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An innovative model of a non-relativist universe
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Abstract. The paper investigates a model of the local Universe based on
the concepts of nonrelativistic physics. The space-time boundaries of its
applicability are estimated. The finiteness of the Universe in space and
time arising from the analysis of the field of forces and energy fields of the
Universe is affirmed. The necessity of the existence of "dark matter" in the
proposed model is shown. On the basis of the presented model (using the
modern values of the Hubble parameter and the density of the substance of
the Universe), the following are estimated: the age of the Universe; the
mass of its substance; period of her life cycle; acceleration of the
movement of matter, etc. The dependences of the density of matter (and its
minimum value), the radius of the Universe (and its maximum value), and
the Hubble parameter on time are obtained. The position of the Milky Way
galaxy in the Universe has also been estimated. It is shown that the law of
conservation of energy in its classical formulation is not applicable to the
Universe as a whole. It is argued that after a while the laws of classical
physics will be applicable to the entire Universe as a whole.

1 Introduction

Since the earliest civilizations, there is an infinite variety of models of the universe. And
this is not surprising, since people have always been interested in the world in which they
live. Among the scientifically based models, we note the model of an infinite, stationary
Universe proposed by I. Newton (1687) [1], A. Einstein's model of stationary but finite
Universe (1917) based on general relativity [2]. According to the same theory, A. Friedman
proposed a model of the expanding Universe [3]. Later, E. Hubble experimentally proved
the expansion of the Universe [4]. Then G. Gamow proposed the "Hot Universe"
hypothesis, which later turned into the Big Bang theory [5]. The discovery of the relict
radiation has confirmed both the model of the expanding Universe and the Big Bang theory
[6, 7, 8]. Further, the concept of "dark matter", first predicted in [9]. In addition, it was
shown that the Universe is expanding with acceleration [10, etc.]. The modern model of the
universe is ACDM.

However, modern models of the Universe cannot give an unambiguous answer to the
question about its future. In addition, modern models are very complex mathematically due
to the need to use general relativity. Therefore, there is a need to create a model that would
describe the global characteristics of the Universe and their dependence on time, without
going into a detailed description of its structure.
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According to modern concepts, the Universe expands from a certain initial state, in
which the laws of classical physics are obviously inapplicable. But as the Universe
expands, regions appear in it that are fairly accurately described by the laws of
nonrelativistic physics. For example, within our galaxy, a part of the Universe is described
quite accurately by the laws of nonrelativistic physics, excluding small corrections in the
behavior of the orbit of Mercury. One can imagine that as the Universe expands, these
regions will increase until they cover the entire Universe. This part of the Universe, in
which the laws of nonrelativistic physics are valid, we will name, following Ya.B.
Zeldovich, the local Universe, and compose a mathematical model for this part of the
Universe. Next, we will estimate the range of applicability of the model.

In such a setting, it seems perfectly reasonable to develop a model of the Universe based
on classical concepts.

2 Formulation of the problem

Let's imagine the substance of the local Universe in the form of an ideal gas. Since this is a
gas of the Universe, it must possess the properties of the Universe: isotropy and
homogeneity, which implies the independence of the gas density from spatial coordinates.
To describe the motion of such an ideal gas, we use the Euler equations:

ov 1
St @v = —;VP+g

(1
Z—‘: + div(pv) =0

To these equations it is necessary to add the thermodynamic equation of state of the
substance of the Universe — P = nkT ~pT. The density of a substance does not depend on r,
so VP~VT. But since there is no data yet on the temperature gradient in the Universe, we
will not further consider the thermodynamic component.

Also, to these equations it is necessary to add the Hubble equation, which describes the
property of our Universe. Thus, system (1) will take the form:

av _
PN +(VWv=g

Z—‘: + div(pv) = 0 )
v =Hr

All vectors of system (2) are directed along the radius; therefore, in what follows, we
omit the vector sign. Note that the left-hand side of the first equation of system (2) is the
total derivative of the velocity with respect to time.

Because p # f(r), but p = f(t), so div(pv) = pdiv(v). The velocity vector has only
one radial component, therefore,

ap . _dp
P div(pv) = o T P3H.

