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ABSTRACT

The recent astronomical observations indicate tiatexpanding universe is homogeneous, isotropic an
asymptotically flat. The Euclidean geometry of tidverse enables to determine the total gravitatiamd
kinetic energy of the universe by Newtonian grawitya flat space. By means of dimensional analysés,
have found the mass of the observable universe aiothe Hoyle-Carvalho formuM/¢¥(GH). This value is
independent from the cosmological model and irdesize (radius) of the observable universe clostéutable
distance. It has been shown that almost the ekitiegic energy of the observable universe ensues the
cosmological expansion. Both, the total gravitaticand kinetic energies of the observable univeese been
determined in relation to an observer at an arittacation. The relativistic calculations for tbidnetic
energy have been made and the dark energy hagkeladed from calculations. The total mechanicargn
of the observable universe has been found clogerty which is a remarkable result. This resulpsuis the
conjecture that the gravitational energy of theeolable universe is approximately balanced witkiitgtic
energy of the expansion and favours a density i elaergyQ,~ 0.78.
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1. INTRODUCTION scale. The recent results show that 1+AQ, where the
error AQ decreases from 0.10 (De Bernardisl., 2000;
The problem for the average density of the universeBalbi et al., 2000) to 0.02 (Sperget al., 2003), i.e., the
p acquires significance when it has been shownthieat density of the universe is close to the criticaé @md the
General Relativity allows to reveal the geometryd an universe is asymptotically flat (Euclidean).
evolution of the universe by simple cosmologicaldels The fact thalQ is so close to a unit is not accidental
(Friedman, 1922; Lemaitre, 1927; Einstein and D&®6i  since only aiQ = 1 the geometry of the universe is flat
1932). Crucial for the universe appears dimensgmle and the flat universe was predicted from the irdtzry
total densityQ =p/ p, wherep, is the critical density of ~ theory (Guth, 1981). The total densiy includes
the universe. In the case 6f<1 (open universe) the matter densityQy = Q, + Q. where Q,=0.05 is
global spatial curvature is negative and the geonut density of baryon matter an@~0.22 is density of
the universe is hyperbolic and in the cas@pf (closed cold dark matter (Peacockt al., 2001) and dark
universe) the curvature is positive and the gegmistr  energyQ,~0.73 (Hinshawet al., 2009) producing an
spherical. In the special case®f= 1 (flat universe) the accelerating expansion of the universe (Riessl.,
curvature is zero and the geometry is Euclideartil Un 1998; Perlmutteret al., 1999). The found negligible
recently scarce information has been available tatiw
density and geometry of the universe. The most
trustworthy total matter densify has been determined by universe was very homogeneous and isotropic
measurements of the dependence of the anisotrofheof (Bennettet al., 1996). Three-dimensional maps of the
Cosmic Microwave Background (CMB) upon the angular distribution of galaxies corroborate homogeneoud an

CMB anisotropy g-ﬂ(fs indicates that the early
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isotropic universe on large scales greater than 10Mbtained by means of the fundamental constar®and
Mps (Shectmarmet al., 1996; Stoughtort al., 2002). A. This is the famous Planck mass
Usually, Einstein pseudotensor is used for m, ~J/hc/G ~2.1710°%g, whose energy equivalent-the
determination of the total energy of the univeiReden, Planck energy¥p = mpc® ~ 10" GeV appears unification
1994; Johriet al., 1995) This approach is general for energy of the fundamental interactions.
open, close and flat anisotropic models, but The fundamental parameters as the gravitational
pseudotensorial calculations are dangerous as dhey constantG, speed of the light ¢ and the Hubble constant
very coordinate dependent and thus, they may lead tH ~ 70 km s Mps™ (Mould et al., 2000) determine the
ambiguous results (Banerjee and Sen, 1997). Neartoni global properties of the universe. Therefore, byanseof
gravity still works reasonably in practically all these parameters, a mass dimension quamijtselated
gravitational problems, starting from earth gravipace g the universe could be constructed:
flights and star systems and ending to birth ofsséand
star clusters, with exception of extremely compact m, = kc"GPH” (1)
objects like black holes and neutron stars possgssi
strong gravitational field causing non negligible
curvature of the space. After recent CMB observetio
discovered that the global geometry of the univasse
flat, some cosmological problems could be solved by
Newtonian gravity in Euclidean space. This oppdtjun
has been used in the paper to estimate total meethan
energy of the observable universe.
To determine gravitational and kinetic energy o th

where, k is a dimensionless parameter of the oodler
magnitude of a unit and, A and y are unknown
exponents which have been found by means of asalysi

