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Abstract
The proposed model of the universe motion gives some new specific answers to the
important questions of the cosmology: what occurred at the initial singularity?, how old
is the universe?, how big is the universe? , and what is it's ultimate fate? This new
approach is based on the new solution of the Einstein's field equations in a vacuum.
This solution confirms that the so called cosmological constant, À, is not really
constant, but a function of the gravitational radius. As the consequence, the acceleration
equation of the universe motion shows that the universe acceleration can be attractive
(negative) or repulsive (positive). The repulsive acceleration gives rise to the
accelerating expansion of the universe at the present time. The change from the
contracting phase into the expanding one, takes place at the minimal radius, r: GM/2c2.
This could be the solution of the initial singularity.
Keywords: Attractive and Repulsive Gravity, universe Motion, Minimal universe
Radius, Expanding Universe, Oscillating (Cyclic) Universe.

I Introduction
As it is well known, Einstein proposed a static model of the universe, based on the

cosmological constant À [1]. Then, Edwin Hubble discovered in 1929, that our universe
is expanding. Georges Lemaitre proposed his theory in 1931, thæ the universe is born
from "praatom" and George Gamov introduced in 1948 the new theory about "praatom"
, the Big Bang theory. rn 1979 Alan Guth proposed the inflationary modèl of the
universe, with explanation why it is considered geometrically flat [21. Today the
universe continues to expand, and at an accelerating rate [3]. Caldwell, Dave and
Steinhardt proposed the quintessence mechanism [4]. In the Friedmann-Robertsôn-
walker cosmologies [5], both the cosmological constant and the quintessence
approaches are added to the standard Cold Dark Matter (CDM) model, whai is resulted
with known ̂ cDM and QCDM models, respectivery. parker and Raval proposed a new
Vacuum Cold Dark Matter (VCDM) model [6]. Recently, Steinhaxd and Turok offered
the cyclic universe model, as a radical new cosmological scenario[7]. The main
problem of the all models of the universe motion is to ansier (among thà ôthers) to the
important questions of the cosmology [7]: what occurred at the initial singularity?, how
old is the universe?, how big is the universe? and what is it's ultimate fate?

In this paper proposed model of the universe motion gives some new specific answers
to the mentioned questions. This new approach is basid on the ,re* Gen"ral Lorentz
Transformation model (GlT-model) given in [8]. It includes two parameters o and cr,as
functions of space-time coordinates. For a gravitational potential held, the parameters cr
and c['have been identified by employing the gravitational red-shift experiment [S] and
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the Einstein's field equations in a vacuum [9]. By the solution of the Einstein's field

equations in a vacuum, including À, it has been discovered that the so-called

cosmological constant, À, is not really constant, but a function of the gravitational

radius [10]. This function has the important influence to the parameters o and c'. As
the consequence, the acceleration equation of the universe motion shows that the
universe acceleration can be attractive (negative) or repulsive (positive). The repulsive
acceleration gives rise to the accelerating expansion of the universe at the present time.

The acceleration equation of the universe motion tell us that the change from negative
to positive acceleration (or vice-versa) takes place at the radius r: GlWc' . Here M and
G are gravitational mass and constant, and c is the speed of the light in a vacuum. At
this point r: GIWc2 the universe velocity has a maximum (in an expanding phase) or a
minimum (a negative mærimurn, in a contracting phase). The change from the
contracting phase into the expanding one, takes place at the minimal radius,
rn,in : GlW2c'. At this point the universe velocity is equal to zero, but the acceleration is
positive and maximal, what is the sufficient condition for starting with the expanding
phase. The minimal radius is proportional to the mass, and can be equal to zero only if
the mass is equal to zero. Thus, an initial singularity is possible if an initial mass is
equal to zero.

On the other side, the change from the expanding phase into the contracting one is
possible ifthe energy conservation constant k is less than one (k < 1). For that case, the
proposed model describes the oscillating (cyclic) scenario of the universe motion. [n the
case where k is equal to one (k: l), the proposed model describes the universe that will
approach to the maximal velocity, and than the rate of the expansion, or velocity, will
decreasing going to zero at an infinite radius. Maybe some kind of the perturbations
(that are not included in this model) will stop this expansion and change it into the
contraction. In the case where k is greater than one (k > l), the situation is similar to the
previous one, but the rate of the expansion, or velocity, will decreasing going to the
constant velocity at an infinite radius. Employing the proposed model of the universe
motion and using some of the observation data, one can estimate present values of the
main parameters of the universe motion: velocity, mass, radius, acceleration, time and
state. Some new aspects of the universe motion are presented in the references [12-18].