The term g is the force of gravity acting on a unit of mass from the side of the
gravitational field of the Universe itself, therefore g = —G rﬁz = —%Gpr, where m — the

mass of the universe enclosed within a sphere of radius 7. As a result of all transformations,
system (2) takes the form:



E3S Web of Conferences 217, 11002 (2020) https://doi.org/10.1051/e3sconf/202021711002
ERSME-2020

( dv
ac 9
dp

3pH = 0
at TP

v=Hr

Eliminating the velocity from the equations of system (3), we find
dt 3 (3)

Similar equations were written earlier [11], but no attempts were made to integrate it.
Eliminating the parameter H from this system, we obtain one equation for determining
the density of the substance of the Universe

d%p _ 2 (dp\? 2
ﬁ—p(dt) +4nG p )

For the possibility of obtaining numerical estimates of the solution, we use the
minimum number of known parameters of our Universe at the present time: Hubble
parameter - H, [12] and the density of the Universe substance — pg [13].

Hy = 1078(c™));  py = 10726(kg/m?). (5)
In equation (4), we pass to the dimensionless variables: ¢ = p/py and T =t - Hy:
dzq _2(dq 2 2
w=2(5) +aq ©)
Here the dimensionless parameter A4 is determined by the expression:

4G
A=—
Hy

po ~ 0,08 (7

3 The solution of the problem
The solution to differential equation (6) has the form:

2
T —At?2 +2Ct - 2C,

q

Based on the fact that the time is considered to be positive, the constant of integration
C; must be set equal to zero: C; = 0. In this case:

g=—a— = ®)

T —ar2+2cr | 1(2C-A1)

From (8) it follows that the density of the substance of the universe changes from oo at
T =0,to o0 att =1, = 2C/A, passing through the minimum at t = 7,,, = C/A. Moreover,
at the minimum point g,;, = z—’: # 0. Consequently, the Universe will complete a cycle of
expansion-contraction and at the same time will not dissipate in the surrounding space, i.e.
gravitational forces will compress the currently expanding Universe.

The Hubble parameter is determined from the second equation of the system (3)
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Finding the derivative %, we obtain the dependence of the Hubble parameter on time:
_ 2Hy C-Ar

3 —AtZ+2Ct

H ©)

Let us denote by 7, Bpems, the time corresponding to the present moment, i.e. the
moment at which p = p,, (and correspondingly ¢ = 1) and H = H,. In this case, using (8)
and (9), we obtain a system of two equations to determine two unknowns - 7, and C:

2
1=— -
{ _ATOZ + ZCTO
1 _ 2 C - ATO
' =374%,7 + 2¢2,

Positive solution to this system has the form:

—6+ 2v9 + 24

Y C=v9+24

1

To=75

The maximum limits of variation of the parameter A for our Universe from 0 to I.

Within this interval 7, changes very smoothly. So, lim,_,7, = 1/3 = 0.3333, at the

same time 7,(1) = 0.3166. Therefore, for further calculations, we taket, = 1/3 and
C=3.

4 Solution analysis

Thus, the maximum age of the universe can be
Ty = T9/Hy = 1/3H, = 10.58 billion years. The total time of our universe T, (cycle
period) v (8), i.e T, = 2C/A. Using the found valueC, find

T2 2CH,
T,=2="2X
Hy 4G pgo

(10)

Substituting numerical values, we find: Ty = 2338 billion years. Thus, to date, our
universe has existed for only 0,0045 part of all the time it should have been exist.

The minimum density of a substance that it reaches through t©=71, = % =
1169 billion years, will be equal:
24 416
min = 75 = 275 2°~ 0.018 (11)

0

Therefore ppin = 0,018p, = 1.8 - 10728(kg/m3). The q from 7 dependency graph
constructed according to formula (8) is shown at the figure 1.

It follows from the graph at figure 1 that the Universe spends most of its time in a
deeply rarefied state. The solution outside the roots corresponds to the negative density of
the substance, which has no physical meaning, so we will not consider it.
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Fig. 1. Graph of dependence of the dimensionless density of matter in the Universe q from
dimensionless time t.

The dependence of the Hubble parameter on time is graphically shown at figure 2.

11 H
0.5 H - Hubble parameter
Hj; —the Hubble
parameter at present
0 2 4 60 80
\[ - T=1t-Hy
45
-1

Fig. 2. Graph of dependence of the Hubble parameter on dimensionless time .

We see that the Hubble parameter is rapidly decreasing during the period.

The Universe while staying positive. In the middle of the life cycle of the Universe, it
becomes zero, and then increases again, being already negative. Similarly, the speed of
movement of the substance of the Universe will change in time. At the beginning, it is
positive and close to the speed of light (which corresponds to the expansion of the
Universe, then it becomes equal to zero (the expansion process is over) and then it increases
again, but already with a negative sign (the speed is directed to the center of the Universe).

