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Abstract
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New work provides compelling evidence for a genuine re-appraisal of an old way to explain gravity,
which has been sidelined in the periphery of science for a long time. A novel quantitative push gravity
theory has been advanced on the basis of a set of primary principles (postulates), from which the deriva-
tion of classical acceleration and force by stationary massive bodies in the steady state is possible. In
contrast to prior conceptions, it is shown that the absorption of gravity particles by matter need not be
extremely weak and linear, in order to derive and explain the observed classical laws of gravity. Any
value of the absorption coe�cient by a uniform spherical mass produces a gravitational �eld obeying
the inverse square of distance law. The gravitational constant (big G), is itself a function of the ratio
of the absorption coe�cient over the density of matter. The latter ratio (mass attenuation coe�cient)
now becomes the new universal gravitational constant of the cosmos, whilst G can vary in di�erent
locations of the universe; it remains invariable inside material bodies. The measured mass of planets and
stars is only an e�ective or apparent mass actually smaller than the real mass due to a self-shadowing
or shielding e�ect of the absorption of gravitational particles. Any given mass appears quantitatively
di�erent depending on its spatial distribution. We now �nd that Newton's gravitational law uses only the
apparent (or e�ective) masses with a potentially variable G, but the inverse square distance relationship
is locally preserved in the cosmos. The radiant �ux of energetic particles being uniform over a region
of space creates a maximum acceleration of gravity for all material bodies in that region, so that any
further mass accretion over a certain upper limit does not create additional acceleration; this limit is
reached when practically all gravitational particles are absorbed (saturation state) by the massive body
above a saturation mass. The latter limit should be measurable, for which some tentative situations
and experiments are proposed for prospective experiments and tests. The internal �eld of a spherical
mass and the external �eld of a two layered sphere have been derived. The superposition principle of
gravity �elds has been reformulated and the Allais e�ect explained and calculated. The equivalence
principle can now be properly understood and explained in a way that the principle per se becomes
redundant under the theory being self-consistent. Matter, inertia and mass can be properly de�ned and
understood. For moving bodies, the established relationships from special and general relativity may
continue to operate within the gravitational �elds created by push particles, but may need to be adapted
and re-aligned within the greater framework of push gravity principles operating at any distance. These
advances constitute the main part of this report purported to become a valid mathematical formulation
for a basic physical interpretation or embodiment of gravity poised for veri�cation. An attempt is made
to overcome the main remaining objection of presumed catastrophic thermal accretion of absorbed parti-
cles. A further attempt is made also for the push-gravity principles to explain the vastly higher intensity
gravitational �elds of white dwarfs, neutron stars and black holes. It is proposed that the �eld of white
dwarf stars is created also by push particles but of a di�erent kind, namely, by those responsible for
mediating the electric �eld. In the same way, the �eld of neutron stars is created by yet a third kind of
push particles, namely, those responsible for mediating the nuclear �eld. The e�ective mass attenuation
coe�cient is variable around those massive bodies. In general, push particles may exist with di�erent
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energy (or mass) having di�erent mean free paths as they traverse di�erent concentrations of masses
like black holes, neutron stars, dwarfs, stars, planets, ordinary masses, atoms, nuclei, protons and all
the known or unknown sub-nuclear particles. The invariable principle of momentum transfer (push) by
particles directly relating to their absorption rate by the various concentrations (density) of masses could
be the basis and the starting principle for a prospective uni�cation theory of everything. Further work
seems to explain a common underlying mechanism manifesting itself as e�ective mass and force, both
of which are caused by the rate of push particles absorption. Intrinsic e�ective mass of lone bodies and
variable e�ective mass of interacting bodies are liaised with a force always obeying the inverse square
distance law. The general constitutional equations of push gravity are now provided. The electron radius
can be found by this theory. A push electricity theory is initiated providing the general framework for a
uni�cation of gravitational and electric �elds. Action, reaction, mass accretion during acceleration and
mass dependence on velocity are investigated for a rocket system and for falling spheres system. Vortex
�uid mechanics is introduced for improved electron/positron modeling. The speed of falling bodies is
investigated. The relationships between internal versus external properties are established. The Python
codes used for computations of results have now been published. The mass-energy equivalence equation
has been derived from the principles of this theory. Veri�cation means by gravimeter measurements
have been provided. The gravion is connected with the Planck constant. Force �elds are created by
gravion formations (groups) acting as push particles. Field uni�cation is e�ectively achieved, or has
become visibly achievable. The Big Bang and the expansion of the universe theories are questioned by
PG theory.

Foreword

To assist returning readers, the edits of separate versions of this work are typed in di�erent font color. This
makes it easier for readers to follow the timeline of developments, without having to re-read the same text.
More importantly, the reader is able to follow the thoughts of the author as they have evolved through time,
and better appreciate the reasons if some corrections are needed or how new proposals are made. It has not
been possible yet to cancel out any remaining inconsistencies in a single authoritative body of work. This
requires an extensive amount of work, while we have not arrived yet at some de�nitive conclusions about
remaining outstanding issues of the theory. It would be counterproductive for the ongoing progress of work
to attempt such a revision at present, as long as novel work is added. Therefore, it is strongly recommended
to follow the timeline of all versions, until a �nal version is properly integrated into an acceptable unit. In
fact, this becomes imperative as we expand the theory with new concepts necessitating also new symbols,
terms and models. The �temporal� reading (via sequential versions) in preference to following the �spatial�
organization of the present report has become critical for its proper understanding.

Readers who may like to see in advance a review of this report or query the published record of the
author are directed to Review 34

1 Introduction

Scienti�c theories are built from concepts and discoveries that have come before, and are constantly evolving
and being re�ned. When it comes to the theory of gravity, there should be no di�erence. While maintaining
established laws, e.g. in relativity, re-assessing sidelined theories of push gravity may help �ll-in gaps of
our understanding. This paper humbly seeks to re-assess what this author views as compelling evidence for
push gravity and its only goal is to have related theories re-evaluated and ultimately incorporated into more
extensive scienti�c writings.

The push (or shadow) gravity theory (PG) is not generally widely known, by and large, despite of it dating
back since Newton's time. It remains outside the mainstream of established theories of gravity and is not
generally accepted or introduced, even in a negative way, to primary, secondary or tertiary schooling systems.
Whilst fully acknowledging its shortcomings and reasons for which it continues to receive little attention, the
present paper reports new advances of this theory, which should provoke a renewed consideration beyond
prior attempts to break out of the hitherto impasses in science. Push gravity is now developed on a new
basis thought to overcome at least most, if not all, of the prevailing objections.

It would be helpful and productive, if we initially avoid the existing stalemate imposed by the existing
criticisms and objections against the push gravity theory by patiently examining the mathematical or quan-
titative relationships newly derived in this work. The results and conclusions produced are important in
their own right. We have opted to work out (or rework) a number of signi�cant derivations of fundamental
importance �rst and then follow with appropriate discussion here and elsewhere. Afterwards, we can re-visit
all known arguments and objections to PG, most of which may be shown to be invalid, redundant, or not
necessarily valid. Triggering a protracted series of arguments and counter-arguments from the outset could
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be counter-productive for the ordinary reader to proceed and appreciate the main �ndings and purpose of
this report.

In the above sense, we initially assume the validity of a set of PG principles or postulates, which allow
a novel derivation of the laws of gravity in the steady state of initially stationary (or slow moving) material
bodies. In particular and based on these principles, Newton's law of gravity can be easily derived but with
a new understanding of the universal constant of gravity. This is followed by the general case, where the
same principles are used to derive some novel relationships beyond Newtonian mechanics, from whereby it is
shown that Newton is the limiting case for very weak absorption of the push particles. A universal law for the
acceleration of gravity is produced, which reveals the most fundamental physical quantities involved. Both
the gravitational �eld around a material sphere and the force between two material spheres is established.
An attempt is then made to use and propose tests, observations and experiments to verify the new physics.
By this methodology, we will provide completely independent means of describing some fundamental physics
and phenomena providing better explanations than hitherto existing theories.

This approach then, overall, will further assist towards invalidating most of the objections and at least
neutralizing the others, or placing them on a rational speculation for an interim period. This will allow
experts in the areas of particle physics, theoretical physics, astrophysics and mathematics to �nd new and
fruitful ground for further progress to both use and advance the presented theory to its logical conclu-
sions. Ultimately, work can include general relativity, a generalized theory of �elds and a uni�ed theory of
everything.

In setting out such an ambitious goal, it should be clari�ed from the outset that the presented PG theory
is thought to by no means be in con�ict with the theories of relativity, by and large. The mathematical
tools of the general relativity may still be applicable and useful to PG in the case of moving bodies close to
the speed of light, but this is left for later works, i.e. when the time dependence phenomena are considered
under PG. For the present work, we start only with the steady state condition of push particle �ows around
stationary bodies, which is su�cient to reveal some important misses of existing theories in general and,
perhaps, of the general relativity in particular.

Unavoidably, we include a certain amount of speculation and heuristic �ndings, which should be separated
out from the fundamental derivations of PG. For this purpose, we divide this report in four parts. Part 1
concentrates on de�nite new mathematical derivations of PG. Part 2 expands the �rst part to include possible
applications under certain conditions and speculations. Part 3 contains even more speculative proposals and
models but may also address many open issues emanating from the preceding theory. Finally, Part 4 contains
a general discussion based on important topics of the entire report.

For the above purposes, there is no extensive literature relating to the novel developments of PG in
the �rst part. However, by attempting in the second part to apply the new �ndings to existing data and
theories, the task overwhelms the expertise of this author who takes a great risk in possible misapplication
of what otherwise can be a valid PG theory. Therefore, this report does not contain an exhaustive search
of literature on all aspects touched upon, but only a limited reference to prior works as needed or known to
the present author, who also resorts and refers to Wikipedia to indirectly provide a more extensive list of
references. These misses may be excused, whilst they could also be recti�ed by others in the spirit of further
progress along the path ushered by the following work.

In relation to our �method�, we quote from Feyerabend (2010): �No theory ever agrees with all the facts
in its domain, yet it is not always the theory that is to blame. Facts are constituted by older ideologies, and
a clash between facts and theories may be proof of progress. It is also a �rst step in our attempt to �nd the
principles implicit in familiar observational notions�.

Part One (1)

2 Early push gravity theory

Nicolas Fatio de Duillier is considered to be the �rst who proposed an explanation of the phenomenon of
gravity. That subject was one among many and various interests that he worked on around the same time
that Newton developed his own laws of gravity. Fatio's works are not readily available in present journals for
direct accessibility and reference, but can be found in a Wikipedia article (Wikipedia contributors, 2018b)
containing numerous references (de Duillier, 1929; Gagnebin, 1949) and further reading on push gravity. His
theory is �based on minute particles streaming through space and pushing upon gross bodies..." via collisions
between ordinary matter and ethereal corpuscles, which was thought to be his greatest work. This theory was
later reworked and presented also by Le Sage (Wikipedia contributors, 2018a). However, Fatio's mechanical
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theory of gravity soon fell into oblivion, chie�y because no drag by the aether on the motion of the planets
could be detected in celestial motions; it was �nally abandoned on account of a number of serious objections
by renowned scientists around the beginning of the 20th century. As we know, Special Relativity (SR) and
General Relativity (GR) have become the prevailing or established theories for over a century to date.

A few works have appeared from time to time attempting to revive PG. However, the latter still remains
outside the mainstream physics.

3 Push Gravity (PG) principles

The fundamental principle or assumption of push gravity (PG) as understood or proposed in this report
is that the forces we experience by an assumed gravitational �eld attached to material bodies is actually
generated by the �ow and absorption of a radiation energy in the form of elementary particles or waves,
or both, traveling randomly but homogeneously in all directions in the interstellar/interplanetary space, or
at least in regions of the order of magnitude of solar systems. This is a form of radiant �ux, the nature
of which need not be speci�ed at the outset, but which, for convenience, we can initially assume that it
consists of elementary particles to be called gravions (gravity + ion (from � ιόν" meaning "going") and are
characterized by the following postulated properties:

1. They rarely interact (or collide) between themselves resulting in relatively very long mean free paths
as compared with planetary size orbits.

2. They interact with material objects at any point at a rate in direct proportion to the density of the
matter they traverse around the point in the object.

3. During their interaction with matter, they become partially or totally absorbed but re-emitted in a
di�erent form of particles (energy) with much shorter mean free path so as not to pertain (mediate)
further to gravitational force, but likely to pertain to other types of forces or reactions. [Note: Gravions
re�ected elastically (without absorption) and isotropically in all directions cannot generate a gravitation
�eld. For anisotropic elastic scattering, see Section 28].

4. Conservation of momentum: During their interaction with matter, they transfer momentum to the
material body, a process that appears as a force acted upon the material body.

We further use two complementary provisional assumptions to connect the theory with existing theories,
namely:

5 The gravions are relativistic. [Note: This has been assumed on the proven strength of special relativity.
Where this principle is needed during the ensuing development of push gravity theory will be pointed
out.

6 The speed of gravions is constant. Whenever it is necessary to equate it with the speed of light, it will
be stated explicitly per occasion.

The third principle (#3) is analyzed and discussed in considerable detail in Part 2.
The sum total of all gravion absorption by a material body results in a depletion zone around the said

body, a process that appears as a gravitational �eld acting on any other material body inside the said �eld.
The nature of gravions and the nature of their interaction with matter remains to be found, so that

�particle� and �matter� are as yet unde�ned entities, as they may pertain to energy or mass in particle or
waveform according to established ideas and principles in physics.

Dibrov (2011) called the particles fations, or other names may be found, but we opted to use a fresh term
for good reasons, such as to dissociate, not critically, the presented theory here from previous ones on this
subject. The gravions may be identical to the known gravitons from elsewhere, but a new term aims to avoid
possible con�icts or transferring properties from existing theories not necessarily needed or assumed by the
PG as presented here. After all, gravions and gravitons might be the same thing, except that we attempt to
start afresh (i.e. be independent) in this work. The term gravion has been coined by incorporating the root
word "ion� meaning �going� or �traveling� from ancient Greek � ιόν� (hence, by denoting particles or energy
that is �owing).

3.1 Formulation of principle

The preceding principles can be formulated as follows:
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Figure 1: Push Gravity principle.

Let us denote the radiant �ux of gravions (energy) by Φ0, which is the radiant energy emitted, transmitted
or received anywhere per unit time (in Watts), i.e. the rate of �ow of particles/energy by gravions. The
radiant �ux received by a surface, per unit solid angle Ω, per unit area S in a particular direction de�nes
the radiance L0 by:

L0 =
∂2Φ0

∂Ω∂S
(1)

At any point in space, we will need to �nd and use the �ux density J0 (also called intensity), namely,
the �ux per unit area received within a solid angle ∆Ω

J0∆Ω = L0∆Ω (2)

If within this solid angle there is a �nite material body, the received �ux will be diminished due to
absorption. Referring to Fig. 1, the radiance and the �ux density at any point in free space is initially the
same from all directions resulting in zero force, except when at a point P the �ux density is a�ected by the
presence of matter in the direction u within a cone with small semi-angle ∆ϕ subtending a small solid angle
∆Ω. Due to the absorption of gravions by matter contained in the distance BC, there is a de�ciency from
that direction and hence an excess �ux from the opposite direction within the same angle.

We can treat the problem as we use the general case of any radiation absorption by matter and write
the well known equations of absorption. In the general case, the �ux density (intensity) J(u) at any point
u along the line u diminishes in proportion to product J(u)du

dJ∆Ω = −kJ∆Ω(u)du (3)

where the constant of proportionality k is the coe�cient of absorption for gravions (or attenuation coe�cient
in the Beer-Lambert law). Upon integration, we obtain the classical exponential transmission equation

J∆Ω = J0∆Ω exp(−ku) (4)

where J0∆Ω is the incident (initial) intensity per above. The absorbed intensity Ja∆Ω is simply the di�erence

Ja∆Ω = J0∆Ω − J∆Ω (5)

and the corresponding absorption fraction fa∆Ω in the small solid angle ∆Ω is:

fa∆Ω =
J0∆Ω − J∆Ω

J0∆Ω
= 1− exp(−ku) (6)

For the case in Fig. 1, by setting BC = ` we simply write

fa∆Ω = 1− exp(−k`) (7)
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where k is constant if the density is uniform.
We note that for very small values of k � 1, Eq. 4 reduces to

J∆Ω = J0∆Ω(1− k`) (8)

and

Ja∆Ω = J0∆Ω − J∆Ω = J0∆Ωk` (9)

and

fa∆Ω = k` (10)

The above equation is the basic assumption of Fatio's theory and all subsequent theories of push gravity,
i.e. the absorption of gravions by a planet is very weak and linear, because only then could they reproduce
Newton's equation of gravity.

