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Abstract

t is shown that the gravitational mass-energy defect could be the main cause of
Big Bang energy and triggering inflation in the newborn Universe. The results
were obtained on the basis of modified classical Einstein equations, which is
caused by the need to take into account an important mathematical fact that
Einstein could not have known in his time.
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1. Introduction

The most likely reason for the formation of a visible expanding universe is
its spontaneous appearance as a point-like object as a result of the instability
and fluctuations of the vacuum [? ? 3].

However, the fundamental law of conservation of energy prohibits the ap-
pearance of an observable matter in the Universe "from nothing". On a macroscale,
we can assume that the total energy of the Universe is E = EO -Eb, where EO
is the gravitational binding energy. Therefore, contradictions with the law of
conservation of energy can be avoided if the total energy of the Universe is zero.
The hope for this has been repeatedly expressed, for example, by Hoging and
Zeldovich. The main reason preventing the solution of this question quanti-
tatively is the absence of a correct expression for the gravitational energy in
general relativity.

The only, more or less rigorous basis for this hope is the result of Landau and
Lifshitz™~ [8], who, on the basis of the pseudo-tensor of the energy-momentum
proves this fact within the framework of GR for a particular model and for
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a particular coordinate system. However, no one has proved that this result
does not depend on the choice of the coordinate system, and therefore puts the
conclusions into question.

In addition, it is not clear what the meaning of the equality E = 0 has for a
spatially infinite universe.

Another possibility is being explored here. The law of conservation of energy
does not prohibit the appearance of any mass. It only requires that the inert
mass formed in some way, which is inevitably accompanied by the gravitational
binding energy, must immediately be released in the form of kinetic energy and
radiation.

The correct expression for the gravitational binding energy can be obtained
based on the modified Einstein equations. This modification is not a fantasy of
the author. It is necessary in order to bring into agreement with an important
mathematical fact that the creator of general relativity may not have known in
his time.

2. Projectively invariant bimetric equation of gravitation

2.1. General Properties

The need to modify the Einstein equations follows from the fact that math-
ematicians discovered many years after the appearance of the classical Einstein
equations.

All Christoffel symbols fgw(x) obtained by the transformations

T, (z) =T%, (z) + 05 ¢4(z) + 0%0s(), (1)

where ¢g(z) are an arbitrary differentiable vector-function, describe the same
gravitational field because the geodesic equations remain invariant under this
transformation[13].

This is most easily seen if the geodesic equation is written as

i+ (0§, — ¢ 'Th,d*)i =0 (2)

were points denote differentiation with respect to t = 2°/c, ¢ is speed of light.
However, Einstein’s equations are not invariant with respect to such transformations|14]
because, for example, the Ricci tensor is transformed under (1) as follows

Ra,@ - Raﬁ - (baﬁa (3)

where @3 = Pa;8 — PaPs, and ¢,p is a covariant derivative of ¢, with respect
to 2.

Transformation (1) induces some mapping gog — g, 3 of the metric tensor
gap [13]. Consequently , such transformations should be some gauge transfor-
mations in any theory based on the hypothesis of motion of free test particles
alone geodesic lines . Only objects that are projectively (geodesically) invariant
can have physical meaning in such theory.
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2.1 General Properties 3

In paper [9] a theory in which geodesic mappings play a role of gauge trans-
formations is considered.

The only projectively invariant object which can be created by Chrisoffel
symbols is the Thomas symbols

M, =T1,—(n+1)"" |61z + 0T, (4)

where I', = Fgﬁ.
However, II7 5 is not a tensor. A tensor object can be formed only within
the framework of a bimetric theory. It is of the form [9]:

o«
Bj, =15, — g, (5)
where
o7 oY _ ’yo ’YO

(o) OIB
and I'y = I', 3 , are the Thomas symbols in Minkowski space in a coordinate

system used.
The simplest bimetric geodesic-invariant generalization of Einstein’s vacuum
equations is [9] :
VoB§, = BB, (7)

The symbol V,, denotes a covariant derivative in Minkowski space with respect
to <.