Taking into account the dimensions of the quartitie
in Equation 1 we obtain the system of linear eaunsti
for unknown exponents Equation 2:

observable universe, information of the size atal tnass 9 +3=0-a-28-y=0-4=1 )
of the universe are needed. There are differeimhatons
of the mass of the observable universe covering laege The determinanh of the system is Equation 3:
interval from &10°° kg (Hopkins, 1980) to 1:6.0°° kg
(Nielsen, 1997). Also the estimations of the sizaliUs) 1 3 0
of the universe are from 10 Glyr (Hilgevoord, 19394) A=|-1 -2 —1=-1 3)
more than of 78 Glyr (Cornistt al., 2004). 0 -1 o
2.ESTIMATIONSOF THE TOTAL MASS
AND SIZE (RADIUS) OF THE The determinanidz0, therefore the system has a
OBSERVABLE UNIVERSE unique solution. We find this solution by Kramer's

formulae Equation 4:

Taking into account uncertainties of the estimation
for the mass and size of the observable universe, a 0:5:35:% B @)
original approach for cosmology, namely dimensional A
analysis, has been applied below for estimatiornhef
mass and size of the observable universe. The Thus, we find the magsg, related to the universe:
dimensional analysis is a conceptual tool ofterliegpn
physics to understand physical situations invohdagain
physical quantities. It is routinely used to chettie
plausibility of derived equations and computatiofhen
the certain quantity, with which other determinativ This value hits in the large interval for the magshe
quantities would be connected, is known but thenfof  universe mentioned at the end of Section 1 anccicks
this connection is unknown, a dimensional equatias  with Carvalho (1995) formula for the mass of the
composed for its finding. Most often, the dimension observable universe, deduced by totally differgpireach.
analysis is applied in mechanics where there areyma Thus, the quantityn, obtained by means of analysis by
problems having a few determinative quantities. The means of the fundamental parameters c, G and k:seqts
quantity of mass dimension in high energy physicalso ~ acceptable estimation of the mass of the observable

c? 5
m, “en 10°kg (5)
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universe. It is worthy to note that this valueridépendent Any possible matter beyond the Hubble sphere
from the cosmological model. First estimations @fssof  recedes from the observer with superluminal vejocit
the observable universe by means of dimensiondysisa  Therefore, it does not affect the observer andag ho
hav_(rehbeen _made ‘To'”?l Valevd(2g09a). | density. i _contribution in the mass and energy of the obséevab
dark rialtjtrg:/:?g (;Zrka;:enr the _togt)a __ens\:\t)r/]’e'rremthgjhe' universe, calculated in relation to the observer.

N i gy' 2= 80 = P ° Besides, we can estimate the total rest energheof t
criical density of the universe. determines from  ,hsenaple universe from Equation 9 and Einsteiraan:
Equation 6 (Peebles, 1971):

5
_3H* 9.510%"kg m® (6) E, = Mc? =25 0-10% (10)
871G

o, 2GH

Since the observable universe is homogeneous and 3 DETERMINATION OF THE TOTAL

isotropic, it appears 3-dimensional homogeneougrgph
for an observer at arbitrary location. From Equatt® MECHANICAL ENERGY OF THE

and 6 we obtain: OBSERVABLE UNIVERSE

The results of dimensional analysis and CMB
(7 observations suggest that the observable universe
appears homogeneous 3-dimensional sphere with
radius R close to Hubble distance ¢HHence, the
gravitational potential energy U of the observable
universe is Equation 11:

3HQ _m _ &

871G V  4nR°GH

p=0p,=

From Equation 7 we have estimated the size
(radius) of the observable universe close to the
Hubble distanceH ™:

(11)

