the red-shift, can be 1 E 1

4 The de Sitter bubble as a proposed cosmological model

chosen as the cosmological model. Theet of the spectral 3 3 3
line displacement is calculated exactly for every gravitational 2) the de Sitter bubble
eld con guration.
As known, the world-lines of light-like particles (null ld_' -_" ﬂ; (53)
geodesic lines) are described by the equations of the parallel td a? r2d
transfer of the isotropic (null) four-dimensional wave vector |ntegrating (52 53), we obtain, respectively:
K 1) the Schwarzschild bubble
dK dx I dx
d_+ Kd_:o; K:Ed—:o; | = —¢ P.v . P=const (54)
(46) 3 1 E 1 ﬁ
KK =0 3 3
where! is the cyclic frequency, isthe Christo el symbols 2) the de Sitter bubble
of the second kind, is the parameter of derentiation 2 is Lo, Q. 0= const (55)
the isotropic (null) vector of the 4-velocity, which is tangent ' 2
to the world-linesg 9 9x = ). 1 Z
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whereP andQ are integration constants. where is the observable time, in the course that the signal
Cosmologists have introduced the quantitythe rela-  from the source comes to the observer. It follows from (61)
tive variation of the frequency the expression far:
| |
z= oM " obs. (56) r=asinH; (62)

! obs

where! ¢mis the frequency, emitted by the source, Iocatediaei; the _photometric_ distance is harmonic (sinusoidal) oscil-
the radial distancesm relative to the observet, qpsis the ob- 1ation with the amplitude and the period’ = &. The am-
servable (observed, registered) frequency of this source atfffgide a is the maximal distance from any observer the
place, where the observer is locateghs. The conditiorz< 0 SO called event horizon . It is easy to nd that the tf(}ree—
means that the observable frequency is more than the emitfigiensional observable vector of the light veloaity= &
consequently the observable light seems shifted more towd?ag the form
the blue than the emitted one (the phenomenon of blue-shift). ,_ dr
The conditionz > 0 implies a red-shift, because in this case ¢ =g ~aHcosH =ccosH; (63)
the observable frequency is less than the emitted one.

Calculating the value for the expressions (54 55), wewhere I

obtain pa_ @ dr?_
. h11C c = —
1) the Schwarzschild bubble a2 r2 d
r 5 S {2 This formula means that the radial component of the vec-
1 { rem 1 L__obs tor of the light velocity oscillates with a frequenéyand an
7= —¢ 3 . 3 <0 (57) amplitudec. This oscillation is shifted fog with respect to
{ a2 { r2, ’ the oscillation of the radial distancg62).
31 = 1 = Substituting (63) into (55), we obtain
2) the de Sitter bubble | = Q . 05 5 __- (64)
q p cosH 2H
aZ r2 a2 r2m
7= pObS Mo (58 Asseen! !'l if | o, ie byr! a Itfollows
a? rZ, from (58) that the value of increases in nitely byr ! a.

This e ecttakes place from the viewpoint of the real observer,

I fO”QWS from (58) that the red-shift .takes plage InSIdBecause the observable time depends on the photometric dis-
the de Sitter bubble, therefore namely this space-time carlg)

. . fcer from the event horizon:
considered as a cosmological model. h
Let us study more exactly the behavior of the frequency of 1 é rzéj
d == t
2

photons emitted by distant sources. Assume that the photons 1 (65)
from the source move to the observer in the radidirection.

Then (49) takes the form

a?

Thus the tempo of the observable time decreaseas!by
|

2 dr? a, and the observable time is stopped at the event horizon.
2 249 =c2 (59) Therefore the observable cyclic frequency of photons in-
a T creases in nitely by ! a.
Taking the root of (59), we obtain It was shown above, the coordinate (photometric) dis-
tancer is the sinusoidal (harmonic) oscillation (wave) with
JpL - %y = Hd: (60) the amplitudea and the cyclic frequencit = Z . The quan-
a2 rz2 a tity T = % is the full period of the oscillation, the max-
whereH is the Hubble constant. Assumifi= 75 Mpssec imal valuea (amplitude) is the event horizon. Taking into
=23 10 8secl we nda=13 10%8cm. account only the positive values of we are restricted only

Choose the sigr or , respectively, if the distance pelo the semi-period of the oscillation. The maximal value of

— — — H
tween the observer and the source is taken into account! 1j @ fakes place at = 55 = 2. _Int_roducml% the used-
from the observer to the source; 2) from the source to the glcontemporary Cf)smol(c)nggy valke = 2.3 10 “sec”, we
server. Integrating (60) from(the distance from the source)Nd Ta = 75 = 216 10" years the time of passing of

until r = 0 (the location of the observer), we nd the light signal from the event horizon to the observer. Con-
7 temporary cosmologists calculate the time of the life of the
° dr _ . ] Universe as the interval of time after the Big Bang. They

; P 2 12 B arcsma = Hi (61) obtained the age of the Universe approximately7%3 10°
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years. If we'll introduceH as the ordinary (not the cyclic)of the scale factoR(t). It is necessary to note that the ex-
frequencyH = g— = % we nd T = 1374 10° years. act solution(s) to the equations (47 49) can be found only for

As is well known, the mathematical basis of contempoencrete metrics. In particular, the expression of the cyclic
rary relativistic cosmology is the theory of a non-stationafgequency! for Friedman’s metric can be obtained only if the
(extending) universe. It is founded on Friedman’s cosmologxact expression fdr(t) is known and the value dfis cho-
ical models, which belong to a particular class of solutions$en. In other words, in order to study variations of frequen-
Einstein’s eld equation, obtained by the imposing conditiocies of cosmic objects, it is necessary before hand to assign
that the space of the observable Universe is homogeneousthrdunctionR(t), which determines the kind of deformation,
isotropic. This class of solutions is described by the metricand the value ok, which determines the geometry of the ref-

A + dv2 + d2 erence space. _ .
ds = 2d® R(H)h y = k=0; 1; (66) The exact value of the frequency (55) is obtained here as
1+ E(XZ +y2+ 22) the solution to equation of motion of null geodesic lines (47
49). It follows from (55, 59) that the observable frequehcy

whereR(t) is the scale factor%%‘ = H. In accordance with and the quantity increase in nitely while approaching the
the valuek of the three-dimensional space: 1) is &£ 0); event horizon. If @, the quantityz can be transformed as
2) has negative curvaturk € 1); 3) has positive curvature 2 2
(k =+1). Models withk = 0; 1 are called open, and models 7z &M obs. (67)
with k = +1 are closed ones. Friedman’s spaces are both 222
empty T = 0)and lled by ideal liquid described by (10). It means that the red-shift in the spectra of near-to-the

The special reference space (68) does not rotate and gedserver objectsr (@) is subject to the parabolic law. In
itate, but it does deform. The tensor of the rate of deformatigther words, the linear red-shift cannot be explained in the
is described by the formulBy, = R%_'t?_ The observable time de Sitter space. The gravitational inertial force of repulsion
ows uniformly: d = dt, in particular, it does not depend orinside the de Sitter bubble causes the parabolic red-shift for
the photometric distanaen contrast to the interval of the ob-near sources and the in nite increase at the maximal distance
servable time in the de Sitter bubble. Friedman’s models &if@m the observer the event horizon. Thus the red-shift
1) extending; 2) compressing; 3) oscillating; 4) stationary [2]) the de Sitter bubble is due to the non-Newtonian force of
The cosmological term can be: 1) positive, 2) negative, 3yepulsion, which is proportional to the radial (photometric)
zero. Cosmologists explain the observable red-shift by tfigtancer.

Doppler e ect which is due to the expansion of the space We conclude: neither the Friedman expansion, which is
of the Universe. The generally accepted model of the nairused by the deformation of the reference space, nor the de
stationary (extending) Universe is the Standard Cosmologi&éter force of repulsion can explain simultaneously both the
Model. The age of the Universe is determined by meanslisear red-shift for near sources and the sharp, non-linear in-
extrapolation of the uniformly owing time from the presengrease for most distant sources. Probably, this problem can
to the past the beginning of the Universe caused by thée solved in frames of a generalized metric which includes
Big Bang. The age of the observable Universe, accordingdeth Friedman’s expansion and the de Sitter repulsion. It is
Friedman’s theory, is determined approximately as 18° possible that the de Sitter space is applicable near the event
years the interval of the time from the Big Bang of the ini- horizon ¢ v a), while the Friedman extending space correctly
tial singularity (the point consisting of super-compact inidescribes more near-to-the observer regions (@).

tial substance).

