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Abstract
We propose a model for gravity based on the gravitational polarization of
space. With this model, we can relate the density parameters within the
Friedmann model, and show that dark matter is bound mass formed from
massive dipoles set up within the vacuum surrounding ordinary matter. Aggregate matter induces a gravitational field within the surrounding space,
which reinforces the original field. Dark energy, on the other hand, is the
energy density associated with gravitational fields both for ordinary matter,
and bound, or induced dipole matter. At high CBR temperatures, the cosmic
susceptibility, induced by ordinary matter vanishes, as it is a smeared or average value for the cosmos as a whole. Even though gravitational dipoles do
exist, no large-scale alignment or ordering is possible. Our model assumes
that space, i.e., the vacuum, is filled with a vast assembly (sea) of positive and
negative mass particles having Planck mass, called planckions, which is based
on extensive work by Winterberg. These original particles form a very stiff
two-component superfluid, where positive and negative mass species neutralize one another already at the submicroscopic level, leading to zero net
mass, zero net gravitational pressure, and zero net entropy, for the undisturbed medium. It is theorized that the gravitational dipoles form from such
material positive and negative particles, and moreover, this causes an intrinsic
polarization of the vacuum for the universe as a whole. We calculate that in
the present epoch, the smeared or average susceptibility of the cosmos equals,

χ 0 = 0.842 , and the overall resulting polarization equals, P0 = 2.396 kg m 2 .
Moreover, due to all the ordinary mass in the universe, made up of quarks
and leptons, we calculate a net gravitational field having magnitude,

=
g ( ) 3.771E − 10 m s 2 . This smeared or average value permeates all of
0

space, and can be deduced by any observer, irrespective of location within the
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universe. This net gravitational field is forced upon us by Gauss’s law, and although technically a surface gravitational field, it is argued that this surface,
smeared value holds point for point in the observable universe. A complete
theory of gravitational polarization is presented. In contrast to electrostatics, gravistatics leads to anti-screening of the original source field, increas

  

0
0
1
0
1
ing the original value, g ( ) , to, g = g ( ) + g ( ) > g ( ) , where g ( ) is the induced or polarized field. In the present epoch, this leads to a bound mass,

=
M B χ=
5.33M F , where M F is the sum of all ordinary source
0 K0 M F
matter in the universe, and K 0 equals the relative permittivity. A new radius, and new mass, for the observable universe is dictated by the density parameters in Friedmann’s equation, and Gauss’s law. These lead to the very
precise values, R0 = 3.217E27 meters , and, M F = 5.847E55 kg , respectively, somewhat larger than current less accurate estimates.

Keywords
Extended Gravitational Model, Friedmann Equation, Dark Matter,
Dark Energy, Vacuum Energy, Winterberg Model,
Gravitational Polarization Model, Planck Mass Model

1. Introduction
Dark matter and dark energy are phenomena which at present are poorly understood. In particular, no suitable model exists for predicting the underlying
density parameters,

( Ωb , Ωc , ΩΛ ) , associated with their relative energy content.

We have the numerical values in the current epoch,

( Ωb , Ωc , ΩΛ ) =( 0.0486, 0.2589, 0.6911) ,

obtained from the latest ΛCDM data

release [1] [2] [3]. We also have a sense for how these quantities scale as the universe expands. A formal theory, however, connecting the quantities above has
yet to be formulated. Also, are dark matter and dark energy related? They seem
totally different in character and thus, it is difficult to imagine that a more intimate connection between the two should even exist. Nonetheless, we believe
such a connection does, in fact, exist, which will be demonstrated in this paper.
In short, we present a theory relating all three ideas, dark matter, dark energy,
and their interconnection.
Some time ago, it has been astutely observed by Hajdukovic, in a series of papers [4] [5] [6] [7], that the polarization of space may provide, in some sense, the
key towards an understanding of dark matter. He later added dark energy, as
well. Two facts stand out. The first is that gravitational polarization may provide
an anti-screening feature giving a total mass, which is the sum of free source
mass and bound mass, a larger value. This could help account for dark matter,
and the many observations associated with such. Moreover, virtual particle creation/annihilation may provide the background vacuum energy needed to explain
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dark energy. He was thinking specifically, of virtual pion pair production/annihilation within the vacuum where the masses equal,
m=
π ± 2.488E − 28 kg . The gravitational force, being attractive, could form a
polarization cloud about ordinary matter leading to larger than expected mass.
This could explain rotation curves, the halo effect of galaxies, the motion of galaxies within superclusters of galaxies, gravitational lensing, etc. Virtual particle,
π ± creation/annihilation, on the other hand, could fill the rest of space creating
an aether-like medium for dark energy, and rendering an energy density compatible with dark energy. The theory, however, never gained significant traction,
as specific predictions were scarce, and some details were sketchy.
Another intriguing notion relating to vacuum energy and dark energy was
presented by Winterberg, who, in a series of papers [8]-[13], and in a book [14],
forwarded the novel idea that space is filled with a vast assembly (sea) of positive
and negative mass particles, which he called planckions. They have Ur-mass, or
original mass, of positive and negative the Planck mass where,
± M Pl =
±2.176E − 8 kg . These particles were formed presumably at the Planck
temperature, TPl ~ 1032 Kelvin . He developed a very detailed model regarding
the interaction of such Planckion particles where like masses repel each other, and
unlike masses are forced close to one other. The two species of submicroscopic
masses form a very stiff two-component superfluid, which, as a whole, is massively
neutral due to their mass compensating effect. Each positive and negative mass
keeps the other masses, within their species, a fixed distance apart within this
two-component superfluid. Also, the speed of sound (phonons) within such a
dense aether-like medium was shown to be equal to the speed of light.
In his theory, Winterberg offers an explanation for the tremendous vacuum
energy in the earliest epochs [15]. He derives quantum mechanics, and the general
theory of relativity, as two asymptotic limits within his more general model. What
is interesting is that his theory is totally mechanistic/atomistic in its approach, along
the lines of Boltzmann, when he developed his statistical mechanics. Space or vacuum is not empty, but rather consists of a medium made up of these positive and
negative mass particles. Vortices and other stable disturbances/distortions within
this two-component superfluid produce quasi-particles, which he identifies with
elementary particles, and their mediating fields. Needless to say, his theory is a very
ambitious one, developed as an alternative to string theory.
Winterberg’s theory is very detailed in its calculations, and somewhat complex,
in this author’s opinion, especially as it relates to the formation of quasi-particles
(collective excitations) within the vacuum. He does not adequately address what
happens to his two-component superfluid upon expansion of the universe, and
his explanations for dark matter and dark energy are superficial. He focuses
primarily on the vacuum energy, the fluid forces acting on the planckions, the
formation of quasi-particles within the superfluid, the underlying symmetry,
which is, SU ( 2 ) ~ SO ( 3) , versus Lorentz invariance, as the fundamental symmetry of nature, and a derivation of quantum mechanics and the general theory
of relativity as special asymptotic limits.

( )

DOI: 10.4236/jhepgc.2021.72028

480

Journal of High Energy Physics, Gravitation and Cosmology

C. Pilot

In spite of its complexity, however, we feel that his theory has many inherent
merits. The mass compensating effect, already at the sub-microscopic level
(<10−18 meters) leads to zero net mass, zero net gravitational pressure, and zero
net entropy for undisturbed space, which is seemingly empty. Elastic collisions
with CBR blackbody photons will cause inherent fluctuations and oscillations
of the positive and negative masses, leading to an uncertainty in position and
momentum for any material particle placed upon, or within, such a space,
much as a ship rocks to and fro when placed upon the ocean. The Schrödinger
equation is also derived from first principles using Boltzmann-type arguments.
The inter-planckion forces lead to a very stiff medium causing disturbances
(phonons) to move at the speed of light. The whole notion of the vacuum as a
condensed medium, where the laws from condensed matter physics can be
brought to bear is worth mentioning. In contrast to Hajdukovic’s theory, his
particles are very real, and not virtual, π ± pairs. He also introduces, in contrast
to Hajdukovic, like massive particles which repel, and opposite mass particles,
which attract, albeit indirectly.
We wish to build upon Winterberg’s model further in this paper. The model
we present here, and develop further, is really a combination of the both the
Winterberg model, and that of Hajdukovic. We borrow heavily from each, in
order to develop a new and independent theory, which may help explain the
cosmological density parameters associated with dark matter and dark energy. It
is our belief that dark matter and dark energy are related to one another on a
fundamental level. One major modification that we will introduce, which is different from Winterberg, is that the vacuum is more of a supersolid, versus a superfluid. Supersolids are now known to exist [16]-[22], but only at extreme low
temperatures. We imagine something similar happening, but at much higher
temperatures, and for a different type of mass. Instead of atoms, we are looking
at planckion mass, and planckion mass condensates. Also, there is no limit to the
temperature of a super solid; it can be very high if the pressures, densities, and/or
interactions are correspondingly high.
This is actually a first in a series of papers where we intend to look at the macroscopic, and microscopic, implications of such a theory. This includes deriving
the scaling laws for both macroscopic and microscopic variables upon expansion
of the universe. This work will start the process. Here, we focus exclusively on
the present epoch, and explain the numerical values associated with the density
parameters. We also predict new, and very precise, values for the Hubble radius,
and mass of the observable universe, within this radius. Extended gravity theories are not new, and many theories have surfaced which propose an explanation
for dark matter and dark energy [23]. Ours is but one example.
The outline of this paper is as follows. In Section II, we review the fluid forces
acting on the individual planckions, and prove that the positive and negative
mass planckions do not interact directly. Both arguments are due to Winterberg.
We then take this a step further, and introduce specific restoring forces acting on
DOI: 10.4236/jhepgc.2021.72028
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individual planckions. For the polarization of space, the planckions need to be
spatially anchored, or locked in position. If displaced from their equilibrium position, specific restoring forces must apply. External influences are external gravitational fields produced by source matter, and temperature driven CBR photon
collisions. In Section III, we develop a theory of gravistatics, much along the
lines of electrostatics. There are some notable differences such as anti-screening
in gravistatics, versus screening in electro-statics, which we make clear. We define key relations, such as bound mass, and susceptibility, which are needed for
the following sections.
In Section IV, our identifications are made for dark matter and dark energy.
We will relate both concepts formally through their underlying equations, and
predict a new radius, and a new mass, for the observable Hubble bubble. These
new values are forced upon us by the current values of the ΛCDM density parameters, and Gauss’s law. Gauss’s law is treated in detail in Section III. It is our
contention that the universe has a net smeared gravitational field, and a net
smeared polarization due to all the free mass contained within it. The former is a
given, whereas the latter is an assumption. We calculate the various gravitational
field values, as well as other quantities relating to the cosmos as a whole, when
distance scales greater than 100 Mpc are considered. In Section V, we present
our summary and conclusions.