Express the radius of the Universe R through its mass M:

3|3M
R = po— (12)
From (12) it follows that the Universe is expanding (p decreases), but not indefinitely,
since the density of matter p decreases not to zero, but to p,,;,, defined by the ratio (11).
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Consequently, its substance cannot go beyond itself. Therefore, from this point of view, the
Universe is a "black hole".

But for the Universe to really be a "black hole", it is necessary that the energy ratio be
fulfilled. During the period of maximum expansion, the kinetic energy of the Universe is
zero, therefore, its potential energy must be greater than (or equal to) its rest energy.

3 M?
> Mc?
5 max

Substituting here the value for p,,;, from (11), of the parameter A from (7), we obtain
the following relation:

Mp, = 0.38-10%8

Hence it follows that in order for the model of the Universe to really be a "black hole",
it is necessary that its mass satisfies the following inequality:

M >3.8-10% (kg)

According to some data [14], the mass of the Universe exceeds 1053 kg. In further
calculations we will consider M = 105*(kg).
Substituting the value of M in (12), we find the dependence of the radius of the

Universe on time:
_ 3] _310%% 26, ,—1/3
R = prre T 2,87-10°°-¢q (13)

Here g determined by the formula (8). Note that at the moment q(t,) = 1, therefore the
radius of the Universe at the moment is R = 2.87 - 102 (m). This figure is most often
found in the literature.

Dependency graph of R - 1072° on dimensionless time, constructed by formula (13), is
shown in Figure 3.

We see that the radius of the Universe changes from zero to zero (at the beginning of
the expansion and at the end of the expansion) passing through a maximum equal to
~ 11-1025(m). The graph is non-linear, so the rate of increase in distances depends on
time.

Further, according to the first equation of system (3), the acceleration of the motion of
the substance of the Universe a is:

a=—=——Gpr (14)

Hence it follows that acceleration is always negative, i.e. directed towards the center of
the universe. This is not surprising since the acceleration is caused only by the force of
gravity. In addition, acceleration, like speed, is also directly proportional to the spatial
coordinate r. Therefore, the dependence of acceleration on time is similar to the
dependence of density g, i.e similar to the graph at Figure 1 (up to a sign).

Consequently, in the middle of the life of the Universe, the acceleration is minimal and
its value for the peripheral regions can be estimated as:

4
Whin = ?nGpminR (15)
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Fig. 3. Dependence of the radius of the Universe on dimensionless time T.

Substituting values forp,,;,, and R, find that w,,;, = 5.5- 10711 (m/s?)
Consider the speed of motion of the substance of the Universe. According to the third
equation of system (2), we write

v =Hr

Find the surface of space-time, where this speed is equal to the speed of light:
r=c/H

Substitute the expression for H from (9)

3¢ —At?+2Ct
r=c¢/H=——"—
2Hy C-At

(16)
Having made numerical calculations, we get:

—At? 4+ 2Ct

= 45-10% .
" C— At

At Figure 4, in some axes, we will depict graphs of the dependence of the radius of the
Universe on time — R formula (13), line where the speed of matter is equal to the speed of
light v = ¢ formula (17), and the line on which the speed of matter is equal to one tenth of
the speed of light v = 0.1 c, i.e the same formula, but divided by ten. In this case, the
region near T = 0.

It follows from the figure that in the initial period of the life of the Universe, practically
all matter moved at speeds close to the speed of light. But then, gradually, internal regions
began to appear, in which matter moved at a speed lower than the speed of light. This area
increases over time and will gradually encompass the entire universe. Solving together
equations (13) and (16) (at v =0.1-¢ ), we find what will have been happen at t =
8 or t = 254 billion years. That is, after this time, the laws of classical physics will be
applicable to the entire Universe with a high degree of accuracy.

If we assume that there are no material objects in our galaxy moving at a speed v >
0.1 c, then the Milky Way has an absolute coordinate 7 = 0.3 - 1026(m), or about one-
tenth of the current radius of the Universe.
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Fig. 4. Division of the Universe into relativistic and non-relativistic regions.

Thus, at present, only the inner regions of the Universe r < 0.1 - R are described with
sufficient accuracy by the laws of classical physics.

It is now possible to estimate the acceleration of the movement of matter in the Milky
Way galaxy at the present time. Indeed, according to what was said above, now the density
of matter in the Universe is p = pyq = py = 1072¢(kg/m), the radius of the Universe at
which the galaxy is located is r = 0.3 - 1026(m). Hence, according to (15), w = —0.3 -
10713(m/s?). Thus, if ever it is possible to measure acceleration with such precision, then
it will be possible to determine the direction to the center of the universe. By the way, the
first law of dynamics must be valid with the same precision.