Now we come to the essential question: What cosmolo
cal model is more applicable for the description of the observ-
able Universe: the stationary de Sitter space or the extendityy, let us consider in detail the collapse mechanism of the
Friedman’s space? The criterium of the choice must be ffgaid bubble into the vacuum bubble. We have obtained
results of astronomical observations. It follows from the obbove the keyoale in the very process the condition (36)
servations of spectra of galaxies that the observable red-gpliftys. If such a state is realized, then the interval of the
is linear for more near galaxies and it rapidly increases for thieservable time interior to Schwarzschild’s liquid bubble
most distant objects. Most cosmologists explain this resultteensforms into the interval of the observable time inside de
the accelerated expansion of space, while routinely avoidiBijter's vacuum bubbld ; moreover, each of these intervals
some principal weaknesses. The correct theoretical explgpassesses the opposite sign:
tion of this fact has not been obtained until now. Moreover, di= d.o
contemporary cosmologists do not calculate variations of fre- ' v
guencies as exact solutions to the general relativistic equationlt means that the observable time inside the vacuum de
of motion of null geodesic lines. The observable phenor8itter bubble ows in the opposite direction. We have as-
ena of the red-shift is explained by the temporal variatiosamed in the previous section that once the de Sitter bubble is

51_ The past, the present, and the future are three multi-
space aspects of the observable time
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applicable as a cosmological model, the ow of thén this of the absorbed light-beam represent the world of the present,
space is positive: the observable time ows from the pastwhich is uniquely perceived by our consciousness (taking into
the future. Then the observable time inside the Schwarzschititount varying internal degrees of consciousness) as real-
liquid bubble ows from the future to the past, and its intervaty . The said non-realized (for a while) events can be called
has the form: virtual events
s S ] An event in General Relativity is the four-dimensional
d, = }é 1 a_z 1 ﬁ%ﬁk o: (68) point of the space-tim&/, the three-dimensional point,
2 rgr rgr which is expanded into a thread . This thread is the four-
dimensional trajectory of the event the world-line. These

If a= ry, then (70) transforms into the expression lines can be: 1) non-null (trajectories of mass-bearing parti-
r cles, both real and imaginary); 2) null (trajectories of light-
d,= }E) 1 fé}w 0; (69) like particles; in particular, photons). Interlacing of these

2 2 threads creates the material of the space . Because we as-

o ) o _sume here fundamental interactions between the past, the
which is the interval of the observable time inside the de S'tﬁresent, and the future, we must introduce a medium , which
bubble. — realizes these interactions. We will consider in this paper only

Thus the surface = 2 = ry is the mirror dividing null world-lines, i.e. we will study events of the life of pho-
two worlds the space of the future and the space of théons .
past. It means, this surface is the space of the present. Asltis evident that those particles, which realize the transfer
was shown above, the surfaees singular. It means, theof energies between the future into the past, must penetrate
present is thénstantaneous stateetween the future and thethe singularity surface. As known, regular photons cannot
past, where théuture transforms into the past by means gfass through the singularity surface, but this surface is pen-
passing through the singulary stat&he space of the futureetrable forzero-particles introduced in [3]. These particles
is here the vacuum de Sitter liquid bubble, where the obseexist in the generalized space-ti®ig which is determined as
able time ows from the future to the present: that is, then immediate generalization of the Riemannian spaceMyne
future goesto us. The future, after the passage through tbeGeneral Relativity (both at the dérential-geometric man-
said singulary surface, becomes the past: the present leaf@sd and sub-manifold levels)?, = V4 [ Z, whereZ is the
us . Thus the singular surface is not only a mirror (a re ectzero-space Zero-particles have zero rest-mamsg zero rel-
ing surface). It is simultaneously a membrane: a telemativistic massm, and non-zero gravitational-rotational mass
ric, multispace membrane connecting the worlds of the pasf which is described in th&, as
and the future. The future penetrates into the in ation collap-

sar namely through this mirror-like membrane thente- M= LI u = %; (70)
rior layer between the past and the future. This situation can g WHwu dt
be illustrated in terms of the well-known description of the c2

interaction between a light beam and some incident surface

(as the light beam falls upon the surface). This beam splits The four-dimensional metric &, satis es the condition
. ' = detjg j6 O, i.e. itall th tile d ti f
into three beams: 1) the re ected; 2) the refracted; 3) the ©g | €. Tt allows the versatiie degeneration o

absorbed. The light beam within the framework of Genellaej:)emrfo'I -il;hie man;fO:M Is t(f; Srdlnfr)éSpgcre—nmﬁ;i bly
Relativity is the trajectory of photons the world-line of the '?ran f ?in ; nst ne ue Io-sp_a 0 )f/rgm_th. viev:/}pial;t gfez
null four-dimensional lengtlls = 0, where here every indi- sfer instantaneousiyl ( . ), 0 ¢ VIewpo

real observer, along three-dimensional lines of null observ-

vidual photon is said to be the event itself. The world-line

with ds, 0 also consist of four-dimensional world-points"?1 le length § = 0), i.e. they are mediums for theng-

. . . range-action Zero-particles can be considered as there
It is possible to say therefore that the light beam of event'%lhuous and thinner structurelan the photon. The condi-

falling onto the singular surface, splits into: 1) the re ecte@ :
X . ) tion (5) takes for zero-particles the fotn =d = 0.
light beam (returned into the space of the future); 2) the re The four-dimensional null wave vectét of the @ can

fracted light beam (directed into the space of the past); 3) hee ressed both in the corpuscular form and in the wave
absorbed light beam, by the said singularity surface. The f(s;? xp ' puscu ! wav

light beam describes those events, which cannot be realized’ I dx @

(materialized in the present (for example, using analogy with = Ed_; = @i (71)
daily life, certain ideas or epochs which are far too advanc\%ﬂere
for the time). The second light beam describes those events
which could be realized in principle, but they can not actually

is the phase of the wave (the eikonal).
"The physically observable characteristicdofare [3]

be realized (in part, these are not readily perceived by the bulk Ko | @ Ki = I dX ik @ 79
human consciousness). Finally, those events in the likeness p% T T @ “2d T @<’ (72)
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where objects. Consider the information which comes to us from
@ 1 @ @ 1 @ v @ stars _and galaxies in_the form of light beams. Because the
=== S ThP==t3 cosmic objects are distant from us, we register the photons

@ 9o @ @& Go @ ¢ @ later than they were rst emitted. It means, the observer, reg-

are the chr.-inv. operators of direntiation along the tempo_istering the electromagnetic radiation of the source, studies

ral and spatial coordinates, respectively [2]. The sig)sd the past state of this cosmic object This state corresponds

( ) are related to the spaces possessing the direct and re & moment of radiation of the electromagnetic signal. The
ow of time, respectively. information about the present state of the object can be ob-

The wave form of the conditioll K = 0 is the well- t@ined by means of registration of zero-particles, emitted by
known eikonal equation the source at the moment of observation. But the observer
does not perceive it, because he does not use corresponding

@ @ _ o (73) intermediary instruments. Contemporary astronomers use in-
9 @ @ ’ struments, which can register only déirent ranges of electro-
Expressing (73) in terms of physically observable values, Vrpeagnenc radiation transferring at the light velocity.
obtain T @ , @ @ 6 Newtonian and non-Newtonian forces in the Universe
ik -0 : . .
= — —— =0 74 - :
2 @ @& @ (74) We have studied until now only non-Newtonian forces:

1) the force of attraction (13), created by the homoge-
The cyclic frequency of zero-particles Is = 0, con- neous liquid sphere (11);

sequently the equation (74) takes the form of the standing 2) the force of repulsion (37), created by the vacuum bub-

wave [3] ble (30);
hikgg =0 75 3) the values of these forces are proportional to the radial
i k ! ( )
@ & coordinater;

which can certainly be interpreted as a hologram, i.e., a stand-4) both forces are connected to the observable compo-
ing wave of the extended space-time. Thus the presentnéhts of the Riemann tensor by the correlation (29).
the sense of geometric optics, ifialographic picture per- The metrics (11) and (30) describe the gravitational elds
ceived by our consciousness as the material (real) world. created by the continuous bodies (bubbles). It is necessary
We conclude therefore that zero-particles arertietli- to note that the force of attraction (13) transforms into the
ums of the long-range-actionin the space of the presentorce of repulsion (37) as a result of the collapse of the lig-
the boundary between the spaces of the future and théid bubble, and both forces are non-Newtonian. The force of
past. Zero-particles can be considered as a result of the fungdaaction (13) is created by the liquid sphere, which was ini-
mental interaction between the photons themselves, moviiagly introduced by Schwarzschild for the description of the
in time in the two above-mentioned opposite directions agdin. On the other hand, the Sun as an attracting body is de-
possessing certain cyclic frequencies of the opposite sigigibed by the well-known Schwarzschild metric of a single
In other words, the standing wave can be interpreted as arfriss (mass-point) in emptines® ( = 0) [8]. This metric
sult of the summarization of the two waves and , di- has the form
rected from the past to the future and from the future to the

2
past, respectively. Let photons, moving in the space of the g = 1 Ty c2dt? d_rr r2(d 2+ sir? d ?);
past, possess positive frequendias and photons moving in r 1 2 (76)
the space of the future, possess negative frequehcigge- r
X . . : 2GM
spectively. The interaction between thewaves, oppositely 4= —
C

oriented in time, generates information, which is transmitted
instantaneously by means of zero-particles. This informaherer, is the gravitational (Hilbert) radius anibl is the

tion creates a hologram (the unique reality of the presentass of the gravitating mass-point.

moment), which exists during the in nitely small interval of  The space-time (76) collapses by the conditienrg, and

time as well as after it is substituted by the next holograthe surface = rq is called theSchwarzschild surfaceBe-

By analogy, the perception of the continuity (and solidity) a&fides this, the space experiences breakage by the same condi-
the present is due to the fact that the successive frames tba. Thus the mass-point stops the time and breaks the space
movie are substituted very quickly. byr=rg=rp.