2. The Winterberg Model and Extension
In this section we focus on the anchoring of planckions in space. As a prerequisite for defining susceptibility and polarization, the material Planck particles, i.e.,
planckions need to be locked in position, spatially, in some sense.
We start with the fluid forces governing the positive and negative mass
planckion particles due to Winterberg. In the current cosmological epoch, we
assume that their masses equal positive and negative the Planck mass, ± M Pl ,

±2.176E − 8 kg . All units not explicitly written out are MKS units.
where ± M Pl =
Following Winterberg, we assume that like masses within the fluid, whether they
possess positive or negative mass, will repel each other. Unlike mass planckions will
attract one another, but indirectly.
The fluid force acting on a positive mass planckion is due to the other positive
mass planckions comprising the fluid. It is



F+ =
−n+−1∇p+ =
−n+−1 ∇n+ M Pl c 2
(2-1)

(

)


In Equation (2-1), n+ ( x ) stands for the positive mass planckion number


density, and ∇p+ is the gradient of the gravitational pressure, p+ ( x ) . The
positive gravitational pressure exerted by the other positive mass planckions is
defined as, p+ ≡ n+ M Pl c 2 , where c is the speed of light and, M Pl , is the Planck
mass.
For the negative Planck mass particle, there is a similar force. Here, the fluid
force acting on the negative mass planckion equals,
DOI: 10.4236/jhepgc.2021.72028
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F− =
+ n−−1∇p− =
+ n−−1 ∇n− ( − M Pl ) c 2

(

)

(2-2)

This force, F− , is due to the other negative mass planckions populating the
vacuum. We note that we have positive the gradient in this expression. A negative mass particle will want to take the path of steepest ascent in a pressure field.
Think of a negative mass in the earth’s gravitational field. When released, it

would accelerate upwards towards higher gravitational pressure. Here, n− ( x )

stands for the negative mass planckion number density, and, p− ( x ) is the corresponding negative mass gravitational pressure, defined by,
p− ≡ n− ( − M Pl ) c 2 =
−n− M Pl c 2 . We notice that p− is inherently negative.
For the undisturbed fluid (vacuum) with no gravitational fields, the positive


and negative mass number densities balance, i.e., n+ ( x ) = n− ( x ) . The total gravitational pressure becomes,
p = p+ + p− = M Pl c 2 ( n+ − n− ) = 0 (undisturbed fluid)

(2-3)

The total planckion mass density equals,

ρ =ρ + ρ − =M Pl ( n+ − n− ) =0 (undisturbed fluid)

(2-4)

We notice that, by definition, the component mass densities are both positive
and negative,


ρ + ≡ M Pl n+ ( x ) , ρ − ≡ − M Pl n− ( x )
(2-5a, b)
Moreover, upon comparing Equation (2-4), with Equation (2-3), it is clear that,

p+ = ρ + c 2 , p− = ρ − c 2 , p = ρ c 2

(2-6a, b, c)

The equations of state for planckions are straightforward, as, p = wρ c 2 , with
w = 1 . This holds for the component parts as well, p+ = wρ + c 2 , and,
p− = wρ − c 2 , where, w = 1 . Number density equilibrium in a region of space,


n+ ( x ) = n− ( x ) , will also be maintained if planckions are oscillating or vibrating
due to collisions with CBR blackbody photons. If, however, there is an applied


gravitational field, n+ ( x ) will be greater than, n− ( x ) . Then we have a net
gravitational pressure, and a net mass density, which is now unequal to zero. A
net planckion mass density is a new prediction of Winterberg’s theory.
The positive and negative mass planckions are anchored in position, spatially,
due to their mutual repulsion and attraction. If brought too close together,
planckions of the same species will repel, and if they are separated by too large a
distance, they will attract. In this way equilibrium is maintained, where a fixed
distance of separation is maintained between particles of the same species. To
see this more clearly, we look at a one-dimensional version of Equation (2-1).
This reads
F+ , x = −n+−1 dn+ dx M Pl c 2

(2-7)

The negative sign indicates a restoring force, because as the gravitational
pressure, p+ = n+ M Pl c 2 , increases, in going from x, to x + dx , this will produce
a force acting in the opposite direction tending to bring the particle back to
equilibrium. Hence, we replace the left hand side by, Fx = −κ x , where, κ is
DOI: 10.4236/jhepgc.2021.72028
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the spring constant, and, x = 0 , is the equilibrium position. Substituting this
into Equation (2-7), we now obtain,

−κ x =
−n+−1 dn+ dx M Pl c 2

(2-8)

Bringing the dx over to the left hand side, and integrating both sides, from,
x = 0 , to, x, gives

(

κ x 2 2 M Pl c 2

n+ ( x ) = n+ ( 0 ) e

)

(2-9)

Increasing x in either the positive or negative sense, increases the number
density, n+ , but also at the same time, the mass density, ρ + , and the gravitational pressure, p+ . See Equations (2-5), and (2-6). This produces a force acting
in the opposite direction, as indicated by Equation (2-7). Equation (2-9), indicates a “hole”, or trough, centered about, x = 0 .
For negative mass planckions, for a bounded, i.e., sinusoidal solution, the
corresponding restoring force law must obey,

+κ x
( − M Pl ) x =

(2-10)

Here, the value of the spring constant, κ , is assumed to be the same as for
the positive mass planckion particle. And so, Fx = +κ x , for the negative mass
particle. Otherwise we would have a hyperbolic-sinusoidal solution which is
unbounded for the negative mass planckion. We substitute Equation (2-10), on
the left hand side of Equation (2-2), after specializing to the one-dimensional
case. Proceeding as above, we find that,
n− ( x ) = n− ( 0 ) e

−κ x 2

( 2 M Pl c2 )

(2-11)

This Gaussian looking function indicates a peak at, x = 0 , versus a trough, as
in Equation (2-9). A peak for a negative mass particle is equivalent to a “hole”,
for a positive mass particle. In other words, a negative mass planckion will move
such as to increase its gravitational pressure. Think of a negative mass particle in
the earth’s gravitational field. When released it would accelerate upwards at, 9.81
m/s2, increasing its gravitational pressure. At, x = 0 , in Equation (2-11), we
have maximum pressure for a negative mass planckion. Any positive or negative
displacement from this equilibrium position, will lead to restoring forces tending
to bring the negative mass particle back to, x = 0 . Equations (2-9), and (2-11),
are new equations.
What about positive mass and negative mass planckions? They will repel each
other if spaced too close together, and attract each other if separated by too large
a distance. They will do so, indirectly. This can be seen as follows [14].
Assume an elastic collision between a positive and negative mass planckion.
Conservation of energy demands that,

v12 − v22 = v1′2 − v2′2

(2-12)

The 1 2 M Pl factors out between the left and the right hand sides. Due to
their hefty mass, a non-relativistic treatment is warranted. The unprimed (primed)
velocities stand for the velocities before (after) the collision. Conservation of
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momentum, on the other hand, requires that,
   
v1 − v2 = v1′ − v2′

(2-13)

Divide the left hand side of Equation (2-12), by the left hand side of Equation
(2-13), and do the same on the right hand side. This gives
   
v1 + v2 = v1′ + v2′
(2-14)
Next, we add the left hand side of Equation (2-13), to the left hand side of Equation (2-14). We do the same on the right hand side, and we obtain


2v1′ = 2v1
(2-15)
Subtracting the left hand side of Equation (2-13), from the left hand side of
Equation (2-14), and doing the same on the right hand side renders


2v2′ = 2v2
(2-16)
Equations (2-15), and, (2-16), tell us that the two planckions of opposite mass
go through each other as if the other mass weren’t there. This proves that the
positive and negative mass planckions do not interact directly.
They do, however, interact indirectly. Seeing that the positive and negative
species occupy the same space, and that each particle within their respective species keeps a fixed distance from other particles of the same species, the positive
and negative planckions are invariably drawn next to each other. In other words,
they seemingly attract one another, but this is more a consequence of fluid forces
acting on each separate species.
In Equations (2-9), and, (2-11), we have buried within the exponent, an inherent frequency,

ω 2 = κ M Pl

(2-17)

In this equation, ω , is the oscillating frequency of planckions when displaced.
We will see in a later work that bombardment with CBR photons can set the
positive and negative mass planckions vibrating, or oscillating. The frequency of
the bombarding photons will turn out to equal the frequency of the oscillating
positive and negative mass planckions. Since we have a spectrum of frequencies
at a particular CBR temperature, we will also have a spectrum of oscillating frequencies for the positive and negative mass particles, which make up the vacuum.
We also believe that M Pl may not be a true constant of nature, which would
mean that the Newton’s gravitational constant, G, varies with cosmological time