R R 2
R=(2/Q)”3ﬁ ~cH™ ® U :_ij:_ﬁ _3GM~
0

Grep?|rfdr =
3077

The result,_ abtained fr_om Equation 8, §hows the where, 0 is an arbitrary location of the obserRimH ™
observable universe practically coincides with Habb . . .
is the radius of the observable universe and

sphere. The Hubble sphere is the sphere where the

recessional velocity of the galaxies is equal ® sheed M(r)==mrp is the mass of a sphere with radius r.

of the light in vacuum c¢ and according to the Hellbw 3 _ i

v = c whenr = cH™. Thus, the Hubble sphere appears a According to the equivalence of mass and energy,
three-dimensional sphere, centered on the observeidark energy also possesses mass and gravitational
having radius = cH™ and densityp = p, . energy. Replacing Equation 8 and 9 in Equation &1 w

The mass of the observable universe would behave found the total gravitational energy of the

deduced more precisely by means of the recent tyensi OPservable universe:

2
of the universep =Qp, =Q3i and radius (size) of the 3
871G =—-=——Q7 (12)
observable universR/¢H™: 20GH
5 5 . .
M =§m3,:gﬂ%9pc - C 5 ) Similar .approach has been used for calcglgtlormft
3 3 H 2GH total gravitational energy of a body arising from

gravitational interaction of the body with all massof
This expression is more accurate than Equation 5the universe (Woodwaret al., 1975; Valev, 2009b).

sipce the results of the.d.imensiongl analysis areect Taking into account Equation 10 and 12 we find

with accuracy to a coefficiemt/1. This value practically 3 ,

coincides with the Fred Hoyle formula for the mags U =~75OMc,  Le, the modulus of the total

the observable universd = ¢ (Kragh, 1999). gravitational energy of the observable universelose
2GH to 3/10 of its total rest energy.
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The estimation of the total kinetic energy of the Replacingv = v, with expression from Hubble law
observable universe T is more complicated as dtresu = Hr, Equation 14 transforms into:
the diversity of movements of masses in the obfteva
universe. We suggest that almost all kinetic eneifgihe
observable universe is a result of the cosmological
expansion since it includes movement of the enosmou _, .
masses (galaxies and clusters of galaxies) withagee =~ 4P¢!~37PCR
speed of the order of magnitudeci?. The rotation curves
of galaxies show that the majority of stars mowe ime Where:
galaxies with speed less thayx 3x10° mVs (Sofue, 1996).
Besides, on rare occasions, the peculiar (non- R
cosmological) velocities of galaxies exceed thisu@a ':J(l‘HZVZ/C )
(Strauss and Willick, 1995). On the other hand,gbeed °
of medium-distanced galaxies (and their starsy eesult
of the cosmological expansion is of the order ofjnitade
of ¢/2 = 1.5¢1¢° m/s. Obviously, the kinetic energy of an
“average star” in the observable universe, ensfiom its o
peculiar movement, constitutes less thar/¢¥ ~ 4x10°° I = —E(CZ IH?=r
part of its kinetic energy, ensuing from the cosgaal
expansion, therefore, former should be ignored.

Let us estimate the total kinetic energy of the
observable universe in relation to an observerlitrary
location. The total kinetic energy of the obsereabl

R
T= 4/;Z>c2j[(1— H2r2/c? Y2-1) dr
0 (15)

The solution of the integral is given from
Equation 16:

2)1/2

3
+—3arcsin% (16)

Considering Equation 8 and replacing low and upper
limits of integration we find:

universe is the sum of the kinetic energy of albses m [ =EC—3 (17)

moving in relation to the observer with speed v 4H

determined from Hubble (1929) law = Hr;, wherer; < . ) ) . o

cH? is the distance between the observer and mmss Replacing Equation 17 in Equation 15 we obtain:

placed within the Hubble sphere. The linearity bé t .