We do not consider here the whole unique process of the The metric (76) is applied for the description of the grav-
chain of sequential materializations: zero-partidlespho- itational eld of the Sun and the motion of the planets of the
tons! mass-bearing particles, because this problem is v&glar System. It allows the post-Newtonian approximation,

di cultand impractical to be considered in further detail. Wnsequently it must include Newtonian gravitation. Let us
introduce here instead the problem of observation of cosmtady in detail the physical and geometrical characteristics
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of the gravitational eld of the mass-point in order to comeosmic bodies must be described as continuous bodies and
pare the obtained results with the analogous results for thieat kind as mass-points .
metric (11), which describes the continuous body a liquid The gravitational eld of the mass-point is described by
sphere. This approach allows us to determine the problentted Schwarzschild metric (76), which includes Newtonian
the connection between the local geometry of space-time gnavitation (as well as the post-Newtonian approximation).
the character of attractive forces therein. The motion of cosmic bodies, which move around the attract-
We have obtained for the metric (11) that the radial noimg center (mass-point), is usually studied in either the frame-
Newtonian force of attraction (13) is linked to the radial pravork of Newtonian gravitation or that of the post-Newtonian
jection of the curvature of time (28) by the correlation (29)theory of gravitation. In the second case, the motion of cos-
As follows from (29), the force of attraction is due to thenic objects is calculated in the Schwarzschild mass-point
positive curvature of time. Let us study the connection beld by the conditionrg  r. This condition means that the
tween the observable components of the Riemann tensor Hilbert radius is very small in comparison to the distance be-
the gravitational inertial force for the space-time (76). tween the attracting center and the object moving around the
The reference space described by (76) does not rotate e@ater. This approach is applicable both to the Sun and to the
deform, but it gravitates. Calculating the gravitational inertiplanets, asteroids, etc. On the other hand, continuous bodies

force F; by the formulaF; = CZLW% we obtain also possess gravitational attraction. In part, the gravitational
inertial force of attraction in the reference space of the ho-
crg 1 1 c’rg mogeneous liquid sphere is described by (13). The question
Fi= 55 = o2 (77) ises: what are the conditions, by which the Newtonian
2z | Ty or2 now arises: what a _ , by _
r force of attraction is the partial case of the non-Newtonian
force (13)7?
ZGMSUbStitUUDg into the expression fér* the valuery = It follows from (77 78) that the gravitational inertial force
@ » We rewrite (77) in the form coincides with the Newtonian force of attractionrif  r.
Because the Newtonian theory of gravitation is constructed in
Fp= G_M; Fl= G_M: (78) the atthree-dimensional (Eucledian) space, we can assume
r2 1 ﬂ r2 that the homogeneous gravitating madsé$as the form
cr
4 a3
We see that the componeft is the ordinary Newtonian M=V, V= 3 (81)
force of attraction. Calculating the observable components of
the Riemann tensox,; by the formula (42), we nd whereV is the volume of the mass,is its radius, = const
is the density of mass. This assumption is admissible also
_ Crg 1 ] for any homogeneous sphere. Using (81), we can rewrite the
X1y = r_31—rg <O (79) expression (13) in the form
' c’rg r
It follows from (78 79) the relation between the force of F1= —5 & f —kF = (82)
attraction and the curvature of time in the radial direction: g 1 Ty 1 % %
a al

r
F.= E X11: (80)

2
L

_ S Letrg r 5 a Expressing the value 1 - into se-

The signs ofF; and Xy, coincide in contrast to the analries,_neglecting the members of the second kind and assum-
ogous relation (29), which is satis ed for both the de Sith 1 % 1 o we obtain. after transformations. the
ter and Schwarzschild bubbles. It means that the New!o a 2a’ ' ’

nian force of attraction is due to the negative curvature §KPression for th& in the form

time . The point is that the Non-Newtonian and Newtonian rr GM
S ) - . gf _ r
gravitational forces of attraction are originated by elient Fi 2 - (83)
sources. As shown earlier, the non-Newtonian force of attrac- a a
tion is connected to theontinuous bodythe liquid sphere). If r = a, then (83) transforms into the expression for the

The Newtonian force is connected usually to the mass, whigbwtonian force of attraction, created by the sphere of radius
is concentrated inside a small volumso called a mass- a

point [8]. Meanwhile, it is evident that continuous bodies Fy= %: (84)
possess the said Newtonian force, because they attract bod- a2

ies with smaller masses. Therefore, it is necessary to stateThe expression (84) coincides completely with (78) by

correctly the criterium, which will determine what kind ofg r = a. Thus the Newtonian gravitational force is the
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partial case of the non-Newtonian force of gravitation (82) llyyeaking of the Solar System space by the Sun and the men-
the conditionry  r = a. But this fact does not mean thationed planets plays an importamie in the very formation
we must use the Newtonian theory of gravitation for the def the Solar System itself. It means that not only the Sun,
scription of the gravitational eld of the single body, whoséut also other planets of the Solar System exert aaceon
Hilbert radius is small in comparison with its radius. Ththe motion of di erent objects, including arti cial satellites,
point is that the application of the relativistic mass-point matioving in the orthogonal direction with respect to the orbits
ric (76) allows us to calculate the well-knownexts (e.g. the of planets. The additional nhon-Newtonian force of attraction
perihelion motion of Mercury, the gravitational shift of lighis proportional to the radial distance and the Newtonian
beams, the gravitational shift of spectral lines). It is possildfterce decreases qlg It means that the more distant the body
that many other eects, unknown until now, will be explainedmoves away from the center of attraction, the more apprecia-
by means of this metric. ble the e ect of the non-Newtonian part of the force is. Itis
We have studied until now only the cage r = a. This possible that the Pioneer anomaly can be explained by the ex-
condition corresponds to a single body, whose Hilbert radiigsence of non-Newtonian forces: thisext is registered near
rq is negligible in comparison with its geometrical radais the boundary of the Solar System, because Newtonian attrac-
Consider now the casg r, where the radial coordinatetion here decreases (with radial distance), and non-Newtonian

° o e 8
r can possess any values. Then the vdige = - is not attraction increases.

in nitely small for r  a. It follows from (11) that the condi- _ Thus the gravitational eld of a single mass, whose
2
tion {3r = 1 is thecondition of space breakingonsequently Hilbert radius is considerably smaller than its radius, can be

— described by the Schwarzschild mass-point metric (76) by
the quantityrs, = 2 is the breaking radius. Using the exway of performing calculations of the orbital motions of the
pressions for they andry,,, we can rewrite (13) in the form  test bodies. The analogical eld must be described by the

metric of a continuous body (such as the simplest metric of

F,= 2(5'\! ol Sr 15 : (85) the homogeneous liquid sphere), i.e. if we consider the radial
ca g , %M r2 r2 motion of the moving test body.
c2a @ g Consider now a cosmic body whose Hilbert radius is com-
r r

parable with its proper radius;  a. A model of the observ-

The formula (85) describes the gravitational inertial forable Universe whose whole radius matches the Hilbert radius
of the liquid sphere, whose Hilbert radius is small in compasas rst suggested by Stanyukovich [10]. He studied some
ison with the radius of the spherrg( 1) and the sphere ofgeometric properties of the liquid body in the state of gravita-
space breaking = ry, is outside the liquid spherey > a). tional collapse, but he did not introduce the concrete metric.
It follows from (85) that the forcd=1 ! 1 byr ! ry. It Stanyukovich assumed that the space of the Universe was a
is evident that the force (85) is the non-Newtonian force obllapsar, whose Hilbert radiug was equal to the distance
attraction, manifesting a curvature dicontinuity in the enuirp to horizon of eventa. According to this concept, the mass
ronment. of the Universe could be calculated by the formia= %

The condition of space breaking was initially studied inssuminga = 1:3 10?® cm (the maximal observed distance),
[6]. The Sunwas introduced as a liquid homogeneous spheye.should ndM = 8:78 10°° g. This value coincides ap-
It was shown that the Sun would break the surrounding spasximately with estimates obtained by way of other sorts of
with the breaking radius, = 3:43 10"¥cm=2.3 AU (LAU reasoning.
= 1:49 10"3cm), where 1 AU is the distance between the Sun The average value of the density of the liquid substance is
and the Earth. Thus the breaking (curvature discontinuity) ok % Calculating the value of the density of the mass-point

the Sun’_s space is located inside the a_steroid s'_crip, ie. OUt%Qﬁ’apsanVI — % by the assumptiol’ = 4_;3’ we obtain

the gravitating body (the Sun). The Hilbert radius of the Sun

isry = 29 10° cm, the proper radius beirg = 6:95 2

108 cm. Itis easy to calculat¥ = 42 10 1, and =% . % =95 10 3‘)%; H = g: (86)

Tbr — g- ; ; ; ;

I = 4:9 102 Itis possible that this non-Newtonian force

creates the additional ect on the motion of the bodies inthe  This value corresponds to the range of values obtained
Solar System. In partial, those bodies, which recede from fh@m observational data. Moreover, it corresponds to the the-
Sun in the radial direction, must possess additional negatiretical value of the critical density,, by the conditionH =
(directed to the Sun) acceleration. 23 10 8sect.