[24] [25] [26]. Hence, if G scales, then, M Pl ≡ ( c G ) , would also scale as the
12

universe expands. In this work, we concern ourselves with the present epoch

=
G 6.674E − 11( MKS) . This gives,
only, and therefore, G has the fixed value,

=
M Pl 2.176E − 8 kg , using the equation above. Irrespective of whether M Pl
scales or not, Equation (2-17), will hold.
In Equation (2-17), we can pick out a particular frequency, for example, the
most probable frequency. According to Planck’s blackbody radiation formula,
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that peak frequency is directly proportional to temperature, and is given by the
following expression,

=
ν peak α=
k BT h

( 2.8214=
) kbT h ( 5.879E10 ) T

(2-18)

In Equation (2-18), α = 2.8214 , is a numerical constant, h is Planck’s constant, and k B equals Boltzmann’s constant. The angular frequency is, of course,
ω = 2πν . We choose the temperature to be the CBR temperature. Using these
facts, the ω 2 must scale as CBR temperature squared. In other words,

ω 2 ω02 =
T 2 T02 =
a −2
( R0 R ) =
(1 + z ) =
2

+2

(2-19)

In this equation, z is the redshift, T the CBR temperature, and “a” is the cosmic scale parameter. We are using the convention, where in the current era,
a0 = 1 , and the subscript “0” on variables denotes the present epoch. Variables
without a subscript refer to a different cosmological era. The radius, R, stands
for the Hubble radius, the radius of the observable universe.
Upon comparison with Equation (2-17), we can therefore claim that Equation
(2-19), can be re-expressed as,

(κ

M Pl ) ( M Pl ,0 κ 0 ) = a −2

(2-20)

Or, what is equivalent,

=
(κ κ 0 )

M M )a
(G
(=
−2

Pl

Pl ,0

0

G ) a −2
12

(2-21)

If Newton’s constant is a true constant of nature, then obviously, G = G0 ,
and we are left with a much simpler scaling law for κ . The point is that, as one
goes back in cosmological time, the planckion spring constant, κ , actually increases. The fluid was stiffer in earlier epochs, a somewhat surprising result! If G
12
does scale, then we have an added contribution due to, ( G0 G ) , but this is
not nearly as strong as a −2 , which is the dominant term. This means that, for a
particular displacement, the gravitational pressure restoring the planckion back
to its equilibrium position will be larger in prior epochs. Even though this is the
case, κ , in the present era is still incredibly large, leading to a very stiff aether.
The κ value will actually be calculated in a follow-up paper.
A full blown treatment of harmonic oscillations for the planckions will be
given in subsequent work. Incidentally, the center of mass for an oscillating positive and negative Planck dipole pair is at spatial infinity. In other words, both
the positive and negative masses will oscillate about a point at, ∞.
Anchoring of particles comprising the vacuum is important for many reasons.
First, we have a quasi-crystallization of space. A lattice type structure for space
emerges, where the individual particles which make up that space are, more or
less, locked in position. Hence, we are thinking in terms of a super-solid, or an
extremely stiff superfluid. Also, through the general theory of relativity, an
energy-momentum stress tensor will lead literally to a mechanical deformation
of this space. Second, any polarization of space has, as a prerequisite, that the individual particles are ordered and configured in some sense. This is only possible
when the particles are spatially fixed in position. Third, anchoring is important
DOI: 10.4236/jhepgc.2021.72028
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for the speed of light. We require a very stiff medium, or aether, for the propagation of light. As shown by Winterberg, the speed of sound (phonons) within this
two-component superfluid equals the speed of light. The vacuum, in our view, is
a super-solid/superfluid, made up of planckion particles, which form a rigid, or
semi-rigid, spatially ordered structure. Even though the planckions are anchored
in position, producing a lattice super-solid, there is no viscosity.
We will consider two external influences, which will cause deviations about
the equilibrium position. The first is due to CBR blackbody photon bombardment. This is temperature driven and will lead to harmonic oscillations about
the minimum gravitational potential well position, x = 0 . Technically, the oscillation is about, x = ∞ , if we consider an oscillating positive and negative
mass dipole pair, but the effect is the same. For the negative mass particles, the
oscillations are about the peak gravitational pressure positions, x = 0 . Blackbody photons can and will interact with the planckions through collisions, i.e., impart energy and momentum to our individual planckions causing them to oscillate about, x = 0 , or x = ∞ when considering a dipole pair.
This bombardment by the blackbody photons produces a Zitterbewegung, an
erratic, chaotic motion, because the vacuum itself is now oscillating/vibrating.
Any material particle placed within such a space will have an inherent rocking to
and fro motion, much like a ship when placed on the ocean. This produces a
situation where position and momentum cannot be determined simultaneously.
In other words, the Heisenberg indeterminacy principle has its explanation, or
interpretation, in underlying planckion motion, as first proposed by Winterberg.
The CBR temperature thus produces a vacuum made up of a vast assembly (sea)
of harmonically oscillating, and vibrating planckions, all with differing frequencies.
Temperature induced massive dipoles will form, but this can lead to no net
macroscopic polarization of space, even at low CBR temperatures, due to the
random and chaotic nature of blackbody radiation. The collisions between
blackbody photons and planckions will be random, chaotic and erratic. Even
though a non-vanishing dipole, pδ = M Pl ( 2δ ) , exists for the oscillating positive
and negative mass pair, where δ is the rms (root mean square) amplitude, no


single direction in space can be singled out. Thus, pδ = 0 , or, ∑ pδ , j = 0 , in
any macroscopic region of space. The factor of two, above, is due to simultaneous displacement of positive and negative mass.
A second external influence is the gravitational field. A localized
source mass

( 0) 
ρ
x
distribution in space, F ( ) , will produce a gravitational field, g ( x ) , which

surrounds it and possesses the same symmetry as, ρ F ( x ) . The mass density,

ρ F ( x ) , refers to free, or ordinary source matter, i.e., matter made up of atoms
and molecules, such as, gases,
dust, aggregate solids and liquids, stars, galaxies,
( 0) 
etc. The gravitational field, g ( x ) , will lead to polarization of the surrounding
medium in our model, if conditions are right (strong enough applied field, not
too extreme temperature, enough of a dipole moment, etc.). Then the vacuum
 
 
becomes polarized, where the polarization equals, P ( x ) = εχ g ( x ) , an expresDOI: 10.4236/jhepgc.2021.72028
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sion familiar from electrostatics, but now applied to gravistatics. The, ε , in the
polarization equation, is the gravitational permittivity of the vacuum, and χ is
the gravitational susceptibility.
ε 1 ( 4πG ) , by analogy to electrostatics,
In gravity, we take ε to equal, =
χ , is a measure
where G is Newton’s constant. The gravitational
 susceptibility,

( 0)
( 0)
of how gravitational dipoles respond to g , where g
is the external influence, the applied field. We will show later that cosmic susceptibility, χ = χ ( a ) ,
is epoch dependent, and possibly, ε , as well, if G varies. Both are inherent

properties of the vacuum. Locally, χ = χ ( x ) , is somewhat more complicated, in
that the value of the gravitational field, the dipole moment, and the ambient
temperature have to be specified. The local χ does not depend on cosmic conditions, but rather on local conditions, which is more involved. Given a net po 
larization, P ( x ) , which is unequal to zero, we can proceed to find the average

dipole moments, pd , and the dipole number density. The gravitational dipole



is defined as, pd ≡ M Pl d , where d is the displacement vector, pointing from
the negative mass planckion, to its nearest neighbor positive mass planckion.
This definition is by analogy to electrostatics. It is known, namely, that,




P εχ
g n=
pd nMAX pd
=
=
(2-22)



In this equation, n ( x ) is the effective dipole number density, and nMAX ( x )
equals the maximum dipole number density, in a region of space.
 The brackets,
0
, denote some sort of thermal average. The point is that g ( ) will lead to a
possible polarization of the surrounding space, if conditions are right, and the
ambient temperature is not too extreme. Local polarization can happen at very
large ambient temperatures, provided the corresponding gravitational fields are
substantial, as well. Cosmic susceptibility, on the other hand, being a smeared or
average value for the universe as a whole, already is very weak at, 3000 Kelvin,
since for the cosmos in total, the gravitational field 
is weak when averaged out.
0
Moreover, the polarization cloud produced by g ( ) will lead to bound mass
density, ρ B , which is induced through the formation of net dipole moments
within the vacuum. We will identify, ρ B , later with dark matter. Dark matter
can exist locally, even at very high temperatures, such as those found in the bullet cluster, where the gravitational fields are large when compared to deep outer
space. In regions where the gravitational field is not as large, such as deep interstellar space, dark matter can only survive at much reduced temperatures.
We have seen how the positive and negative mass planckions are anchored in
position by means of fluid forces. It is now time to consider what macroscopic
mass will do to the individual planckions. We postulate that free, or source, mass,
made up of ordinary matter (like the earth), will attract positive mass planckions,
and repel negative mass planckions. The reason we assume this has to do with
anti-screening.
Consider a source mass, M F , where, for simplicity, we assume spherical
symmetry. This mass, M F , will form a polarization cloud around it in the surrounding space, if conditions are right. The polarization is induced by the graviDOI: 10.4236/jhepgc.2021.72028
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0
tational field, g ( ) , which falls off as 1 r 2 . We want polarization to point ra

dially
, and, P point in the same direction as,
 inwards, which means that, pd
0
0
g ( ) . This 
will reinforce
the original g ( ) to 
create a macroscopic gravitational



0
1
0
g 
g ( ) + g ( ) , which is greater than g ( ) . The
field, =
polarization,
P , is re



1
1
1
=
P εχ
g ε g ( ) . For g ( ) to point in
lated to g ( ) by means 
of the equation,=
0
the same direction as, g ( ) , and produce anti-screening, we require that M F
attracts the positive mass planckions, and repels the negative mass planckions.
In other words, the positive planckion particles get displaced slightly radially
inwards, whereas the negative planckion particles get pushed slightly radially
outwards. This creates the dipole, which can be aligned
or ordered if ambient


( 0)
temperatures are sufficiently low. A larger g versus g
value is needed for
explaining dark matter. Anti-screening will be discussed in greater detail in the
next section.