The presented model of the universe motion is not in the collision with the Big Bang
theory, nor with the inflationary theory of the universe, if one accepts the assumption of
the inflationary model [2]: the initial matter of the universe could have been a billion
times smaller than a single proton. In that case, according to the proposed model of the
universe motion, the initial (minimal) radius of the universe v/as very, very small, close
to zero, but was not equal to zero. At the minimal (initial) radius of the universe a
matter density, temperature and a repulsive acceleration were very, very high, but finite
quantities. Maybe this could be the solution of the initial singularity.

2 Derivation of velocity and Acceleration Equations of the universe
Motion

In this section a new approach to the description of the universe motion is proposed.
This approach is quite different to the mentioned ones, and is based on the new general

148



structure of the Lorentz transformations in the form of GeneralLorenlz Transformation
model (GlT-model) [8]. This structure includes two non-dimensional parameters cr and
cr' as functions of space-time coordinates. Thus, for a gravitational potential field, the
parameters a and c' have been identified by employing the gravitational red-shift
experiment [8] and the Einstein's field equations in General Relativity [9,10].

It has been shown in the reference [10] that the general diagonal form of the line
element of the GlT-model, in the spherical polar coordinates, can be described by the
equation:

ds2 =-a2c2dt2 +q-2dr2 +r2de2 +12 sin2 edtt ' ,  (1)

where ds2 is a diagonal form of the line element. The general solution of that line
element, in a gravitational potential field, is given by the relation [10]:

, ( -GM\ '  2GM(ea\ ' -2GM.,  (eu\
q '= l l  l= I  + l  , l= I - - - -  ,  +Ar - rA= l  _ l r \2 )

\ rc' ) rc' \rc' ) rc' \r 'c' ) 
" '

where GN{/c2 is a constant of integration that also satisfies the gravitational red-shift
experiment [8]. hr the equation (2) G is a gravitational constant, M is a total
gravitational mass, r is a gravitational radius and c is the speed of the light in a
vacuum. Here, the parameter À : f (r) , has been identified together with derivation of
the solution of the parameter cr in the equation (1). If displacement four-vector dX is
defined in frame O by the expression:

dX +0 (cù,dr,de,dû) = {d*'\, i =0,1,2,,3, (3)

then, the related covariant metric tensor of the line element (l) has the form [10]:

lgul= diagï- a' ,a-' ,r' ,r'sin' e]= d@[s*,g,,,g,,,g,,L

where diagonal components gii i = 0,1,2,3, are given by the relations:

( ,2GM_(ea\ ' )  _ _(,2GM (crr) ' ) - '
8,=-[ t -  t  

- \* ,  
) ]  8"=[r-  * ,  

. l re 
)) ,

gzz =12 , gr, = r' sin' 0

The related determinant of the metric tensor (4) has the form:

det[gul=-r' sin'0,

where forr=1 and 0=n l2,one f indsout det(gi i )=- l ,whatwe expectedthatshould
be.

In order to find out the velocity and acceleration equations of the universe motion one
can start with the Lagrangean of the line element of the GlT-model (1):

(6)
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- l- ds2 1It2 { dxi d*i 1,,, , ,L=L-fu) = tL-t,*El 'i ' i=o't'2'3' (7)

where dr is the differential of the proper time t, and dxi is a component of the
displacement four-vector dX in (3). Applyrng the equations (1) to (5) and using (7) one
obtains the Lagrangean in the following form:

(,-#)'(f")'
)'

)

ea\-2 ( ar\2 )"'-;7) tAl -l

u'(#)' )

t1
\
2

:Si

tt
r'-7

l , =
12  (æ-7\E

The related Euler - Lagrarge equations are given by the relations:

aL a (ar\
æ= *læ)' i=o'7'2'3'

Zo =t ,  Z I  =1,  z2  =0,  Z3 =û,  , '=#

Applying i : 0 to the relation (9) one obtains energy conservation equation:

*=o -  *=const.=k +(r-94\ '  !=*,  *=ir=0, (r0)
At  A t  \  r c " )dc  dc

where k is an arergy conservation constant. ApplFng i = 3 to the relation (9) one
obtains angular momentum conservation equation:

fi=o - #=const.=h 
+ -"ùlY'0 =n, #=ir=o, (s)

where h is an angular momentum conservation constant. In the case 0 : n | 2 (as in
Newtonian theory) the angular momentum conservation equation (11) is transformed
into the well-known relation:

AL AL r'ô dh
A,'=o 

= 
UA=cottst.=h 

+ -j=n, 
i=f 

--0. {02)

Now, substituting the relation:

4=o( ,-ry\',
dc \  re ' )
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derived from (10), into the equation (8) and employing e : L, with e : I for a time-like
geodesics and e=0 for a null geodesics, one obtains the following relation:

il, .,' (ô' + fi2 sin2r) (' -#)'l-ry(, #)= f,{o' -,'),

i=L. o=!t,  ô=4
dc '  dc -  d r

This relation represents the generalized energy equation, which is the .o.nt:l
Schwartzschild's energy equation and more extended Newtonian energy equation.

If one employs 0 : n / 2 (as in Newtonian theory) and if in a weak gravitational field
(like in our Solar system) one can neglected the following terms:

i(ry)'-' =â (#)'"0, (15)

then the relation (14) can be transformed into the well-known Schwartzschild's energy
equation:

llr',.,'û' (,-#)l Y=f,to' -"'). (,6)
This equation can further be reduced to the Newtonian energy equation by neglecting
the term 2GMlrc' :

11,.,,ù, 1 ry=l{o'-",). (17)
Thus, the energy equation (14) includes both Schwartzschild's and Newtonian energy
equations as special approximations in a gravitational field. The generalized energy
equation (14) can be transformed into the new relation:

v2 ._GMe2 ( r_y \=  , ,  ( k r_ " r ) .
2- t  [ ' -z* ' I  2  \  ' '

,, =lo, +r,(e, +12 sin2r)[, -H'J, 
ttt'

where v is a velocity. Thus, the velocity equation can be derived from the first equation
in (18):

,=*l'oY" (,-y\*(*, -",\",f"' . (re)
I  r  \  2 rc ' ) '  '  

)
The radial velocity ( i ) equation can also be derived from (lg), or directly from (14):
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r=.ltY(,-#)*(0,-,,),

, = *l*l(, - #)* (0, - t)",f"' . (23)

-,, (ô, + fi2 sin2 t\r -#)'f"' .

(20)
From the observation we know that the universe motion is in the radial direction only.

Therefore, one can substitute 0 : O *d ô = 0 into the relation (20). As the result we

have the new radial velocity equation in the following form:

i=v=*lzea" ( r-g4\+(*' -r ')" '1"'. (21)
I r \ 2rc') \ '  

J
From this point the radial velocity i will be denoted with v and will be called just
velocity, for the simplicity. The hlpothetical possibility that the universe is expanding
with orbiting will be considered in the next paper by using the relation (20).

Now, which geodesic follows the universe motion? In the case of a null geodesic
(e = 0), the velocity equation (21) is hansformed into the relation:

v = * . k c ,  ( 2 2 )

This means that a velocity is constant because the parameters k and c are constants.
Meanwhile, we know from the observations that our universe is expanding at an
accelerating rate. Therefore, it is naturally assume that the universe motion follows
timelike geodesic (e : 1). ln that case, and assuming that M and r are the universe
mass and radius, respectively, the velocity equation (21) is transformed into the
universe velocity relation :

The sigrr (+) is valid for an expanding phase, while the sigr G) is related to the
contracting one. The velocity equation (23) has two zeros at the positions 11 and 12 ;

From the relations (24) one can see that the velocity (23) has two finite zeros only if the
energy conservation constant k is les than one (k < 1).This corresponds to the cyclic
scenario of the universe motion. If k: 1, then the velocity (23) has one finite and one
infinite zero:

GM
/r = ------------=.'  

Q+k)c ' '

GM
11 = ----'-------; .'  