Analogous calculations were realized for all the planets It is necessary to note that the critical density is deter-
of the Solar System [6]. It is important to note that the breaktined in standard cosmology as the density of the Friedman
ing spheres of the Earth, Mars, and Jupiter intersect with thedel (66), whose three-dimensional space iskat: 0. Itis
asteroid strip near the hypothetical planet Phaeton, accordirglent that this space-time is not a collapsar, because the ob-
to the Titus-Bode law at = 2:8 AU. It is possible that the servable time coincides with the coordinate tinted = dft,
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consequenthygo = 1. (Recall that the collapse condition isvhere, in the reality of time, is the mad4? The answer is:
Joo = 0). Calculating the volume of the gravitational colthe liquid and vacuum bubbles are re ections of one other,
lapsar by the formul® = 4_333, we have assumed in fact thayvhere the mirror is the singular surface, therefore the mass
the space inside the collapsar is at. Let us study this probldégin the very present state of time, i.e. at the singular sur-
in detail below. face. Thus the materialization of the present ( reality ) is the
Recall once again that Stanyukovich considered the UHansfer of time ows through the said singularity.
verse as the result of the collapse of the space-time (76), cre-Let us return for a moment to the black-and-white
ated in emptiness by the mass-point, because he actually iBegel of the Universe. This object is the result of some trans-
the Hilbert radiug4 [10]. We have introduced in this papeformations: 1) the liquid substance transformstantly into
the collapse of a speci ¢ continuous body a homogeneoue physical vacuum in the state of in ation; 2) the curva-
liquid sphere (liquid bubble). It follows from (12) that théure of time changes its sign; 3) the Non-Newtonian force of
radius of the liquid sphere (11) in the collapse conditign attraction transforms into the force of repulsion. In fact, the

equals its proper radiwsand the breaking radius;, if liquid sphere overturns itself in time. This overturning is sim-
ilar to the transfer of a time ow from one side of thediius

strip onto the other side where the respective time on each of
(87) these sides ows in the opposite direction (compared to the
other). We know that the lbius strip is a two-dimensional
one-sided surface which can be included (embedded) in three-
dimensional Eucledian spadg; (otherwise, it is generally
non-orientable).
2GM It is possible to say, therefore, that the observable time
= ; (88) has three dimensions: the past, the present, the future. Time
is perceived by human consciousness as one-dimensional and
whereM is the mass of both the liquid and vacuum bubbledirected from the past to the future. Meanwhile, similar
because the liquid bubble in the state of collapse is preciselents are repeated for dirent epochs, demonstrating that
the vacuum bubble. the past and the future are mirror images of one other, where
We have interpreted above that the liquid and vacuutre mirror is the present. But these events are not identical.
bubbles are the spaces of the future and the past, respectiVelyg. possible to say that the spaces of the past and the fu-
This is partly how we geometrize the reality of time in termsire are created from dierent cosmic substances, which
of its ows (successive states) and in a cosmological framéepends on the time of creation of each space. Thus the past,
work. Then the space of the present must: 1) belong to thesesent, and future are the three dimensions of the temporal
states simultaneously; 2) be situated between the future aollime, and these dimensions areetient in principle. The
past spaces. Of special interest, the singular sunfacea past contains the consequence of holograms physically re-
(the event horizon) satis es both conditions. Firstly, the evealized (materialized) events. Besides, it also contains non-
horizon belongs to the gravitational and in ation collapsarsgalized events. The future is virtual, because it contains only
secondly, it is between the future and the past, since the nbn-materialized events. Some events will be physically re-
servable time at the surface of the collapsar is stopped. alized, others will be virtual. Such materialized events create
Since the event horizon is the characteristic surfacetbé hologram (standing-wave picture) of the events, which is
both the gravitational and in ation collapsars, it is simultangserceived by human consciousness as the (present) reality .
ously the surface of both the white and black holes. The As such, our Universe transforms the space of the future
collapsing liquid bubble transformisstantaneouslyinto the through the singular surface (the present) into the space of
de Sitter vacuum bubble thein ation collapsar . Besides, the past, consequently tHiellowing materialization is none
the space inside the in ation collapsar (the white hole) isther than time transfer through the pertinent singularity
simultaneously also the space inside the gravitational coll&ipe event horizonThis singular surface is the place of inter-
sar (the black hole ). The white and black holes possess thetion of two opposite forces attraction and repulsion. The
generic surface = a, which is simultaneously: 1) the radiusnergy of physical vacuum creates the force of attraction, ap-
of the liquid sphere and its breaking radius; 2) the event hqguearing as the scattering of galaxies . It can be called radi-
zon itself and the radius of curvature of the vacuum bubble;&@)t energy . The energy of compression, which is due to the
the Hilbert radius of the whole mass-point, which equals bdthrce of attraction, can be called dark energy . These two
the masses of the liquid and vacuum bubbles. The transtygpes of energy are divided and connected at the same time
mation of the liquid into the vacuum is accompanied by thwy said singular surface, which transforms the future into the
inversion of the observable time: thew of time changes past. When the course of the future reaches an end, the radi-
the direction by way of transformation. Let us consider ant energy will not develop, and the observable Universe will
the causes of this transformation in detail. The question lie compressed into the state of initial singularity. The cos-

S
fc=a="Iy=

3.
O

Substituting into (87 = £2 and = 2, we nd, after
elementary transformations,
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mos will exist the way it does at present until it transforms ahus, the present is the result of the collapse of the future
the virtual realities of the future time (as it ows from the fuspace, where the singular surface (the present) is the event
ture to the past). When this mechanism is exhausted, the lotxizon. The collapsar is in the state of equilibrium, because
servable Universe will compress itself into a Schwarzschtilde two oppositely directed forces equalize each other. They
black hole, namely the initial singularity. It is possible thatre 1) the gravitational force of attraction; 2) the force of re-
the mass of the singularity itself is the hypothetical hiddgpoulsion, which can be called the force of anti-gravitation .
mass , which exerts a de nite eect on the motion of starsThe present is stable, until these forces neutralize one other.
and galaxies. If the force of attraction is greater than the force of repulsion,
Let us now calculate the valugg andr for the Earth, the the event horizon approaches the observer in space-time: the
Galaxy, and the observable Universe: see Table 1. Besidgggice of the observable Universe compresses . If the force
let us include into Table 1 the relative valugs=a andrg=a repulsion is greater than the force of attraction, the event hori-
for the mentioned objects. It follows from the Table that thpn recedes from the observer: the space of the Universe ob-
physical-geometric properties of the Universeatdiin princi- servable expands .
ple from the analogous properties of other objects (the Earth, We have obtained that observable time ows in the oppo-
the Sun, the Milky Way). In reality, only the Universe is sisite directions inside the liquid and vacuum bubbles. As was
multaneously both a white hole and a black hole, becausesfiown in [3], spaces with the opposite directions of time are
Hilbert radiusry equals the radius of the in ation collapsamirror re ections of each other. In essence, the very term the
a. These values coincide completely with the radius of spaoarror space is linked immediately to the arrow of time .
breaking in the curvature of time. It is possible to say thahe widely accepted opinion is that the arrow of time can
the forces of attraction and repulsion in the cosmos are in tiedirected only from the past to the future. The mathemat-
state of equilibrium. Itis evident that the observable Univerigal apparatus of General Relativity does not prohibit the re-
must be described as a stretched meta-body lled with matugrse ow of time, i.e. from the future to the past. Never-
(physical vacuum in the given case). theless the reverse ow of time is not introduced in contem-
The other objects (the Earth, the Sun, the Milky Wayporary physics and cosmology, because modern scientists re-
contain black holes, whose Hilbert radiusgsre very small fer to Hans Reichenbach’s arrow of time , which is directed
in comparison to their radiuses In addition, these objectsalways to the future [4]. However, Reichenbach stipulating
break the surrounding space, and the respective Spheregr@girectional time also implied a world process of evolution
spatial discontinuities are located out of the bodies (sourcdg§gnsfer of energy). In particular, in the geometric frame-
far away from them. Since the Hilbert radiys ~ a depends Work of General Relativity, time can be stopped (as light can
only on the mass of the body, we will consider these bodialso be frozen) or be directed to the past or the future. Setting
as mass-points, for example, by studying test bodies motfee cosmology from the unidirectional time concept gives us
in their gravitational elds. But if we want to study this cas@ de hite advantage as to introduce the pontentially revolu-
in detail, we must consider the sources as stretched bodi@dary Mirror Universe into General Relativity.
lled with matter. This approach applied in [6] to the Solar It is therefore more correct to introduce time as an ul-
System allows us to study the coupling between them. Ittig1ate kind of energy, although formally time is one of the
easily obtained from the formula (12), that the Earth, the s@ordinates of the four-dimensional Riemannian manifold
and the Galaxy cannot be white holes , since the valyis the space-time of General Relativity. But the three spatial
imaginary. Therefore, these objects include Hilbert blackoordinates are measured by lines, while time is measured

holes inside their spaces, but the resepctive space breakiRgglocks, consequently space and time are two aspects of
are outside of them. the indivisible manifold the space-time. Clearly speaking,

space-time can be consideredmaterial (space), which is
lled with time (time-energy). Time- lled spaces exists only

in pseudo-Riemannian spaces, because the principal-di
The seminal process of time-transfer transformation of teace between coordinates exists, namely in spaces where the
future into the past has been considered in this paper. Hasis vectors possess both real and imaginary lengths.
future and past spaces are introduced geometrically as twoltis necessary to mention rulers of a special kind, which
telemetric spheres (bubbles), lled with ideal substances are used in contemporary astronomy and cosmology, namely
liquid vacuum and physical vacuum respectively. These buight rays. Because light transfers at the nite veloaityob-

bles are mirror re ections of each other, where the mirror grvation of electromagnetic radiation ensuing from cosmic
the singular surface. It means that the transfer of time frahjects allows us to study only the past states of these ob-
the future to the past is realized through the singular statejects. It is evident that the present states of these cosmic ob-
the very space of the present. The singular surface is sinjatts could be studied by means of instruments, which could
taneously the surface of both the gravitational and in atimegister a long-range action. The unfortunate negation of a
collapsar, which can be called the dual black-white holelong-range action allows us to consider only the past states

