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Abstract

We model the universe on the interaction of two cosmic particles based on
the Cosmological General Relativity (CGR) of Carmeli and obtain a theoreti-
cal value for the Hubble constant /4 at zero distance and no gravity. CGR is a
5-dimensional theory of time £ space x, y; z and velocity v. A minimum cos-
mic acceleration a, =dv/dt =c/r results from a linearized version of CGR,
where cis the vacuum speed of light and 7 is the Hubble-Carmeli time con-
stant. The force due to the Carmeli acceleration a, counteracts the Newtonian
gravitational force between the two particles. Each particle is unstable and
disintegrates into baryons, leptons and radiation. By the uniform expansion
of the black body radiation field, we obtain the expression

T= \/A/ (7;)3 +Q, (0.1 pc)_2 A) , where A is a constant, 7, is the tempera-
ture of the cosmic microwave background black body, Q,,,, is the physical
baryon density parameter and pc ~3.086x10"cm-pc'. Using standard
values for 7; and Q,,,,, we obtain a value 7= (4.15121 + 0.00206) x10"s,
which gives a value for the Hubble constant at zero distance and no gravity of
h=1/r =(74.33982+0.03694) km-s™' -Mpc™' . From the value for 7, we get
the age of the universe of (13.15467 + 0.00653) x 10° years.
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Hubble Constant, Hubble-Carmeli Time Constant, Vacuum Density, Cosmic
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1. Introduction

The Cosmological General Relativity (CGR) of Carmeli is a 5-dimensional

theory of time £ space x, y; z and velocity v, which predicts the existence of a

DOI: 10.4236/jhepgc.2020.61004  Dec.

4,2019 34 Journal of High Energy Physics, Gravitation and Cosmology


https://www.scirp.org/journal/jhepgc
https://doi.org/10.4236/jhepgc.2020.61004
https://www.scirp.org/
https://doi.org/10.4236/jhepgc.2020.61004
http://creativecommons.org/licenses/by/4.0/

F. J. Oliveira

constant acceleration a, =c/r due to the expansion of the universe [1] [2],
where c is the speed of light in vacuum and 7is the Hubble-Carmeli time con-
stant and where /1 =1/7 is the Hubble constant at zero distance and no gravity.
In the application of Carmeli cosmology to galaxy rotation dynamics, Hartnett
[3] found that the dividing line between which the galaxy rotation velocity was
explained by Newtonian dynamics and where it could be explained by Carmeli
dynamics, respectively, was where the galaxy acceleration transitioned from
greater than a critical value of (2/3)a, to less than this acceleration.

We assume that the universe of mass and energy began with the formation of
two massive cosmic particles. The pair of neutral cosmic particles materialized
from the vacuum and the Carmeli acceleration formed the force which opposed
the gravitational force between them. It is found that the particles were initially
separated a distance 7, =cz/2 and each had a mass m =zc’/4G, where G is
Newton’s gravitation constant. For the universe, the sum of the mass density p of
the particles (positive) and the mass density p,,. of the vacuum (negative) satis-
fies p+p,. =0.We derive for the mass densities p=-p, .= p.,where
p. = 3/ (87'CG7.'2) is the critical mass density. The particles are assumed to be the
anti-particle of each other and inherently unstable. Upon the disintegration of
each particle, the remnant of baryons, leptons and photons are hypothesized to
form two sub-universes enclosed in a sphere of radius Ry =c7 . The baryons,
leptons and photons interact as they expand to fill the hemisphere of each sub-
universe. When the radiation field photons reach a state of equilibrium with the
ionized hydrogen atoms and electrons, the average photon energy &, = a’ uct / 2,
where a is the fine structure constant and y is the reduced electron mass in the
hydrogen atom.

This paper is a summary of the main points of my earlier paper [4]. We will
cover the essential ideas developed in detail there and while making a more ri-
gorous derivation of our expression for the Hubble-Carmeli time constant.

2. The Initial State of the Universe

We take the natural position that the universe can be described by an equation
of the form U =0, where U represents a fundamental quantity such as the
energy, mass density or force. Assuming that only gravitational and expansion
reactions need be considered, ignoring the nuclear, electric and magnetic effects,
we can state that the mass densities and forces due to gravity and expansion

upon two cosmic particles each of the same mass are given by

p+pvac =0’ (1)
Gm?
F(ro):r—z—ma0 =0, (2)
0

where p is the matter mass density of the universe, p,,. is the vacaum mass den-
sity, m is the mass of each of the cosmic particles, Hr) is the sum of forces on
each particle, G is Newton’s gravitation constant, z, is the separation of the two

particles and a, =¢/7 is the Carmeli acceleration.
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Initially, the two particles are at rest relative to each other. It is assumed that
each cosmic particle is the anti-particle of the other. For example, representing
ordinary matter by u and anti-matter by i, if one particle is composed of
(x+y)u amount of ordinary matter and xii amount of antimatter such that
b =(x+ y)u — xii , then the antiparticle is composed of xu amount of ordinary
matter and (x+ y)ﬁ amount of antimatter, giving b, = xu —(x+ y)ﬁ. Sum-
ming the compositions of both particles produces b, +b, = yu—yii =0, con-
serving quantum numbers.