3. Gravi-Statics and Gravitational Polarization
In this section, we present a theory of polarization as it would apply to gravitational fields. We proceed by analogy to electrostatics, which is familiar. There
will be some notable differences.

We start by defining the following gravitational fields. Let, g ( ) ≡ the gravi0

, aggregate matter such as gas,
tational field produced by macroscopic mass, i.e.

( 0) 
dust, planets, stars, galaxies, etc. In general, g ( x ) , is a local field. When
dealing with the cosmos as a whole, however, g (

0)

is a smeared or average

quantity,
 valid only if huge distance scales are considered, in excess of, 100 Mpc.
1
g ( ) ≡ the induced gravitational
field due to gravitational dipole response,

(1) 
and ordering. In general, g ( x ) , is a local field. When dealing with the cosmos
as a whole, however, g ( ) is a smeared or average quantity, valid only if huge
1

distance
scales
are considered, in excess of, 100 Mpc.



( 0)
(1)
g ≡g +g =
the total macroscopic gravitational field, as measured in
space, which takes the “gravitic” into account. The gravitic is our gravitational
version of a dielectric, and represents the vacuum filling the cosmos. The gravitic
is comprised of positive and negative mass planckions in our model. In general,
 
g ( x ) , is a local field. When dealing with the cosmos as a whole, however, g is
a smeared or average quantity, valid only if huge distance scales are considered,
in excess
 of, 100 Mpc.

g ( ) ≡ the gravitational field experienced by an individual dipole within the
2

gravitic. In electro-statics, this is sometimes
referred to as the local Lorentz field,

( 2) 
account
or “molecular field”. In general, g ( x ) , is a local field. This takes into 
( 2) 
the effects of the other dipoles in the vicinity of the dipole in question. g ( x )
 
is typically proportional to g ( x ) , and depends
 on the lattice symmetry, and the

( 2) 
local susceptibility, χ ( x ) . We will use, g ( x ) , in later work, but specify it
here for completeness.
(3-1a, b, c, d)
All quantities with a bar over them are smeared or average values, which, by
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definition, are non-local. When considered on a grand scale, the universe is only
homogeneous in density, and spherically symmetric, if distance scales in excess
of about 100 Mpc are considered. If χ is the susceptibility of space, then
1
1
=
P εχ
g ε g ( ) . As meng ( ) = χ g , and the polarization can be written as,=
tioned before, the gravitational permittivity, ε , is defined by the equation,
ε ≡ 1 ( 4πG ) , where G is Newton’s constant. Since we are considering the present
epoch only in this paper, we could just as well replace, ε , by,
ε =ε 0 ≡ 1 ( 4πG0 ) =1.192E9 ( MKS) .
The susceptibility, χ , is not in general a constant, but rather a non-linear
function, which depends on the value of dipole moment, gravitational field, and
ambient temperature. In this instance, it is a local variable, a field. When dealing
with the cosmos as a whole, however, χ , is a smeared or average quantity, and
it will depend only on “a”, the cosmic scale parameter, i.e., χ = χ ( a ) . Within a
cosmological era, it will therefore have a fixed value. In this paper, we will be
χ χ=
dealing exclusively with=
( a0 1) .

(1)
In electrostatics, the induced
 electric field, E , takes away from the source,
0)
or applied, electric field, E ( 
. This is called screening. Here, in
gravistatics, the
0
(1)
induced gravitational field, g , will add to the applied field, g ( ) , which signifies anti-screening. This is best seen by the following picture. In a small
enough region of space, the applied field is relatively constant in both magnitude
and direction. Let that applied field be due to a sheet of uniform positive charge
for electrostatics, and a sheet of uniform positive mass, for gravistatics.
We posi
( 0)
tion both sheets to the left. In electrostatics, the electric field, E , is pointing
to the right, 
in the positive x̂ direction, whereas in gravistatics, the gravita0
g
tional field, ( ) , points to the left, in the negative x̂ direction. If we insert a
dielectric in the electric field case, then a polarization will result if conditions are
right, and that polarization will point from negative to positive charge within the
dielectric, i.e., in the positive x̂ direction. In the gravitational field case, we insert a gravitic, the gravitational equivalent of a dielectric. In the applied gravitational field, the polarization will point to the left, in the negative x̂ direction,
since the positive mass planckions are attracted to the sheet, and the negative
mass planckions are repulsed by it. In
the gravitational field
 case, this polariza
1
( 0)
tion will reinforce the original
, since, P = ε g ( ) , also points in the
field,
 g 

( 0)
(1)
(0)
same direction. Hence, g = g + g > g . In the electric field case, we have
the opposite
effect.
 There,
 the induced field opposes the applied field, and we
 
0
( 0)
(1)
have, E = E + E < E ( ) .
Mathematically, in the gravistatic situation, we therefore have,
 

 
0
1
g = g ( ) + g ( ) =( K + χ ) g = g
(3-2)
By contrast, in the electrostatic situation, we obtain,
 0 
 
1
E =E ( ) + E ( ) =( K − χ ) E =E

(3-3)

E E( ) =
K E ( ) (1 + χ ) < E ( ) , whereas, in the gravitic
within the dielectric, =
0
0
0
g g( ) =
K g ( ) (1 − χ ) > g ( ) . The, χ , and K, are the
(or cosmic vacuum), =
0
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susceptibility, and relative permittivity, respectively, for each situation. The gravitic is, according to our hypothesis, made up of the positive and negative mass
planckions, which form the vacuum.
The induced fields, whether they are electric or gravitational in nature, will
always reflect the symmetry of the underlying source, whether 
that symmetry be
0
spherical, cylindrical, rectangular, etc. Thus, for example,
if, g ( ) , in Equation

1
(3-2), displays cylindrical
symmetry,
then so too, will, g ( ) , and g , which is


0
1
the sum of both g ( ) , and g ( ) .
As mentioned, the gravitational fields, defined in (3-1a, b, c), need not be local
fields. They could be an average or smeared quantity, as when dealing with the
0
1
universe as a whole. In a given epoch, the cosmic, g ( ) , g ( ) and g are all
smeared or average values, which hold for the universe as a whole. If huge disN
tance scales are considered,
then, g ( 0 ) G=
=
∑ i =1 M F ,i ri2 GM F R 2 . The sum
is over all stars, galaxies, planets, gases, dust, etc. contained within a very large
radius, R, greater than about 100 Mpc. A smeared quantity will not scale according to the equation above, upon expansion of space. Rather a different scaling law will apply, to be specified in a follow-up paper.
We can now develop the relations needed. We start with free, or source mass,
i.e., all ordinary matter in the universe made up of quarks and leptons. We apply
Gauss law to such a mass, and find,
 
0
(3-4)
− ∫ g ( ) ⋅ dA = 1 ε ∑ M i = 1 ε M F

(

)

As always, ε ≡ 1 ( 4πG ) . The gravitational permittivity, ε , may or may not
be a constant, depending on whether G is variable. If G varies cosmologically,

then, G = G ( a ) , and ε = ε ( a ) . In the present epoch, however, the G value is

definitely fixed, and we can replace ε by, ε 0 = 1.192E9 ( MKS) . The present
paper deals, principally, with the current era. We can bring the ε over to the
left hand side, and place it within the integral as this is a surface integral. If G
were to vary cosmologically, and this was a volume integral, we could not do this.
But because we are dealing with a surface, and ε ( a ) has a constant value eve-

rywhere on the surface, this is allowed, whether, or not, G is a constant. Doing
this we obtain,

 
0
− ∫ ε g ( ) ⋅ dA =
∑ Mi = M F

We next use Stokes theorem, and convert this to a volume integral.