7 Conclusion
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of the Universe. In reality, our telescopes perceive only thasause light and sound travel at drent speeds. A blind ob-
light rays from stars and galaxies, emitted in the past. Bus#érver will, however, perceive only the thunderpeal. More-
we’d only virtually re ect on the very boundaries of the obever, having not a visual connection to the source of this
servable Universe, that the present exists simultaneoushsdund (which is the lightning ash), he will be unable to
the whole space of the Universe, we might be able to buddtermine the distance to the lightning. (A normal, sighted
a space-time apparatus capable of registering the momentdnserver merely multiplies the sound speed in the air by the
(present) action of cosmic objects. (For example, such apgaration between the observed lightning and the heard thun-
ratuses have been constructed and tested by Nikolai Kozyrerpeal, thus calculating the distance to the lightning.) Most
It is well-known that the consensual opinion exists that Geastronomers may now be compared to the previous blind re-
eral Relativity prohibits a long-range action due to the liglgearcher of the thunderstorm: the instruments they use in their
barrier . This opinion is fundamentally incorrect: only thestronomical observations register only electromagnetic ra-
typical human consciousness produces this imaginary barriations of di erent sorts (visible light, radio-waves, x-rays,
In fact, the mathematical apparatus of General Relativity atc.), while all these radiations travel at the speed of light (in
lows the existence of zero-particles possessed of instanten@esium) or even slower than light (if travelling in a medium);
transfer. The rejection of the notion of the light barrier altheir current instruments are not able to register real cosmic
lows us to construct, in principle, instruments for the registraignals which are faster than light. In other words, those
tion of zero-particles. astronomers merely focus on the registration of the short-

All the innovative techniques in this paper are substarange action (transferred by photons, in particular). They
tially based on Riemannian geometry only. The usual imadp not take the possibility of the long-range action (in-
inary prohibitions (e.g., the speed of light barrier) by way stantaneous geometric interactions) into account. The key
consensus in the eld of General Relativity retard the deveble in this primitive approach is played by the psychologi-
opment of General Relativity and science as a whole on tted wall erected against superluminal (and instantaneous) in-
furthest horizon, which is a way to negate General Relatieractions. There is an easily popular bias that this prohibi-
ity as a whole. Clearly, those typical conditions restrictinipn is due to Einstein, whose prior postulate of the Special
Special Relativity (as in the usual particle physics) do not ttheory of Relativity stipulated that signals travelling faster
timately exist in General Relativity as a whole by way of thinan light was practically impossible. This is, however, not
vastness and versatility of the underlying Riemannian geotnie in the bigger picture. Einstein claimed this postulate
etry (in our extensive case as shown in [3], the basic Ria-his early positivistic publication prior to General Rel-
mannian geometry of General Relativity is extended at thavity, in the framework of his theory of observable phe-
sub-manifold level by the presence of degenerate, generaltynena registered by means of signals of light: superlumi-
rotating zero-spaces and zero-particles). Meanwhile, in prital (and instant) signals were naturally out-of-access for such
ciple, the fundamental elements of Riemannian geometry aft observer. However, the geometric (if not hypergeometric)
low for the existence of both the long-range action and tegucture of the four-dimensional pseudo-Riemannian space
reverse ow of time: the long-range action is realized bfwhich is the basic space-time of Einstein’s General Theory
null-particles, while the reverse ow of time is due to gravef Relativity, being geometrically more complete, vast, and
itation and rotation. It is necessary to note that these reswissatile in comparison to the Special Theory of Relativity)
are obtained by the condition that gravitation and rotation akows more diverse paths along which particles (signals) of
rather strong. Meanwhile, most specialists in General Reth-erent kinds may travel. For instance, particles bearing
tivity consider gravitation and rotation as weak factors. Fopn-zero rest-magnergy inhabit the sub-light speed region
example, the gravitational potential w and the linear velocity the space-time (located inside the light cone); mean-
of rotationv; from the expression al (3) are taken into ac- while, particles bearing imaginary masses and energies in-
count by the usual problem of the synchronization of clockabit the superluminal space-time region (located outside
as merely small corrections. Moreover, contemporary cake light cone); subsequently, there exist light-like particles
mologists assume that the reality of time of the Universebgaring zero rest-mass (they are always in motion), while
the same in the whole space (being limited usually by tteeir relativistic masses and energies ( kinetic masses and
Hubble volume), since the observable time in the Friedmanergies of motion) are non-zero, as they travel along space-
cosmological model ows uniformlyd = dt. But, as shown time trajectories located along the light cone. There are also
here, even using very simple non-rotating model of the gratlie so-called zero-particles : they are the ultimate case of
tating Universe (the de Sitter bubble) as a start, we have skght-like particles, and travel along the fully degenerate light-
that gravitation causes the accelerated extension of the spieetrajectories which seem to have zero length and duration
of the Universe near the event horizon. to an external observer; as a result zero-particles seem to be

All that has been said above is similar to the observaavelled instantaneously, thus transferring long-range action
tion of a thunderstorm: we rst see a lightning ash, onlysuch as that in the case of the geometric non-quantum tele-
then the thunderpeal is registered by our ears. This is pertation as shown in [3].
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Object Mass, gram| Proper radius, cn Density, gcm® | Space breaking Hilbert radius, cm ry=a rpr=a
radius, cm

Earth 597 107 6:38 10° 5.52 164 10 0.88 14 10° | 26 10

Sun 198 10%° 6:.95 109° 141 343 108 29 10° 42 105 | 49 1@

Milky Way | 6.0 10% 45 107 6:58 102 4:.95 10% 89 10V 20 10° | 11 10°

Universe 88 10° 13 108 95 10% 13 10%® 13 108 1.0 1.0

A real observing human whose body is made of regulamive at new instruments of observation based on the geo-
substance such as atoms and molecules cannot travel atitatric resurgence of the long-range action (in parallel with
speed of light. At the same time, he perceives light by hiertain gravitational and gauge eld instantons of the Pleban-
physical organs and the other (arti cial) instruments of obseski type). These new developments, based on completely dif-
vation: there is not a barrier dividing him and light. In anaferent principles than the usual electromagnetic interactions,
ogy to this case, instruments registering zero-particles (whabuld lead to certain cosmic engines allowing for (geomet-
seem to be travelling instantaneously) may be invented. Af) non-quantum teleportation, as well as other new exotic
that the innovative engineers need to do it is set themselteshnologies in order to carry the human species to an un-
free of the psychological prohibition and limitation in travelprecedented Golden Age in the cosmos.
ing at the light speed, as to be professionally equipped with
the full extent of the General Theory of Relativity which has
already theoretically predicted zero-particles carrying ”I]-?eferen ces

long-range action (geometric non-quantum teleportation). . . . _ .
1. Raschewski P.K. Riemannische Geometrie und Tensoranalysis.

Again, there are unfortunately many popular biases about Deutscher Verlag der Wissenschaften, Berlin, 1959 (translated by
Einstein’s General Theory of Relativity. Most of them W.Richter); reprinted by Verlag Harri Deutsch, Frankfurt am Main,
originated in the non-technically equipped reporters of pop-
science, or the pop-science .authors themselves whqse knowi Research Press, Rehoboth (NM), 2006,
edge in this eld is limited with those rst-grade rudimen- . . . . .

.. 3. Borissova L. and Rabounski D. Fields, Vacuum and the Mirror Uni-
tary textbc')oks.on the the Theory of Relativity. SU('Zh books " yerse. 2nd edition, Svenska fysikarkivet, Stockholm, 2009. Also, in
present Einstein’s theory rather very shallowly, paying atten- parallel, see: Rabounski D. and Borissova L., Particles Here and Be-
tion to most'y the native examp|es based on Einstein’s ear'y yond the Mirror. 2nd edition, Svenska fysikarkivet, Stockholm, 2008.
postulates revolving around his theory of exchanging ligh#. Reichenbach H. The Direction of Time. University of California Press,
signals. The greater true meaning of Einstein’s theory the  Berkeley (CA), 1956.

deeper picture of space-time geometry as the basis of all tﬁ:’e Schwarzschild KBber das Gravitationsfeld einer Kugel aus inkom-
Perp P 9 y pressibler Rissigkeit nach der Einsteinischen Theo8&zungberichte

physical world '?’ regularly out-of-scope in such bOOKS_due der Kmniglich Preussischen Akademie der Wissenschafit, 426

to the psychological threshold of the need to master Rieman- 43s.

nian geometry and tensor calculus at a certain great level ef Borissova L. The Gravitational Field of a Condensed Matter Model of

mathematical and physical depth (which is not a trivial task the Sun: the Space Breaking Meets the asteroid STtig. Abraham

for a beginner and indeed most would-be specialists, with the Z&imanov Journal2009, vol.2, 224 260.

exception of very few gifted and versatile ones). As a res. Borissiva L. De Sitter Bubble as a Model of the Observable Universe.