Q-k)c '
(24)

(25)
GMrt=77 '

This corresponds to the flat universe. Finally, ifthe energy conservation constant k is
greater than one (k > 1), then the velocity (23) has only one real zero 11 in (24), because
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the other one gives a negative 12 that is not possible. This corresponds to the open
scenario of the universe motion.

In order to determine the energy conservation constant k one can employ the first
relation in (18). This relation can be transformed into the following form:

,'l t-2GY (,-94)1=*'-! .
I rc' \ zrc')J c'

For the timelike geodesic (e = 1) the equation (26) has the form:

2GM ( , cM)
r [ ' -  2rt  ) =k,-4.

c 'c2
(27)

(26)

(2e)

(30)

I_

Comparing the left anà right side of the equation (27) onecan conclude the following:

k '=7  :â  h=*1  +  h=7 , (28)

because a negative value ofk is not possible. For a null geodesic (e = 0) the equation
(26) is transformed into the relation:

vt  = ktc '
Applyng k: I to the equation (29) one obtains:

v = ! c
This relation corresponds to the light velocity in a vacuum. The solution of the energy
conservation constant (k : 1) is in an agreement with the solution of the cosmological
constant problem in [10]. Namely, in the reference [10], it has been discovered that the
Ricci scalar of the Ricci tensor is equal to zero (R:0). This means that our universe is
flat. Thus, ifthe energy consenration constant k is equal to one (k : 1) then our universe
is flat. Meanwhile, some kind of the very small quantum fluctuations (that are not
included in the presented model) maybe can change the energy conservation constant
k: 1 into k < 1. In that case we have the cyclic scenario of the universe motion.
Now, applying k : I to the equation (23) one obtains the universe velocity relation in
the form:

(3 1)

On the other hand, applying k : 1 to the relations (24) one obtains the positions 11 and 12
of the two zeros of the universe velocity (31) in the form (25). This solution
corresponds to the flat universe.

From the relations (25) one can recognize that the velocity of the universe motion
(31) is equal to zerc at the minimal or ma:rimal radius:

GMl=f* = -r7,

v=* l.y(,-#)1"

or  l = l ^ *  -  æ ,  : â
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Further, the maximal velocity of the universe motion is equal to the speed of the light in
a vacuum at the radius:

r=r "=4 +  i . *=v .o=*c .  (33)

The related scalar potential ofa gravitational potential field can be recognrzed from
(1a) and (18) in the following form:

t ,  _ GMe2 (  ,_ea\ (34)Yp=- r l ' - ;a) '
The corresponding radial acceleration equation,c", can be derived by employing the
following relation [1 l]:

AV
a " = - = !

or
(35)

Now, applying (35) to the relation (34) we obtain the acceleration equation in the form:

eMe2(  -  GM\a"=--7-l '-;a) (36)
Assuming that M and r are the universe mass and radius, respectively, and taking into
account that e = | and 0 = 0 and ô = 0, the relation (36) is transformed into the
acceleration equation of the universe motion:

a"=î=-ry( ,-ry) e7)r -  \  r c - )
Further, one can introduce the substitution of the gravitational mass by the relation:

M = D  
4 r t t  4 r t r c

. d  
3  

= e  
k ,  

'  ( 3 8 )

where p. is a mass density and p is the related energy density. Applying (3g) to (37),
we obtain the new form of the acceleration equation:

_ 4tt Gl 4rGr2 p2 1a" = - 
7TL, 

---i;- 
)r, 

a" =- 4nG lp + 3 pfr,
3c2

,, =3,
In the relation (39), p, is a radiation pressure, pn is a pressure of a vacuum energy and p
is a total pressure. From (39) one can see that the pressure pn is negative and is-greater

p-- +(i)', p= p,* on=7-(ç.ry[i)'J,.,
o^=-+(,.o"lo).
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than the radiation pressure pr. Therefore, the total pressure p is negative, that gives rise
to the expansion of the universe at the present time.

According to the Einstein's theory of the general relativity, the scale factor a g),

which represents the expansion of the universe as a function of proper time, satisfies the
differential equation:

(40)

where p is the total energy density, and p is the total pressure. If the gravitational radius
r in the second equation of (39) is replaced by a scale factor a(rl, then the second
equation from (39) is transformed into the equation (a0). This conftrms that the
derivation procedure ofthe acceleration equation (39) is correct.