Let us now turn to the energy side of the proposed model of the Universe.

The potential energy of the Universe as a solitary body, i.e. the gravitational potential
energy associated with the gravitational attraction of the particles of matter constituting the
Universe is determined by the formula:

3 . M2 1672

— _ 2 - _ 2" 2p5
Ep=—2G=—=—-"2-Gp*R (17)

Substituting the expressions for the incoming quantities, we get

- _ 1n70 . (Y 1/3

Ep =—=17,0-10 (—ATZ+ZCT) ) (18)

Comparing it (currently) with the thermal energy of the Universe E; ¢pe T = 3 K, and

assuming that the mass of a particle of matter in the Universe is equal to the mass of a
proton mp = 1,67 - 10727 (kg):

3 M3
Er=N=kT'=—=T-1,38-10723 = 3,7 - 10%
r=Nk ~5 713810 3,7-10% ())
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we make the conclusion that the contribution of thermal energy to the overall energy
balance is currently negligible; therefore, it is quite justified to neglect the thermodynamic
component in the initial equations.

To calculate the kinetic energy of matter in the Universe Ej , firstly write down its

differential dEy in a spherical coordinate system:
2

dEy = pv—4nr2dr = 2mpH?r*dr
2

Integrating, we get
Ex =2 pH?RS (19)
Substituting the numerical values of the parameters, we find:

A 1070() 0)

(—AT2+42C7)3

Ex =0,68-

Figure 5 shows graphically the dependence of the kinetic and potential energies of the
Universe (pre-multiplied by10~7°) from time to time (solid lines). For clarity, the kinetic
energy values are increased by a factor of one hundred. The same graph also shows the
third curve, which depicts the time dependence of the sum of kinetic and potential energies
(line of dots).

We see that both kinetic and potential energies are minimal during the period of
maximum expansion of the Universe. But the potential energy does not reach zero, so
during the period of maximum expansion, the density of the substance of the Universe is
not zero. The sum of the kinetic and potential energies is zero at t; = 0.0598, 7, =
74.940
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Fig. 5. Time dependence of kinetic EK, potentiallyit EP and total EK+EP energies per cycle of
development of the Universe.

But the most interesting thing about these graphs is that the sum of kinetic and potential
energies is not constant and not equal to zero. This clearly contradicts the formulation of
the energy conservation law in classical physics.
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To understand what is the matter here, it is necessary to remember that in classical
physics, potential energy in general and gravitational potential energy in particular are
determined with an accuracy up to an additive constant. Moreover, this constant is very
freely disposed of, setting it equal to zero and placing this zero at an arbitrary point in
space. This is the first thing.

In addition, the existence of "true" gravitational fields is asserted [15]. Further, in
classical physics, when determining the gravitational energy of a body, it is stated that "the
gravitational energy of a body is not the total energy of the gravitational field, but that part
of it that is associated with the gravitational interaction of the particles of the body. It shows
how much energy of the gravitational field when the body exists, less than the energy of the
gravitational field in its absence "[16].

This definition of the gravitational energy of a body can be interpreted in different
ways.

We will understand it in the sense that there is the gravitational energy of the body and
the energy of the gravitational field of the Universe, which is the very additive constant.
That is, in other words, in the Universe there is a gravitational field that has energy and
there is a gravitational field of matter, which reduces the gravitational energy of the field.

The fact is that the dimensions of the solar system, or the Milky Way galaxy, in which
we usually apply the law of conservation of energy, are extremely small compared to the
scale of the Universe, and within these systems the energy of the gravitational field can
indeed be considered constant. The same applies to time scales. High-precision
measurements have appeared in the last hundred years, which is absolutely negligible
compared to the time scales of the Universe (thousands of billions of years). Therefore,
from this point of view, the additive constant is really constant.

But when we consider the Universe as a whole, with its spatial and temporal scales, this
additive constant, i.e. the energy of the gravitational field of the universe is changing. It can
no longer be considered constant. This energy takes an active part in the exchange of
energies.

Most likely, it is this energy of the gravitational field of the Universe that is currently
called "dark matter", and the existence of this "dark matter", as we see, was predicted by
classical physics (though not entirely explicitly). But we will not use this expression as it is
very ambiguous. However, to avoid confusion in the verbal formulations, this field will be
called the primary field, in the sense that it already existed at the time of the Big Bang.