0
− ∫ ∇ ⋅ ε g ( ) dV = ∫ ρ F d V

0
From this, it follows that the divergence of, ( ε g ( ) ), equals,


 


0
0
−∇ ⋅ ε g ( ) = ρ F = −∇ ⋅ D where, D ≡ ε g ( )

( )

( )

(3-5)

(3-6)

(3-7)


The vector, D , defined in Equation (3-7), is called the displacement field in
electrostatics and we use the same terminology here for 
its gravitational coun


0
ε Kg . See Equaterpart. We note that D can also be written as, D ≡ ε g ( ) =
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tion (3-2). Wherever we have a non-zero gravitational mass distribution, ρ F ( x ) ,
 
we can expect a gravitational displacement field, D ( x ) .
Furthermore, for spherically symmetric mass distributions, the divergence of

D becomes,

(

1 r 2 d r 2ε g (

0)

) dr = ρ

F

(3-8)

where now, ρ F = ρ F ( r ) . We consider the radius of the Hubble universe, and
let, r = R . In this instance, Equation (3-8), can be re-expressed as,

(

4πd R 2ε g (

0)

4πρ R dR
)=
2

F

(3-9)

Upon integration, this gives the very familiar expression,
0
(3-10)
g ( ) = GM F R 2

0
We note that g ( ) points radially inwards, and Equation (3-10), holds true
irrespective of whether, or not, G is a constant. The mass, M F , is the total, ordinary mass contained within the Hubble radius; it will remain constant as the
radius expands. The value of, g ( 0 ) , in Equation (3-10), is actually a smeared or
average value, and should properly be designated with a bar over it, as in,
0
0
g( ) = g( ) .
Another way to express Equation (3-10), is to use the mass-density relation.
Then,

g ( )= G ρ F ( 4π 3) R= ρ F R ( 3ε )
0

(3-11)

In this equation, ρ F represents the smeared mass density within radius, R,
the Hubble radius, due to all the ordinary mass contained within it. The ρ F
value is fairly constant for distance scales greater than 100 Mpc (current epoch).
We next generalize Gauss law to include bound mass, M B , as well as free,
source mass. Bound mass is that due to the polarization field, and the induced
dipole moments, which are ordered or organized within a region of space. Those
dipole moments are gravitational. We have,


 

− ∫ ε g ⋅ dA = − ∫ ∇ ⋅ ( ε g ) dV = M F + M B

(3-12)
 

0
1
g g ( ) + g ( ) , by Equation (3-2), we can further decompose this
And, because, =
into its component parts as,
 


 
0
0
(3-13)
− ∫ ε g ( ) ⋅ dA = − ∫ ∇ ⋅ ε g ( ) dV = M F = ∫ ρ F dV = − ∫ ∇ ⋅ DdV

( )
 


− ∫ ε g ⋅ dA = − ∫ ∇ ⋅ ( ε g ) dV = M
(1)

(1)

B

 
= ∫ ρ B dV = − ∫ ∇ ⋅ PdV

(3-14)

From both these equations, it is obvious that,
 
 
−∇ ⋅ D = ρ F and −∇ ⋅ P = ρ B
(3-15a, b)


1
The P = ε g ( ) , is, of course, the polarization field set up within the vacuum,
the gravitic medium, made up of positive and negative mass planckions. These
planckions have organized themselves into gravitational dipoles, which do not
vanish macroscopically.
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0
In an applied field, g ( ) , we can have ionic polarization, where the positive
and negative masses are displaced slightly to form the dipole. This dipole is induced. We can also have orientation polarization, where permanent dipoles are
aligned in the direction of the source, or applied gravitational field. The a-priori
permanent dipoles could be present due to CBR blackbody photon bombardment, and what remains is for the dipole axis to align itself in the direction of the
source field. Either way, a net polarization can result, if conditions are right.
There are other forms of polarization possible, but these are good starting
points.
Equations (3-12), (3-13), and (3-14), allow us to write,

   

(3-16)
∇ ⋅ (ε g ) = ∇ ⋅ D + ∇ ⋅ P
Or, more simply,



(ε g =)

 
D+P

(3-17)

ε 1 ( 4πG ) . Notice that in
Equation (3-17), is Equation (3-2), multiplied by, =

 
electrostatics, we have, in contrast to Equation (3-17), the relation, ε 0 E = D − P ,
with a negative sign. In electrostatics, the electric permittivity, equals,
ε 0 = 1 ( 4πk ) = 8.85E − 12 ( MKS) . In Equations (3-16), and (3-17), however, we
are using the gravitational permittivity, ε =ε 0 =1 ( 4πG0 ) =1.192E9 ( MKS)

( )

Another way to write Equation (2-16), is


−∇ ⋅ ( ε g =
) ρ= ρTOTAL= ρ F + ρ B

(3-18)

This follows using the relations, (15a, b). An equation such as, (3-18), is valid
both locally, and cosmically, as a smeared quantity. As a local equation, we



ρ ( x ) ρ F ( x ) + ρ B ( x ) . As a cosmic equation, where we have
would have, =
ρ ρ F + ρ B . Many of the
smeared or average values, this equation would read, =
equations, but not all, in this paper can be viewed, and interpreted, both ways.
The density parameters in the Friedmann equation are smeared or average values, holding for the universe as a whole. For cosmic quantities, the appropriate
temperature is the CBR temperature, and the mass densities evolve epoch by
epoch. Within a given cosmological era, smeared values are constant. Thus,
χ = χ ( a ) has a fixed value in this era, versus another fixed value in another era.
We have seen that,

 


1
P εχ
g ε g ( ) , −∇ ⋅ P = ρ B
=
=
(3-19a, b)
We likewise have,


 


0
=
D ε=
Kg ε g ( ) , −∇ ⋅ D = ρ F

If we combine both, we obtain,




=
ε g ε ( K + χ ) g , −∇ ⋅ ( ε g =
) ρ= ρ F + ρ B

(3-20a, b)

(3-21a, b)

1 , which indicates screening. But in
In electrostatics, we have, ( K − χ ) =
1 , which signifies anti-screening. See Eqgravistatics, we notice that, ( K + χ ) =
uations (3-2), and (3-3), and the discussion around them. Some further useful
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relations are,



P = ( χ K ) D , ρB = ( χ K ) ρF

(3-22a, b)

Both of these equations follow directly from relations, (3-19a, b), and (3-20a,
b). Integrating Equation (3-22b), over a three-dimensional volume gives,
MB = (χ K )MF .
For spherical symmetry, we have seen that Equation (3-10), is valid, where a
bar should be placed over the g ( 0 ) . It should come as no surprise then, that sim1
ilar relations hold for, g ( ) , and g . We have,
2
g ( ) = GM B R=
, g G ( M F + M B ) R2
1

(3-23a, b)

The total mass contained within the Hubble bubble is,
=
M M TOTAL
= ( M F + M B ) . Bound mass, M B , is an inherent assumption in our
model.
In the present epoch, we could attach subscripts “0” on all cosmological, i.e.,
smeared quantities. The free mass value, M F , will not change in transitioning
between epochs, provided we do not go further back in time than BBN (Big Bang
Nucleosynthesis). The bound mass, however, will change because of the relation,
M B = ( χ K ) M F . Both the cosmic susceptibility, χ = χ ( a ) , and, the cosmic
relative permittivity, K = K ( a ) = 1 − χ ( a ) , will change if we transition between
epochs. As the CBR temperature cools upon expansion of the universe, we expect
χ ( a ) to become larger, and, K ( a ) , correspondingly, weaker in value. We give
two specific functions for χ ( a ) in a follow up paper. The ρ F value in Equation (3-22b), is roughly the equivalent of 6 hydrogen atoms per cubic meter.
Every observer within the universe, irrespective of location, will measure the
( 0)
same magnitude
 for, g , given by Equation (3-10). The direction will be dif0
ferent, as g ( ) will always point radially inwards, towards the observer. But the
magnitude will be the same because the G value, the M F value, and the R value
will not differ in going from observer to observer
in the cosmos. The radius, R,

0
refers to the Hubble radius. Technically, g ( ) , is a surface integral defined over
a Gaussian surface, but this surface gravitational field holds point for point
within the cosmos, as no one spot in the universe is preferable over another.
Another way of arguing this point is to recognize that observer, A, would
0
measure the value, g (A ) , across his/her Hubble bubble. A different observer, B,
0
would measure, g B( ) , across their bubble. At the points of intersection of the
0
0
two bubbles, we would have, g (A ) = g B( ) . This value would extend through both
surfaces of observers, A, and B. Since point for point within the universe, we
0
( 0)
( 0)
g=
g ( ) . A third way
have intersecting Hubble surfaces, it follows that, g=
A
B
of arguing is that one observer’s surface is another observer’s center. Therefore,
what one observer measures, is directly applicable and can be carried over, to the
second observer’s location. The universe is made up of intersecting bubbles, all
0
0
with the same g ( ) value. Summarizing, g ( ) definitely exists, and will have
the same value, as one moves from location to location, within the cosmos. The,
0
g ( ) , will lead to terms in Friedmann’ s equation which cannot be ignored.
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We close this section with a table, Table 1. This table summarizes some of the
similarities, and some of the notable differences between electrostatics, and
gravistatics. This can be used as a quick reference guide. The Q represents charge
in electrostatics.

4. Interpretation of Dark Matter and Dark Energy Terms in
the Friedmann Equation
In this section, we provide a model for the density parameters associated with
the Friedmann equation. As is well-known, the Friedmann equation can be
written in the form,
H2 =
8πG 3 ( ρ Radiaion + ρOM + ρ DM + ρ Λ )
= 8πG 3 ( Ω Radiaion + ΩOM + Ω DM + Ω Λ ) ρ

(4-1)

= 8πG 3 ρ
Table 1. Some similarities and some notable differences between electrostatics and
planckion gravistatics.
Electrostatics

Gravistatics

Like charges repel

Like planckion masses repel and attract,

Unlike charges attract

Unlike planckion masses attract and repel, indirectly

  
=
E E ( 0) − E (1)

= (K − χ ) E

 
=
E E (0) K < E (0) (screening)



=
P ε=
χ E ε 0 E (1)
0
k = 1 ( 4πε 0 ) = 8.99E9 ( MKS)

G0 = 1 ( 4πε 0 ) = 6.67E − 11( MKS)

can be written as,

 
ε 0 E= D − P

can be written as,
 

(ε 0 g=) D + P


D = electric displacement field


D = gravitational displacement field

=
= QF − QB
Q QTOTAL

=
M M TOTAL
= MF + MB

=
ρ ρTOTAL
= ρF − ρB

=
ρ ρTOTAL
= ρF + ρB

 
−∇ ⋅ P = ρ B
 
− ∫ P ⋅ dA =
MB



=
D ε=
Kg ε 0 g ( 0)
0
 
−∇ ⋅ D = ρ F
 
− ∫ D ⋅ dA =
MF


−∇ ⋅ ( ε 0 g=
) ρF + ρB
 
− ∫ ( ε 0 g ) ⋅ dA = M F + M B
  
=
g g ( 0) + g (1)