These equations have similarities to vacuum equations of classical electro-
dynamics in Minkowski space:

FY

ary =0, Fap = 0aAp(x) — OpAa(),

which are invariant relative to mappings of 4-potentials: A, — A,+¢(x)4.
However, egs. (7) contains the right-hand side which expresses self-interaction
of gravitation.

When we select the covariant gauge conditions in the form @, = Fg 5 ng 5=
0, equations (7) coincide with the classical vacuum Einstein equations R.g = 0.
In other words, the classic vacuum Einstein’s equations are equations (7) at the
gauge conditions @, = 0.

These equations lead to the same results that Einstein’s equations at the
distances r from a gravity center which is much larger of the Schwarzschild
radius r, of the central mass [15]. However, gravity properties become quite
different when the distance approaches r,. Instead of the classic Newtonian an
expression for force F' acting on a rest test mass m at rest we obtain:

FmMG< ”) (8)

r2 f
where ry = 2GM/c? is the Schwarzsschild radius of a dot mass M.
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2.2 Gravitational event horizon 4

A singularity in the center is missing in this model. The gravitational force
decreases within the Schwarzschild radius, and eventually tends to zero along
with the distance from the center.

The weakness of the gravitational
field inside the Schwarzchild radius
leads to the possibility of the ex-
istence of cold stable supermassive — -0.05
objects without an event horizon,
which are an alternative to super-
massive black holes in the centers of
galaxies[14, 13, 15]. This modifica- 02l
tion of the classic Newtonian law is
also consistent with recent observa-
tions. Observation of gravitational 03
waves during the merging of super- r/ry
massive objects do not allow us to
identify the nature of the objects. Figure 1: The force acting rest-particle closes

The existence of supermassive ob-  the Schwarzschild radius in arbitrary units.
jects without event horizon also does
not contradict the result obtained with Event Horizon Telescope (EHT) col-
laboration observations [19] Remarkable result Event Horizon Telescope (EHT)
demonstrates the existence of supermassive objects in the centers of galaxies,
but it still does not make it possible to uniquely establish their nature.

CF=FG/r)

’"FNet(mian

0.1 F

-0.15 -

Force

-0.25

2.2. Gravitational event horizon

In this paper, we start from a standard cosmological principle. However,
the physical meaning of the existence of the Minkowski space along with the
Riemannian space in equations (7) requires serious justification.

This problem is considered in [10] in detail, and in Section 6 briefly. In
present Section, we simply postulate that Riemannian and Minkowskian geom-
etry are, at least locally, two physically equivalent possibilities.

According to this, we can consider the motion of a test particle in Minkowski
space by a Lagrangian L(z,4), or equvalent in space-time with line element

ds = (gag(a:)d:cadﬁ)l/z, which is connection with L by relation

ds = —(mc)™! dS(x,dx)

where S is the action S= [ L(z, &)dt.

The most important consequence of the equations of gravitation under con-
sideration for cosmology is that for any observer, the influence of the Universe
gravity to remote objects is mainly limited by some distance R,.

The Lagrangian, which is invariant with respect to mapping t — —t and
describes the motion of test particles in the the spherically symmetric field of a
mass M in Minkowski space has the form:

L= mc[A(r)f"Q + B(r)(éQ +sin%0 (pz) _ 020(’[")]1/2 )
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2.2 Gravitational event horizon 5

The solution of the equations (5) at the conditions

lim A(r) =1, lim (B(r)/r?) =1, Tlgrolo C(r)y=1 (10)

T—00 r—00

is given by :

C=1-ry/f, [ =0 +r)/% B=f?, an
A=rt/f1C, ry =2GM/c?
In [9, 10] was shown that the equations of motion of a test particle resulting
from this solution do not change if A, B, C are functions not only of r, but also
of time ¢. Since the equations of motion determine the properties of the field,
this means that spherically symmetric solution is static. This proves the analog
of the Birkhoff theorem. However, this is not surprising since Einstein’s vacuum
equations are equations (7) at the gauge defined by the condition @, = 0. In
other words, in the gauge used, these equations are equivalent to the system

Ras =0

Qa:0~

The solution (11 ) is valid for any spherically symmetric substance, therefore
it is correct inside the spherical hollow shell as well. Gravitational field is absent
here since M(r) = 0, and the space-time is pseudo-Euclidean. Consequently,
the matter of the spherical shell does not affect the gravity inside the shell. This
important conclusion will be used hereafter.