Hubble law has been precise confirmed in (Rigsal., T=mpC -2 5C 18
: : P55 (18)

1998) by SNela observations. Newtonian formula H* 3 " H

1 5 o .
T 'EZmVﬂ for kinetic energy was used in (Valev, In consideration ofp = Qp, and Equation 6 we find

2009a), but the distant masses recede from theghe total kinetic energy of the observable universe
observer with speeds comparable with the speedeof t

light c. Therefore, the.z relativistic formula for kinetic T2 1079(37” 1) = Mc? (7 1) (19)
energy is used below: 2GH
T =Y mia-v?/c?) ¥2-1] (13) Taking into account Equation 12 and 19, the total

mechanical energy of the observable universe datesm
from Equation 20:

Since, for an arbitrary observer, the observable
universe appears a 3-dimensional homogeneousEzTJrU_}CiQ(i 1- 79)_
sphere having radiuR~cH™, Equation 13 can be 2GH (20)
replaced by the integral: Mcz(s—iT—l——Q):l.OSG\/lcz ~Mc2
4 10

T=c([@-Vv?*/c) ¥2-1dm
I[( Ve ] Thus, the total mechanical energy of the observable

universe is found close to its total rest energyisl
worthy to note that in the process of deducing the

R 14
= 475¢? j [(L-V2/c?) Y2=1)r Tr (14)
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Equation 19 the dark energy was accepted as ingaive
cosmological expansionQ( = Qu+Q,). But the dark
energy has no kinetic energy; therefore it shoudd b
excluded from calculations of the total kinetic egeof
the observable universe. In result, the dengity Qp,in

Equation 18 must be replaced with = Qup. and taking
into account Equation 6 we find a relativistic Etjoia
21 for the total kinetic energy of the observahievarse:

r-1lc
2GH

3
Qu (=,

; (21)

-1)= Mc*Q,, (347— 1)= 1.35@,, Mc?

The recent value of matter density is betwegr= 0.19
(Carlberget al., 1997) andQ,, = 0.27 (Hinshawet al.,
2009). As a result, the total kinetic energy of the

observable univers& ~ (0.26:0.37) Mc?, i.e., close to
3/10 of its total rest energyic®.
Finally, from Equation 12 and 21, taking into

consideration Equation 10 we find the total mectani
energy of the observable universe:

1c

E=T+ U—Ea[Q (— 1) - o Q7
@y 3T 3
Mc[ ( -1) 109] (22)

~(—0.047 o.oeMc =( G 0.0pvc?

It is remarkably, that the total mechanical eneofy
the observable universe is close to zero. Thisltresu
supports the conjecture that the gravitational gynef
the universe is approximately balanced with itsekin
energy of the expansion (Lightman, 1984). Accordimg
Equation 22, the total kinetic energy of the obabte

universe is strictly equal to zero in case of
2
y - X . 0.22. This value hits in the range of
10(37/4-1)

the recent estimations of matter density of thevensie

and it should be discussed as a prediction of the
which the future more accurate

suggested model,
observations are able to test.

4. CONCLUSION

The recent astronomical observations indicatettieat
expanding universe is homogeneous,
asymptotically flat. The Euclidean geometry of the

universe enables to determine the total kinetic and
gravitational energies of the universe by Newtonian

gravity in a flat space.

19
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isotropic and

By means of an original approach for cosmology,
namely dimensional analysis, a mass dimension gyant
of the order of 1% kg, related to the universe, has been
found close to Hoyle-Carvalho formula for the mass
the observable universe. This value is indepenfient
the cosmological model and infers the size (raddfishe
observable universe close to Hubble distatte.

Both, the total kinetic and gravitational energas
the observable universe have been determinedatiael
to an observer at arbitrary location. Based onsthgle
homogeneous and isotropic model of the flat uniers
which expands according to Hubble law, we have doun
equation for the total gravitational energy of the
observable universe. The modulus of the total
gravitational energy of the observable universe is
estimated to 3/10 of its total rest eneMg’.

The relativistic calculations for total kinetic @gg have
been made and the dark energy has been excluded fro
examination. The total kinetic energy of the obabl
universe has been found close to the modulus dbtisd
gravitational energy. Therefore, the total mecharéoergy
of the observable universe is close to zero, wiicka
remarkable result. This result supports the comjecthat
the gravitational energy of the observable univeise
approximately balanced with its kinetic energy bft
expansion and favours a density of dark en&gy0.78.
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