In the above and subsequent notation, we use the subscript �a� to denote the presence of absorption so
that fa is a shorthand notation for the absorption fraction of gravions per unit area inside a �nite solid
angle:

fa =

�
fadΩdΩ (11)

This fraction will be used later for �nding the total energy absorbed by a sphere.

4 Newton's gravity law

Based on the given PG principle, we can derive Newton's equation of gravity in a simple way as follows:
Referring to Fig. 2, let us consider a point O at distance r from the center of a sphere at point P with

radius R. We draw a straight line u from point O traversing the sphere along the chord AB, the length `(ϕ)
of which is given by:

AB = 2(AM) = 2

√
R2 − r2 sin2 ϕ = 2r

√
a2 − sin2 ϕ ≡ `(ϕ) (12)

since

OM = r sinϕ (13)

and

a =
R

r
= sinϕ0 (14)

while we want these quantities expressed as a function of the angle ϕ in the range

0 ≤ ϕ ≤ ϕ0 (15)

We also need the initial u1 = OA and �nal u2 = OB lengths on the line OAB along u corresponding to
points A and B

u1(ϕ) = r cosϕ−
√
R2 − r2 sin2 ϕ = r

(
cosϕ−

√
a2 − sin2 ϕ

)
(16)

and

u2(ϕ) = r cosϕ+

√
R2 − r2 sin2 ϕ = r

(
cosϕ+

√
a2 − sin2 ϕ

)
(17)

We note that the above equations describe the given circle in polar coordinates, when the origin O lies
away from the circle, which then it is simpli�ed to just the chord length, when the origin lies on the surface
(r = R) by the well known cosine equation:

`(ϕ) = 2r cosϕ (18)

The elementary annular solid angle dΩ at angle ϕ around the axis OP is
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Figure 2: Derivation of push gravity around a sphere.

dΩ = 2π sinϕdϕ (19)

Gravions arrive at point P from all directions uniformly in the absence of any mass around. However, if
the sphere contains a uniform mass we can initially assume that some gravions are absorbed by the mass in
direct proportion to the elementary solid angle and the length of the chord AB at angle ϕ. This creates a
depletion of gravions from that direction, from which the total depletion (fractional absorption) of gravions
is found by the double integral

fa =

ϕ0�

0

u2�

u1

2π sinϕdϕkdu (20)

where we use the previously de�ned absorption coe�cient being k � 1 along the length `(ϕ). Integrating
with u along the `(ϕ), we get

fa =

ϕ0�

0

2π sinϕdϕ· k(u2 − u1) = 2π

ϕ0�

0

sinϕk`(ϕ)dϕ (21)

or

fa = 4πkr

ϕ0�

0

sinϕ

√
a2 − sin2 ϕdϕ (22)

Now, since the �ux of gravions is a directional quantity (vector) at the test point O, the components
normal to direction OP cancel out and only the components along OP add to a total directional �ux for the
generation of an acceleration of gravity g. The latter components are integrated by multiplying the above
integrand by cosϕ:

fg = 4πkr

ϕ0�

0

sinϕ cosϕ

√
a2 − sin2 ϕdϕ (23)

to �nd the total component of accelerating fraction fg below:

fg =

[
−4πkr

3

(
a2 − sin2 ϕ

)3/2]ϕ0

0

(24)

By substituting the integration limits on account of the above relationships, we �nally get:

fg =
4πkr

3
a3 =

4πkR3

3r2
(25)

By introducing an average density ρ of the spherical mass, the last result becomes :

fg =
k

ρ

4πρR3

3r2
=
k

ρ

M

r2
(26)
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where M is the total mass of the sphere. This is essentially Newton's law of gravity subject to a
proportionality constant to yield the force of the gravions on a test unitary mass, which is the acceleration
at point O.

In the above and subsequent notation, we use the subscript �g� to mean the component of absorption
responsible for the generation of acceleration g.

It should be noted that the ratio Λ =
k

ρ
is the mass attenuation coe�cient of the Beer-Lambert law in

any absorption situation written in alternative form as a function of the area density (or mass thickness)
λ = ρ`, that applies also in �ux density attenuation in PG, i.e.

J = J0exp

(
−k
ρ
ρ`

)
≡ J0exp (−Λλ) (27)

The fraction fg as initially derived above is a pure (dimensionless) parameter involving only geometrical
parameters (Euclidean geometry) that appears to be a fundamental property of nature. The inverse square
of distance law appears from the outset together with the sphere diameter and the absorption co-e�cient k,
which implies an absorbing entity like the mass, or density of the mass to appear in the next step.

This fraction was obtained by integrating over all absorption possible around the axis of symmetry de�ned
by points O and P and yielding the simplest solution for a sphere. However, for any other shape, we should
integrate around three normal independent axes (x,y,z) and add the corresponding acceleration fractions
vectorially, as is shown in Appendix B.

5 Beyond Newton

Next, we obtain the expected acceleration from the previous derivation, as a consequence of the push gravity
principle.

5.1 Universal gravitational constant in weak absorption regime

The simple derivations above can already lead to a better understanding of the universal constant G (or
bigG).

From the absorption and acceleration fractions fa and fg introduced in the previous section, we convert
to the corresponding fractions of absorption and acceleration for the �ux density Ja and Jg below:

Ja = J0fa (28)

Jg = J0fg (29)

where Ja is the �ux density absorbed by the presence of a mass (here spherical uniform mass) and Jg is the
component of Ja in the direction of the axis of symmetry responsible for the generation of acceleration.

We now proceed to �nd the constant of proportionality to reproduce Newton's gravitational law from
Eq. 26 by

Jg = J0
k

ρ

M

r2
= J0Λ

M

r2
(30)

using the newly introduced constant Λ.
The physical meaning of this constant is the number of absorption events per unit density of matter in

units of inverse mass-thickness (m2/kg). In other words, it is the number of absorption events per kilogram
per square meter. The inverse (1/Λ) is the mass-thickness (or area density) per absorption event. This is a
new cosmic constant the magnitude of which remains to be found.

It is generally known in �ow problems that the product of pressure times the velocity of the �ow yields
the �ux intensity. Thus, if we divide Jg by the velocity c of the radiant �ux (gravions), we obtain the pressure
pg exerted by the gravions at O:

pg =
Jg
c

(31)

An elementary test mass dm is located at point O with a surface area dS and thickness x having a density
ρ′ with corresponding absorption coe�cient k′. The force dF on this test mass is then given by:

dF = pgdS · k′x =
Jg
c
dS · k′x (32)
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where we multiply by k′x to allow only for the fraction of gravions absorbed by the test mass, considering
that k′, in general, is the number of absorption events per unit length. The force per unit mass, i.e. the
acceleration g is then

g =
dF

dm
=

Jg
c
dS · k′x

ρ′dS · x
=
J0

c

k

ρ

M

r2

k′

ρ′
=
J0

c
Λ2M

r2
(33)

The above equation is exactly Newton's law, where the factors of proportionality between g and M/r2

must correspond to the universal constant G:

G =
J0

c
Λ2 (34)

The above is already an important derivation for the universal gravitational constant in terms of other
constants, namely, the gravion speed and intensity of the neighboring universe, and the mass attenuation
coe�cient (new universal constant). Eqs. 33 and 34 are thought to be new fundamental derivations beyond
Newton even within the realm of Newtonian mechanics for weak absorption.

5.2 General gravitation law in any absorption regime

Having considered the case of weak absorption, we now proceed to investigate what happens if absorption
is strong, or to any arbitrary degree, i.e. the absorption coe�cient can take any value. This actually means
that we allow gravitational shielding inside a material body and between bodies. We may also refer to
this condition as self-shadowing within the bulk of a massive body. In other words, we allow �gravitational
shielding� as a core condition of a general push gravity theory, as opposed to considering it a case for rejecting
PG, as has been done by the hitherto critics. This ushers a novel approach to push gravity.

In the general case, where self-shadowing (shielding) is caused by a signi�cant k, we follow the same initial
procedure as previously with reference to Fig. 2: The force is proportional again to the elementary annular
solid angle 2π sinϕ, but now multiplied by the absorption fraction of the �ux intensity along the length AB
(Fig. 2) provided by Eq. 6; we also multiply by cosϕ to allow, as previously, only for the component of force
along the direction OP, so that we only need to integrate with respect to angle as follows:

fg =

ϕ0�

0

2π sinϕ cosϕdϕ· [1− exp(−k`(ϕ))] (35)

and

fg = 2π

ϕ0�

0

sinϕ cosϕ

[
1− exp

(
−2kr

√
a2 − sin2 ϕ

)]
dϕ (36)

The �nal integration of the above expression in the given subtended angle ϕ0 by the sphere is fortunately
an analytical expression of the form:

fg = 2π

 sin2 ϕ

2
−

exp
(
−2kr

√
a2 − sin2 ϕ

)(
2kr
√
a2 − sin2 ϕ+ 1

)
4k2r2

ϕ0

0

(37)

and with the given values of integration from 0 to ϕ0, we �nally obtain

fg = π

[
R2 − 1

2k2
+

exp(−2kR)(2kR+ 1)

2k2

]
1

r2
≡ πA

r2
(38)

where we have now a new parameter A, which is a function of k and R only (i.e. independent of r):

A =

[
R2 − 1

2k2
+

exp(−2kR)(2kR+ 1)

2k2

]
(39)

Like in Eq. 25, we �nd that the fraction fg derived in the general case of strong absorption is again
a dimensionless parameter (quantity) that appears to be a fundamental property of nature and that the
inverse square of distance law is preserved. This law is a consequence of the geometry alone (Euclidean) by
any uniform �ux propagated and absorbed in space. It is the law in the steady state around any absorbing
medium (mass), whilst the time dependence remains to be introduced at a later stage of PG development.
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Figure 3: Dependence of characteristic gravitational absorptivity AR on kR.

Now, we follow the same procedure, as previously, to obtain the acceleration: For the test mass acted
upon by a pressure pg, Eq. 29 now becomes

Jg = J0
πA

r2
(40)

In view of above, Eq. 33 is modi�ed to become:

g =
dF

dm
=

Jg
c
dS · k′x

ρ′dS · x
=
J0

c

k′

ρ′
πA

r2
=
J0

c
Λ
πA

r2
(41)

The above provides the equation of acceleration in PG, which again preserves the inverse square of
distance law. However, the factor(s) of proportionality between g and 1/r2 is di�erent from the corresponding
PG derivation in Newton's equation, the signi�cance of which will be described later. To understand the
di�erence, we need to �rst investigate the properties of the newly derived parameter A.

6 Investigation, consequences and new physics with parameter A

6.1 PG versus Newton

From from Eqs. 25 and 38, we see that the corresponding fg (or g, or force) is always proportional to 1/r2

regardless of the values of k and R. The general assumption by previous proponents of PG that the gravion
absorption should be very weak (in order to produce Newton's Law), is now found to be redundant together
with the allegation that the �gravitational shielding� is a reason to reject PG. On the contrary, this is now
found to be a fundamental underlying mechanism of PG. This is already an important �nding.

It is helpful and instructive to normalize the distance r over the radius of the sphere R:

nR =
r

R
(42)

whereby we re-write the newly found expression as

fg
π

=

[
12 − 1

2k2R2
+

exp(−2kR)(2kR+ 1)

2k2R2

]
1

n2
R

=
AR
n2
R

(43)

by introducing the characteristic parameter AR:

AR = 1− 1

2k2R2
+

exp(−2kR) � (2kR+ 1)

2k2R2
(44)
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Figure 4: Gravity acceleration factor fg vs. distance r in units of radius R for three di�erent absorption
coe�cients k using linear (Newton) and exponential (PG) absorption.

The latter parameter depends only on the product kR and it is plotted in Fig. 3. This shows that AR
is monotonically (absolutely) increasing, as it should, but it reaches a saturation limit at very high values
of kR. For simplicity, we may also set R = 1 and plot against k, or set k = 1 and plot against R, in either
case reproducing the same curve. The important observation is that most of the change in value of AR takes
place over the span of about four orders of magnitude of k, or R, or kR. Overall, the magnitude varies
from near zero to unity. This means that increasing the radius of a sphere, the shadowing parameter fg
(and acceleration) at the surface will reach a saturation value as opposed to in�nity predicted by Newton.
Likewise, by increasing the absorption capacity (density, or k) of a constant radius sphere, the shadowing
parameter fg (and acceleration) at the surface will again reach a saturation value, not the in�nity provided
by Newton. This new parameter AR characterizes the absorbing ability of a spherical mass or planet and
may be referred to as characteristic gravitational absorptivity , or absorptivity, for short.

For a direct comparison, we plot simultaneously fg against normalized distance rR for rR > 1, i.e. by
setting R = 1 au (arbitrary unit) in Eqs. 25 and 38 as shown in Fig. 4 for three �xed values of k in a range
spanning three orders of magnitude. Initially, we may avoid the involvement of mass M and density ρ by
investigating only the quantity fg. For very low values of k, the pair of curves are indistinguishable. We
note that as we increase k, the shadowing derived from PG is increased absolutely (see actual values), as it
should, because more absorption by the gravitating mass means more net push by gravions. However, the
curve lies below the corresponding expected Newtonian force, as it should. This is to be expected from the
general absorption Eqs. 6 and 10, whereby the second equation is a straight line tangent to the �rst near
(or at) the origin (at very short distance, or very low k), always yielding a higher value above the downward
concave line of PG absorption. The latter is a consequence of the self-shadowing (gravitational shielding)
e�ectively creating a hidden mass, which, if it could exert an �attractive� force (per Newton), it would be
greater than the corresponding PG force found.

The above analysis is also consistent with a comparison between Newton and PG as provided in Fig. 5
by plotting the ratio of fgPG/fgNewton from (Eq. 38)/(Eq. 25) vs. k for a constant sphere radius R = 1
au. The absorption ratios by PG/Newton approaches unity for very small values of k (k<0.01), as it should,
but vanishes for very large values of k, which means that fg becomes in�nity in Newton, whilst it reaches a
saturation value in PG. This is reasonable and helpful in understanding the mechanism of shielding. Noted
that the horizontal axis is logarithmic tending to uplift (concave up) the initial straight line (Newtonian) but
eventually tending to reach a saturation value asymptotically (concave down). PG is the overriding physics
in all cases, whilst Newtonian physics is an approximation in the limiting case of very low values of k. The
above ratios are given by:

q =
fgPG

fgNewton
=

gPG
gNewton

=
3AR
4kR

(45)
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Figure 5: Dependence of ratio fgPG/fgNewton and q` on k

which will be referred to as contraction factor, or factor q. The signi�cance and use of this factor will become
apparent in further development of PG theory.

If we also take the ratio from the integrands of Eqs. 23 and 36, i.e. the ratio of the di�erential accelerations
(or factors dfg) inside an elementary solid angle dΩ, we obtain another factor q`, to be referred to as length
contraction factor:

q` =
dfgPG

dfgNewton
=

1− exp
(
−2kr

√
a2 − sin2 ϕ

)
2kr
√
α2 − sin2 ϕ

=
1− exp (−k`)

k`
(46)

and is plotted on the same Fig. 5.
This is the ratio of an e�ective length `e(ϕ) in PG divided by the real length in Eq. 12 of the chord

traversing the sphere at angle ϕ from the origin O in Fig. 2:

`e(ϕ) =
1

k

[
1− exp

(
−2kr

√
a2 − sin2 ϕ

)]
(47)

It is a contracted or compressed length, with which we may construct a virtual volume (body) by replacing
the points de�ned by Eq. 17 with new ones de�ned by

ue2 = u1 + `e (48)

or correspondingly replacing the points by Eq. 16 with new ones de�ned by

ue1 = u2 − `e (49)

We may refer to these shapes as gravitoids, which are helpful for our theoretical understanding of the
underlying workings of PG. Further details and analysis are provided in Appendix A.