A projectively invariant generalization of Einstein’s equations in the presence
of matter can also be obtained [9]. We do not use them, since their validity by
comparison with observations is difficult to verify.

It is easy to see that the main peculiarity of this solution is that functions
A, B, an C tend to their values in the Minkowski space (A=1,B=r,C =1
) at r/rg — 0, i.e., when the matter radius is much less then the Schwarzschild
radius.

Consider when this condition can be satisfied.

For this, we must take into account that the radius of a homogeneous sphere,
which is equal to the Schwarzschild radius of the matter contained in it, is

/3
R, = 12
9= ¢ 87Gp (12)
where p is the density.

Radius R of an mass becomes less than R, in two cases:

1. This happens at densities of the order of 10*+10° g/ecm?. For example, for
density of 105g/cm3, R, is equal in order to the radius of the Sun. In such cases,
due to the weakness of gravity inside Ry, the substance may have a huge mass
[14, 15, 16, 13]. Such configurations are candidates for supermassive objects in
the centers of galaxies.
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2.2 Gravitational event horizon 6

2. At a very low average den-
sity of the visible Universe, the dis- ol ‘ e

. 10°° 1 s 1

tance to the object becomes less than Lo

the Schwarzschild radius of the mat-

ter contained in it already at R > 105}

10%8¢m.
2 P

. . . 20 L -
More information can be obtained 1050 R

if we consider the force F' = mi (
or acceleration ) acting on a test

1015 L L L

particle of mass m as a function 10%0 1122;“1] 10%
of the distance r from the observer.
For a free radial motion of a test Figure 2: 74(R) vs. the distance R
particle Lagrangian (9) is: L =
—mc (02(7 — A7"2)1/2 . It has the energy integral

cC —

=F (13)

(c2C — AF2)/?

where 7 = dr/dt, E = E/mc? and E is the energy of the particle. This equation
gives the velocity v = 7 as a function of r:

4 p4
v? = c? OTI (1 - ECQ) (14)
For parameter E three variants are possible: E > 1, F < 1 and E = 1.
However, only E =1 is consistent with observations.
Indeed, the distance to nearby galaxies satisfies inequality = > 7, where
ry = 2GM/c*and M = 4/3mpr3. At this condition, f ~ r, and C =1 —r,/r.
Consequently, we obtain from (14) that

v=Hr,

where
H=/(8/3)nGp=1.8-10"8s""

at p=6-1073%g/cm3. This is consistent with the observations.

If E # 1, then equation (14) does not lead to the Hubble law since v does
not tend to zero when r — 0. For this reason, we set £ = 1.

With eq. (14) we can obtain a graph of the acceleration a = vdv/dr as a
function of the distance to a test particle.

It is very useful to compare the acceleration of a free test particle close a
point mass M and this value in the Universe close distance of 102®cm., which
are given in fig 3 and 4.

2In this paper, we assume that the average density of the visible Universe is equal to 6-10~28
since this value leads to satisfactory agreement between our theoretical Hubble diagram and
the observed one[9].
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2.2 Gravitational event horizon 7

Acceleration

/1

Figure 3: Acceleration (arbitrary units) of free-falling test particles to a central point mass
M as the function of the distance from the mass in the Schwarzschild radius’s. The value E
is the dimensionless energy E/m.

x10°°

T\ " E=08

Acceleration

20 b

102 1028 1027 1028 1028 1030
R, [em]

Figure 4: Acceleration of test particles in the Universe at the distance vicinity of R = 1028cm.

A comparison of graphs 3 and 4 shows that they have similar features, since
in both cases, accelerations are considered in the area where the equality r/r, =
1 holds.