Thus, the equations of the velocity and acceleration of the universe motion, that
include the influences of the gravitational mass M, radiation pressure pr and vacuum
energy pressure p^ are described by (31) and (37), respectively. The equation of the
state of the universe, w or wm, can be derived by employing the relations (38) and (39):

D t(cu)  ,  
" t (eu\  

GM
l 1 t = - ! - =  - - l  

,  I ,  W ^ = : =  - - l - l = - - ^ - ,  ( 4 1 )
p  3 \ r c '  ) '  

m  p ,  3  \ r " '  )  3 r  
>  \ ' ' l

where w is related to the energy density p, while w. is related to the mass density p- of
the universe. From the relation (41) one can see that for rp;n : GM I 2c2 the universe
state is w : - 213, or wm : -2c2/3. On the other side, for r -+ æ, the universe state is
w : w. : 0. Thus, the universe states, w and w., are changing in the regions
(-213 < w < 0) and (-Zcz13 ( w. ( 0), respectively.

3 Estimation of the Present Universe Mass, Radius, Acceleration,
Velocity, Time and State

It is well-known that at the large scale the universe is isotropic and homogenous in
the sense of the mater density, p-:

d2a  4xGr  ^  \

77=- Sr t  
(P+rP)a '

3M, 3M,
n  - _ a = -
tsn 

4r,t ft 4rrt E 
t (42)

where M1 and Mz are the masses in the spheres of the radius 11 and rz , respectively.
After including 11 : v1 t , i : "1,, 2, in the equations (42), we obtain a very useful
formula:

M. ( r . ) '
____-_:_=l _l ,  (43)
M, \ r, /

where vi is the velocity at the radius ri , i = L,2. Now, substituting Mt = p^4ri3rl3,
i : 1, 2, into the relation (43), one can derive the well-known Hubble parameter
equation:
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Hr=!t= 
v '  =L=const.  (44)

\ r 2 r
From the observation we know that the universe velocity is increasing at the present
time. Therefore, the present universe velocity should be between its initial and maximal
velocity. Following the velocity equation (31) and the relations (25), (32) and (33), we
know that the initial velocity is at the radius ro : rmin : GWZc2 , while the maximal
velocity is at the radius rc = Glv(/c' . Now, taking into account known present mass
density prnp and the relation (42), one can calculate the expected maximal universe mass
at the radius ro and the expected minimal universe mass at the radius r. :

,. ( 6cu 
'\"

I W  = l  -  I

\oG'P,, ) 
'

/  ,  \ r

Mn^=l =g-l (4s)-'- ru 
lltG' p^, )

Employing the well known present mass density pmp = l*19-:6 kg / m3 , we obtain from
the equations (45):

M^to=2.420962r,10s3 kgSM <6.947514* I0s3 kg=M,,o, . (46)

So, the real universe mass should be between these two values. In order to calculate the
real universe mass one can anploy the equations (42) to (44), and, the velocity equation
(31). Starting with the substitution M : p. 4f n I 3 into the velocity equation (31) we
obtain the new velocity equation in the form:

Taking into account the Hubble parameter equation (44), this relation can be
transformed into the new one:

,, = 84p^ ,,?-JÉg/).

ut ' -H, '= 9fP^(t-  2"eP'r" l  ,/ - " r  3 t  Jc- )
which can be employed for calculation of the present universe radius:

,=l#(,-#)]"'

(47)

(48)

(4e)

This calculation is possible because parameters pm and Hs are known from the
observations. Very important limitations of the universe radius r and Hubble parameter
He can be derived from (47) and (49), by using the conditions v2 > 0 and r à 0,
respectively:

, '<  3" t  .
2rrcp^

Hr' = ry. (so)
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Employing the well known present mass density Pmp = 1*19-26 kg / m3 , we obtain, from
(50), the present limitations of the universe radius r, Hubble pararneter Hg and the
universe expanding velocity vo at the radius lMpc:

r  3  2 .5384*  70 'o  m,

er=HrxIMPc r  :â

These limitations, as well as the limitation (46), are very important for determination of
the present universe parameters. Now, knowing the present universe radius from (49)
and mass density from the observations, one can calculate the universe mass, using the
following formula:

The present universe velocity and acceleration can be than calculated by employing the
equations (31) and (37), respectively:

a"= - (53)