����������
Note 1: The current practice to �nd the mass of a planet is to place an arti�cial satellite around it and measure the period

and radius of orbit. However, we now �nd that the actual mass still remains unknown by such measurements. This is not a
trivial �nding.

Note 2: For small values of k or R, we revert to Newtonian mechanics, which can also be seen by expanding the exponential

to a Taylor series ex = 1 + x+
x2

2
+
x3

6
.

ARkR→0
=

4

3
kR(1− kR)kR→0 ≈

4

3
kR (50)
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i.e. for very small kR: πAR =
4

3
πkR = fgNewton (51)

the latter reproducing Eq. 25 for fg in Newton derivation at r = R.

6.2 Universal gravitational �constant� in any absorption regime vs. a new cos-
mic constant

We note that in Eq. 25 the multiplier preceding the factor 1/r2 divided by k provides the volume V of the
gravitating sphere. Likewise, in Eq. 38, the multiplier preceding 1/r2divided by k also provides an e�ective
sphere volume Ve with the same center:

Ve ≡
πA

k
(52)

The real volume, real density and real mass are designated by V , ρ, and M . The measured (e�ective,
measured, or apparent) density ρe is the e�ective mass Me divided by the real volume

ρe =
Me

V
=
ρVe
V

(53)

and

ρeV = ρVe = Me (54)

also

ρ

ρe
=
V

Ve
=

M

Me
(55)

We can now continue from Eq. 38 by multiplying with V ρe both numerator and denominator as follows:

fg =
πA

V ρe

V ρe
r2

=
kVe
V ρe

Me

r2
=
kVe
Veρ

Me

r2
=
k

ρ

Me

r2
(56)

which is identical to Eq. 26, except that we use the real density and not the e�ective (�ctitious) one used
(or implied) in Newton's equation. Based on this, we can repeat the same steps to establish the force on a
testing mass and derive an identical form of equation as in 33

g =
dF

dm
=

Jg
c
dS · k′x

ρ′dS · x
=
J0

c

k

ρ

Me

r2

k′

ρ′
=
J0

c
Λ2Me

r2
(57)

but where again we use the real density of the gravitating body in Λ. We repeat the same equations in order
to stress that they are di�erent in the meaning of ρ and Λ, whereby we derive the same expression for the
universal gravitational constant:

G =
J0

c
Λ2 (58)

This is the same equation arrived at for weak gravion absorption, so that Λ is the new universal constant
for the cosmos. From this and the known density of a given mass, we derive the absorption coe�cient k.
The universal constant G is proportional to the ratio of k/ρ squared, where ρ is the real density. For very
low values of k the real density becomes very close to or is indistinguishable from the measured (e�ective)
density. From this, we learn that G is constant only to the extent that J0/c is constant in the neighboring
universe. As pointed out earlier, Λ expresses the number of scattering events per unit length per unit mass
density anywhere and provides a more tangible constant parameter to have. Thus, G may be found to be
relatively more variable than previously suspected, according to further investigations by PG.

The e�ective volume introduced above is plotted in Fig. 6 against k after it is normalized over the real
volume. As expected, it coincides with the real volume (at very low k), but then monotonically decreases to
a vanishing value at very large k.

�������
Note: The real mass dm in the denominator for g in the above Eq. 57 is equal to the e�ective mass

dme. This is because for any given real density ρ′ there is a corresponding absorption coe�cient k′, and the
thickness x′ of the test body can be taken exceedingly small, so that the product k′x′ can be exceedingly
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Figure 6: Virtual volumes, gravitoid and e�ective, normalized over the real spherical volume.

small. For the latter product, the absorptivity is also exceedingly small according to Fig. 3 meaning that we
operate in Newtonian regime. The two masses are then indistinguishable and dm = dme. This means that
the acceleration g in the above Eq. 57 is the same as the measured Newtonian acceleration. The thickness
x′ could be written as a di�erential dx′, which was originally omitted only for simplicity of expression. In a
di�erential thickness, there is no shadowing e�ect.

6.3 Maximum universal acceleration

We can try to use known values of planet parameters to derive the Λ, k, ρ and J0. Basically, we need to
know the �ux intensity J0, or the absorption coe�cient k, on which all other parameters depend. Conversely,
from the known physical parameters of a planet, we may assume values for J0 in any given range and derive
the other new parameters of Λ, k and ρ as a function of J0. In practice, we may proceed as follows:

The acceleration of gravity gR at the surface of a sphere, i.e. at r = R, is given by Eq. 41 as:

gR =
J0

c
Λ
πA

R2
=
πJ0

c
ΛAR =

πG

Λ
AR (59)

From Eqs. 41, 44 and Fig. 3, there is a maximum possible acceleration gmaximum≡ g0 in the surrounding
universe to be manifested on the surface of a star (sphere) with su�ciently large product kR, i.e. with
AR = 1, given by any of the following equations:

g0 = π
J0

c
Λ =

πG

Λ
=
πρG

k
(60)

In subsequent work, we will be using values of g0 in a tentative range to obtain an idea of the expected
magnitude of various parameters and anticipated measurements. That is, until we establish the actual value
of g0, we may obtain the new constant Λ and hence k from the known density of a mass, for any given value
g0.

It is useful to write Eqs. 57 and 59 correspondingly as:

g = G
Me

r2
=
G

Λ

πA

r2
= g0

A

r2
(61)

gR = g0AR (62)
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Now, given the measured acceleration gR on the surface of a spherical body, we can �nd k by solving the
equation below:

g0AR − gR = g0

[
1− 1

2k2R2
+

exp(−2kR)(2kR+ 1)

2k2R2

]
− gR = 0 (63)

as a function of g0. Then, for any given g0, we can �nd in turn ρ, Λ and J0 from Eq. 60. We will return to
the question of g0 in a subsequent section

6.4 Commonality and departure between Newton and PG

It is not fortuitous that both Newtonian and PG mechanics share a common limiting case but depart
thereafter. Let us start from the derivation of the volume of the sphere as seen from point O in Fig. 2. For
the elementary volume we have

dV = dΩu2du (64)

which multiplied by the density ρ gives the elementary mass and, divided by the inverse square distance,
yields the Newtonian acceleration:

dgNewton =
dΩu2du

u2
ρ (65)

In PG, we use the factor fg from which we obtain the same elementary acceleration by :

dgPG =
g0

π
dΩkdu (66)

which is identical to Newton above except for the proportionality constants. This initial similarity is not
trivial, because it explains the fundamental di�erence at the root of the two theories (approaches), as we
increase the absorption coe�cient: In Newton, it is given that the acceleration is inversely proportional to the
square of distance, whilst in PG this is a consequence of the solid angle (geometry) incorporating the inverse
square distance relationship. In Newton, this is the result of an assumed radiance (of gravity) emanating from
the elementary mass, whilst in PG the same �eld emanates from the radiance of the surrounding universe.
Whilst the analogy might seem trivial simply shifting the problem of origin of the elusive gravity from the
inside to the outside of a given mass, the consequences diverge from the two approaches as we increase the
absorption coe�cient to any level. That is, when considering very large masses or densities, Newton and
PG provide very di�erent solutions and outcomes: Newton provides a linear cumulative radiance of gravity
by simple summation of all the constituent masses/volumes, whilst PG allows for shadowing (shielding)
of the universal radiance traversing the mass, which, in turn, results in an asymptotic limit to the total
shielding and hence to the total acceleration or force. We may think of this limit as e�ectively integrating
the Newtonian law linearly but within contracting upper limits of a volume per Eq. 66, which de�nes the
said gravitoid. This shape would produce the same Newtonian force with a mass having the actual (real)
density. The above integration has been performed numerically and potted against k in Fig. 6 after it is
normalized by dividing by the sphere volume, as was done for the e�ective spherical volume de�ned by Eq.
52. For comparison, this is also plotted against k in Fig. 6. We note that it is generally lying above the
gravitoid, as it should, because it is further away from the gravitoid. They both have the same real density
and both yield the correct value of acceleration for the real gravitating sphere.

Hence, these are important �ndings for cosmological considerations in relation to what happens as we
keep adding mass (accretion) to a star (dwarfs, black holes, etc.). We will discuss this again later.

An important conclusion here is that there is more mass in the universe than Newton's Law measures.
This is a form of dark matter but not exactly in the sense considered by existing theories to date, in
accounting for the observed celestial motions. We now �nd weaker forces, not greater. However, the greater
forces, if needed, may be accounted for by forces originating from the outside now predicted from PG theory,
not from the inside anticipated by Newton. At very large distances, forces are exerted by the gravions in the
universe, so there is no need to attribute them to an attraction by dark matter. However, dark matter should
assume a di�erent meaning now by the shadowing e�ect (gravitational shielding) in PG. Thus, breaking up
a planet to dust would appear to create new matter (out of shadow - see redistribution of density in later
Section 10), which gives a kind of credence to the creationist theory of matter, except that no new matter
actually is created other than new matter coming out of the shadows (literally). All this and more creates
new understanding and new physics that will become clearer as we develop and prove the novel PG presented
in this work. As we investigate next, the bigG is a function of the gravion density in the universe, which
should vary between regions inside a galaxy and in intergalactic regions. So, if we need extra forces, these
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may arise from the variation of bigG alone. The sum total of the e�ects caused by hidden masses and the
variation of bigG might explain or replace the hypothesized dark matter and dark energy of current theories.
PG may o�er the new physics needed.

6.5 Summary of new parameters and relationships

We have already expressed various relationships in alternative forms, which we may further re-arrange for
easy reference in later derivations here or elsewhere as follows: By combining Eqs. 41 and 57 we derive:

πA = ΛMe (67)

and

Λ =
πA

Me
=

π

Me

[
R2 − 1

2k2
+

exp(−2kR)(2kR+ 1)

2k2

]
=
πR2AR
Me

(68)

We obtain a further insight of the above parameters by re-writing the above as

AR = Λ
Me

πR2
= Λλe (69)

by de�ning an e�ective mass-thickness λe (or area-density) with

λe =
Me

πR2
(70)

The neighborhood prevailing gravion pressure pg should be handy to have (per Eq. 58) as

pg =
J0

c
=

G

Λ2
(71)

If two spheres (planets) 1 and 2 have equal surface acceleration gR, it follows from Eq. 59 that the
product kR for both spheres is the same

k1R1 = k2R2 (72)

Also we have the universal (cosmic) constancy for Λ giving:

Λ =
k1

ρ1
=
k2

ρ2
=
πG

g0
=
cg0

πJ0
= constant (73)

so that we obtain

ρ1R1 = ρ2R2 (74)

The above equations apply in PG theory with real densities ρ1 and ρ2. In Newtonian mechanics, we
similarly obtain for the e�ective (apparent) densities ρe1 and ρe2, i.e. if the gR is equal for both spheres (at
their surface):

gR =
4

3
GR1ρe1 =

4

3
GR2ρe2 (75)

ρe1R1 = ρe2R2 (76)

We obtain the ratios of real to e�ective densities as

ρ1

ρe1
=

ρ2

ρe2
(77)

From a given value for g0, we �nd the corresponding k from Eq. 63 and then ρ from Eqs. 60:

ρ = g0
k

πG
(78)

and then the ratio ρ/ρe from the known e�ective (measured) density. This ratio is also provided directly
from:

ρ

ρe
=

4

3
kR

g0

gR
(79)
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We also derive relationships including the frequently encountered factor AR:

Me =
πρR2

k
AR=

3AR
4kR

M =
g0

G
R2AR (80)

Ve =
πR2

k
AR (81)

Finally, it is important to note that the parameter g0 or the factor fg yield the acceleration g, via Eqs.
43, 60 and 61 in a simple form by a summary of equations:

g = fg
g0

π
= fg

J0

c
Λ = fg

G

Λ
= g0

A

r2
= g0

AR
n2
R

(82)

The maximum (or limiting) universal constant g0 now takes on a tangible signi�cance in establishing the
quantitative relationships in PG, and it may substitute the constant G accordingly. We should stress that
new universal constant of the cosmos Λ is given by Eq. 68, which in words states that the hitherto universal
constant G is proportional to the new universal constant (maximum acceleration) g0 both with reference
to a region of the universe, so that together they yield the cosmic (overall universal) constant Λ. It should
be noted that we attempt to distinguish the term �universal� from the term �cosmic� with reference to the
neighboring universe or to the �entire� universe (=cosmos).

With the new parameters now introduced, it is useful to re-write Eq. 45 of the ratio of accelerations as
a function of tentative values for g0:

q =
gPG

gNewton
=

3AR
4kR

=
3AR

4πGρR
g0 (83)

This factor characterizes a multitude of parameters, not only the acceleration, with reference to PG and
Newton. For example we can write

q =
ρe
ρ

=
Me

M
=
Ve
V

(84)

7 Force between two spherical masses

For the force between two spherical masses, we can formulate the problem entirely from gravion absorption
considerations, carry out four integrations and produce the force law, as we did for the acceleration at a
point for a single sphere. This would be an independent way, from �rst principles, to derive the required
relationship. However, we can still arrive at the same desired result in a much simpler way as follows:

Since we already have established the relationships between all the parameters needed for the PG force
equations, we can apply a �reverse engineering� approach. Now, in the knowledge that Newton is correct
except for the masses used, we can start with the Newtonian law of force by using the e�ective masses
provided by PG theory together with preceding equations between various parameters:

F = G
Me1Me2

r2
= G

πA1

Λ

πA2

Λ

1

r2
=
J0

c

πA1πA2

r2
=
g0

Λ

πA1A2

r2
(85)

This is consistent with our hitherto understanding of the meaning of the parameters involved. The
importance is that Newton's law now involves the e�ective massesMe1 andMe2, not the real masses assumed,
but not used, in prior mechanics. The above equations is a far reaching conclusion. Now we can write, or
start with the PG force law as

F = π
g0

Λ

A1A2

r2
(86)

where we do not need the masses, but equivalently we need the more intrinsic parameter of absorption
coe�cients (relating to mass), the radii (geometry), the new cosmic constant Λ and the prevailing maximum
acceleration g0 in the neighboring universe, or equivalently the pressure J0/c exerted by the radiant energy
in our neighborhood. We may further rearrange the above to provide a more tangible idea of how the force
is derived by

F = pgAR1
AR2

πR2
1πR

2
2

r2
(87)
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which states that the force is proportional to the pressure exerted by the gravions times the absorptivities
times the cross-sections of the spheres while still being inversely proportional to the square of the distance.
It seems like we can separate one group of factors pertaining to geometry alone and another group of factors
pertaining to matter (energy) and its interactions involving the local system of two masses interacting with
the universal pressure of gravions. The two masses do nothing by themselves except for the mediating �ow
of gravions.

Therefore, the above equations provide variant expressions of the law of gravitational force in the new
physics of PG. They are particularly appealing by their consistency and symmetry of parameters beyond
Newtonian physics.

The mathematical derivation from �rst principles of the radiant intensity absorption involving multiple
integrations involves a number of simpli�cations and cancellation of terms by appropriate choice of a reference
system of co-ordinates. The multiple integrations may also be done by numerical means via relatively simple
Python codes run in parallel to shorten the computation times. Integrals involving absorption along lines
crossing a single sphere cancel out leaving only integrals crossing both spheres simultaneously. This work
has been omitted from this Section to avoid needless congestion that could potentially distract from the
important �nding above and beyond. This section may be expanded to form a self contained chapter with
su�cient detail to qualify for publication, which, however, can await at least for an initial response by the
established scienti�c community on the current report as is. In the meantime, we have added more details
by presenting the constitutional equations of the interaction of two material spheres in Appendix C, etc.
Numerical integration of those equations has lead to important results and conclusions.