. The Abraham Zelmanov Journ&010, vol.2, 208 223.

sult, we have such a popular bias (not based on geometr )S o ild Kber das Gravitationsfeld eines M " o
_ . . P9 chwarzscni er aas Gravitationsield eines Massenpunktes nac

as the above-mentioned a_forememlonec_l myth about the i der Einsteinischen Theori8itzungberichte der Kmniglich Preussischen

surpassable nature of the light speed limit, and also the myth axademie der Wissenschafo16, 189 196.

about the irreversibility of the arrow of time (which naturally 9. zeimanov A. On the relativistic theory of an anisotropic inhomoge-

depends on the physical conditions of observation iredi neous universe. The Abraham Zelmanov Journal, 2008, vol. 1, 33 63

ent space-time regions). There is also another myth saying (originally presented at the 6th Soviet Meeting on cosmogony, Moscow,

that the General Theory of Relativity can result in only small

corrections to Classical Mechanics and Electrodynamics (tH%

is not true on cosmological scales where the@s of Gen-

eral Relativity greatly rule), and many other biases concern-

ing Einstein’s theory.

Submitted on September 30, 201&ccepted on October 10, 2012

_Zelmanov A. Chronometric invariants. Dissertation, 1944. American

Stanyukovich K. On the Problem of the Existence of Stable Particles in
the MetagalaxyThe Abraham Zelmanov Journ@008, vol. 1, 99 110.

Setting ourselves free from these popular, primitive, anti-
progressive biases, and following the deeper versatile trajec-
tory (geometry) of the theory of space-time-matter estab-
lished by Albert Einstein, no doubt certain researchers could
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A Single Big Bang and Innumerable Similar Finite Observable Universes
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Gravity dominated Universe until it was 3.214 Gyr old and, after that, dark energy dom-
inates leading to an eternal expansion, no matter if the Universe is closed, at or open.
That is the prediction of the expansion factor recently proposed by Silva [2]. It is also
shown that there is an upper limit for the size of the Observable Univelatéve radial
comoving coordinatebeyond which nothing is observed by our fundamental observer,
on Earth. Our Observable Universe may be only a tiny portion of a much bigger Uni-
verse most of it unobservable to us. This leads to the idea that an endless number of
other fundamental observers may live on equal number of Observable Universes similar
to ours. An unique Big Bang originated an unique Universe, only part of it observable
to us.

1 Introduction expansion factor as you may well call it too:

Since 1929, with Hubble [1], we learned that our Observ- Eg !oToE t ! %
able Universe has been continuously expanding. Nearly all a(t) exp T 1
0
1

galaxies are moving away from us, the further they are, the
faster they move away. If the galaxies are moving apart to-
day, they certainly were closer together when the Universe
was younger. This led to the idea of the Big Bang theory,
which is the most accepted theory for the explanation on hewdHo is the so called Hubble constant, the value of the Hub-
the Universe began. According to it, all started from a phyile parameteH(t) att = Ty, the current age of the Universe.
ical singularity where all Universe matter-energy-space wdrspression (1) is supposed to be describing the expansion of
extremely concentrated with temperature well abov& K) the Universe from the beginning of the so calledtter era
when a cataclismic expansion ocurred and the size of it wént 10 4 Gyr, after the Big Bang). Right before that the
from a Planck’s length to some Gigayears (Gyrs) in an eé¥niverse went through the so calleadiation era Only the
tremely tiny fraction of a second. role of the matter (baryonic and non-baryonic) and the dark

According to the theory, as the Universe cooled, the r§nergy, both treated as perfect _uids are co_nsi_dgred. In our
building blocks of matter, quarks and electrons, were form&PTk the dark energy was associated toagpriori time de-
followed by the production of protons and neutrons. In miR€ndent () (cosmological constant ).

utes protons and neutrons aggregated to produce nuclei.  Figure 1 shows the expansion factit) as function of

Around 380,000 years after the Big Bang, there was { hee Universe age. In Figure 2 the behaviour of the expansion

e : : ctor accelerationa(t, is reproduced. Before = T, =
so called recombination era in which matter cooled enoughy, , ~ " claration was negative. and after that. acceler-
to allow formation of atoms transforming the Universe into g yn g ' :

. &tion is positive. To perform the numerical calculations we
transparent eletrically neutral gas. The rst photons that man- P P

aged to be traveling freely through the Universe constitute the
so called Cosmic Microwave Background (CMB) which are
detected today. This afterglow light study is very important
because they show how was the the Primeval Universe. Ne
step is the formation of the structure which gave rise to the
astronomical objects [4 10].

Today the Universe keeps expanding, but since 1998 w
learned that it has a positive acceleration rate. This indicatg
that there is something overcoming the gravity and that hal
been called dark energy. A completely characterization of th
dark energy is not done yet. Most researchers think it come
from the vacuum.

In previous papers [2, 3], we have succeeded in obtaining
an expression for the Universe scale factor or the Universe

@)

1+ HgTo > m(To)+ (To) 1

Fig. 1:a(t) = exp ot 71 |
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also known as the cosmic time. The functait) is the usual
expansion factor

<(t) .
< (To)’

here assumed to be that of Equation 1.

The FLRW metric embodies the so called Cosmological
Principle which says that the Universe is spatially homoge-
neous and isotropic in su cient large scales.

We have to set that our fundamental observer (on Earth)
occupies the = 0 position in the comoving reference sys-
tem. To reach him(her) at cosmic tirfie the CMB photons
spend timeT since their emission at time 380,000 yr,
after the Big Bang, at a speci c value of the comoving co-
ordinate . Let us call t this specic value of . We are
admitting that the emission of th@M B photons occured si-

a(t) = (4)

Fig.2:at) =a(t) Ho £ (1 )} Ho &

have used the following values [11]: multaneously for all possible values of Although that hap-
pened at 380,000 yr, for purposes of integrations ahead it
Ho= 6932 kmsMpc ! is assumed to be 0 with no considerable loss.
= 0:0709 Gyr?; Having said that, we can write, for the trajectory followed
To= 13772 Gyr, (2) by aCMBphoton s =0,d =d =0),the following:
m(To) = 0:2865 cdt
(To) = 0:7135 <o~ ©)
In reference [2], some properties such as Gaussian curva- Z Z,
ture K(t), Ricci scalar curvatur®(t), matter and dark energy Ldt = d: (6)
density parameters @, ), matter and dark energy densi- o <() T
ties (m; ), were calculated and plotted against the age of c Z: 1
the Universe, fok = +1;0; 1. It was found that the cur- T = —dt; (7
rent curvature radius (To) has to be larger than 100 Gly, for <(To) o a@®

k = 1: Obviously, fork = 0,< = 1: So, arbitrarily [2], Theevents ( =0;t = T)and( = 1;t = 0) are con-

we have chosefr (Tg) = 102 Gly. None of the results werenected by a null geodesics. The rst event is relative to the

su cient to decide which value dfis more appropriate for fundamental Observer, while the second event refers to the

the Universe. The bigger the radius of curvature, the less amaission of the CMB photons &t 0 as explained above.

can distinguish which should be the righamong the three 1 gets bigger a3 increases which means thhe older the

possible values. Considering that, we pick the most intuititmiverse gets, the further the referred Observer sees from the

geometry, at least in our view, we work here with the clos&MB.

Universe version. The comoving coordinate which corresponds to the cur-
rent edge (horizon) of our Observable Universe is

2 Closed Universe 7

c To 1

The closed Universe Friedmann - Lemaitre - Robertson - = — —dt
7 <Moo alt
0

Walker (FLRW) spacetime metric is given by [4 10]: 7 I
To :

C HoTo i t %ﬂ (8)
d¢= <2(t) d 2+si? d2+si? d 2 cd? T @) o OF T
0:275 Radians= 15.7 Degrees

= <2(To)a®(t) d 2+si? d2+siP d2 (3)

c2dt?; where, againg (Ty) is assumed to be 102 Gly for the rea-
son exposed in reference [ (Tg) > 100 Gly). Very much
where , and are comoving space coordinates (0 probably< (To) should be much greater than that. The value
, 0 and, 0 2 ), t is the time shown by of the current curvature radius is crucial in the sense of deter-
any observer clock in the comoving system(t) is the scale mining the coordinate r,.
factor in units of distance; actually it radius of curvatureof So CMB photons emitted at, andt = 0 should ar-
the Universe as already said in previous section. Thetiimerive at = 0 andt = Ty, the current age. Along their
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-
-
3

. Ry : RTO . . .
Fig. 4:rr = | g&dt —=dt. The relative radial comoving
coordinatet, from whichCMB photons leave, at ( 0), and reach
relative comoving coordinate = 0 at aget = T gives the relative
position of the edge of the Observable Universe{ ! 1:697).
(Axes were switched.)