For derivation of the proper time equation of the universe one can employ the following
relations:

. dr f (- cM\lzeu(- GM\1"'t=tn*c"t  dt"=-r 
""--  Jctr [ l ' *  ,e )L "  

l . ' -  t rc ))  
'  (s4)

where v is from (53), r. is the proper time of the current expanding phase, while ro is
the proper time of the previous motion phase. At the initial radius ro: rmin : GM I 2c" ,
the proper time tu = 0. The proper time ro depends on the previous motion phase. In the
case of the cyclic scenario of the universe motion the proper time ro is the final time
point of the previous cycle and the initial time point of the next one. Therefore, one can
put ro = 0 . Meanwhile, if the previous phase of the universe motion is started with the
Big Bang and followed by the inflationary scenario, then the time ro is the final time
point of this motion phase and the initial time point of the current expanding phase. It is
well known that the estimated age of the universe is about 15 billion years ( z = l5*l0e
years). The recent estimation in [12] suggests that the universe is 13.7 billion years old.
The margin of error is about I percent. Thus, taking into account time duration of the
current expanding phase r" from (54), and the estimated age of the universe 7, one can
calculate the time duration of the previous inflationary phase ro using the equation:

(ss)
For calculation of the present states of the universe, w or wm , one can employ the

relation (41). Now, we are ready to calculate the present universe parameters as Â,
radius, mass, velocity, acceleration, pressure, time and state. Employing the equations
Q), Q2), (33), (39), (41), (49) and (52) to (55) one can estimate the present values of the
main parameters of the universe motion. Thus, the universe parameters are calculated,

HB S 2.3637* 70-tt s-t ,  .-. .
vo<72.920 km/ s /  lMpc .  

(s l )

(s2)

GM(,  GM\
- - - - - l  r -  - - ;  

I  '
r '  \  r c ' )"=*l*l(,-#)f"',
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in the table l, fo^r fixed mass density 0^= l*1026 kglm3 and different velocity v, at I
Mpc = 3.085*1022 m.

Table 1: The firnctions

In the table l, v is the expanding velocity at the present universe radius r. For
calculation of the parameter rp it has been employed the recent estimated age of the
universe r = 13.7 billion years. In the case where vo : 45 km/s/lMpc, the estimated
parameter r" from (54) tell us that the curreirt expanding phase of the universe has been
started about 12.3537 billions years ago. Of course, if the mass density p- is different
from 1*10-26 kg/m3, then the proposed model of the universe motion *itt giu" different
values compare to the table 1. From the table 1 we can see that the columns with vo
equal to 40;45; and 50 satisS the both limitations (a6) and (51). Meanwhile, the lasi
column, with vo equal to 55, satisfies only the limitations (51).

4 Analysis of Acceleration and velocity Equations of the universe
Motion

From the equations (37) and (53), one can see that the universe acceleration can be
positive or negative. The change from negative to positive acceleration (and vice-versa)
takes place at the radius r = rc = GM / c". The universe acceleration is negative in the
region r > (GIWc2), and positive in the region r < (Glvr/c2). At the presént time our
universe has got the positive acceleration that is the reason for its present accelerating
expanding. The velocity equation of the universe motion is given by (31) and (53). In
the case that the energy conservation constant k is equal to one (k :1), as it is shown in
the section 2, the universe velocity has got two zeros. The first one is at the point
r = (Glvt/2c2), and the second zero is obtained for r + co . The universe velocity can also
be positive or negative, depending on initial conditions, and has a maximum (or a
minimum) at the point r = rc = (GIWc2). The maximal velocity is equal to the speÈd of
the light in vacuum, vmax = c, and is positive in the expanding phase, and negativè in the
contracting one. The change from the contracting phase into the expanding one, takes

: lhe umverse parameters as tunctrons o a velocltv v- at the radrus
v.. kny'VlMoc 40 4s 50 55

H B , . ' ' 1.2966,s10-'" 1.4587',È 10-'" 1.6207*10-'o 1.7828*10
r r h 2.1224*10'" 1.9974*10'" 1.9477*lv" 1.6667*10"o
M, kg 4.0027*10"' 3.3363r'10" 2.6410*10" 1.9384*10"
V . r I V s 2.7519*10" 2.9135*10" 2.9946*10" 2.9714*10"