Some concern might arise by a later proposal in Section 14.5, namely, that the e�ective mass being
involved in the generation of force may be variable with its distance from another mass due to the perturbation
of the surrounding gravion �ux. However, these concerns have been eased by �nding that the above presented
fundamental equation is still valid. The envisaged variation of mass is coordinated by the mathematics of
absorption in a way that the inverse square of distance law is always preserved at any absorption regime.
We have tested ordinary solar system bodies (near Newtonian) as well as �arti�cial� ones with extremely
dense and massive bodies. These outcomes are better presented together with a new analysis of e�ective
mass generation and variation with distance in Sections 15.7 and 16.

IMPORTANT: The new gravitational law in PG expressed by Eq. 87 has far more repercussions than
being a simple substitution of old parameters with new. It states that the force between two masses is not
simply proportional to the e�ective masses but proportional to the associated absorptivities of the masses.
This means that non-spherical masses exert a di�erent force for di�erent relative orientation of the same
masses (bodies). If, as they move towards or away from each other they change orientation, they also change
gravitational absorptivity and hence the trajectories would not be as expected from Newtonian mechanics.
The dependence of acceleration on the density distribution will become more clear in Section 10. Further
analysis is presented under the Equivalence Principle in Section 14.3.

8 Internal spherical �eld

So far, we have examined the �eld generated externally to a spherical body, but we now proceed to �nd the
�eld also inside the sphere. With reference to Fig. 7, the acceleration at any point X inside a sphere with
radius AP = R is provided by integrating the absorption along the lengths of mass inside the di�erential
solid angles indicated on either side of the point X along any direction of the line u. We note that the
absorption length XA = BC leaving only the length XB to yield a net force absorption, which is the same
as that of the sphere with radius RX crossing the point X. Therefore, we have the same situation as that
experienced by Newtonian mechanics, in that a hollow sphere would exert zero force inside its cavity. Now,
the acceleration at this internal point is given by (see Eq. 82)

gX = g0X

(
1− 1

2k2
XR

2
X

+
exp(−2kXRX) � (2kXRX + 1)

2k2
XR

2
X

)
≡ g0XARX

(88)

where ARX
is the familiar AR factor at the surface of the internal sphere with radius PB = RX and g0X < g0

due to the shielding of the outer layer from X (more on this can be found in Section 24).
We can �nd g0X by resorting to the usual absorption factor fgX at point X by the following steps:
The exponential absorption factor in the direction XBC is

1− exp (−k ·XB(ϕ)− k ·BC(ϕ))

and in the direction XA is
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Figure 7: Derivation of the internal �eld of a uniform density sphere.

1− exp (−k ·XA(ϕ))

so that we take their di�erence in the integral:

fgX =

π/2�

0

2π sinϕ cosϕdϕ· [exp (−k ·XA(ϕ))− exp (−k ·XB(ϕ)− k ·BC(ϕ))] (89)

and integrate with respect to angle ϕ from 0 to π/2 as can be seen in the referenced diagram.
From the geometry shown and M being the mid-point of the chord AC, we �nd and replace the lengths

accordingly with:

XB(ϕ) = 2RX cosϕ

XA(ϕ) = BC(ϕ) =

√
R2 − (RX sinϕ)

2 −RX cosϕ

to obtain the integral formula:

fgX =

π/2�

0

2π sinϕ cosϕdϕ·

[
exp

(
−k
√
R2 − (RX sinϕ)

2
+ kRX cosϕ

)
− exp

(
−k
√
R2 − (RX sinϕ)

2 − kRX cosϕ

)]
(90)

From this found, we can derive the acceleration at X by the factor g0/π and equate it to its value given
above by Eq. 88:

gX =
g0

π
fgX = g0XARX

(91)

from which we can �nd the relationship between the internal g0X and external g0 .

g0X =
g0fgX
πARX

(92)

The expected Newtonian acceleration at X is given by:

gXN =
4

3
πGρeRX (93)

No analytical relationship was found for fgX , so that we may resort to numerical means for this parameter.
For practical application, we also need to see the di�erence of PG from Newton acceleration against various
depths from the surface of the Earth by replacing the internal radius as a function of depth.
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depth= 2500 5000 7500 10000 12500

gN= 9.816404 9.812551 9.808697 9.804844 9.800990

g0 ∆gX ∆gX ∆gX ∆gX ∆gX

300 7.29E-05 1.45E-04 2.18E-04 2.90E-04 3.61E-04

500 4.32E-05 8.62E-05 1.29E-04 1.72E-04 2.14E-04

1000 2.14E-05 4.27E-05 6.39E-05 8.50E-05 1.06E-04

2000 1.07E-05 2.13E-05 3.18E-05 4.23E-05 5.28E-05

5000 4.25E-06 8.48E-06 1.27E-05 1.69E-05 2.11E-05

10000 2.12E-06 4.24E-06 6.34E-06 8.43E-06 1.05E-05

20000 1.06E-06 2.12E-06 3.17E-06 4.21E-06 5.26E-06

30000 7.08E-07 1.41E-06 2.11E-06 2.81E-06 3.50E-06

50000 4.24E-07 8.47E-07 1.27E-06 1.69E-06 2.10E-06

Table 1: Di�erence of acceleration ∆g between Newton and PG at various depths in Earth.

RX = R− depth (94)

We present some values as in Table 1 for Earth by using average values for density and absorption
coe�cient taken from the Table 3 as used for various planets in the following section. Tentatively, we
initially use the value g0 = 1000 m/s2. The results provide the expected deviation of measurements from
Newtonian physics at various depths, if the Earth's crust had uniform density and a spherical shape. We can
do measurements in a very deep mine or in a deep ocean, however, we would need to re-calculate the local
acceleration in both Newton and PG cases. In practice, measurements of this kind would be complicated
by in�uences of the local variations of density and time dependent �uctuations of the local acceleration,
but the given table provides a �rst idea of the order of magnitude of expected deviation from Newton for a
prospective careful experiment. It seems that these deviations should be measurable by a sensitive gravimeter
with su�cient con�dence if g0 has a su�ciently low value. In turn, by establishing true measurements of
the acceleration at various depths, we can deduce the unknown parameter g0 .

For theoretical considerations, we can also see the variation of maximum internal acceleration g0X , the
ratio of gX/gNX (PG/Newton) and the di�erence of PG from Newton acceleration in Fig. 8 at any depth
(fractional radius) again for a tentative external g0 =1000 m/s2 in the case of planet Earth using the same
parameters. For further analysis, reference should be made to Section 24, especially noting that the internal
Newton-acceleration is derived from the actual Newton-acceleration at the surface of the sphere.

Establishing the variation of the maximum acceleration factor g0 inside a planet, it also suggests that
this parameter may not be so constant even in our relatively �small� area of the universe even inside the
heliosphere, since there is a signi�cant mass within the heliosphere itself, whilst our planets are just internal
points within this sphere. This might explain the Pioneer anomaly for the deviation of gravity measurements
from expected values from Newtonian mechanics. This then points also to the alternative possibility of
purposefully sending a spacecraft to more accurately measure the same e�ect while eliminating (preventing)
other already proposed causes and explanations.
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Figure 8: Internal maximum acceleration g0X , internal ratio of PG over Newton accelerations and internal
di�erence of PG from Newton acceleration in Earth.

8.1 The Greenland experiment anomaly

Shortly before publication of the manuscript of this work, it has been accidentally found a report on �The
Greenland Gravitational Constant Experiment" Zumberge et al. (1990) dealing exactly with the measurement
of gravity in a bore hole in the ice-sheet. A deviation (shortfall) from Newton has been found in the range
of between 1-4 mGal. This report appears particularly comprehensive in dealing with all possible sources
of error and still found to establish a gravitational anomaly that cannot be explained by known theory
stating in the abstract that: �An anomalous variation in gravity totaling 3.87 mGal (3.87 x 10−5 m/s2) in
a depth interval of 1460 m was observed. This may be attributed either to a breakdown of Newtonian gravity
or to unexpected density variations in the rock below the ice� . Although these measurements cannot be
used �as is� to do any quantitative connection to the PG predictions in this Section, we do note that the
order of magnitudes match well with those of Table 8. This is particularly encouraging to organize a similar
experiment, perhaps, best suited in an ocean, where the local variations of gravity may be less or more easily
predictable and the depth measurements about one order of magnitude greater.

However, variant reports by Zumberge and coworkers have failed to reproduce this anomaly at various
oceanic depths, which might be attributed to either (a) the experimental error involved overwhelms the
anticipated e�ect, which is of the order of magnitude tentatively deduced from the Allais e�ect per following
Section ??, or (b) the mathematical treatment used for the Newtonian derivation may need reworking, else
the direct method used in PG computations needs to be applied for the speci�c mass distribution at the
location tested and integrated with the whole planet.

9 Application to the solar system

We can tentatively apply the equations of PG so far, like in Sections 6.3 and 6.5, to the solar system by
assuming values of the maximum prevailing acceleration g0 in our area of the universe.

We �rst plot the density ratios for many bodies of the solar system in Fig. 9 in the given hypothetical
range of values for g0 between 300-50000 m/s2. These graphs show that we get practically identical curves
for Mercury and Mars having close to same surface accelerations, whilst all else are proportionally separated
in accordance to their surface gravity. The graphs indicate the degree of departure from real densities
depending on the chosen value of g0

For better appreciation of the magnitudes involved, numerical results are also presented, as example, for
three bodies (Sun, Earth and Moon) in Table 2 in the same range of g0. Some typical values of Λ for the
same range of g0 are also given being universal for all bodies per Eq. 73.

For any given set of mass and radius of each planet, we have derived the corresponding surface acceleration
and e�ective density rather than using random (published) values from di�erent sources. This is necessitated
by the need to be consistent and accurate in these calculations and avoid discrepancies. These parameters are
sensitive to very small changes of the input data. Small bodies are even more sensitive and round-o� errors
in the calculations are signi�cant. Excel sheets were used for formatting the plotted �gures, which initially
necessitated the use of an �Add-in� (xlPrecision) to increase accuracy beyond 15 decimal places. Likewise, in
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Figure 9: Ratio of real to e�ective (measured) densities for planets, moons and the Sun.

a later use of Python code to reproduce the same output, we had to use increased computational precision
to avoid serious round-o� errors. In Table 3, we provide the initial data used for various bodies here and
in all calculations elsewhere in this report. We also quote in parenthesis some variant values of the surface
acceleration that were found from di�erent sources for comparison, but not applied.

In all above, the derived and used parameters are based on the average density of the chosen bodies,
which strictly speaking cannot produce the correct (actual) PG result, unless we knew in advance the radial
density distribution for any given body. However, we obtain some �rst order of magnitude idea of the new
important parameters introduced in this work. It should be noted that the density ratios approach unity as
we increase g0.

9.1 Further analysis

To better understand the meaning of the real density expected for a planet, we can plot what the acceleration
on the surface would be if the measured (e�ective) density were used as the real density. Let's use the data
for the Sun given by Table 3 and plot gR against g0 in Fig. 10 using Eqs. 59 and 60. We note that the Sun's
real acceleration is approached asymptotically at very high values of g0. The latter is as expected, because
increasing g0 decreases k, which makes the PG value to become Newtonian, i.e. to reduce to gR =274.825
m/s2 as given in Table 3. The same can be deduced by taking the limit of Eq. 59 as k → 0.

We have already found that by increasing the radius of a planet by adding mass at constant density, the
surface acceleration reaches a saturation limiting value, namely, g0, i.e. when AR becomes unity. This is at
variance with Newtonian prediction of in�nity by Eq. 75.

Likewise, with increasing the density by keeping the radius constant, the Newtonian prediction is in�nity.
However, in PG the factor AR being a function of the product kR becomes a product also of ΛρR meaning
that AR → 1 by increasing ρ with constant R and Λ. Similarly, by shrinking a star (sphere) with constant
mass, we obtain unity for AR as the density becomes fast very large (the density being inversely proportional
to the third power of radius). In other words, the eventual surface acceleration reaches the saturation value
of g0 in clear distinction from Newtonian mechanics.

Last in this connection, we should also consider what happens at a �xed point in space away from a
sphere (star), when the sphere shrinks with constant mass. By Newton, the acceleration remains constant
at that point, but by PG this is not the case: The acceleration monotonically becomes smaller, due to self
shadowing (k increases much faster than the radius) by
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Sun Earth Moon

g0, m/s2 k, 1/m, ρ/ρe k, 1/m ρ/ρe k, 1/m ρ/ρe Λ, m2/kg

300 3.4245E-09 3.4640 3.9262E-09 1.01886 2.3464E-09 1.003060 6.99E-13

500 9.1141E-10 1.5366 2.3380E-09 1.01121 1.4061E-09 1.001833 4.19E-13

1000 3.5419E-10 1.1943 1.1625E-09 1.00556 7.0242E-10 1.000915 2.10E-13

2000 1.6103E-10 1.0860 5.7963E-10 1.00277 3.5105E-10 1.000457 1.05E-13

5000 6.1225E-11 1.0322 2.3146E-10 1.00111 1.4038E-10 1.000183 4.19E-14

10000 3.0125E-11 1.0158 1.1567E-10 1.00055 7.0185E-11 1.000091 2.10E-14

20000 1.4944E-11 1.0078 5.7818E-11 1.00028 3.5091E-11 1.000046 1.05E-14

30000 9.9371E-12 1.0052 3.8542E-11 1.00018 2.3393E-11 1.000030 6.99E-15

50000 5.9499E-12 1.0031 2.3123E-11 1.00011 1.4036E-11 1.000018 4.19E-15

Table 2: Calculated absorption coe�cient k and ratio of real ρ over e�ective ρe density for the Sun, Earth
and Moon in an assumed range of g0 values.

planet radius R mass Me density ρe gR (other)

Sun 6.95E+08 1.989E+30 1.41446E03 274.825 (273.7)

Jupiter 6.9911E7 1.8982E27 1.326E3 25.9204 (24.79)

Neptune 2.4622E7 1.02413E26 1.6379344E3 11.27456624 (11.15)

Saturn 5.8232E7 5.6834E26 6.87123E2 11.1860(10.44)

Earth 6.371E6 5.97237E24 5.5136E03 9.82026 (9.807)

Uranus 2.5362E7 8.6810E25 1.27037E3 9.00729 (8.69)

Venus 6.0518E6 4.8675E24 5.243E3 8.87009 (8.87)

Mars 3.3895E6 6.4171E23 3.93408E03 3.727854(3.720)

Mercury 2.4397E6 3.3011E23 5.42701E3 3.70150 (3.7)

Moon 1.73700E06 7.34767E22 3.34705E03 1.62533 (1.625)

Ganymede 2.634E6 1.4819E23 1.93590E3 1.42554 (1.428)

Europa 1.560E6 4.799844E22 3.01832E03 1.316343805 (1.315)

Pluto 1.1883E6 1.303E22 1.85386E03 0.615862 (0.62)

Ceres 4.730E05 9.393E20 2.161E3 0.280203 (0.28)

Callisto 2.4103E6 1.075938E23 1.8344 1.235

Table 3: Numerical constants of planets, moons, and the Sun used in calculations of preceding tables and
graphs.
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Figure 10: Expected surface acceleration on the surface of the Sun against maximum g0 using the measured
density as real density.

gfixed_r = g0
πA

r2
(95)

noting that A varies as:

A = R2

[
1− R4

2C2
+

R4

2C2
exp(−2C/R2) � (2C/R2 + 1)

]
(96)

where the constant C is de�ned during the k substitution below:

k =
3GM

4g0R3
≡ C

R3
(97)

Noted also that the PG equation of acceleration reduces to Newton's equation, as expected, for very
small values of k:

gA = g0AAk→0
= g0

4

3
kR =

4

3
πGρR = G

M

R2
(98)

Furthermore, we can substitute k accordingly and �nd gA for a white dwarf and a neutron star. The
extreme accelerations reported for these bodies pose for now a serious question on whether PG could ever be
directly measurable or detectable if g0 needs to be too high. This would constitute a new serious challenge
for PG by not being able to detect it experimentally, unless those extremely high values of acceleration are
generated by yet another type of push particle. We will discuss this issue again in Part 2 of this report.