 
∇ ⋅ P = ρB
 
QB
∫ P ⋅ dA =



=
D ε=
KE ε 0 E ( 0)
0
 
∇ ⋅ D = ρF
 
QF
∫ D ⋅ dA =


∇ ⋅ ( ε 0 E=
) ρF − ρB
 
∫ (ε 0 E ) ⋅ dA = QF − QB
  
=
E E ( 0) − E (1)

(
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Fluid forces acting on each species, the positive,
and the negative mass planckions
  
=
g g ( 0) + g (1)

= (K + χ ) g

 
=
g g (0) K > g (0) (anti-screening)



=
P ε=
χ g ε 0 g (1)
0

)
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In Equation (4-1), G is Newton’s constant, and, ρ, is the total mass density. In
=
ρ0 8.624E − 27 kg m3 , corthe present epoch, the total mass density equals,
=
responding to a Hubble rate of expansion
of, H 0 67.74 km ( s ⋅ Mpc ) . All
ΛCDM parameters are taken from the 2016 Planck XIII cosmological parameter
collaboration (final release) [3]. The component mass densities,
ρ Radiaion , ρOM , ρ DM , ρ Λ , are the radiation, ordinary matter, dark matter, and dark
energy contributions, respectively. In terms of their relative weightings, we have,
( Ω Radiaion , ΩOM , Ω DM , Ω=
( 9.153E − 5, 0.0486, 0.2589, 0.6911) . The sum of the
Λ)
density parameters, ∑ Ωi , should equal unity, since all indications are that the
universe is flat. The sum above is slightly less than one because we have ignored
certain terms such as electrons, and other minor contributions, to the overall
density.
Gravitational blackbody radiation has been considered by various authors [27]
[28] [29], and when compared to photon and neutrino contributions, thought to
be negligible. The value for, Ω Radiation = 9.153E − 5 , given above, is due to photons and neutrinos only. The freeze-out temperature for graviton blackbody
radiation is calculated to lie somewhere in the range, 1 - 1.6 degrees Kelvin, less
than the 1.9 degree Kelvin freeze-out temperature for neutrinos. We also only
have one flavor, and therefore the correction to, 9.153E−5, is believed to be minor. The estimates are, 3E−33 kg/m3 or, Ω g Radiation =3.48E − 7 for, 1 Kelvin.
And for, 1.6 Kelvin, the number is closer to, 2E−32 kg/m3 or,
Ω g Radiation =2.32E − 6 . This correction will be ignored, since it is so small.
Under ordinary matter density, ρOM , we should also, more properly, include
electrons, and massive neutrinos, which has not been done. The masses for the
neutrinos are uncertain, and the electrons are relatively minor corrections as
well. These have been ignored in setting, ρOM = 0.0486 . The value, 0.0486, really only refers to the baryonic mass, and hence, it is often written as,
Ωb =0.0486 . We will work with the Ωb =0.0486 value, as this is the value,
which is most often quoted. Under ordinary matter, we understand matter made
up of quarks and leptons, held together by strong and electromagnetics forces,
found in the universe at large, in luminous and nonluminous form. This includes plasma particles, simple atoms and molecules, interstellar gas, dust, planets, stars, galaxies, etc.
0.02230 . Since, h = 0.6774 , this
From the ΛCDM model, we have, Ωb h 2 =
0.1189 .
translates into Ωb =0.0486 . For dark matter, ΛCDM gives, Ωc h 2 =
Thus, Ωc =Ω DM =0.2589 . This component is poorly understood, as is the dark
energy contribution, Ω Λ =Ω DE =0.6911 . We are working exclusively in the
present epoch in this paper, and the subscript, “0”, on all variables will, by and
large, be dropped.
We next introduce, in place of Equation (4-1), a second very similar looking
equation. This equation has the form,

H 2 =π
8 G 3 ( ρ Radiaion + ρ F + ρ B + ρ gg )

= 8πG 3 ( Ω Radiaion + Ω F + Ω B + Ω gg ) ρ
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0.0486 , Ω B =Ω DM =0.2589 ,
For our purposes, we identify and set, Ω F =
Ω DE =
0.6911 . The density parameter, Ω F , refers to all the ordiand, Ω gg =
nary mass in the universe, baryonic and leptonic. This is what we sometimes call
“free” mass, or “source” mass. The density parameter, Ω B , is bound mass induced by free mass, due to polarization of the surrounding space, and identified
by us as dark matter, Ωc . And the, Ω gg , is our version of dark energy, where,

Ω gg , is set equal to, Ω Λ =Ω DE =0.6911 . It is due to the gravitational fields associated with both source matter, and bound matter. Source matter, and bound
matter, both have a net gravitational field, which cannot be ignored in Friedmann’s equation. By Gauss law these gravitational fields are very real because

ρ F definitely exists throughout the cosmos, and we assume that, ρ B , exists as
well, if we believe in polarization.
Normally, gravitational fields have a mass density, which is insignificant when
compared to source mass density. This is certainly the case for the earth, where
the average mass density of the earth equals, ρ F = 5.51E3 kg m3 . Keep in mind,
however, that on the earths’
 surface, we also have an additional gravitational
0
field in the amount of, g ( ) = 9.81 m s 2 , and this will lead to a mass density, in
its own right, of, 6.37E−7 kg/m3. When compared with the ρ F value above, we
notice that it can safely be ignored. However, when dealing with a very dilute
universe, the tables are turned. It will actually turn out that Ω gg is greater than
either, Ω F , or, Ω B . There is more energy density associated with gravitational
fields in the universe, than anything else, if our thinking is correct.
Following electrostatics, we set, ρ gg , in Equation (4-2), equal to,

ρ gg = 1 ( 2c 2 ) K ε g 2
= Ω gg ρ

( ) )
1 ( 2c ) ε g ( ) ( g ( ) + g ( ) )
1 ( 2c ) ε g ( ) g ( ) + 1 ( 2c ) ε g ( ) g ( )

= 1 2c 2 ε gg (
=
=

2

0

2

0

0

0

0

(4-3)

1

2

0

1

We are using the notation of the last section. In Equation (4-3), K is the relative permittivity, but now for the gravitic medium, the vacuum, made up of positive and negative mass planckions. The gravitational permittivity has the value,
ε ≡ 1 ( 4πG ) , which in the present epoch, amounts to,
ε =ε 0 ≡ 1 ( 4πG0 ) =1.192E9 ( MKS) . The, G0 , stands for Newton’s constant,
=
G0 6.674E − 11( MKS) , which is the only G value considered in this paper.
We notice in Equation (4-3), that the macroscopic gravitational field is made
up of two components, g ( 0 ) = Kg , and, g (1) = χ g , using the notation of the
last section. The g ( 0 ) is the gravitational field due strictly to source matter, or
ordinary matter, whereas, g (1) , refers to the gravitational field set up by polarized matter, the vacuum’s response to the external field. In the last line of Equation (4-3), we have a coupling of the source gravitational field with itself, but also a second term, where the source gravitational field couples to the polarization
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gravitational field, i.e., the gravitational field set up within the vacuum.
Thus, we can decompose ρ gg into two separate parts,

ρ=
ρ AA + ρ BB
gg

(4-4)

ρ AA ≡ 1 ( 2c 2 ) ε g ( 0) g ( 0)

(4-5a)

ρ AB ≡ 1 ( 2c 2 ) ε g ( 0) g (1)

(4-5b)

where,

Equations (4-5a, b), are formal definitions. Since we are dealing with the current epoch, the radiation contribution to mass density, ρ Radiation , will be ignored.
Relative to the other terms, this contribution is negligible. We focus on ordinary
matter, dark matter, and dark energy,
In electrostatics, the energy density associated with the electric field, in the
 

= 1 2 K ε 0 E 2 , where D is the electric
presence of a dielectric, is, u EE= 1 2 D ⋅ E
displacement field, K, the relative electric permittivity, and, ε 0 , equals the electric permittivity of free space. In gravistatics, we must have something analogous,
 

and therefore, we write, u gg
= 1 2 D ⋅=
g 1 2 K ε 0 g 2 , where g is the gravita
tional field, D is the gravitational displacement field, and K, the relative gravitational permittivity. Also, ε 0 , equals the gravitational permittivity of the va1.192E9 ( MKS) . If we define, ρ gg , as,
cuum, defined as. ε 0 ≡ 1 ( 4πG0 ) =
2
ρ gg ≡ u gg c , we obtain our equation for gravitational field mass density, (4-3),
above.
We emphasize once more that in electrostatics, the relative permittivity,
K = 1 + χ , is greater than unity, which produces screening. In gravistatics, by
contrast,
which
gives 
anti-screening.
In other words,
χ , is less than one, 
= 1 −
 

 K



( 0)
(1)
( 0)
( 0)
(1)
(0)
g = g + g > g , whereas, E = E − E < E . The χ in gravistatics is
P ε=
ε 0 g (1) , where P is the
the cosmic susceptibility, satisfying,=
0χ g
smeared polarization of space, when considered on grand scale. Both, χ , and
K = 1 − χ , are thought to be epoch dependent, if defined as a cosmic average. In
other words, χ = χ ( a ) , where, a, is the cosmic scale parameter. Two specific
functions (models) for the cosmic χ ( a ) will be presented in a follow-up paper.
Coming back to Equations (4-2), and (4-4), we have made the following identifications.