A further assumption we make is that both cosmic particles are enclosed in a
finite spherical volume V'having a radius equal to the Schwarzschild radius R of

the particles given by

2G(2
,_260m), 3)
C

R

Multiplying the density relations in (1) by the volume V =(4/ 3)7‘CR§ we get

the equation for the total mass

3.3
2561nG°m j o, @

4 5

—nR; (p+p,,.)=2m+

3 S (p pvaL ) ( 306
where we assume that the matter density p =2m/V . Multiply the force (2) by
the differential distance and integrate to obtain the energy of particle #2 at dis-
tance r, from particle #1, which is given by

2
E(ro):j(ci—n;—maojdr __Gm

T

2

—mayr, +mc”, (5)

where it is assumed that the integration constant is the particle rest energy. By
symmetry, we know that the result is the same if we reversed the roles of the par-
ticles. By setting E(r,)=0 in (5) and along with (2) where F(r,)=0, we
solve these quadratic equations simultaneously to obtain the mass m and separa-

tion distance r,, which are found to be given by

3
Tc
=—. 6
"G (©)
and
cT
n = 7 . (7)

Solving (3) for R;with the mass m from (6) we obtain

Ry =cr. (8)

Substituting for mass m from (6) into (4), we obtain for the vacuum mass
density
_3
8nGr®’

pV{ZC = (9)

and from (8) into (2), the matter mass density
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p :—pvac = = pc 5 (10)

8nGr?

where p. is the critical mass density. Carmeli defined the effective mass density
Perin his theory in the form p,, = p—p, , where p is the mass density, but the
critical mass density did not have a physical aspect. In this work we attribute a
negative mass density to the vacuum and define the effective mass density by

P = P+ P, - Therefore, by (1) we imply that at the beginning,
P eff 0.

3. Radiation Energy of the Universe in the Form of
a Black Body

The two cosmic particles, #1 and #2, are each of mass m and are assumed to be
composed of subatomic particles of matter and anti-matter as we described
above. It can be shown [4, Ref. 7] that each particle is enclosed in a volume V,,
which is half of the sphere volume V of Schwarzschild radius R, given by (8)
which encloses both particles, so that the volume of the sub-universe containing

a single particle, let us say #1, is given by

v, =lV=2—nc3z'3. (11)
2 3

Since each cosmic particle is composed of subatomic particles and anti-particles

it is inherently unstable and will disintegrate, by particle anti-particle annihilations,
yielding photons and a remnant of baryons and leptons. Assuming that a fraction g
of the particle mass m ends up as baryons and leptons, so then a fraction (1 — g) of
the mass m ends up as photons. Assume also that the baryons and leptons are at
rest initially. By energy conservation, the total energy E, =mc’ = E, + E,, where

the energy of the baryons and leptons is
E, = gmc®, (12)
and the energy of the photons is

E =(1—g)mc2. (13)

/4
The total energy density of radiation (both polarizations) in a black body at
temperature 7°[5] is given by
kT
15

u(T)

where 4 is Boltzmann’s constant and 7 is the reduced Planck’s constant. Mul-

(14)

tiplying the energy density (14) by the present sub-universe volume V,, enclos-
ing it we have the radiation total energy E,, at the present time where the un-
iverse temperature is 7;

3 3744
_2rz kT,

45K (15)

E,= u(T}) )Vm

At some point, the radiation field interaction with the baryons and leptons
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reaches a stable state such that the number of photons N(7) in the field remains
fixed as temperature 7 decreases due to the physical expansion of the radiation
field. The average photon energy in the black body at temperature 7T'is expressed
by

Eg =CkyT (16)

where ¢ ~2.70 is the black body mean energy coefficient. Dividing E,, by
g0 = G kT, » which is the average CMB photon energy now, yields the number
of photons at the present epoch of time in the sub-universe,

E 2 3 3k3T3
N, (1) = =1 = e (17)
& 45¢h

avg,0

The temperature of the cosmic microwave background (CMB) in the universe
at the present time is, 7, =2.73K and using this temperature the number of
photons in the radiation field, the CMB is given by (17), using a value of
r=428x10"s,

N, (T,)~1.82x10". (18)

Y

Looking back to the time when the photon number first stabilized to a fixed
value, which is assumed to be the same as the present number N(7;), we make a
first approximation of the average photon energy ¢, at that time by dividing the

total sub-universe mass energy mc by the number of photons, giving

2
mc

£ =
TON(T)

which we realize is 98% of the ionization energy 13.6 eV of the hydrogen atom.