Two conclusions can be made from figure 4.

1. The Schwarzschild radius R, becomes more than R at R > 1.5 - 10%8¢cm.
Before this, at R = 6-10%7cm, the acceleration change sign, in analogy with the
particle free falling to a point mass (fig 2). If R > 6-102"cm, the acceleration is
positive. Hence, for sufficiently large radius R the gravitational force gives rise
to an acceleration of remote galaxies.

This is a natural explanation of the observed acceleration of the expanding
Universe, which is confirmed by the satisfactory coincidence of the theoretical
and the real Hubble diagram [9]. Besides, in the next section, additional justi-
fication for this statement provides by calculating the deceleration parameter.

2. At R > 10%8¢m, gravitational force F = mR affecting the particles,
quickly tends to zero when R tends to the infinity. The reason for the fact
is that the ratio R/R, tends to zero when R tends to infinity. Consequently,
the gravitational influence on galaxies at large distance R caused mainly by the
matter insider of the sphere of the radius R, whicTypically, the Schwarzschild
radius is small compared with the dimensions of celestial objects. That is,
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2.2 Gravitational event horizon 8

almost always the condition r >> r, is executed. Therefore, for comparison with
observations in most cases only the expansion of functions A(x), f(z), and C(x)
in a Taylor series in powers of ¢ = r,/r are of interest.

Accurate to terms of second order with respect to ¢ these functions are of
the form:

C=1-¢, B=r’, A=1+¢+¢ (15)

Therefore, in a first approximation, the line element ds?  of the field in the
rest frame coincides with the commonly used expression in general relativity:

ds® = (1 — ¢)dz" — (1+ ¢) dr® — r*[d6> + sin® 0 dg).

And to this accuracy all observed effects, of course, will be the same as in the
general theory of relativity.

This shows that the observed effects differ from the results that follow
from the Einstein equations only when the Schwarzschild radius is approached5
;\55432

\<... h can be called “a gravitational event horizon”.

Thus, the solution of the gravitational equations under consideration are
valid in the infinite Universe due to the peculiarity of the gravitational force and
the fact that the functions A, B, and C tend to their values in the Minkowski
space at distances shorter than the Schwarzschild radius.

For this reason, only the mass of the Universe within a radius of R, has a
physical meaning for studying the history of the Universe.

2.2.1. Deceleration parameter

Calculation of the deceleration parameter is an important method for check-
ing the relativistic expression used above for the speed and acceleration of a test
particle in the expanding Universe.

The acceleration as a function of the distance is g = v’(r)v(r) where the
velocity v is given by (14). It allows us to find the value of the deceleration
parameter:

e o

¢=——3

The fig. 5 shows g as a function of the distance of an object from the
observer.

This graph shows that the observed value of present-day ¢y = —0.55 [18, 20]
corresponds to the geometrical distance of the remote objects of about 10%%cm.
It is consistent with fig. 4 that shows the acceleration of distance objects.

Physical meaning of the bimetricity

In Einstein’s classical theory, coordinates play a twofold and difficultly com-
patible role. On the one hand, coordinates are only a way to parameterize
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Figure 5: Parameter q vs. distance to the object.

events, that is, points in space-time. From this point of view, they are com-
pletely arbitrary. On the other hand, they play the role of gauge transforma-
tions.

However, the equations of motion of test particles admit invariance with
respect to projectively (geodesic) metrics (?7 ), and due to this fact, the equa-
tions defining a space-time metric must also be invariant with respect to these
transformations.

A projectively invariant generalization of Einstein’s equations seems to be
possible only within the framework of some bimetric theory of gravity.

Rosen [11] was the first to recognize the need for introducing Minkowski
space into theory. The possibility of considering Einstein’s equations in flat
space was also considered by some authors after the paper of Tirring[12].