Obviously, at agerT, rt is the relative measure of the

edge position with respect to the fundamental observer
=0

( =0 7. z.

1 1
rr = —dt —df;

o a) o a)

andrr, = 1. For a plot ofrt see Figure 4.

(10)

3 Observable Universes

One question that should come out of the mind of the funda-
Fig. 3: The null geodesics connecting two events;,{t 0) and mental observeris: Is there a maximum value for the relative
( =0t=To); (2rst 0)and ( = 0; t = 2Tg). The null comoving coordinate? What would be the value af; ?
geodesic between ( = 1:697 1,;t O)and( =0; t=1) will By calculatingr; , we get
never be accomplished. (T) is radius of curvature at age z, z .
! 0

2t L t= 1697 (11)
whole trajectory, other photons emitted, at later times, by as- o a@ o a(
tronomical objects that lie on the way, join the troop before 14 our fundamental observer (Earth), there is an upper
reaching the fundamental observer. So he(she) while lo@ksit for the relative comoving coordinate = r; = 1:697,

ing outwards deep into the sky, may see all the informatig@yond that no astronomical object caer be seen by such
‘collected’ along the trajectory of primordi&@MB photons. f,,damental observer.

Other photons emitted at the same time 0, ata comoving  Thjs should raise a very interesting point under consider-

position > 1, willreach = 0 att > Ty, together with 44jon.

the other photons provenient from astronomical objects along Any other fundamental observer placed at a relative co-

the way. As'the pniverse gets older, itg edge becomes MQiRving coordinate > 2r; (> 2 1), with respect to ours,

distant and its size gets bigger. See Figure 3. will never be able to see what is meant to be our Observable
The current value for 1, should actually be smaller thanynjyerse. He (she) will be in the middle of another visible

0:275 Radians, because, as we said abevd,o) should be ortion of the same whole Universe; He (she) will be think-

ri

greater than the assumed value (102 Gly). ing that he (she) lives in an Observable Universe, just like
~ To getrid of such dependence sr(To), we nd conve- o5 Everything we have been debating here should equally
nient to work with the ratia be applicable to such an 'other’ Observable Universe.
The maximum possible value ofis  (Equation 3), then
r _T? (9)  the maximum value of should be at least 143. Just re-
° call thatr = 1 when = .. This 1, was overevalu-

which we shall call theelative radial comaeing coordinate ated as being :275 Radians= 15.7 Degrees, in equation (8)
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Universe, just like ours; he (she) would never be able to ob-
serve our Universe. Perhaps he (she) might be thinking that
his (her) Observable Universe is the only one to exist. An
endless number of other fundamental observers and an equal
number of Observable Universes similar to ours may clearly
exist. Situations in which overlapping Universes should exist
too. See Figure 5.

The fact is that the Big Bang originated a big Universe.
A tiny portion of that is what we call our Observable Uni-
verse. The rest is unobservable to our fundamental observer
(Earth). Equal portions of the rest may be called also Observ-
able Universes by each of their fundamental observers if they
exist. So we may speak about many Observable Universes - a
Fig. 5: This illustration tries to show schematically a hypersurfaggltiverse - or about only one Universe, a small part of it is
attimeT with our Observable Universe surrounded by other similg,sarvable to the fundamental observer.
Qbservable Universes, arbitrarily positioned, some of them overlap- By using the expansion factor here discussed we have also
ping. succeeded in nding a generalization of Hubble’s Law, which

may be found in reference [13].

when considering the current radius of curvature g3o) = The expansion factor, Equation 1, proposed in reference
102 Gly. As found in reference [% (To) should be big- [2] has been shown to be a very good candidate to be describ-
ger than that, not smaller. Consequently the realshould ing the expansion of the Universe.
be smaller than:@75 Radians= 15:7 Degrees, not bigger.
One direct consequence of this is that there is room for the
ocurrence of a large number of isolated simi@sevable References

Universegust like ours. . . . 1. Hubble E. Arelation between distance and radial velocity among extra-
We may §ay that the Big Bang gave b|r_th to allarge uni- galactic nebulaeProceedings of the National Academy of Sciences of
verse, of which our current Observable Universe is part, per- the United States of America929, v. 15(3), 168 173.

haps a tiny part. The rest is unobservable to us and an engl- Siva N.P. A Model for the Expansion of the Universerogress in
less number of portions just the size of our Observable Uni- Physics2014, v.10(2), 93 97.

verse certainly exist, each one with their fundamental ob3. Silva N.P. A Closed Universe Expanding Forevrogress in Physics
server, very much probably discussing the same Physics as2014: V-10(3). 191 195.
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us.

Of course, we have to consider also the cases of overlag—

ping Observable Universes.

One important thing is that we are talking abouae Uni-
verse originated fromone Big Bang which is not observ-
able as a whole, and that may contairany other Observ-
able Universesimilar to ours. Would it be aMultiverse?
See Figure 5.

4 Conclusion

The expansion factoa(t) = exp Hfo L

=1+HoTo % m(To)+ (To) 1 = 0:5804[2], is ap-
plied to our Universe, here treated as being cloged ¢1).

1 , where

Some very interesting conclusions were drawn. One of them

is that the radial relative comoving coordinatemeasured
from the fundamental observer, = 0 (on Earth), to the

edge (horizon) of our Observable Universe has an uppeg

limit. We found thatr ! 1:697 whenT ! 1 . Therefore all

astronomical objects which lie beyond such limit would never

be observed by our fundamental observer5 0). On the
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The present study is an investigation of stellar physics based on observables such as
mass, luminosity, radius, and photosphere temperature. We collected a dataset of these
characteristics for 360 stars, and diagramed the relationships between their characteris-
tics and their type (white dwarf, red dwarf, main sequence star, giant, supergiant, hyper-
giant, Wolf-Rayet, carbon star, etc.). For stars dominated by radiation pressure in the
photosphere which follow the Eddington luminosity, we computed the opacity and cross
section to photon ux per hydrogen nuclei in the photosphere. We considered the Sun
as an example of star dominated by gas pressure in the photosphere, and estimated the
density of the solar photosphere using limb darkening and assuming the adiabatic gradi-
ent of a monoatomic gas. We then estimated the cross section per hydrogen nuclei in the
plasma of the solar photosphere, which we found to be ab66t 210 26 m?, whereas

the cross section of neutral hydrogen as given by the Bohr mode$2s 810 2! m?.

This result suggests that the electrons and protons in the plasma are virtually detached.
Hence, a hydrogen plasma may be represented as a gas mixture of electrons and pro-
tons. If the stellar photosphere was made of large hydrogen atoms or ions such as the
ones we nd in gases, its surface would evaporate due to the high temperatures.

1 Introduction required to sustain fusion, the volume of the fusing
core increases as hydrostatic pressure increases. Ac-
cording to the Arrhenius equation, reaction kinetics are
highly dependent on temperature. Note that the Ar-
rhenius equation assumes the Maxwell-Boltzmann dis-
tribution, and the relationship would be dirent for a
Fermi gas.

The present study is an investigation of stellar physics based
on characteristics such as mass, luminosity, radius, and pho-
tosphere temperature. We analysed a set of 360 stars for
which we collected available data from the literature. The set
included white dwarfs, red dwarfs, main sequence stars, gi-
ant stars, Wolf-Rayet stars, carbon stars, etc. Let us introduce
the basics to get a sense of how stars regulate fusion reactions The density in the core of the star increases as hydro-
and the basic principles of stellar dynamics. static pressure increases. Hence, a larger quantity of
We can easily infer that stellar equilibrium is driven by matter would be subject to fusion in the core of the star.
hydrostatic pressure. The internal pressure of a star is de- The kinetic rate of fusion (i.e. the reaction rate or
termined by the radiation pressure and gas pressure, which  gpeed) may increase as pressure increases.
counterbalance the hydrostatatic pressure from gravitation
and prevent the star from collapsing. Radiation pressure andThese are the mechanisms we propose regulate a star. In
gas pressure are temperature dependent. When a star cogi@nie instances the volume and luminosity of the star oscil-
experiences a drop in internal pressure that causes the sti#tg$. These are the so-called variable stars. A notable ex-
contract. This contraction will cause an increase in the hydample of variable stars are the Cepheid variables. They are
static pressure within the star. The gravitational force exertgtpwn for a method to measure distances based on the period
by the inner mass of the star on a particule at a given rad@fstheir oscillation. As there is a relationship between the
is Fg = % wherer is the radiusM, the interior mass of Period of the star’s oscillations and its luminosity, one can in-
the star up to radius m, the mass of the particule, a®ithe fgr the intrinsic_ Iuminos.ity and compute the dis.tance. Several
gravitational constant. Therefore, the more the star contraélis grent theories explain the oscillations of variable stars. We
the higher the hydrostatic pressure. The increase in hydegUmerate some possible mechanisms below:
static pressure increases_ the rate of fus_ion, which produces Tha _mechanism or Eddington valve is the most popu-
excess heat. In ret_urn, this excess heat increases the gas gnd lar theory explaining variable Cepheids [1]. According
radiation pressure in the star causing the star to expand. This to this theory,
process repeats until the star reaches a certain equilibrium.
Nuclear fusion, therefore, is driven by the hydrostatic
pressure in stars. There are three possible mechanisms by
which hydrostatic pressure could ect the fusion power of
stars:

doubly ionized helium is more opaque
than single ionized helium. As helium in the star heats,
it becomes more ionized and less transparent so that
the heat is retained longer. As the star expands, it cools
and its helium becomes less ionized and hence more
transparent, allowing the heat to escape. Then the star
Assuming that a minimum pressure or temperature is  contracts again and the process repeats.
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Another mechanism would be a change in the regimesiérs, at an earlier stage of matter compression than neutron
the fusion reactions for certain thresholds in the hydrstars. Neutron stars are composed of neutronium, a compact
static pressure of the star. For example, fusion of hegack of neutrons, and have densities around'’ kg/m?3.