â. . rnls2 236t2*10-" 1.3301*10- 0.3082* l0- '" -0.6413{,10- 'u
r . - m 2.9676*L0'" 2.4735*10'" 1.9580* 10" 1.4371*1O',"

f - i . .  m 1.4838* 10" [.2368* l0'o 0.9790*10'" 0.7196* 10"
7 e  t \ 11.7651*10 ' 12.3537*10' 12.6300*10' t2.5620*10'
T o  t Y 1.9349*10' 1.3463*10', 1.0700*10" l. I  380* l0'
w . -0.4661 -0.4128 -0.3532 -0.2874

w-.  m%2 -4.1947*10'o -3 .7151*  10 ' -3 .1791*  10 'o -2.5669*10'o
D, N/m2 -4.1947*10-'" -3 .7151*  l0 -3 .1791*  10- ' " -2.5969*10-'u
À ,  m 2 4.3401*10-" 3.8439*10-)' 3.2894* l0'" 2.6765*10"
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place atthe minimal radius, r: rmin : (GM/2c1, where velocity is equal to zero, and the
acceleration is maximal and positive. The minimal radius is proportional to the mass,
and can be equal to zero only if the mass is equal to zero.

It seams that the change from the expanding phase into the contracting one, for the
model with the energy conservation constant k equal to one (k:1), is not possible. It is
because both the universe acceleration and velocity are tend to zero at an infinite radius
(r -+ æ). For that case, the proposed model describes the universe that will approach to
the maximal velocity, vmax = c, and than the rate of the expansion, or velocity, will
decreasing going to zero at an infinite radius. Meanwhile, some kind of the very small
quantum fluctuations (tbat are not included in the presented model) maybe can stop this
expansion and change it into the contraction. If it will happen, then the contracting
phase will start with the motion in the opposite direction. The velocity will slowly
increase to the speed of the light in a vacuum at the radius r- = rc : (GMic'), and than
will decrease to the zero at the minimal radius r.tn : (GM/2c2;. At this point one cycle
will finish and the second one will start with a new expansion phase. In the case k > l,
the universe will expand forever. On the other side, if the energy conservation constant
k < 1, then the proposed model describes the cyclic scenario of the universe motion. The
graphical presentation of the scalar potential Vo , eq. (34) with e : 1 and vo : 45
km./sÀ4pc, is shown in theFig. l.
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Figure 1: The scalar potential Vo as the source of the universe motion, eq. (3a).

The universe acceleration, eq. (37), is presented in the Fig. 2. The simulation of the
expanding and contracting velocities, eq. (31), together with the universe acceleration,
eqs. (37), and including the energy conservation constant k: 1, is shown in the Fig. 3.
Finally, the state of the universe, eq. (41), is presented in the Fig. 4.
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Figure 4: The state of the universe, w , eq. (41).

5 Conclusion
If the proposed model of the universe motion is correct, then it gives some new

specific answers to the important questions of the cosmology [7]. Thus, the minimal
radius of the universe, 166 : GlW2c', confirms that the initial singularity does not exist,
if the initial mass is different from zero. Based on the recent observation data and the
time equations (54) and (55) it is shown that the current expanding phase of the universe
motion is started about 12.4 billions years ago. The present universe radius is about
1.99*1026 m. The acceleration equation of the universe motion shows that the universe
acceleration can be attractive (negative) or repulsive (positive). This repulsive
acceleration gives rise to the accelerating expansion of the universe at the present time.

The change from negative to positive acceleration (or vice-versa) takes place at the
radius r = GM/c'. The change from the contracting phase into the expanding one, takes
place at the minimal radius, rmin = GlW2c' , where velocity is equal to zero. If the
energy conservation constant k : 1, then both the universe acceleration and velocity are
tend to zero for r -+ co . After approaching the maximal velocity, vmax: c, the expansion
velocity will decreasing going to zero at an infinite radius. Maybe some kind of the
small quantum fluctuations (that are not included in the presented model) will stop this
expansion and change it into the contraction. If k > 1 , then the situation is similar to the
previous one, but the expansion velocity will decreasing going to the constant velocity
at an infinite radius. Finally, if k < 1 then the proposed model describes the cyclic
scenario of the universe motion. The further investigation of the energy conservation
constant k will take the place in our future work.
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