The physical meaning of bimetrism used in the present paper is based on
ideas going back to Poincaré, who realized that there is a strange situation: In
order to characterize the properties of the geometry of space, we must know the
properties of measuring instruments, and in order to characterize the properties
of instruments, we must know the geometric space properties. In the modern
interpretation, this can be summarized as follows: The physical, operational
sense has only the aggregate "space-time geometry + properties of measuring
instruments" 10. In this form, this fact has never been realized in physics.

However, a step in its implementation can be made if we notice that it is
the reference frame used by the observer is the measuring tool that is necessary
to establish the geometric properties of space-time. Therefore, it should be
assumed that the following statement is true: Only the combination “space-
time geometry + properties of the reference frame used” has physical meaning.

Of course, by reference frame we mean here not a coordinate system, but a
physical device consisting of a reference body and a clock attached to it.

Remembering all the above, we now consider a classical field F in an inertial
reference system (I RF'), where space-time according to experience is Minkowski
space. The world lines of the particles of mass m moving under the action of the
field F form the reference body of a non-inertial reference which can be named
the proper reference frame (PRF) of the field F .
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2.2 Gravitational event horizon 10

If an observer in a PRF of the field F is at rest, his world line coincides with
the world line of some point of the reference body. It is obvious for the observer
that the accelerations of the point masses forming his reference body are equal
to zero in non-relativistic and relativistic meaning. That is, if the line element
of space-time in an inertial reference frame is denoted by do and u® = dz®/do
is the field of 4- velocities of the point masses forming the reference body, then
the absolute derivative of u® is equal to zero: 3

Du®/do = 0. (16)

(We mean that an arbitrary coordinate system is used.)

The same should occur in the PRF used. That is, if the line element of
space-time in the PFR is denoted by ds, the 4-velocity vector (* = dx®/ds
of the point-masses forming the reference body of the PRF should satisfy the

equation
D¢*/ds =0 (17)
The equation (17) uniquely determines the fundamental metric form in
PRFs.

Indeed, the differential equations of these world lines are at the same time
the Lagrange equations describing, in Minkowski space, the motion of the point
masses forming the reference bodies of the PRF. The eq. (17) can be derived
from a Lagrange action S by the principle of the least action. Therefore, the
equations of the geodesic lines can be obtained from a line element ds = k dS,
where k is a constant, dS = L(z,%)dt, and L(x,%) is a Lagrange function
describing, in Minkowski space, the motion of identical point masses m forming
the body reference of the PRF'. The constant k is equal to —(mc) ™}, as follows
from the analysis of the case when the frame of reference is inertial, when
L(z,&) = -mcds at the signature (+ - - -).

Thus, if we proceed from relativity of space and time in the Berkeley-Leibniz-
Mach-Poincaré (BLMP) sense, then the line element of space-time in PRF's can
be expected to have the following form [9]

ds = —(mc)~! dS(x, dx). (18)

For example, if the field F is electromagnetic, then the space-time in such
reference frames is Finslerian[9, 10]. And the space-time in the reference frames
comoving to an isentropic ideal fluid is conformal to the Minkowski space.

In the case of gravity, we proceed from Thirring’s assumption that gravity
is described by a tesor field ¥,g(x) and the Lagrangian describing the motion
of test particles has the form

L = —melgas() & 4]/

Then it is obvious from () that space-time in the PRF is Riemannian with
a linear element of the form

3WE USE NOTATIONS AND DEFINITIONS, FOLLOWING THE LANDAU AND LIFSHITZ BOOK [8].
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ds = (gas(@)dea?)/*

This conclusion leads to the possibility of a double interpretation of gravity.
Gravity can be considered as physical field ¢ in inertial reference frames and
manifests itself as curvature in its own reference frames (PRF's) of this field.*

In the present paper, the description of gravity in Minkowski space is used
since only in this case we can get a correct expression for the field energy.

3. The energy of the gravitational field

3.1. Motivation

The correct expression for the energy of the gravitational field can be ob-
tained directly from the equation for the gravitational force:

e (1)

for a spherically symmetric field.

We define the potential of the force F as U(r) = [; %T/)dr' .
Double differentiation of function U(r) gives

U 727U/ _ 2G2 M2
- r ch4
Now denote

e

As a result, we obtain that function U(r) satisfies the differential equation

VU = —47p (20)

where p = tgg/c?.