10 Concentric spheres with di�erent densities

We now consider the case of two concentric spheres of di�erent density as depicted in Fig. 11. The inner
sphere has a radius R1 with density ρ1, mass M1 and absorption coe�cient k1, and the outer sphere has a
radius R2 with density ρ2, mass M2, and absorption coe�cient k2. There are two cases of PG absorption,
namely, one along a typical chord AB traversing only the outer sphere, and another traversing segment CD
of the outer sphere then a chord DE of the inner sphere and then segment EF of the outer sphere again.
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Figure 11: Derivation of acceleration from concentric spheres with di�erent densities.

To �nd the acceleration at point P being at a distance r = PQ, we follow the integration steps as in the
�rst place for PG ( Eq. 37), but for the two parts described above:

Part one involves integration in the angle between ϕ1 and ϕ2 for the outer spherical layer.

fg2 = 2π

 sin2 ϕ

2
−

exp
(
−2kr

√
a2 − sin2 ϕ

)(
2kr
√
a2 − sin2 ϕ+ 1

)
4k2

2r
2

ϕ2

ϕ1

(99)

where

a =
R2

r
= sinϕ2 (100)

After substituting the integration limits, we get a familiar relationship as follows:

fg2 = π

R2
2 −R2

1 −
1

2k2
2

+
exp

(
−2k2

√
R2

2 −R2
1

)(
2k2

√
R2

2 −R2
1 + 1

)
2k2

2

 1

r2
(101)

Part two then involves the following steps starting with the general PG Eq. 37, where we have for the
inner sphere

a =
R1

r
= sinϕ1 (102)

and need to replace the exponential having length ` in the exponent with three exponential factors corre-
sponding to the three consecutive absorption layers (lengths) in EF, DE and CD:

fg1 =

ϕ0�

0

2π sinϕ cosϕdϕ· [1− exp(−k2 · EF (ϕ)) · exp(−k1 ·DE(ϕ)) · exp(−k2 · CD(ϕ))] (103)

That is

fg1 =

ϕ0�

0

2π sinϕ cosϕdϕ· [1− exp (−2k2 · EF (ϕ)− k1 ·DE(ϕ))] (104)

Because

2EF = CF −DE (105)

and using Eq. 12 for each of the spheres, we can easily replace with:
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Jupiter radius R mass Me density ρe

whole planet 6.9911E7 1.8982E27 1326

core 1.6E7 4.289E26 25000

outer 6.9911E7 1.4693E27 1039

g0 gRPG gR − gRPG ρ/ρe

300 18.97555828 6.944841717 1.051873063

500 18.87716456 7.043235439 1.030304147

1000 18.80444874 7.115951257 1.014860051

2000 18.76839103 7.152008972 1.007359332

5000 18.74684295 7.17355705 1.002927051

10000 18.73967389 7.180726112 1.001460768

20000 18.73609184 7.184308161 1.000729697

30000 18.73489819 7.185501814 1.000486312

50000 18.73394339 7.186456606 1.000291714

Table 4: A two-layered sphere model of Jupiter with same real mass redistributed to the corresponding radii
provided; Surface accelerations with PG and di�erence from Newton in a range of g0 values.

fg1 =

ϕ0�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2k2r

√
a2

2 − sin2 ϕ− 2 (k1 − k2) r

√
a2

1 − sin2 ϕ

)]
(106)

for which unfortunately the anti-derivative could not be found analytically. The total acceleration is given
by the usual factor as:

g = g0(fg1 + fg2)/π (107)

As usual, we equate r = R2, when we need to �nd the acceleration gR at the surface of a sphere.
We may appreciate the relative magnitudes involved, if we were to take, for example, Jupiter as consisting

of two concentric spheres with the tentative (arbitrary) parameters provided in Table 4. Jupiter's core
constitution is uncertain, so that the values are only indicative for the present purposes and chosen among
various values in the literature (https://sciencing.com/jupiters-core-vs-earths-core-21848.html). The Jupiter
mass is actually layered with variable densities, but the best we can demonstrate at this stage is to start
with a uniform mass equal to the total one actually measured (Me) from its corresponding acceleration
gR = 25.92 m/s2 (already used here). We then �nd the real mass M , as we did for various planets before,
by �rst solving the equation of the parameter AR for k with any given g0, from which we establish the real
density ρ and density ratio ρ/ρe. Next, we redistribute this mass in the two spheres in the same proportion
as initially provided in this table, namely 0.2259599008534 fraction of the total is compressed inside the inner
sphere (core) and the remainder fraction is contained by the outer spherical layer. The real densities ρ1 and
ρ2 in the two layers are readily found, from which the corresponding parameters k1 and k2 are calculated
and used in Eq. 11. The results for the acceleration on the surface of the planet are given in numerical form
in Table 4 again as a function in the typical range of g0.

In Newtonian mechanics, the redistribution would have no e�ect on the surface acceleration gR, but in
PG the surface acceleration gRPG is very di�erent, as we can see it is signi�cant. The lower values obtained
from PG indicate that the �nal actual densities should be increased in order to yield the real measured
surface acceleration. In other words, there is a signi�cant amount of hidden mass by the mere fact of having
a dense core over and above (in addition to) the hidden mass also present in a uniform distribution. This is
important, which means that any attempt to redistribute the mass of Jupiter along the radius should take
into account the new physics revealed by PG. This also means that all previous calculations assuming an
average constant density for the planets produces only approximate results. The di�erence becomes more
important with the increase of the planet or star size. Noted also that the main (dominant) component
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Figure 12: Coaxial truncated spherical cones (sections) with �xed and equal height.

of the PG acceleration comes from the diluted outer layer mass for the chosen mass redistribution - if the
two components are considered separately. Hence in general, all prior attempts dealing with assumed mass
and mass distributions should be re-appraised accordingly. In fact, arti�cial satellites orbiting Jupiter have
reported anomalous orbits with a noticeable wobble, which may be attributed to Moons of Jupiter being
shadowed by a di�erent core density from the outer planet. We now have a new basis to re-evaluate and
explain many phenomena already on record.

We may generalize and conclude that the radial distribution of density in a spherical body is critical
in the generation of acceleration at the surface of the sphere and beyond according to PG, whereas this
distribution makes no di�erence in the Newtonian acceleration lumping the mass at the center of gravity
(i.e. center of the sphere). In an arbitrary shape with an arbitrary density distribution then, the only correct
way is to derive the acceleration and force by integration of the gravion absorption around three coordinate
axes yielding the three components of the vector of acceleration.

11 The superposition principle revisited and revised

The superposition principle, also known as superposition property, states that, for all linear systems, the net
response caused by two or more stimuli is the sum of the responses that would have been caused by each
stimulus individually. This applies to Newtonian gravity. However, this is not valid in general PG, unless
the absorption coe�cient k is relatively small. This will be illustrated with a two-body and a three-body
general outline of the PG case next.

11.1 Two-body superposition

Let us now consider Fig. 12, where we draw two co-axial truncated cones subtending the same solid angle
at point A with semi-angle ϕ0 and with equal height, namely, BC = CD = `. Each material cone creates
the same amount of gravion shadowing, if considered separately, i.e. without the presence of the other. In
other words, PG provides an insight �rst with an immediate result that all truncated cones of constant angle
and equal height will produce the same acceleration of gravity regardless of their distance from a common
convergence point; this result can be derived at without any computation or integration of the elementary
masses constituting these shapes.

However, when they act in series as depicted, the inner (nearest to A) cone is shadowed by the outer one
and absorbs a lesser amount from the decreased output of gravion intensity by the outer cone. In the special
case where the absorption is linear, which is the case when k is su�ciently small, then we can superpose
their separate absorption like in Newtonian superposition of gravity.

Now, we consider the general case of PG again in Fig. 13(a), which is essentially the same as the previous
�gure but the truncated cones subtend a very small angle ∆ϕ, which allows the shifting of the inner cone
as in 13(b) by the same small angle without practically changing the direction of the vector of shadowing
(acceleration), i.e. both are considered to retain the same direction at point A. By this, we get a simpli�ed
derivation in the case of exponential absorption of gravions (i.e. general PG) below.

Each truncated cone constitutes a material layer with thickness ` and absorption coe�cient k, so that the
transmitted intensity is given by Eq. 6. When the layers are in series as shown in (a), the total absorption
through the double thickness is

∆Jseries = ∆J0 (1− exp(−k2`))
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Figure 13: Elementary truncated cones of equal height in series (a) and in parallel (b).

However, if the inner cone is shifted as in (b) with the vectors of acceleration practically lined up, we
can add them numerically for the total absorption according to Eq. 6 as

∆Jparallel = ∆J02 (1− exp(−k`))

The di�erence between these cases then becomes

∆Jparallel −∆Jseries = ∆J0 (1 + exp(−k2`)− 2 exp(−k`))

which is a positive number and indicates that the total shadowing (acceleration) by the two layers is stronger
when they are in parallel than when in series by one shielding the other.

The same can be expressed also in terms of absorption fractions:

fparallel − fseries = 1 + exp(−k2`)− 2 exp(−k`) (108)

and in terms of acceleration:

∆g = gparallel − gseries = g0 (1 + exp(−k2`)− 2 exp(−k`))

������
Note: Care is needed when using the above factors fparallel and fseries in comparison with the factors fa

and fg already introduced and used in the derivation of acceleration. At the outset, we de�ned the factor
fa∆Ω by Eq. 7 and fa by Eq. 11, so that the former is the derivative of the latter with respect to solid angle:

fa∆Ω =
dfa
dΩ

(109)

which is the radiance by Eq. 1 we started with. We were compelled to introduce the factor fa∆Ω, because
we needed to multiply by the absorption coe�cient k at the foundation of PG theory. This was followed
by an integration yielding the absorption factor fa, from which we derived the force (acceleration) along a
particular direction (e.g. towards the center of a sphere) via the factor fg. Therefore, the factors fparallel
and fseries are the derivatives of fa

fparallel = f ′a−parallel and fseries = f ′a−series yielding the corresponding accelerations g by multiplication
with g0 in the elementary solid angle shown in Fig. 13.

11.2 Three-body superposition equations

The superposition principle in PG applies to any number of bodies. A demonstration of the formulation is
also provided for a three-body case, as it can assist in various applications later.

The diagrams (a) and (b) in Fig. 14 describe the generation of gravitational �eld at point A in space at
the apex of an elementary solid angle ∆Ω (with cone angle ∆ϕ) that is �lled with matter (hyle) over the
speci�ed lengths AE, BC and CD with corresponding absorption coe�cients kAE , kBC , kCD. We adopt
the same terminology and symbols as before. Thus, we have for (a) that
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Figure 14: Superposition principle with three absorbing bodies.
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∆Jseries = ∆J0 [exp(−kAEAE)− exp(−kBCBC − kCDCD)]

For (b) we get that

∆Jparallel = ∆J0 [2 · exp(−kAEAE)− exp(−kBCBC)− exp(−kCDCD)]

The di�erence between these cases then becomes

∆Jparallel−∆Jseries = ∆J0 [exp(−kAEAE) + exp(−kBCBC − kCDCD)− exp(−kBCBC)− exp(−kCDCD)]

In terms of acceleration factors f , we have:

fparallel − fseries = exp(−kAEAE) + exp(−kBCBC − kCDCD)− exp(−kBCBC)− exp(−kCDCD) (110)

If we set kAE = 0, i.e. there is no absorption or no body to absorb, then the term exp(−kAEAE) = 1
and we recover Eq. 108. The positive sense of acceleration has been set (arbitrarily) towards the right, but
we usually set it in the direction of the prevailing acceleration.

The diagrams (c) and (d) in Fig. 14 describe the case where we interchange previous points A and E and
wish to �nd the acceleration �eld at A with all three bodies being to the right of point A. Thus, we have for
case (c)

∆Jseries = ∆J0 [(1− exp(−kAEAE − kBCBC − kCDCD))]

while for case (d) we have

∆Jparallel = ∆J0 [(1− exp(−kAEAE − kBCBC)) + (1− exp(−kAEAE − kCDCD))]

The di�erence between these cases then is found to be:

∆Jparallel−∆Jseries = ∆J0 {1− exp(−kAEAE) [exp(−kBCBC) + exp(−kCDCD)− exp(−kBCBC − kCDCD)]}

In terms of acceleration factors f , we have :

fparallel−fseries = 1−exp(−kAEAE) [exp(−kBCBC) + exp(−kCDCD)− exp(−kBCBC − kCDCD)] (111)

Again, setting exp(−kAEAE) = 1 we recover the above Eq. 110, while the acceleration g is obtained by
multiplying the above factors f by g0 as noted previously.

12 On PG measurements and veri�cation

General outline
We have already proposed measurements of the internal �eld of Earth's crust, variation of gravity in the

heliosphere and other methods above. Another test may be by using very sensitive gravimeters to measure
the variation of gravity on Earth during a 24 hour rotation preferably during a new Moon (or better before,
during and after a solar (better total) eclipse), whereby the Earth is shadowing the Sun+Moon system
overnight. The deviation from predicted values using Newtonian mechanics should provide an indication
and perhaps an evaluation of the PG parameters.

Alternatively, a similar to the previous observation could be made by the variation of the orbit of an
Earth satellite during a new Moon (or better before, during and after a solar (better total) eclipse), whereby
the Earth is shadowing the Sun and Moon systems during the night passage of the satellite, presuming that
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the e�ect on the orbit could be measurable. Could then such a variation explain the variations (wobble)
observed by Juno during orbiting Jupiter?

Perhaps, minimal experimental and logistical requirements are involved if well planned experiments are
conducted on Earth. The simplest of them might be to select an appropriate location on the equator
and measure the variation of gravity over a 24-hour period with the most sensitive gravimeter available.
This would require minimal �eld work preceded by a signi�cant amount of o�ce work for a thorough
theoretical preparation. The latter would involve the calculation of all possible e�ects that can be had
like on a straightforward calculation of Newtonian acceleration, tidal and local density variation. Actually,
theoretical work for a similar purpose has been presented in order to measure the screen e�ect of the Earth
in the �electro-thermo-dynamical theory of gravitation� by Adâmuµi (1982). If a di�erence can be established
between the expected acceleration by all known factors and the measured one, then we can attribute it
to an external source of radiation, such as we propose for gravions. For that purpose, we should couple
corresponding computations with an expected PG value taking into account all known factors again (like
eccentricity, etc.). The big unknown would be the radial density distribution of Earth, which does not enter
(not needed) in the Newtonian calculation. This is a critical di�erence between the two derivations. Recent
studies have revealed a much denser core, which could have an even greater e�ect on PG calculations. It
might indicate the presence of PG e�ects even in a more pronounced manner, if we record the variation of
acceleration in the entire 24-hour rotation period. The latter might reveal an anomalous variation around
the midnight hour if the core presents a pronounced density di�erence from the mantle.

An alternative experiment would be to conduct the measurements at the poles of the Earth for a period of
six months, which presumably averages out several anomalies (e�ects). The accuracy and precision would be
increased if the measurements could be conducted concurrently at both poles over an entire year, presumably
to even out most (if not all) extraneous e�ects.

The so called �Allais e�ect� was proposed in all previous versions of this work as a potential test for
PG veri�cation. However, in a preliminary investigation by Lahres (2023, private communication), there
seems to appear no measurable variation of gravity on the Earth's surface during solar eclipses that could
be attributed to a PG e�ect. That is, there is no variation at least of the order of a few nm/s2, but a
variation smaller than that should exist according to PG. The intensity of the expected variation is as yet
unknown subject to the value of prevailing g0 and the ultimate accuracy of the employed gravimeters, or
whatever methods are used to measure gravity. That means that the previously used average value of gravity
variation gAllais = 3.5E−7 m/s2 during eclipses taken from Lorenzen (2017) cannot be relied upon either as
a source for determining g0, or even as an explanation of the reported Allais e�ect by PG. The Allais e�ect
may be some chance measurement and, therefore, possible explanation for this e�ect (if real) based on PG
is now withdrawn. In addition, Lorenzen attributed it to an �Anisotropic Dark Flow Acceleration� from a
particular direction of the sky, in which PG has taken no part. Based on preliminary �ndings by Lahres, we
project that g0 should be g0 > 107 m/s2, while any references to the previously tentative (speculative) value
of around g0 = 4× 104 m/s2 should be accordingly adjusted.