ρ F = ρOM ≅ ρb = 0.0486 ρ0

(4-6a)

ρ=
ρ DM= ρ=
0.2589 ρ0
B
c

(4-6b)

ρ=
ρ DE
= ρ=
0.6911ρ0
gg
Λ

(4-6c)

Different ways to specify ordinary matter, and dark matter, respectively, in
Friedmann’s equation, are
 
 
ρ F = −∇ ⋅ D , ρ B = −∇ ⋅ P
(4-7a, b)
These equations are cosmic averages for a smeared universe. We have used
the results from the previous section.
We first work with Equations (4-6a), and (4-6b). Setting up a ratio, we find
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that

=
ρ B ρ F 0.2589
=
0.0486 5.327
However, from the previous section, it is also known that,
 
 
ρ B ρ F = −∇ ⋅ P −∇ ⋅ D = χ 0 K 0

(

)

(4-8)

(4-9)

See Equation (3-24b), and Equation (3-21b), with, (3-22b). We have included
the subscript on, χ 0 , and K 0 in Equation (4-9), to emphasize that we are
working in the present epoch. Also, technically, we should have bars over the
various densities in the above equations, as well as over the, χ 0 , and K 0 variables, as we are dealing with smeared or average values for the cosmos as a
whole. We dispense with that, in order to simplify the notation.
We next compare Equation (4-9), with Equation (4-8). They are the same, and
therefore, it follows that

χ 0 K 0 = 5.327

(4-10)

This is easily solved since, K 0 = 1 − χ 0 . The solutions are,

χ 0 = 0.842 , K 0 = 0.158

(4-11a, b)

In the present epoch, we have roughly 5/6 bound matter, and 1/6 source matter. For the universe as a whole, the densities are smeared or average values, valid when distance scales in excess of 100 Mpc are considered. Only then is the
cosmos of uniform density, and possesses spherical symmetry. For the entire
universe, or for a universe in excess of 100 Mpc,

χ0 K0 ) M F
(=

MB
=

5.327 M F

(4-12)

We see in Equation (4-12), that the dark matter contribution is 5.327 times
the ordinary matter contribution, nothing new, since,
=
Ω B Ω F 0.2589
=
0.0486 5.327 .
We now focus on Equation (4-6c). With the help of Equations (4-4), and (4-5a,
b), this can be rewritten as,

ρ gg ,0 = 0.6911ρ0

ρ AA,0 (1 + χ 0 K 0 ) =
0.6911ρ0
Ω AA,0 ρ0 (1 + 5.327 ) =
0.6911ρ0

(4-13)

Solving this for, Ω AA,0 , gives

Ω AA,0 =
0.109

(4-14)

We have made use of Equation (4-8). This Ω AA,0 value signifies that portion
of dark energy, which is due to source matter. The other component of dark
energy, Ω AB ,0 = Ω gg ,0 − Ω AA,0 = 0.6911 − 0.109 = 0.582 , is due to polarized, or
bound, matter. According to this result, we see that most of the energy content
in the present universe is due to gravitational fields set up by, M B . That accounts for 58.2% of the energy content of the universe. The gravitational fields
produced by source matter account for another, 10.9%, of the total. The rest is
ordinary matter, and dark matter. Only in a relatively cool and very dilute unDOI: 10.4236/jhepgc.2021.72028
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iverse, can the gravitational field density exceed the ordinary and bound mass
density. The, ρ AB ,0 is the gravitational field density due to bound mass density,
ρ B , whereas the ρ AA,0 is the gravitational field density due to source mass density, ρ F . Again, all densities are smeared or average values, and should have
bars over them.
The gravitational field components in Equations (4-2), and (4-4), are very real,
and thus cannot be ignored in the Friedmann equation. By Gauss’s law from the
last section,
 
 
0
1
(4-15a, b)
1 ε 0 M F = − ∫ g ( ) ⋅ dA , 1 ε 0 M B = − ∫ g ( ) ⋅ dA
If there is a net
positive source mass in the cosmos, which we know there is,
0
then obviously, g ( ) ≠ 0 , by Equation (4-15a). By Equation (4-15b), if there
 is a

net positive bound mass in the cosmos, which is an assumption, then, g ( ) ≠ 0 .
1

Equations (4-15a, b), also tell us that,
()
2
2
=
g ( ) GM
=
1 ε 0σ=
1 ε 0σ B
GM
=
F R
F , g
B R
0

1

(4-16a, b)

Spherical symmetry will exist for large distance scales. The, σ F , and σ B , are
the surface mass densities for both source mass and bound mass, respectively, at
the Hubble radius. The total macroscopic gravitational field, g , is the sum of
Equations (4-16a), and (4-16b). The right hand sides of Equations (4-16a), and
(4-16b), do not vanish. Therefore, it follows that the left hand sides cannot disappear either.

In the distant past, it is thought that the cosmic susceptibility, χ ( a ) , equaled

1
zero. Then, the bound mass, M B , vanishes, as does, g ( ) . Thus, both, ρ B , and

ρ AB , vanish in this limit. Equations (4-16a, b), indicate surface values for these
gravitational fields, and so we cannot use, the above equations to determine how,

g ( ) , and g ( ) , scale upon cosmic expansion. Equations (4-16a, b), are formal
0

1

devices to calculate an average, or smeared, net, g ( ) , and g ( ) value.
0

1

0.109 . From Equation
We have seen from Equation (4-14), that, Ω AA,0 =
(4-5a), it follows that,

ρ AA,0 = 0.109 ρ0

( ) ( ))

1 2c 2 ε 0 g 0(

0

2

=
0.109 × ( 8.624E − 27 )

(4-17)

In the present epoch, the total ΛCDM mass density equals,

=
ρ0 8.624E − 27 ( MKS) . Equation (2-17), can be solved for g 0( 0) since,
ε 0 = 1 ( 4πG0 ) = 1.192E9 ( MKS) . The solution is
( )
( )
g=
g=
3.771E − 10 m s 2
0
0
0

0

This is the net gravitational field due to all the source masses,

(4-18)

∑ M F ,i , in the

universe, when looked at on a grand scale. It is the same gravitational field as in
Equation (4-16a). Any observer, no matter where they are located in the universe, would deduce such a value using Gauss’s law.

Once we have this gravitational field, g 0( 0 ) , the remaining gravitational fields
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0
are easily found. Since, =
0.158 g 0 , we find that
g 0( ) K=
0 g0

g=
g=
2.387E − 9 m s 2
0
0

(4-19)

This is the net macroscopic field due to all masses, free and bound,
∑ M F ,i + ∑ M B,i , in the universe. And for the gravitational field due to the
1
bound sources only, we obtain, =
g 0( ) χ=
0.842 g 0 , or,
0 g0
()
()
g=
g=
2.010E − 9 m s 2
0
0
1

1

(4-20)

This is due to the sum of all the bound mass, ∑ M B ,i = M B , in the universe.
If we were to substitute this mass in Equation (4-16b), we would obtain this gravitational filed.
Let us next calculate the net smeared polarization, P0 , and the net smeared
gravitational displacement vector, D0 , in the current epoch. We’ll use Equation
(3-19a), for the former, and Equation (3-20a), for the latter. We find, respectively,
()
=
P0 ε 0 χ
=
ε=
2.396 kg m 2
0 g0
0 g0

(4-21a)

( )
D0 ε 0 K
0.4495 kg m 2
=
=
ε=
0 g0
0 g0

(4-21a)

1

0

We have substituted the values for the gravitational fields, specified in Equations (4-20), and (4-18), in order to evaluate the numerical results in relations,
(4-21a, b). The net polarization and the net gravitational displacement vector,
are both average or smeared, quantities holding for the cosmos as a whole. Their
sum equals,

ε 0 g 0 = D0 + P0 = 2.846 kg m 2

(4-22)

This can be verified a number of ways, but perhaps the simplest is to add the
right hand sides of Equations (4-21a, b), and compare that to the right hand side
of Equation (4-19), multiplied by ε 0 . The results match numerically.
We turn next to the Hubble radius of the observable universe. We can use
Equation (3-11), from the last section. Written out, that equation in the present
epoch reads,

g 0( ) = 1 ( 3ε 0 ) R0 ρ F ,0
0

(4-23)

We have specific values for each quantity in this equation except for the Hub0
ble radius, R0 . Therefore, we can use this equation to solve for, R0 . For, g 0( ) ,
we use the numerical result in Equation (4-18). The gravitational permittivity
equals, ε 0 = 1 ( 4πG0 ) = 1.192E9 ( MKS) . And, for, ρ F ,0 , keep in mind that this
equals, ρ F ,0 ≅ ρb ,0 =
Ωb ρ 0 =
0.0486 × ( 8.624E − 27 ) . We substitute all of this
into Equation (4-23), and solve for R0 . The result is

R0 = 3.217E27 meters

(4-24)

This is our estimate for the radius of the observable universe. This is significantly larger than the value often quoted, which is, 4.4E26 meters [30] [31]. In
fact, our value is about 7.3 times larger. Our value is obtained as a direct consequence of Gauss’s law, and the density parameter values in Friedmann’s equaDOI: 10.4236/jhepgc.2021.72028
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tion. As such, we believe it to be very accurate.
Once the Hubble radius is known, it is possible to determine the various
masses with certainty in the universe. For the free mass, or the source mass, as
we sometimes refer to it, we find,
M F = 4 3 πR03 ρ F ,0 = 4 3 πR03 Ωb ρ0 = 5.847E55 kg

(4-25)