This equation has a clear physical meaning. This is the Poisson equation for
spherically symmetric field, in which p is the mass density of the gravitational
field created by the mass M. In the absence of another matter, only the density
of the gravitational field can lead to the fact that the potential will differ from
zZero.

The result obtained can also be written as

41) The question: "Where is this inertial reference frame ?" does not make sense, since
the properties of the reference system do not have a physical meaning in themselves. In the
concrete, we can imagine that we are in an inertial reference frame and consider the gravity
of the Universe as a physical field in Minkowski space, but we can also assume that we are
in the reference frame comoving to the radial flow of galaxies and consider space-time as
Riemannian.
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2
to() = I€2 f4 (21)
4
where kK = 4frg.
This gives
/ toodV = Mc?

Thus, the energy of a point mass is finite and equal to the expected value.

In addition, it should be noted also that the integration of density ¢y over
the volume of the visible Universe gives the correct value of its mass ~ 10°6g.

For this reason, we can consider (21) as the density energy of the gravita-
tional field of the mass M.

4. Gravitational mass-energy defect

Since we proceed from the law of gravitation, which does not have a singu-
larity, it is natural to think that the expansion of the visible Universe began
with a radius of zero, i.e. from a point mass.

If there is a gravitational event horizon, then the inert part of this mass was
equal in order of magnitude to the mass of the visible universe.

No macroscopic mass can be created without the gravitational binding en-
ergy, so the internal energy must have the form

E = Ey — E, where Ey = Myc?, My is inert mass of the created mater, E -
is the gravitational binding energy.

Let us consider what form the gravitational field of the above-mentioned
point mass in radius R.

From (21) we have

R (1 7ii)
Ezn /0 t()o(’l“)dv M()C 1 f(R) (22)
where ry = 2GMy/c? and f = (r} + R3)1/3,

The field energy includes inert rest energy. Therefore, this formula is essen-
tially the sum of the energy of the inertial mass and the binding gravitational
energy and is therefore nothing more than the equation £ = Ey — Ej for a
newborn observable universe .

The field energy outside the radius R is

inf
r
Fout = / too(r)dV = Myc? -2
R f
Therefore, the total value of this energy of a point mass is equal to Myc?. It is
this energy that is the conserved quantity. Therefore, since Myc? is less than
FE;y,, the gravitational binding energy should immediately be released from the


https://doi.org/10.20944/preprints202101.0122.v2

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 April 2021 d0i:10.20944/preprints202101.0122.v2

13

radius P in the form of kinetic energy and radiation. Apparently, this is the
physical reason for the expansion of the Universe.

In this case, when the radius R increases and Fj;,, decreases, the energy F,;
increases in accordance with the requirement to conserve the total energy.

It should also be noted that the growth of E;, continues up to a radius
corresponding to the observed mass of the Universe.

It should be noted that such a model of the expansion of the universe is
not unique and can occur anywhere in an infinite homogeneous and isotropic
universe. However, we have no physical reason to discuss such a phenomenon
as the birth of the universe as a whole. We can only talk about that region of
the universe that is accessible to observation.

Thus, the fulfillment of the law of conservation of energy does not need
zero energy of the Universe. The conserved quantity is the total energy of the
newborn universe, and the gravitational binding energy is a mass-energy defect
that is immediately removed from the internal energy to conserve total energy.

It is very important that the model under consideration can be compared
with observations since we know the density g, of the cosmic microwave radia-
tion and the corresponding redshift. The density is o, = 2107 *3erg/em?, and
redshift is z ~ 103.

Figure 7 shows the dependence of the radiation density E,/V in the volume
V' due to the gravitational mass-energy defect on the radius R of the expanding

Universe.
%1070 ‘
S [--E =10"erg
8 —E =10"7erg

S0 -10 [0y, lerg/cm?]
~
3y

10718 -

-20 L | i
10
1028 10%° 1030 10°!