Alternatively, it may be that similar measurements taken from the Moon during a solar eclipse by the
Earth could provide more reliable values; clearly, in that case, we should derive another equation taking into
account the actual solid angles subtended by Earth and the Sun at the Moon (which were assumed to be
equal in the previous evaluation for an Allais e�ect).

In the following subsections, we start by applying PG computations directly to a given body of known real
density, which is compared with the expected Newtonian acceleration for the same density. For example,
if we start with a small size (less than one meter) steel sphere, PG and Newton accelerations around
it are practically equal, while the measured (e�ective) density is practically equal to the real density. By
gradually increasing the size of the body, the PG e�ect should start appearing as a deviation of the measured
acceleration gPG from the calculated Newtonian one gN . The di�erence ∆g = gN − gPG, if veri�ed, could
be also used to �nd the unknown maximum universal acceleration g0. However, those measurements involve
sizes of bodies, which for all practical purposes would yield very minute di�erences that might not be easily
detected. This may be overcome by involving large bodies, the immediate of which are the Earth, Moon and
Sun. The problem is that their densities are unknown for our PG purposes. This problem can be obviated
by using various combinations of these three bodies in a shadowing con�guration interaction, that should
reveal, hopefully, a measurable outcome.

For completeness, we go through the method of �direct� measurement of PG e�ect �rst with a single
body of known density, followed by the detection of a PG e�ect involving the Earth, Moon and Sun albeit
of unknown real density. Overall, such tests should amount for a relatively minuscule budget and e�ort in
comparison to other ongoing experiments on deciphering gravity.
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12.1 Sphere

We can inquire about the di�erence of acceleration derived by Newton and PG on the surface of a sphere
of known density to determine if it is practically possible to detect and measure the new PG parameters
directly. If the Newton acceleration on the surface is gRN and the PG acceleration gR, their di�erence is
given by

∆g = gRN − gR =
4

3
πGρR− g0AR (112)

for which we need k in AR given from Eq. 60 as

k =
πGρ

g0
(113)

from assumed values of g0 and the real density of the sphere. We can plot the di�erence like we plotted the
ratio of accelerations in Fig. 5, but we prefer to see directly some numerical outputs in Table 5 by choosing,
say steel with ρ = 7500 kg/m3.

We may also further work on the equation above to produce:

∆g = g0

(
4

3
kR−AR

)
(114)

which is a function of the product kR.
For very high kR, the di�erence is very high, but for very small kR the di�erence is very small but �nite.

By expanding the exponential to a Taylor series ex = 1 + x +
x2

2!
+
x3

3!
+
x4

4!
and taking the limit for small

kR, we obtain for the di�erence of accelerations

ARkR→0
=

1

6
kR
(
8− 6kR+ 4k2R2

)
(115)

∆gkR→0 =
1

3
g0k

2R2 (3− 2kR)kR→0 = g0k
2R2 (116)

For the numerical example of the table, we see that we could have used Eq. 116 for small kR, which
provides that the di�erence is proportional to g0 and to the square of the radius of the sphere. The practical
outcome is that, for the smallest sphere, we would need an extremely sensitive gravimeter with an accuracy
up to 10 orders of magnitude smaller than the expected Newtonian value. The situation improves fast as we
increase the sphere diameter, except that such spheres are out of any practical use. The situation improves
with decrease of g0.

12.2 Cone

We have further investigated whether the same reference spherical masses used above, if reshaped properly,
they could yield any improved (i.e. greater) di�erence between Newton and PG for a possible measurement
from a known density mass. This has been investigated for truncated and spherical cones with negative
results (i.e. no improvement). However, interestingly enough it was found that there is an optimum cone
angle yielding maximum acceleration di�erence at their apex, but still very close to, (but less than) the
spherical shape. There is no need to present these results at present in order to give priority to more
mundane issues below.

12.3 Cube

Perhaps, a large steel (or other heavy material) cube shape might be more feasible to construct by bricks,
which would reduce cost by later disassembling and re-use of the steel material. The Newtonian gravitational
�elds has already been provided analytically by Chappel et al. (2012). Measurements of some gravity
contour (or point) around the cube may be done with the most sensitive gravimeter to investigate possible
"anomaly�. With a positive outcome, we can then calculate the corresponding PG gravity contour (or point)
by integrating the shading of gravions per established theory. From the known density, we will then be able
to directly derive all other PG parameters.
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R= 10 100 1000 10000 100000

gN= 2.097E-05 2.097E-04 2.097E-03 2.097E-02 2.097E-01

g0 ∆g ∆g ∆g ∆g ∆g

300 8.243E-13 8.243E-11 8.243E-09 8.243E-07 8.243E-05

500 4.946E-13 4.946E-11 4.946E-09 4.946E-07 4.946E-05

1000 2.473E-13 2.473E-11 2.473E-09 2.473E-07 2.473E-05

2000 1.236E-13 1.236E-11 1.236E-09 1.236E-07 1.236E-05

5000 4.946E-14 4.946E-12 4.946E-10 4.946E-08 4.946E-06

10000 2.473E-14 2.473E-12 2.473E-10 2.473E-08 2.473E-06

20000 1.236E-14 1.236E-12 1.236E-10 1.236E-08 1.236E-06

30000 8.243E-15 8.243E-13 8.243E-11 8.243E-09 8.243E-07

50000 4.946E-15 4.946E-13 4.946E-11 4.946E-09 4.946E-07

Table 5: Di�erence of acceleration between Newton and PG on the surface of an iron sphere with density
7500 kg/m3 [All units used are in the SI system].

12.4 PG e�ect: Earth-Moon-Sun interactions

Whereas the preceding investigations concern direct measurements of PG di�erences (e�ects) from Newtonian
mechanics involving bodies of known real density, below we are considering the use of the three largest bodies
nearest to us, namely, the Earth (E), Moon (M) and Sun (S) to achieve the same aim. The direct method
of the preceding sections su�ers from the di�culty of extremely low values needed to be detected. This
is aggravated by the unknown g0, which can assume very large values with concomitant even much lower
detectable PG e�ect on the acceleration of those relatively small bodies. This problem could be overcome
by involving con�gurations (combinations) between E, M and S in pairs, or all together. We examine all
these possibilities below in order to establish an optimum strategy for detecting the maximum expected PG
e�ect.

However, the initial problem is that their real density is unknown. Nevertheless, we can assume a range
of values for g0, from which we deduce the corresponding absorption coe�cients k that reproduces the given
acceleration at the surface of each of the said bodies by Eq. 63. The latter procedure reproduces Newtonian
acceleration but by itself makes no progress with any single body towards our objective, unless the said
bodies are combined in a way that produce a shadowing of gravions through one or two of them. Then, the
strategy is to compute the expected PG acceleration gPG, which subtracted from the corresponding Newton
acceleration gN provides an expected di�erence ∆g = gN −gPG as a function of g0. If we can experimentally
observe some di�erence ∆g, then we have a �rst indication of a veri�cation of PG theory, while if we can
measure the same with adequate accuracy and precision, we can �nally establish the universal maximum
acceleration g0, and all else follows.

The formulation of PG equations for two spherical bodies has been presented for a general case in the
Appendices. They start with integration around some given axis other than the axis joining two spheres.
To initially reduce the complexity, we use the common axis when possible. Shapes with other than spherical
geometry are left for future investigations until we can �rst verify PG by the simplest of means. For this
purpose, we consider E, M and S to be spherical and uniform with radii and masses (or accelerations) given
in Table 3. While in reality they are bot exactly spherical, we assume that the deviation applied to both
theories would have a second order di�erence.

We apply the two and three body superposition equations previously developed. Care must be taken to
involve the correct chords along which the gravions are absorbed, as they pass through each body. During
solar and lunar eclipses we have gravion shadowing, but we also have it at all times as the Earth rotates
around is axis relative to the Sun and/or Moon.

With reference to Fig. 14, the elementary cone of the left hand side may belong to Earth, followed
by the Moon and Sun to right hand side. The Earth absorption factor exp(−kAEAE) plays a critical role
in the expected outcomes. It depends on the actual path that the gravions traverse as the Earth rotates.
The altitude of the Sun (or eclipse) and the rotation of the Earth result in a variable chord position and
length, along which the gravions pass. This means that, in reality, they experience also a variable absorption
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coe�cient kAE . The gravion traces along changing chords through the Earth can contribute to the anomalous
variations of g measurements with sensitive gravimeters (after known variations are subtracted). These
variations can be exaggerated, if the chord trace moves between signi�cant density changes from the core to
the crust. By way of notation, the absorption coe�cient kAES

is in relation to the Sun and is a function of
the Earth chord AES in the direction of the Sun given by its altitude αS and azimuth γS . At the same time,
it is a function of the location of the gravimeter on the Earth surface given by its latitude φ and longitude
λ. Thus, the absorption function is a complex function like:

kAES
= kAES

(AES (αS , γS , φ, λ))

where the subscript S indicates variables in connection with the Sun's direction. The corresponding absorp-
tion function in relation to the Moon's direction is then given by:

kAEM
= kAEM

(AEM (αM , γM , φ, λ))

The form of each of the above functions depends on the material density distribution along the Earth
chord. Therefore, we expect a variable value of each absorption coe�cient during the apparent motion of the
Sun, Moon and rotation of the Earth. The gravions may be thought of as a ray, like an X-ray penetrating a
given material. With appropriate analysis and experimental arrangements, we might be able in the future
to diagnose the materials along any given chord of the Earth that can be aligned with the Sun, or the Moon.
The convolution/deconvolution of the combined variations due to length and material density would require
an appropriate analysis. This is not practical or desirable to achieve at this early stage, before we have even
con�rmed the principle of PG theory. However, we can assume a uniform density, on which we can base
our equations for a hopefully initial veri�cation work. This would be a �rst order e�ect, albeit small, at
which we �rst aim, while variations are of second order intensity and might be the object of high resolution
recordings.

Now, the immediate task is not to write down the complete PG equations governing the motion of the
three bodies but to give priority to an easiest test that can presumably reveal a PG e�ect at its best. The
latter would appear as an �anomaly� to the Newtonian solutions in a test that maximizes the anomaly. The
maximum gravion absorption occurs along the diameter of the Earth, hence it would be best to carry out
measurements at some appropriate location, like on the equator at midnight during an equinox. Equivalent
measurements may also be achieved with an overhead Sun at midnight/midday twice a year at locations
with latitudes less than 23.4 degrees. This approach will become clear in the following Sections, whereby we
have found signi�cant outcomes being su�cient to plan and organize a strategy for testing.

The superposition principle diagrams of Figs. 13 and 14 are now shown by simpler sketches in Fig. 15. It
is not practical to draw the sizes and distances of these speci�c cases on a linear scale, but we only represent
the elementary solid angle to be integrated over by a dotted line and the chords (or diameters) by solid line
segments: The line segment OE = `E for Earth , CD = `S for the Sun and AB = MO = `m for the Moon
together with the distances among them are all drawn out of proportion. We prefer that the line segments
include also the diameters of the respective bodies, even if this is not likely (frequent, or possible?) to occur
with every con�guration provided, like a solar eclipse at the equator during an equinox at midnight/midday.
The idea is to consider theoretically all these con�gurations that will enable us to discard the unnecessary
or rare cases in order to determine the best strategy for the purpose of PG veri�cation.

12.4.1 Midnight Earth-Sun interaction (OE-S)

This case is depicted in Fig. 15(OE-S), where the point of measurement is at the antipode O of Earth (E)
relative to the Sun (S), while the presence of the Moon is ignored.

We set up one (�rst) di�erential equation to be integrated in the range 0 6 ϕ 6 ϕS , where sinϕS =
RS
rS

= aS with RS and rS being the radius and the distance of the Sun from the point of measurement. The

usual acceleration factor fg1n in this �rst range is:

fg1n =

ϕS�

0

2π sinϕ cosϕdϕ· [1− exp (−kE`E(ϕ)− kS`S(ϕ))]

where we have added the combined contribution of the Earth and Sun in the sum of the exponent. The
corresponding absorption coe�cients are kE and kS . The chord lengths are found from the radius and
distance by equations given at the outset, and the above becomes:
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Figure 15: PG e�ect: Relative positions of Earth, Moon and Sun providing various cases for investigation
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fg1n =

ϕS�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kErE

√
a2
E − sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)]
Care is taken to set the Sun's distance as rS = rS−tabled + RE , where we use values provided in Table 3.

With aE = sinϕE =
RE
rE

= 1, since the distance rE = RE on the surface of Earth, the above becomes:

fg1n =

ϕS�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)]

We continue the integration for the contribution from Earth without the Sun in the remaining angle
range ϕS 6 ϕ 6 π/2 radians by adding the factor:

fg2n =

π/2�

ϕS

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ

)]
which is given by an analytical expression:

fg2d/π = 1− 1

2k2
ER

2
E

− sin2 ϕS +
exp

(
−2kERE

√
1− sin2 ϕS

)(
2kERE

√
1− sin2 ϕS + 1

)
2k2
ER

2
E

(117)

We use numerical means to integrate for fg1n, which is added to the result by the analytical expression
for the second term fg2n. The analytical expressions, where available, provide unlimited precision by the
Python program used, whereas the numerical integration precision is limited by the provided integrator
script in the program.

In terms of acceleration, we have a PG acceleration gPG for the combined interaction between Earth-Sun:

gPG = g0 (fg1n + fg2n) /π

The Newtonian acceleration gN at the same location is found by adding the Sun's gNrS to the Earth's
gNRE

acceleration:

gN = gNRE
+ gNrS = gNRE

+ gNRS

R2
S

r2
S

where gNRS
is a given acceleration on the surface of the Sun from Table 3 (or computed from its mass

provided).
We �nally compute the PG e�ect by the di�erence of accelerations between the two theories:

∆g = gN − gPG
as a function of g0 in an arbitrary rage of values, as was similarly done in prior examples. We follow the rule
that the positive sense is in the direction towards the center of the Earth. For this case, the above e�ect
(di�erence) is positive. We plot the result in Fig. 16(1 ∗Me, 1 ∗Ms) on logarithmic scales. The e�ect of
∆g is practically inversely proportional to g0 on these scales, but the relationship is not exactly hyperbolic
as will be analyzed later. There are subtle changes in the exponential terms of the equations, which are
not immediately obvious, while the e�ects may often appear counter-intuitive. It is helpful to use graphical
means to obtain some immediate impressions. In the same �gure, we vary the density of the Earth and the
Sun by some orders of magnitude keeping all other parameters constant, in order to theorize the trend of
the change in the outcome. The initial unitary masses of M and S are multiplied by factors of 10, 0.1 and
0.01 as shown with the plotted lines. We note that the PG e�ect changes by about the same factor in all
cases. This information will assist us in selecting an appropriate con�guration among those presented.
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Figure 16: PG e�ect: Earth-Sun (OE-S) with di�erent densities

12.4.2 Midnight Earth-new_Moon interaction without Sun (OE-M)

For purposes of comparison, we consider a hypothetical case involving the Moon alone (without the Sun)
at the same location and time as the preceding case involving the Sun. This is to quickly establish the
theoretical order of magnitude between the two cases. With reference to Fig. 15(OE-M), we apply the same
equations as previously, by simply replacing the Sun's parameters with those of the Moon:

fg1n =

ϕS�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ− 2kMrM

√
a2
M − sin2 ϕ

)]
(118)

where the Moon's distance is rM = rM−tabled +RE and sinϕM =
RM
rM

= aM .

We continue again the integration for the contribution from Earth without the Moon in the remaining
angle range ϕM 6 ϕ 6 π/2 radians by adding the factor:

fg2n =

π/2�

ϕM

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ

)]
(119)

In the same way, we �nally plot the e�ect ∆g in Fig. 17(OE-M). We juxtapose this with the previous one
(OE-S) transferred in the same �gure, where we also add the outcomes from other following con�gurations.

We note that the di�erence of the e�ect between Sun and Moon taken separately is more than two orders
of magnitude. In both cases, the e�ect should appear as a lowering of the acceleration below the level of
Newton acceleration. If all Newtonian e�ects (due to tides, etc.) are subtracted from recorded data to
establish a zero reference level, then PG e�ect should appear as a broad trough (negative) between sunset
and sunrise over a 24 hour recording of acceleration.