ier elements in the core of large stars could ignite aMghite dwarfs have densities around’16 10° kg/mq. Elec-
certain temperature threshold and produce large temon degeneracy pressure is the mechanism which supposedly
perature spikes causing the star to oscillate. This thprevents the further collapse of white dwarfs. Degeneracy of
ory would be applicable to massive stars where fusiomatter from gravitational collapse starts at the core of the star.
of heavy elements in the core occurs. Sometimes the core of the star collapses into a neutron star or

The ageing model of the core could also explain vaf-black hole while the outer shell of the star explodes into a
able stars. Let us consider a star fusing hydrogen irfgPernova. Red giants of masses comparable to the Sun gen-
helium when the star has too low a mass to ignite natally blow out their outer layer at the end of their life to form
lium fusion. As the star ages, the helium core grOWgl,anetary nebulae, leaving a white dwarf in _the core.
and the shell of fusing hydrogen around the core thins. We nd that stellar photosphere dynamics are crucial in
Let us say the hydrogen shell heats the core, makfﬂi@ determination of the power of stars as measured by their
it expand and push the hydrogen shell to the exteri$#minosity. We cannot miss the notable work of Arthur Ed-
the temperature of the shell would fall below the ignfAington on the dynamics of stars dominated by radiation pres-
tion point, and switch o hydrogen fusion. Then thesure in the photosphere, according to which, the luminosity of
core would cool, returning the hydrogen shell to the i@uch_ starsis prop.ort.ional to their mass. Using data from stars
nition point and switching hydrogen fusion on agaiﬁj_omlnated by radlgtlon pressure in their phptosphere, we can
This pattern would repeat in cycles. This theory wouRStimate the opacity parameter. We also discuss models and
apply to stars with small cores and explain the type fictors which may aect opacity, as this is a preponderant pa-
Cepheids, which have about half the mass of the Stneter for radiative heat transfer, a key component of stellar

and therefore are not massive enough to fuse he”unmodels. For stellar models we also need boundary condi-
tions such as the density of the photosphere. We show how

Temperature driven kinetics for fusion reactions m% estimate the density of the solar photosphere using limb
also induce stellar oscillations. If the kinetic rate o y P P 9

fusion increases as temperature increases, a Sma"dl%r_kenmg. According to the standard solgr mOdel’ there is a
Ia%er at the surface of the Sun where radiative heat transfer

crease in temperature at the core would cause Iarg . :
: IS not e cient enough and convection takes place. The pho-
temperature spikes. Then the star would expand oyer

. . . . tosphere can be viewed as a plasma surface; hence using a
a long period of time before cooling and contractin

again. Note that this process would cause stars to% del of the sqrface we can compute the cross section per
r\}\ydrogen nuclei in the photosphere. We computed the cross

unstable. The fact that the Sun is stable with very IOsection er hydrogen nuclei from radiation pressure and gas

oscillations of order 0.1 % of its luminosity would be per hyadrog P 9
. : indyressure, and found that both values match closely. From the

a counter example of temperature driven fusion kinet- . . . .

. o . - ..£ross section per hydrogen nuclei we obtained, we can infer

ics, unless the sensitivity of the fusion-kinetic rate wit at in stellar plasma the electrons and nuclei are virually de-

respect to temperature is very small. P y

tached. Therefore, stellar plasma may be represented as a gas
When a star has exhausted the nuclear supply at its carésture of electrons and nuclei. We discuss the modelling

it will cool. This will eventually trigger a gravitational col-implications of this representation of stellar plasma.

lapse. When the star contracts, the depleted nuclear fusion at

its core would not be able to counterbalance the hydrostagic Overview of stellar data

pressure. As the radius of the star diminishes, the graviglérs form a verv heterogeneous aroun having various lumi-
tional force acting on the particles of the star increases pro- y 9 group 9

ortionally to L The aravitational collanse of the star Canosities, masses, temperatures, and densitities. In the below
P y10r- 9 P Hiagrams we show the relationships between these character-

lead to the formation of a black hole on one extreme or a su- . . :
lsgcs for the stars in our catalog. In section 2.1 we introduce

pernova at the other. The latter occurs if at a certain pog;‘e classi cation of stars we used for the diagrams. Section

during the collapse the pressure is so high that it triggers ) . . .
sion reactions in series at a very fast rate, causing the § 'zgrShOWS the stellar diagrams we obtained with a emphasise

to explode and leading to the formation of up to the heaviesl their interpretation.

elements of the Mendeleev table such as uranium. A blafli Classi cation of stars

hole would form if fusion does not halt the gravitational col-*

lapse. In some instances gravitational collapse stops befétars can be classi ed according to their spectra, color, and
the formation of a black hole, producing a neutron star size. Stellar spectra provide precious information about their
white dwarf. These are intermediary stages before the formémospheric composition by analyzing their spectral lines,
tion of a black hole. White dwarfs are less dense than neuteord surface temperature from Planck’s law of black-body

Yuri Heymann. Physical Properties of Stars and Stellar Dynamics 81



Volume 13 (2017)

PROGRESS IN PHYSICS

Issue 2 (April)

spectrum. We divided the stars in our catalog according to the
below groups:

82

White dwarfs are degenerated stars which are very
dense and composed mostly of electron-degenerate
matter. They have masses comparable to that of the
Sun, volumes comparable to that of Earth, and are very
faint. Some white dwarfs are classi ed as helium stars
as they have very strong helium lines and weak hydro-
gen lines [2].

Brown dwarfs have masses comprised in the range of
13 to 80 Jupiter masses. Their mass is below the thresh-
old needed to fuse hydrogen, but enough to fuse deu-
terium.

Red dwarfs have masses in the range of 0.075 to 0.6 so-
lar masses, and surface temperatures below 4,000 K. A
count the stars nearest to earth, it was estimated that red
dwarfs comprise about 80% of the stars in the Milky
Way.

Yellow dwarfs are main-sequence stars of comparable
mass to the Sun, with a surface temperature between
5,300 and 6,000 K. We created a broader group that we
called yellow main sequence stars to include all stars
with masses between 0.6 and 1.7 solar masses, and a
temperature between 4,200 and 7,200 K.

A-type stars are main-sequence stars of spectral typ
of 1.4 to 2.1 solar masses, and a surface temperatuie

Supergiants are stars with luminosities between those
of the giants and hypergiants on the Hertzsprung-Rus-
sell diagram. They are divided into red supergiants,
orange supergiants, and blue supergiants according to
their surface temperatures. The red ones have surface
temperatures between 3,200 and 4,000 K, the orange
ones between 4,000 and 7,000 K, and the blue ones
between 7,000 and 50,000 K.

Hypergiants are stars with tremendous luminosities on
the high end of the Hertzsprung-Russell diagram. They
are divided into red hypergiants, yellow hypergiants,
and blue hypergiants according to their surface temper-
atures. The temperature ranges are the same as for su-
pergiants with the yellow group replacing the orange
stars of the supergiant category.

Wolf-Rayet stars are evolved massive stars which are
fusing helium or heavier elements in the core. They
have spectra showing broad emission lines of highly
ionized helium and nitrogen or carbon. Most Wolf-
Rayet stars have lost their outer hydrogen and have
an atmosphere predominantly made of helium. Their
surface temperature ranges between 30,000 and
200,000 K. A subgroup of Wolf-Rayet stars referred
to as WO stars have strong oxygen emission lines, in-
dicating the star is on the oxygen sequence.

Stellar diagrams

between 7,600 and 11,500 K. Their spectra have strdhgthe current section we display several diagrams showing

hydrogen Balmer absorption lines.

B-type stars are main-sequence stars of 2 to 16 scf[
masses, and a surface temperature between 10,000
30,000 K. Their spectra have non-ionized helium lineg.

the relationship among the characteristics of stars along with

(?ir classi cation. Figure 1 shows the relationship between
Eﬁduminosity and mass of stars, Figure 2 the relationship
etween the volume and the luminosity of stars, and Figure

the relationship between the average density of stars and
Subgiants are stars at an intermediary stage of evqlé'lhperature of the photosphere.
tion before becoming giants. These stars are brighter gijgre 1 shows that red giants are much more luminous
tha