R, [em]

Figure 6: The energy density of the radiation as the function of the Universe radius.

We see that the radiation density due tQ(; the gravitational mass-energy defect
is 2- 107 13erg/cm? at the radius ~ 510" em.

This distance is consistent with the graph in Fig.4 where the acceleration of
the particles is shown.

In addition, we can also find the relationship between the geometric distance
from the observer and the redshift z. It is obtained with a formula obtained in

[9]:

v(r) /e M?
= (C(T)—lm> 1 (23)
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where C(r) = 1—ry/(r} +73)1/3 and v(r) is the recession velocity in Minkowski
space at zero-density and pressure.

—_
o

n

Lk

Distance, [cm]

102
200 400 600 800 1000 1200 1400

7
Figure 7: R vs. z

It can be seen from figure 8 that the distance r ~ 5 - 102?c¢m corresponds to
the z = 10% which is CMBR density. This is consistence with observations.

It should be noted that all calculations in this model use a single parameter
- the average density of the visible universe.

5. Direct evidence for inflation

Although the model of inflationary cosmology is almost generally accepted
, the nature of the inflanton remains unclear. Therefore, it is not surprising
that attempts have been made to explain inflation without the need to use
hypothetical fields, and to obtain inflation as a consequence of the properties of
space-time in modified versions of the Einstein equations [23, 21, 22, 25, 24].

However, the triggering of inflation could also be the result of a gravitational
mass-energy defect in the newborn Universe.

Let us find the dependence of the radius of the spherically symmetric mass
E/c? on time during its expansion, due to the gravitational mass-energy defect.

Consider a test particle located on the edge of the expanding spherical mass
M. The desired dependence is determined by the change in the force acting
on this particle by the substance of the mass M in the process of the sphere
expansion.

External matter does not affect this due to the supposed homogeneity and
isotropy of the Universe, as well as due to the existence of the gravitational
event horizon.

To avoid doubts about the correctness of the result obtained by numerical
methods, we consider the solution of this problem in two different ways.
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Figure 8:

1. The Lagrangian for the motion of a particle during its radial expansion
of mass M in Mikowski space has the form (9)

L= —me(Cc® — Ar?)

where C' and A (11) are the functions of the distance r from the mass center.
The corresponding particles motion equation is

LC' (O AN
T_—CA—’—(C—M)T

Sometimes, the solution of this equation it is easy all obtained by the expres-
sion for the velocity ( 14) which follows from an integral of motion considered

in section 2 :
4 p4
2= 2O <7;f> . (24)

rd

The speed and acceleration do not have a singularity in the mass center, they
tend to zero together with distance r. The dependence of r on ¢ can be found
both for the expansion of mass from zero radius, and for history back in time,
starting from the radius of the visible Universe was approximately 1-10~1%¢m.
Figure 9 shows this solution.

2. Of course, the above method does not allow us to take into account the
influence of pressure, since we are dealing with a dust-like model of the Universe

The expansion of the Universe as a function of time, taking into account
pressure inside the mass M, can also be obtained by another method.
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It was shown in [15] that the motion of macroscopically small elements of
an isentropic fluid ("particles") of a mass m is described by the following La-

grangian® |
Ly = —mex (nagdi‘o‘di‘ﬁ) 12 (25)
where 7,3 is metric tensor of Minkowski space in coordinate system used,
w
X = p?’

w is the enthalpy per unit volume, p = mn, n is the particle number density.

This means that macroscopically small elements of the isentopic fluid move
along the geodesic lines of the Riemannian space with a line element ds =
(me)~dS where S = [ Lyg(z,2)dt Jie.,

ds = (Gag(m)da:ada:ﬂ) 1z

where Gog = X*1ap-

This space-time is conformal to the Minkowski one.

This result allows us to study the properties of a fluid by studying the
motion of its elements instead of studying the streamlines obtained by solving
the complex relativistic Euler equations.