Note: The integration for the second factor fg2n results in an analytical expression (as previously), which
was used in plotting the line (OE-M). Instead, when we use the available Python integrator in the second
range, we gradually lose precision with increasing g0, becoming quite signi�cant as seen by the points of curve
(OE-M integrator); the deviation becomes visible for g0 > 1011 m/s2. We can set arbitrary precision with
all other mathematical functions, except for the provided integrator, which seems to create a �bottleneck�
in our precision. In future work, a special integrator can be developed to cater for higher precision when
needed.
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12.4.3 Earth-Moon-Sun, solar eclipse at midnight (OE-MS)

We follow with the con�guration of Fig. 15(OE-MS) denoting a solar eclipse on the equator during an
equinox at midnight. This con�guration may be hypothetical, or extremely unusual to take place, but it
provides a useful comparison in our study. The three bodies (E, M, S) are aligned all on the same side of the
measuring station at O. With the Moon added to the preceding case of OE-S, we follow the usual sequence
of equations in three ranges of integration. By adopting the values for the Moon and Sun again from Table
3, the Moon subtends a slightly smaller solid angle than the Sun resulting in a small intermediate range of
integration ϕM 6 ϕ 6 ϕS . Thus we have:

fg1n =

ϕM�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ− 2kMrM

√
a2
M − sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)]

fg2n =

ϕS�

ϕM

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)]
For the last (third) range of integration ϕS 6 ϕ 6 π/2 radians, the Earth alone adds the factor:

fg3n =

π/2�

ϕS

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ

)]

The total PG acceleration is:

gPG = g0 (fg1n + fg2n + fg3n) /π

Newton acceleration is:

gN = gNRE
+ gNrM + gNrS = gNRE

+ gNRM

R2
M

r2
M

+ gNRS

R2
S

r2
S

The e�ect ∆g = gN − gPG is plotted in Fig. 17(OE-MS). The graph lies slightly but clearly above that
of (OE-S).

12.4.4 Solar eclipse at midday (EO-MS)

This is a complementary calculation of the same event as the previous one, except that we measure at the
antipode during midday. Albeit a theoretical case, it is useful again for comparison of magnitudes of PG
e�ect. The corresponding equations then become:

fg1n =

ϕM�

0

2π sinϕ cosϕdϕ·
[
exp

(
−2kMrM

√
a2
M − sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)
− exp

(
−2kERE

√
1− sin2 ϕ

)]

with the Moon still subtending a smaller angle than the Sun. For the middle range, we get the second factor:

fg2n =

ϕS�

ϕM

2π sinϕ cosϕdϕ·
[
exp

(
−2kSrS

√
a2
S − sin2 ϕ

)
− exp

(
−2kERE

√
1− sin2 ϕ

)]
and for the third range:

fg3n =

π/2�

ϕS

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ

)]

The PG acceleration is the sum:
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Figure 17: PG e�ect by various combinations of Earth (S), Moon (M) and Sun (S) by plotting the ∆g
deviation from Newton vs. assumed universal acceleration g0
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gPG = g0 (fg1n + fg2n + fg3n) /π

The Newtonian acceleration gN :

gN = gNRE
− gNrM − gNrS = gNRE

− gNRM

R2
M

r2
M

− gNRS

R2
S

r2
S

Now, the di�erence of accelerations ∆g = gN − gPG is found to be negative. This means that Newtonian
pull by the combined M+S in series during the eclipse is greater than their PG pull. This is also what
the superposition principle in Fig. 13 leads us to expect. If the total Newtonian acceleration recording
is used as base line (zero reference), then we should see a peak of acceleration during a solar eclipse at
daytime, appearing as an unexpected anomaly by conventional physics. For comparison purposes here, we
are interested in the absolute di�erence of this PG e�ect (|∆g|), which we plot in Fig. 17(EO-MS). The
graph is clearly one order of magnitude below the preceding graph of the same event at the antipode of the
Earth (midnight).

12.4.5 Solar eclipse interaction on the Moon day side (MO-ES)

The previous outcomes have prompted us to consider also what would be the measurements on the surface
of the Moon during a solar eclipse caused by a transiting Earth between Sun and Moon. First, we consider
the case of this event being measured on the day-side (visible) of the Moon according to the sketch in
Fig. 15(MO-ES). We follow the same sequence as in the preceding case simply changing the corresponding
parameters and ranges of integration. Thus we have::

fg1d =

ϕS�

0

2π sinϕ cosϕdϕ·
[
exp

(
−2kErE

√
a2
E − sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)
− exp

(
−2kMRM

√
1− sin2 ϕ

)]

in the �rst angle. We continue in the angle ϕS → ϕE

fg2d =

ϕE�

ϕS

2π sinϕ cosϕdϕ·
[
exp

(
−2kErE

√
a2
E − sin2 ϕ

)
− exp

(
−2kMRM

√
1− sin2 ϕ

)]
and �nally the third factor being the contribution by the Moon alone in the remaining angle:

fg3d =

π/2�

ϕE

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kMRM

√
1− sin2 ϕ

)]

The PG acceleration is as usually:

gPG = g0 (fg1d + fg2d + fg3d) /π

The Newtonian acceleration gN :

gN = gNRM
− gNrE − gNrS = gNRM

− gNRE

R2
E

r2
E

− gNRS

R2
S

r2
S

and the absolute value of the di�erence ∆g is plotted in Fig. 17(MO-ES). Here again, the di�erence is
negative for the same reason as on Earth daytime, but we plot the logarithm of the absolute value |∆g| for
comparison.

12.4.6 Moon Earth Sun, solar eclipse on invisible side (OM-ES)

Our investigation continues by monitoring the previous solar eclipse on the other (antipode) invisible side
of the Moon, as shown by the diagram in Fig. 15(OM-ES). As all three bodies (M, E, S) are practically
aligned on the same side of the measuring station at O, we sum their contribution in the exponent of the
�rst range:
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fg1n =

ϕS�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kMRM

√
1− sin2 ϕ− 2kErE

√
a2
E − sin2 ϕ− 2kSrS

√
a2
S − sin2 ϕ

)]

leaving out the Sun in the second range ϕS 6 ϕ 6 ϕE :

fg2n =

ϕE�

ϕS

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kMRM

√
1− sin2 ϕ− 2kErE

√
a2
E − sin2 ϕ

)]
with the Moon acting alone in the third range:

fg3n =

π/2�

ϕE

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kMRM

√
1− sin2 ϕ

)]
and �nally

gPG = g0 (fg1n + fg2n + fg3n) /π

gN = gNRM
+ gNrE + gNrS = gNRM

+ gNRE

R2
E

r2
E

+ gNRS

R2
S

r2
S

The e�ect of ∆g is plotted in Fig. 17(OM-ES) and is located above all other graphs.

12.4.7 Earth-Sun midday equations (EO-S)

The last con�guration in Fig. 15(EO-S) is also considered below. We set up the �rst integration in the range
0 6 ϕ 6 ϕS to �nd fg1d :

fg1d =

ϕS�

0

2π sinϕ cosϕdϕ·
[
exp

(
−2kSrS

√
a2
S − sin2 ϕ

)
− exp

(
−2kERE

√
1− sin2 ϕ

)]
That is followed by the second integration in the remaining angle:

fg2d =

π/2�

ϕS

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kERE

√
1− sin2 ϕ

)]

Both of the above factors result in analytical expressions and after cancellations we obtain (also adding
−1 + 1 in the �rst):

fg1d =

ϕS�

0

2π sinϕ cosϕdϕ·
[
exp

(
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)
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√
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= −πAS
r2
S

+

ϕS�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kErE

√
a2
E − sin2 ϕ

)]

fg1d + fg2d = −πAS
r2
S

+

π/2�

0

2π sinϕ cosϕdϕ·
[
1− exp

(
−2kErE

√
a2
E − sin2 ϕ

)]

fg1d + fg2d = −πAS
r2
S

+
πAE
r2
E
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m/s2 ∆g, m/s2

g0 OE-M EO-MS MO-ES OE-S OE-MS OM-ES

1.E+03 4.7218E-07 1.0585E-05 8.5380E-05 8.7206E-05 9.7682E-05 1.0654E-04

1.E+04 4.7296E-08 1.0709E-06 8.5550E-06 8.7352E-06 9.8105E-06 1.0691E-05

1.E+05 4.7304E-09 1.0720E-07 8.5566E-07 8.7366E-07 9.8146E-07 1.0695E-06

1.E+06 4.7305E-10 1.0721E-08 8.5568E-08 8.7367E-08 9.8150E-08 1.0695E-07

1.E+07 4.7305E-11 1.0721E-09 8.5568E-09 8.7368E-09 9.8151E-09 1.0695E-08

1.E+08 4.7305E-12 1.0721E-10 8.5568E-10 8.7368E-10 9.8151E-10 1.0695E-09

1.E+09 4.7305E-13 1.0722E-11 8.5568E-11 8.7368E-11 9.8150E-11 1.0695E-10

1.E+10 4.7305E-14 1.0717E-12 8.5565E-12 8.7368E-12 9.8153E-12 1.0695E-11

1.E+11 4.7306E-15 1.0800E-13 8.5562E-13 8.7368E-13 9.8098E-13 1.0701E-12

1.E+12 4.7310E-16 1.2032E-14 8.5347E-14 8.7369E-14 9.7902E-14 1.0727E-13

Table 6: Comparative PG e�ect

In terms of acceleration, we have a PG acceleration gPG for the combined interaction between Earth-Sun:

gPG = g0 (fg1d + fg2d) /π

We can readily recognize that the above reverts back to the Newtonian acceleration according to Eqs.
39 and 61:

g0

(
πAE
r2
E

− πAS
r2
S

)
= gNRE

− gNrS = gN

That is, the PG e�ect is zero by gN − gPG = ∆g = 0. This may appear a tautology or trivial, but it is
important. We should expect a mutual shadowing by each of the two bodies and the null outcome is not
obvious or intuitive. This is further analyzed by integrating over the entire bulk of the two bodies as is done
later in Section 16. The problem lies in understanding the meaning of mass as it is used by Newton. To avoid
duplication, the reader is referred to the subsequent development of the theory through to the mass-matter
relationships in Section 24. For the present purposes, it is su�cient to know that this con�guration does not
produce the desired PG e�ect for measurement. Actually, it would and should produce a clear PG e�ect,
if we knew and used the actual (real) densities for E, M and S in Newton acceleration. In the latter case,
the Newtonian acceleration would be clearly above the PG acceleration (as we have shown in Table 5); the
null result here is arti�cially forced in matching the surface acceleration with PG derivation as long as g0

remains unknown.
The other cases are further analyzed and discussed below.

12.4.8 Analysis

From the summary of results in Fig. 17, we can immediately discard for our purposes the component of
Moon e�ect acting alone (OE-M), or in combination during the day solar eclipse (EO-MS), both being well
below the other graphs; the latter is also an unlikely (rare, if possible?) event happening on the equator
during an equinox. Even the same solar eclipse at midnight (OE-MS) is only a little above the Sun acting
alone. Therefore, the simple con�guration (OE-S) of Sun alone seems the best practical (su�cient for now)
option for terrestrial measurements of the PG e�ect.

These results can be viewed also numerically in Table 6. The simple con�guration of OE-S is typed
in bold-face font for reference and comparison. We see the small improvement with OE-MS, at least for
theoretical purposes, over the simpler case of OE-S. More importantly, lunar measurements (i.e. on the
Moon) are comparable with OE-S: They show a little lower value on the visible side with an improved
(higher) and promising value on the invisible side of the Moon.
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Figure 18: Product g0 ·∆g

m/s2 g0 ·∆g, m2/s4

g0 OE-M EO-MS MO-ES OE-S OE-MS OM-ES

1.E+03 4.721781E-04 1.058540E-02 8.537969E-02 8.720626E-02 9.768211E-02 1.065446E-01

1.E+04 4.729648E-04 1.070948E-02 8.554967E-02 8.735156E-02 9.810549E-02 1.069100E-01

1.E+05 4.730432E-04 1.072027E-02 8.556619E-02 8.736604E-02 9.814613E-02 1.069461E-01

1.E+06 4.730511E-04 1.072133E-02 8.556784E-02 8.736749E-02 9.815018E-02 1.069497E-01

1.E+07 4.730519E-04 1.072142E-02 8.556801E-02 8.736764E-02 9.815059E-02 1.069500E-01

1.E+08 4.730519E-04 1.072139E-02 8.556800E-02 8.736765E-02 9.815054E-02 1.069500E-01

1.E+09 4.730521E-04 1.072197E-02 8.556803E-02 8.736765E-02 9.815030E-02 1.069499E-01

1.E+10 4.730506E-04 1.071663E-02 8.556476E-02 8.736769E-02 9.815271E-02 1.069495E-01

1.E+11 4.730556E-04 1.079979E-02 8.556185E-02 8.736761E-02 9.809818E-02 1.070122E-01

1.E+12 4.731044E-04 1.203205E-02 8.534696E-02 8.736914E-02 9.790189E-02 1.072729E-01

Table 7: Comparative product g0 ·∆g
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Our strategy then can be to organize and setup �rst terrestrial measurements at the equator on a 24
hour (or more) basis around equinoxes. We may like to increase the amount of data by setting up a series
of measuring stations along the equator to obtain an average over, say, 2-3 days. The preferred equator
location may be chosen to have minimal local anomalies of acceleration due to nearby mountains, uneven
crust density and mineral deposits distribution, tides, etc., as much as it is possible to know in advance or
by a specialized study. Perhaps, a location in the middle of an ocean might present optimum or predictable
results, but all these factors can be considered in advance of a carefully planned experiment. Furthermore,
we may need to reconsider lesser Newtonian corrections already applied to compensate for atmospheric
pressure, temperature variations and other local (suspected or real) variations that might compete against
a consistent PG e�ect. Those corrections may allow adjustments, should they have been exaggerated by
Newtonian considerations for some reason (e.g. to incorrectly compensate for an anomaly, like a PG e�ect).

With a single station (or preferably more), we may also collect data at the equator during an entire year
with a variable Sun altitude between two consecutive equinoxes. That would be useful if we aim at obtaining
more precise determination of g0, which would also require to include the variable altitude of the Sun in
the corresponding PG derivations. That is, the factors fg1n can be found by integrating in the �rst range
0 6 ϕ 6 ϕS , where ϕS and zenith angle (θ−altitude) are functionally interconnected in the formulation. The
latter formulation has been presented for a general case in Appendix B (see Fig. 85). In the meantime, we
should �rst ascertain the presence of a PG e�ect by the simpler approach of equatorial equinox observations
of the Sun.

Equivalent measurements can also be taken at locations with latitudes less than 23.4 degrees with an
overhead Sun at midnight/midday occurring twice a year. The restriction of �equator during equinoxes� is
used only for a more accurate theoretical description of the required events that may include (or not) the
likelihood of eclipses; also the equator position might facilitate by symmetry better averages throughout the
year in both PG measurements and Newtonian corrections. In any event and for practical purposes, the
strategy should include also all stations within latitudes of ±23.40 already in operation that can contribute
to our requirements.

Several of the above di�culties may be overcome by corresponding measurements on the Moon. Atmo-
spheric pressure is eliminated, whilst temperature and Moon �tidal� (deformation) e�ects are minimized,
if not practically ignored; Earth's tides should have a second order e�ect from a distance. Concurrent
measurements on both the visible and invisible side of the Moon could provide useful data for subsequent
analysis.

For further theoretical interest, we also analyze the graphs of Fig. 17: The lines appear to be straight on
logarithmic scales, but this is not exactly so. If we plot the product g0 ·∆g, we �nd it to be a nearly constant
but with a small variation per Fig. 18 in the range of g0 provided. Thus the relationship between g0 and ∆g
is nearly hyperbolic, but with a slightly increasing �constant� as a function of g0. This �constant� changes
sharply when g0 approaches very close to the surface acceleration of the Sun (274.8252 m/s2), which is the
maximum acceleration in the two body system of Earth-Sun. That means that the Sun becomes a black
hole as the assumed g0 approaches the highest (Sun) acceleration of this two-body system. This is noted for
later theoretical considerations, because this is what we should expect to happen in the case of actual black
holes being present.