~1332¢eV, (19)

Because big bang nucleosynthesis ends with the radiation field interacting with
the ionized hydrogen atoms, it is reasonable to hypothesize that the average

photon energy equals the ionization energy,

(1—g)md aPuc
TN (L) 2

¥

(20)

where the last expression on the right hand side is the hydrogen atom ionization
energy, where a is the fine structure constant and u is the reduced electron mass
of the hydrogen atom. Equation (20) can be expanded using the mass m from (6)
and N,(T;) from (17) which simplifies to give

~ (1-g)4s¢n’e’ _a’uc

21)
T8 GIkT 2

As for the definition of the fractional parameter g representing the baryons,
we take a simpler form here than in [4], expressed by
Qb hys
g= h+ (22)
where Q,,,, is the physical baryon density parameter and 4, is the Hubble con-

stant A divided by 100, which are defined in the cgs system by
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h (23)
T
where pc~3.086x10" cm/pc and
h = %. (24)

Since ¢, =(k,T, from (16), the temperature of the black body radiation
field during the hydrogen ionization epoch is given by

7 =% :azﬂcz'
T Cky 20k,

Substituting values into (25) we get T, ~5.84x 10°K .

(25)

4. The Values of the Hubble-Carmeli Time Constant
and the Hubble Constant

Since it is difficult to measure the Hubble constant through astronomical me-
thods we can invert Equation (21) to solve for 7in terms of Q,,,,, and 7, para-
meters which may be more accurately determined. First, define the constant 4 in
the form
- e @9
A Glkyo™ u

Then, from (22), (23) and (24) express gin the form
gszhys‘[2

(O.Ipc)2 '

Then, with (26) and (27) we invert (21) and solve it for 7, yielding

g= (27)

A

|
3 Qbhs
I+ 5 |4
\/ [(O-W)J

Substitute values into (28) for the parameters in A from (26) and for the
present day CMB temperature 7 =2.72548+0.00057 K [6] and physical ba-
ryon density parameter €, , =0.02260+0.00034 [7] to obtain a predicted
value of

(28)

T ~(4.15121£0.00206)x10""s , (29)
which gives a value for 4, the Hubble constant at zero distance and no gravity of
h=(74.33982+0.03694) km-s™ -Mpc ™. (30)

For the age of the universe, 7, = z/sidereal year , we have

ty = (13.15467+0.00653)x10° yr . (31)

In [Oliveira 2012], we reported a similar value for 4 as in (30), though the de-
rivation in that paper was less rigorous than the formula (28) above. Recently, it

was reported by [8] a value
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H,=74.03+1.42km-s™ -Mpc ™, also earlier by [9] a value
H,=73.8+2.4%km-s"-Mpc™', and by [10] a value
H,=743+2.1km-s"-Mpc™ and also earlier by [11] a value
H,=72+8km-s"' -Mpc™', all of which fit well with our prediction.

5. Baryon to Photon Number Density

The photon number density n,, at the present epoch is the energy density (14)
divided by the average photon energy (16) at the CMB temperature 7; given by
#(1) _ kT

no = - , 32
7Lk Ty 150 (32)

Also, the baryon number density 11, at the present epoch can be obtained by
dividing the baryon energy £, of (12) by the volume V, of (11) and the proton
mass m,, and using (22), (23) and (24) and simplifying we have,

3 Q
1y = E,  grc /4G :[ bphys J( 3 ] (33)

myV, m,(2/3)nc’c®  { m,0.01pc* |\ 8nG

p m

From (32) and (33), we obtain the baryon to photon ratio at epoch

_ nB,O _ prhys 454/03;-13
T T 001pe | sGrer ) (34)
n,, (m,0.01pc kT,

The expression (34) for  can be put into a simpler form using (21) to substi-

tute into the second term yielding,

313 2
’7:’18_’0: gz [4Sicsh3j:( g j —— > (35)
n,, \m,7° )\ 8Gnk,T; 1-g ){ 2m,

where gis given by (27). Using the value of rfrom (29) and
Q, .. =0.02260+£0.00034 from [7] we get a theoretical value for the baryon to

bphys

photon number ratio

Mo =6.17955+0.11217 , (36)

where 77, =7x10", which is within the range (4.7<7,, <6.5) reported in a
BBN study [12]. Since g from (22) is a constant, we see that 7 given by (35) is a
constant as is expected, since the number of baryons and photons is assumed to

be constant for this analysis.

6. Conclusions

A key result of this thesis is showing that the initial mass m of the universe can be
partitioned into the baryon mass m, = gm and the photon mass m, =(1-g)m
at the time of nucleosynthesis. This is based on equating the average photon
energy ¢, to the Hydrogen ionization energy at the time of recombination (20),
which is a very reasonable assumption. Within this context, there is not a re-
quirement for any other masses, such as particles of dark matter or dark energy.
There are several extended theories of gravity which elegantly address the issues

of the shortcomings of General Relativity, such as dark matter, dark energy and

DOI: 10.4236/jhepgc.2020.61004

40 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2020.61004

F. J. Oliveira

the cosmological constant [13].

Bringing this paper back in a simpler form was important, due to the fact of
the recent findings for the Hubble constant which appear to be approaching the
value we obtained already in the original 2012 report. Also, we wanted to study
the relationship between the cosmic model developed here and a new study of
big bang nucleosynthesis for Carmeli cosmological theory which is available in
draft form on ResearchGate [14].
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