For a radial motion in the expanding Universe in Minkowski space we have:

Ly = —mex(r) (62 — f2)1/2
The enthalpy of a fluid is W = E + pV wher E = poc? — Ey,. ,po = mn, and p
is the pressure. Consequently,
Eqr P
poc?  poc?
and the above Lagrangian yields the following equation of the radial motion of
“particles” at the Universe expansion:

i _2X () (1_7;). (26)

x=1-

x(r)
In order to solve this equation, we can sometimes use an integral of the
motion
mex Const (27)
————— = Const.
[1—(&/c)]"/?

5This approach is inspired by the existence of an effective numerical solution of problems of
hydrodynamics [16, 17|, known as Smoothed Particle Hydrodynamics (SPH). In this method,
a fluid is considered as composed by finite number of particle. These particles move under
the action of inter-particle forces which mimic effects of pressure, viscosity, and so on. Due to
the replacement of integration by summation over number of particles, continual derivatives
become the time derivative along the particle trajectory, and as a result, the motion of particles
governed by ordinary differential equations of classical mechanics.
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that yields the following equation of the motion of macroscopic small element
(“particle”) of the isentropic fluid

¢ -

where £ = E/mc? and E is the energy of the “particle”.

Since Hubble’s law in the absence of pressure must be satisfied, the constant
E must be equal to 1 in vacuum.

Below graphs of the solutions r = 7(t) of equation ( 26) are given at p = 0.

~
26
10 101
10°] 10"}
e E 8
- 1077
§10 ] §
1074 -
107
1077
10%1
n 1'04 1'08 1612 1(‘)16 1(‘)20 10 107 10" 10 1020 102 102
t, [s] t, [s]
Figure 9: The Universe radius r(t) start- Figure 10: The Universe velocity 7(¢) for
ing for the initial conditions: 7(0) = the initial condition: r(0) = 1071%cm.
1071%¢m. and #(0) = 0. and 7(0) = 0.

It should not be thought that there was a singularity before the exponential
expansion, since all the equations of motion of the test particles give zero velocity
when radius of the Universe tends to zero.

It should be noted that the above-obtained graphs of evolution of the ra-
dius of the expanding universe can be obtained in another way. The solution
(11) of equations (7), in Minkowski space, which is similar to the solution of
Schwarzschild in GR, allows you to get the distribution of velocities v(r) and
accelerations w = vdv/dr at an arbitrary radius r. The solution of the differen-
tial equation dr/dt = v(r) with the initial condition r(0) = 70 close to r0 = 0
gives the evolution of the geometric radius of the visible universe. It is similar
to that obtained on the graph above.

5.1. The time and energy before inflation

The purpose of this paper is to show that the gravitational mass-energy
defect is a likely cause of the Big Bang energy.
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5.1 The time and energy before inflation 18

There are at least two consequences of the considered model, which can
help further study the structure of the substance before inflation and study its
results.

1) Time ¢ on the graphs is not of course physical time. Physical time is
measured by the length of its own world line of particle motion. When the
particles of the newborn Universe move radially, the proper time is 7 = ds/c

where ds is the line element
- (e (2)7)
c

where A, C' and the velocity v are given above in this Section. The dependency
T on t is given by fig. 12.
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T, []
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T T T
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10'® 107 10*® 10
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15 19 20

10

Figure 11: The proper time T vs. radius r

It is very interesting that these results are consistent with well-known results
obtained on the basis of General Relativity, except for the absence of singularity
at the time of the birth of the Universe.

2) In the model of the dynamics of the universe considered here, the energy
of the newborn Universe is quantity determined by the Schwarzschild radius Ry,
which in turn is given by the average density p of the visible Universe.

The energy released is the gravitational binding energy, which, unlike GR,
can be found for any radius r of the

Figure 13 shows the dependence of the density of released energy on the
radius of the Universe on the radius r before inflation. This is important infor-
mation for assumptions about the structure of matter, from the Planck era to
the time of inflation.
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Figure 12: Energy released vs. radius r

6. Conclusion

Thus, we have a reason to think that the main cause of the Big Bang, the hot
Universe, and the triggering inflation was the gravitational mass-energy defect
of the newborn point mass, which is contained within radius R,.
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