In classical physics, when considering the question of the gravitational energy of a
material body, nothing is said about kinetic energy. But if the process of spraying a body to
"infinity" takes place in a limited time interval, then the speed of the sprayed particles of
the body must be finite. That is, these sprayed particles of the body will have kinetic energy
that is not taken into account. Note that this kinetic energy is generated not due to the
energy of the primary field, but in spite of it, due to the energy of the one who sprays the
material body. But although the source of kinetic energy is different, it is generated exactly
as much as the energy of the primary field decreases. In this sense, they are interconnected.

In addition, we note that when the body is sprayed to "infinity" the energy of the
primary field in the area of the material body will increase, but at "infinity", when the
sprayed body is introduced there, the field energy will decrease so that the total energy
remains the same. There will only be a redistribution of the energy of the primary field.

As applied to the Universe, it should be noted that, firstly, it will not work to spray to
"infinity", since the Universe is a "black hole" and it is impossible to take matter out of its
limits. Second, the kinetic energy of the expanding Universe is generated by the energy of
the Big Bang. And when formulating the law of conservation of energy for the entire
Universe as a whole, it is necessary to take into account this energy of the Big Bang. And

10
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the question of whether the Universe will expand to "infinity" or not comes down to the
question of whether the Big Bang has enough energy to spray the Universe.

The energy of the Big Bang is determined by the kinetic energy of the Universe — EK.
The change in the energy of the primary field is determined by the potential energy of the
Universe — EP.

In this regard, it becomes necessary to reformulate the law of conservation and
transformation of energy in such a way that it can be applied to the entire Universe.

The simplest formulation suggests itself:

The sum of the kinetic energy of the body, its gravitational energy and the energy of the
primary field is constant.

Let's designate the energy of the primary field by the symbol EG. Then the law of
conservation of energy will be written in the form:

Ex + Ep + E; = const 21

It follows from (21) that energy can pass from one type to another, but so that equality
(21) is fulfilled. The energy conservation law in the form (21) automatically turns into the
energy conservation law of classical physics, when E; = const, i.e at small sizes, in
comparison with the Universe, the area of study and at small time intervals.

Currently, there are still no methods for direct measurement of the primary field energy,
but it can be indirectly determined based on equation (21). The additive constant in the
conservation law (21) can be determined using various conditions. For example, you can
require that at the moment of the greatest expansion of the Universe, the energy of the
gravitational field is equal to zero, etc.

From this point of view, a primary field acts on a particle of matter in the Universe, and
the gravitational field of the Universe only reduces this primary field.

We apply the operation grad to equation (21) (we omit the sign of the vector, since the
direction of the gradient is known):

gradEyx + gradEp + gradE; =0

We rewrite this equation in the form:

1672
—2npH?*r* + Tszr“ =F;

Here F; — the force acting on a particle of matter from the side of the primary field,
since the force is equal to the field gradient with the opposite sign. For the Universe not to
expand to infinity, this force must be negative, i.e. was directed towards the center of the
universe. Therefore, we can write:

1672
2npH?*r* — Tszr“ >0

We rewrite this inequality as

2 2
o Gprt- (32 —p) 20 22)

3 8nG

Since the factor in front of the bracket is positive, we obtained the condition of the non-
2
sputtering Universe of the Friedmann model [3, 11]. Here as usual, % = pyp — Critical

density of matter in the Universe. Substituting expressions for H and p, we obtain condition
(22) in the form:

11
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3H?
>
8nGp

(- A1)?

004 — >
—At%2 +2Ct ~

Value 1, satisfying this equality was obtained above: - t; = 0.0598, 7, = 74.940.

Thus, in the initial period of expansion from 7 = 0, to T = 0.0598 (1,89 billion years)
kinetic energy exceeded the energy of the primary field, and the Universe was expanding
rapidly. After this moment, the energy of the primary field begins to exceed the kinetic
energy and the expansion of the Universe is slowed down, but by inertia it continues to
expand until the middle of the life cycle of the Universe. Then it will begin to shrink again.

5 Conclusion

Thus, we have built a nonrelativistic model of a cyclic Universe, which allows us to
determine the dependence of its global parameters on time, thereby predicting the
development of the Universe in the future, expanding our understanding of the Universe in
which we live.

The proposed model does not contradict the modern ACDM model due to the fact that
the spatio-temporal areas of applicability of the models are different. If the ACDM the
model describes the Universe at the earliest stage of expansion (and, accordingly, should
describe the Universe at the latest stage of contraction), then the proposed model describes
the Universe from about the middle of the expansion period T = 1 to the middle of the
compression period T = 72, in this case, the entire period of the life of the Universe is
At =73 = 2315 billion years. But the proposed model is much more "transparent" and
clearer for perception.
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