This is about 7.33 ≅ 390 times greater than current estimates, which is about,
1.5E53 kg. This increase in mass is due to our increased radius value. One will
note that our values for both Hubble radius, and the ordinary mass in the universe, are very precise, as precise as the determination of density parameter values in Friedmann’s equation. We have three decimal point accuracy (3 significant figures), versus current estimates (1 significant figure). The bound, or polarized mass, M B , is 5.327 times greater than the free mass, which is specified by
Equation (4-25). See Equation (4-12).
We close this section with an observation relating to the Friedmann equation.
One may ask the question, where is the planckion mass density in Friedmann’s
equation? A quick answer would be that there is none, because the positive mass
planckions neutralize, and balance out, the negative mass planckions. But this is
only true for an undisturbed vacuum. The vacuum we see in the cosmos today is
not totally neutral. It is disturbed because there is net positive macroscopic mass
in the universe, as well as bound mass relating to the former. Bound mass is an
assumption, in this paper, but source mass is a given. The planckion mass density is, actually, the dark energy mass density, ρ gg . And, since, ρ gg ≠ 0 , there is
actually a net planckion mass density. To see this we argue as follows.
Consider a universe where we have N + positive mass planckions, and N −
negative mass planckions. The mass density associated with each species adds up
to,

=
ρ Pl N + M Pl Volume + N − ( − M Pl ) Volume
=

( n+ − n− ) M Pl

(4-26)

This is nothing else but Equation (2-4). However, the right hand side only
equals zero for an undisturbed vacuum.
If there is a net gravitational field in the universe, which we know there is, because there is net source mass, and possibly bound mass, as well, then how
would that net gravitational field manifest itself? The answer is through a mass
density, ρ gg . And, the ρ gg value, quite literally, represents mass creation, specifically within the vacuum, where there originally was none. Since the vacuum
is thought to be made up of planckions, it can only be planckions which create
that “extra” mass per unit volume. We are therefore justified in setting,

ρ Pl = ρ gg

(4-27)

This unusual equation will be put to work in later papers. Again, it can only be
planckions which are responsible for any mass density creation within the vacuum, if they and blackbody photons make up the vacuum, and Equation (4-27),
expresses this fact. Since, ρ gg , equals, ρ Λ , we can also claim that, ρ Pl = ρ Λ .
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We believe that Planckion mass density may very well equal dark energy density.
This brings us to an interesting observation. The right hand side of Equation
(4-26), does not vanish. Moreover,

ρ gg ρ Λ =
0.6911× ( 8.624E − 27 )
( n+ − n− ) M Pl ==

(4-28)

M Pl 2.176E − 8 kg . We substitute this
The current value of, M Pl , equals,=
into Equation (4-28), and rework it to find that,

( n+ − n− )=

2.74E − 19 meters −3

(4-29)

There appears to be a slight imbalance between positive and negative
planckion number density within the cosmos! The number densities in Equation
(4-29), are average, or smeared values, holding for the universe as a whole. The
reason for the imbalance in planckion number density in the current epoch, is
unknown. Possibly, it may have to do with elementary particle formation and
ordinary mass creation within the universe. When positive and negative
planckions first condensed out of the vacuum, it is reasonable to assume that
their respective total numbers matched, leading to a perfect balance in number
density. This is a topic for future work.

5. Summary and Conclusions
We presented a model of gravitational polarization based on previous work of
Hajdukovic, and Winterberg. We borrowed essential ideas from each author,
and combined them in such a way so as to create a new theory for dark matter,
and dark energy. In our theory, dark matter and dark energy are related. Their
common origin is due to a two-component superfluid/supersolid, made up of
submicroscopic positive and negative mass particles, called planckions. These
planckions fill all of space and interact according to specific fluid forces within
their species. The masses involved have the value, ± M Pl= 2.716E − 8 (current
era), which we recognize as positive and negative the Planck mass. Like
planckions, whether they have positive or negative mass, simultaneously repel
and attract one another, maintaining a fixed distance of separation between
them. Unlike planckions do not interact directly, but indirectly, as they are
forced next to one other due to their species specific fluid forces.
This vast assembly (sea) of positive and negative mass particles leads to a mass
compensating effect, giving space the illusion that space is seemingly empty,
when, in fact, it is not. The reasons for formulating such a space have been presented, and worked out in great detail, by Winterberg. We focused in this paper
of trying to apply his ideas to expansion, and specifically, the density parameters,
within the Friedmann equation. In the ΛCDM model, no specific interconnection seems to exist between dark matter, dark energy, and ordinary matter. We
provide such a connection, inter-relating all three ideas. This is an extension of
Winterberg’s model, leading to new results, and insights.
A space made up of positive and negative mass planckions can be gravitationally polarized if conditions are right. And it is precisely the polarization of space,
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and bound mass formation, which leads to dark matter. There are also gravitational fields, because matter fills the universe. According to Gauss’s law, we have
0
a net surface gravitational field, g 0( ) , which is due to ordinary source mass, a
1
given. We also have a net surface gravitational field, g 0( ) , associated with bound,
or polarized, matter, an assumption. And because any observer within the observable universe will measure the same values for each, irrespective of location,
0
they must hold point for point within the cosmos. The gravitational fields, g 0( ) ,
1
and g 0( ) , are smeared or average values, holding for the cosmos as a whole, and
these components add up to, g 0 , which is the macroscopic gravitational field.
We assume uniform density for matter for distance scales beyond, 100 Mpc. Dark
energy is identified by us as the mass density associated with these gravitational
=
ρ=
1 2c 2 K ε g 2 ,
fields, which permeate all of space. Specifically, we set, ρ
Λ
gg
by analogy to electrostatics. In this equation, g , is the smeared gravitational
field, which includes contributions from both source and bound mass, K equals
the relative permittivity, and ε is the gravitational permittivity, defined as,
ε ≡ 1 ( 4πG ) . See Equations (4-3), (4-4), and (4-5).

( )

The assumed gravitational polarization, in our model, is due to the positive
and negative mass planckions making up the vacuum. When cosmic CBR temperatures are low enough, these material particles can form gravitational dipoles,
which can be ordered/aligned spatially to create a net polarization of the surrounding space. This polarization cloud formed around ordinary matter leads to
 
a mass density, ρ B = −∇ ⋅ P , which we identified as dark matter. The polarization leads to increased mass, and can explain many of the characteristics usually
associated with dark matter, such as the halo effect around galaxies, rotation
curves within galaxies, virial motion of galaxies within superclusters, gravitational lensing, etc.
We started in Section II by looking at the fluid forces acting on the individual
planckions, and showed how this led to a spatial anchoring of planckions. Restoring forces were assumed, which causes individual planckions to maintain a
fixed distance of separation from one another. Those restoring forces were presented in Equations (2-9), and (2-10), which are new. The positive (negative)
planckion number density will increase (decrease) with increasing, x, the displacement from equilibrium. The κ refers to the positive and negative mass

planckion spring constant, and, n+ ( 0 ) = n− ( 0 ) , are the number densities for an
undisturbed vacuum. Planckions oscillate and vibrate with a frequency given by
Equation (2-12), and the spring constant scales according to Equation (2-16),
upon the expansion of the universe. The, κ , has a very large value in the
present epoch indicating a very stiff medium, i.e., a very stiff vacuum. Spatial
anchoring is needed for dipole formation, and polarization, among other reasons.
In section III, we presented a whole new theory of gravistatics by analogy to
electrostatics. Anti-screening in gravistatics is a new feature. A table, summarizing some of the important similarities, and differences, between electrostatics
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and gravistatics, is given in Table 1. Many of the concepts can be carried over
directly from electrostatics to gravistatics, including the definition of a “gravitic”,
the gravitational equivalent of a dielectric. We also have gravitational bound
mass, gravitational susceptibility, and gravitational polarization. The gravitic is
our vacuum, populated with positive and negative mass planckions.
In Section IV, specific identifications for dark matter and dark energy were
made. Dark matter was identified with bound, or polarized, mass, set up within
the vacuum or gravitic. This is matter trapped in dipole formation and macroscopic ordering/alignment is necessary. The dipoles have to organize themselves
in some fashion in order to create a net macroscopic effect. For the specific identifications, see Equation (4-6b), which holds for dark matter. Ordinary, or source
matter, made up of quarks and leptons, is specified in Equation (4-6a). And, for
dark energy, refer to Equation (4-6c). When written out, dark energy can be expressed as in Equation (4-3), or, as in Equations (4-4), with (4-5). Numerically,
using the ΛCDM density parameter values in Friedmannn’s equation, we found
that in the current epoch, the smeared susceptibility of the cosmos is, χ 0 = 0.842 .
See Equation (4-11a). The relative permittivity equals, K 0 = 0.158 , which is
Equation (4-11b). We also calculated the net gravitational fields permeating the
vacuum. These are given by Equations (4-18), (4-19), and (4-20). The net polarization of the space, when taken as a whole equals,

()
P0 ε 0 χ
2.396 kg m 2 , which is Equation (4-21a).
ε=
=
=
0 g0
0 g0
Our gravitational model leads to new values for the Hubble radius, and for
baryonic mass in the observable universe. We obtain Equations (4-24), and
(4-25), respectively. These new values are highly precise because they are direct
consequences of the density parameter values in Friedmann’s equation, and
Gauss’s law. We have three significant figures for each quantity. Finally, we
theorized that the planckion mass density is nothing else but the dark energy
mass density. See Equations (4-27), (4-28), and (4-29). In the current epoch, this
leads to a net imbalance in the number density for planckions. The positive mass
planckions are greater in number than the negative mass planckions. The reasons for this are unknown, but probably have something to do with elementary
particle formation, and net mass aggregation in the cosmos.
1
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