In the meantime, we understand the situation for near-Newtonian bodies (E, M, S) used to establish an
expected PG e�ect. For practical e�ect, we provide the product g0 ·∆g also in numerical form in Table 7 in
the same range as the graphs. The values tend to a constant at the highest g0 as the bodies become more
Newtonian. The exception in the last few rows of the table where the deviation from the constant seems
to be an artifact of the precision allowed by the Python integrator used, as was shown in Fig. 17(OE-M
integrator); this does not a�ect the substance of our �ndings, while the issue can be addressed later as needed
by an improved computational integrator.

For understanding the PG e�ect and its possible signi�cance, it is distinct from other gravitational e�ects.
For example, the Moon gravitational e�ect on Earth may be signi�cant in some aspects like tidal e�ects,
but the Moon-PG e�ect can be overshadowed by the Sun-PG e�ect, as we have seen. The speci�c PG e�ect
analyzed here is a novel concept that may present itself as an �anomaly� to current theories of gravity. There
are other examples of known �anomalies� that may be possible to explain via PG, as mentioned elsewhere
in this report.

12.4.9 Planets

It is found useful to extend the preceding analysis by considering also the intensity of PG e�ect that we
should experience on the surface of other planets, for comparison. For now, we only need to see the trend
of this e�ect; we choose Jupiter as being massive, Venus being similar to Earth but closer to the Sun, and
Mercury being closest to the Sun and with a high eccentricity. For each one of them, we only take the case
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m/s2 ∆g, m/s2

g0 OJ-S OV-S OH1-S OH2-S OJs-S OEs-S ^OEs-S

1.E+03 8.4838E-06 1.5057E-04 3.3337E-04 1.5030E-04 9.7230E-05 8.7206E-05 6.3552E-05

1.E+04 8.5214E-07 1.5080E-05 3.3358E-05 1.5039E-05 1.0355E-05 8.7351E-06 6.4266E-06

1.E+05 8.5251E-08 1.5082E-06 3.3360E-06 1.5040E-06 1.0411E-06 8.7366E-07 6.4329E-07

1.E+06 8.5255E-09 1.5082E-07 3.3361E-07 1.5040E-07 1.0417E-07 8.7367E-08 6.4335E-08

1.E+07 8.5255E-10 1.5082E-08 3.3361E-08 1.5040E-08 1.0417E-08 8.7367E-09 6.4336E-09

1.E+08 8.5256E-11 1.5082E-09 3.3361E-09 1.5040E-09 1.0417E-09 8.7366E-10 6.4336E-10

1.E+09 8.5256E-12 1.5082E-10 3.3361E-10 1.5040E-10 1.0416E-10 8.7371E-11 6.4336E-11

1.E+10 8.5256E-13 1.5082E-11 3.3361E-11 1.5040E-11 1.0402E-11 8.7334E-12 6.4336E-12

1.E+11 8.5255E-14 1.5082E-12 3.3361E-12 1.5041E-12 1.0510E-12 8.6178E-13 6.4337E-13

1.E+12 8.5256E-15 1.5082E-13 3.3357E-13 1.5034E-13 9.5264E-14 9.0824E-14 6.4334E-14

Table 8: Comparative PG e�ect for planets and satellites

of measuring the e�ect on the �midnight� side relative to the Sun (only) and utilize the same convention for
notation of each con�guration. Thus, we use OX-S for each case. where X is the initial letter of the planet.
For now only, we replace the Roman name of Mercury with the Greek one being Hermes, like OH-S in order
to avoid mixing it with Moon(M). In addition, we investigate separately the shortest distance of Hermes by
setting rS ≡ rH1S = 47000000000.0 m at its perihelion and the longest distance rS ≡ rH2S = 70000000000.0
m at the aphelion. The results for ∆g are presented in Table 8 and for the product g0 ·∆g in Table 9.

We note that Jupiter yields one order of magnitude less ∆g than Earth, despite being very massive. This
is understood to be due to it having a lower overall density being gaseous for its most part, while having a
dense core with much smaller radius. We have already attempted to see the PG change in acceleration of
Jupiter with a two phase density model in Section 10. Similarly, we can see what happens to the PG e�ect,
if all its mass were to be concentrated in its core in the next section. Here, we note that ∆g is much greater
for Venus than for Earth, although it is about the same size and mass as Earth; The fact of being closer to
the Sun imparts a signi�cant increase to the e�ect that would help in its measurement by a satellite around
it. The situation is more striking with Mercury (Hermes). The PG e�ect is about two orders of magnitude
greater than with Earth. Furthermore, the orbital position has a signi�cant e�ect too.

The above di�erentials in PG e�ect among all cases are also important: First, there is a di�erential of
this e�ect between antipodes on every planet. This means that there is a di�erential acceleration, albeit
very small, imparting both a deformation on the planet and a deviation from the predicted Newtonian orbit
that should be seen as an anomaly. The �rst should be compounded with the tidal e�ects and the second
with the planet's precession. Both e�ects are maximized with the innermost planets and in particular with
Mercury. We therefore propose to keep an open mind about PG taking part in (contributing to) those long
discussed, analyzed and debated physical phenomena of Mercury.

12.4.10 Satellites

As suggested in the outline, it is pertinent to add some information about PG e�ect that should be experi-
enced by arti�cial satellites orbiting Earth, or a particular planet. For demonstration, we consider a satellite
around the Earth at a typical altitude hs = 200000 m on an orbit overhead at midnight with the Sun at
the antipode, or an orbital radius rEs = RE + hs =6571000.0 m (we use lower case s index for satellite and
upper case S for Sun). That means that we should adjust the integration angles from the satellite apex

position: For fg1n this is 0 6 ϕ 6 ϕS , where sinϕS = aS =
RS
rS

with rS = rEs + rS−tabled. For the second

term fg2n, we integrate in the range ϕS 6 ϕ 6 ϕE , where sinϕE = aE =
RE
rEs

. The ∆g is given in the

column entitled OEs-S of Table 8. The corresponding product g0 · ∆g is given in Table 9. We note that
the PG e�ect at that altitude is practically the same as on the surface of the Earth. As a result, if ∆g is
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m/s2 g0 ·∆g, m2/s4

g0 OJ-S OV-S OH1-S OH2-S OJs-S OEs-S ^OEs-S

1.E+03 8.4838E-03 1.5057E-01 3.3337E-01 1.5030E-01 9.7230E-02 8.7206E-02 6.3552E-02

1.E+04 8.5214E-03 1.5080E-01 3.3358E-01 1.5039E-01 1.0355E-01 8.7351E-02 6.4266E-02

1.E+05 8.5251E-03 1.5082E-01 3.3360E-01 1.5040E-01 1.0411E-01 8.7366E-02 6.4329E-02

1.E+06 8.5255E-03 1.5082E-01 3.3361E-01 1.5040E-01 1.0417E-01 8.7367E-02 6.4335E-02

1.E+07 8.5255E-03 1.5082E-01 3.3361E-01 1.5040E-01 1.0417E-01 8.7367E-02 6.4336E-02

1.E+08 8.5256E-03 1.5082E-01 3.3361E-01 1.5040E-01 1.0417E-01 8.7366E-02 6.4336E-02

1.E+09 8.5256E-03 1.5082E-01 3.3361E-01 1.5040E-01 1.0416E-01 8.7371E-02 6.4336E-02

1.E+10 8.5256E-03 1.5082E-01 3.3361E-01 1.5040E-01 1.0402E-01 8.7334E-02 6.4336E-02

1.E+11 8.5255E-03 1.5082E-01 3.3361E-01 1.5041E-01 1.0510E-01 8.6178E-02 6.4337E-02

1.E+12 8.5256E-03 1.5082E-01 3.3357E-01 1.5034E-01 9.5264E-02 9.0824E-02 6.4334E-02

Table 9: Comparative product g0 ·∆g for planets and satellites

measurable, there should also be a measurable deviation from the predicted Newtonian orbit of the satellite
given enough transit time overnight (in the Earth shadow). Ranging measurements might reveal this e�ect.
Last, we see what happens if the satellite is far enough so that both Earth and Sun subtend equal solid angle
at the satellite. This point is at the apex of the Earth's umbra at a distance h = 1384037027 m (using our
nominal tabled parameters). The result is shown in the same Tables under the symbolic title ^OEs-S with
values showing a little less but of the same order of magnitude as on the surface of Earth. This indicates
that the e�ect relates to the amount of shading by Earth that varies little with distance just as dictated by
the geometry of the corresponding chords at the set distances. We do not expect an orbital variation of a
satellite at this point without �much time to fall� during its night transit, but we learn that ∆g varies little
inside the entire Earth's umbra. This point is a �little� closer than the L2 Lagrange point and requires more
attention. The relatively small variation of ∆g may be used in planning or calculating satellite trajectories,
if they can travel a considerable length and time inside the umbra.

Last, given the low value of PG e�ect for Jupiter as discussed, we can check what the e�ect would be at
the same point (on the �surface�), if hypothetically the entire planet contracted to a much smaller radius,
say, to RJ = 2.0E7 m, from its actual (used before) RJ = 6.9911E7 m. The equations are the same as the
ones used above for a satellite around Earth. The results for ∆g in this case are given in the column entitled
OJs-S of Table 8. The corresponding products g0 ·∆g are given in Table 9. We note that the e�ect is about
one order of magnitude greater than before (i.e. on the surface with the tabled radius of Jupiter).

12.5 Discussion on PG e�ect

The preceding work attempts to establish the condition, which would allow both veri�cation of PG by
indication of an anomaly in the correct direction and measurement of g0. Neither of these outcomes may be
possible to achieve easily, if g0 is equal to the highest value of acceleration for black holes reported in the
literature. The latter is said to be in the order of magnitude of 1012 m/s2, which would require a lowest
value for ∆g ≈ 10−15 m/s2 in the con�guration examples we considered. We have �wished� that the latter
∆g could be of a much higher order of magnitude and in the range of existing gravimeters. However, lack of
immediate evidence for this outcome should by no means lead to any disappointment about PG and rejection
of it by the scienti�c community. The early speculation by the present author that the strong �elds of white
dwarfs, neutron stars and black holes may be generated by di�erent types of push particle, it may also be
dis-proven. This should not impact on PG theory at all. On the contrary, should g0 coincide with the highest
�eld of black holes, then we could even have an easier way to gradate the other �elds downwards simply
by the smaller density of all other bodies (black holes → neutron stars → white dwarfs → stars → planets,
→ etc.). This would also help in the uni�cation of various �elds by simpler PG means than resorting to
di�erent types of push particles. Even so, we could consider that di�erent push particles degenerate from one
type to the next, but the point here is that the absence of a detectable PG anomaly should await judgment
until we can reach the expected limits of detection arising from maximum �eld forces, if necessary. Until
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then, PG should remain on the table as an alternate theory to address outstanding issues in physics. In the
meantime, the search for a PG e�ect should start with terrestrial tests, lunar tests, followed by interplanetary
spacecraft tests. Later or concurrently, astrophysicists should also reappraise phenomena of interaction of
dense bodies or speci�cally they should search for ones that are expected to present pronounced PG e�ects.
This approach is supported by the trend of density variation indicated in Fig. 16.

It is interesting to note that the early PG theory relying simply on mechanical corpuscles could not
reproduce Newtonian physics unless the corpuscles could attain superluminal speeds. The higher their speed
the better approximation. In lieu of these speeds, our PG theory relies on a su�ciently high value of a
universal acceleration g0 associated with a �ux density J0, or radiance L0 of gravions in conjunction with
an absorption coe�cient for each body density. Our principles do not contravene established observations
(physics).

The space test of the equivalence principle (STEP) with an orbiting satellite by Touboul et al. (2019)
failed to establish any deviation from the Equivalence Principle. However, this negative outcome is consistent
with the null PG e�ect we demonstrated for the midday Sun-Earth explanation. This is further corroborated
by our later theory on falling body acceleration in Sections 14.3, 23.2 and 23.2.4. The Equivalence Principle
should be tested where PG expects di�erences from Newton, like a ∆g e�ect. We have proposed various
situations, where we can look and test for possible deviations from conventional mechanics throughout this
report.

By way of a �gedanken� experiment, the PG e�ect would be maximized if we consider that the Sun
and Earth are stationary and measure the �nal velocity or time of a falling body from a highest point at
midnight. The absolutely highest point is at the apex of Earth's umbra. For practical outcomes, it is up
to spacecraft trajectory engineers to maneuver a spacecraft to maximize a fall inside the shadow in reality,
i.e. while the Earth moves along a complex orbit around the Sun. In general, the equivalence principle
should be tested under conditions where PG appears to be an anomaly to conventional physics, but such an
expected anomaly should not be reason for rejecting PG, for example, as is incorrectly done by Wikipedia
article (Wikipedia contributors, 2018a).

The PG e�ect and theory should be included in next-generation laser ranging (Williams et al., 2022),
like in the research list of physics topics referenced in the following excerpt from a paper on characteristics
of di�erential lunar laser ranging: �With more than 50 yr of tracking the Moon from Earth, LLR contributes
to many scienti�c research �elds related to the Earth-Moon system. ... For gravitational physics, LLR can
test many parts of Einstein's theory of relativity, including the change of the gravitational constant, G, with
time, the geodetic precession, the equivalence principle (EP) for the Earth and Moon in the gravitational �eld
of the Sun, and of the galactic dark matter as well as the parametrized post-Newtonian (PPN) parameters,
etc.� (Zhang et al., 2022).

Experimental measurements of g0, or other equivalent parameters like k, J0 n0, Λ etc., would greatly
facilitate the theoretical endeavors to establish the same elsewhere in this report. In fact, a tentative
theoretical value for g0 is trialed in Section 29.4.5, but again this is subject to values of other parameters,
so that Experimental work becomes imperative in the hope that we may obtain a value of one of the said
interdependent PG parameters.

13 Discussion on gravitational law

The finding that the gravitational force is inversely proportional to distance constitutes a universal relation-
ship now derived from the principles of static PG theory. It is unlikely that this is a fortuitous derivation,
although we must wait to �nd the same consistency with dynamic PG. It is likely that PG can provide a
genuine platform to re-work many other relationships with new physics.

We have derived some fundamental but novel relationships yielding the classical acceleration and force
but revealing a di�erent relationship with the actual mass. The classical (Newtonian) mass is now understood
to be only an apparent or e�ective manifestation of the real mass. The inverse square of distance law is
preserved, whilst the classical gravitational constant G is itself a function of another constant like Λ, J0 or
g0, all of which are characteristic of any given region of space. It is important that these relationships are
not merely empirical, but are based on a simple principle or premise of particles uniformly traveling in all
directions, while they are absorbed by matter at a rate in proportion to the density of the matter. This
provides a more �tangible� explanation of gravity, which, however, shifts the problem to the understanding of
the nature of these particles, not less mysterious than the elusive gravity to date. Nevertheless, it looks like
we can narrow down the fundamental problem of gravity to a �lesser� entity bringing us closer to the goal
of a uni�cation theory. After all, forces are already attributed to the exchange of di�erent kind of particles:
Gluons for the strong nuclear force, photons for the electromagnetic force, the bosons for the weak nuclear
force and speculated gravitons for gravity. Quantum chromodynamics aims to �nd the smallest building block
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of nature and the forces that hold them together. PG may not be seen in con�ict but rather it may o�er a
general platform to remold and hopefully unify current quantum gravity and graviton, superstring theory,
loop quantum gravity and blending quantum gravity with quantum mechanics for a theory of everything.

The validity of the gravitational law derived is further subject to ensuring that the involved gravitating
bodies exist in �free space�, otherwise the space itself is �lled with matter albeit of extremely low density.
For in the latter case, we deal e�ectively with an internal �eld as found in Section 8 and further elaborated
later in Section 24.1. Then, g0 is internally variable and a function of distance r from some center of mass,
while the overall gravitational law ceases to be strictly is inversely proportional to the square of distance.
Later work has found that internal G(r) is invariable and equal to the external big_G. That means that the
gravitational constant G(r) can be a a weak function of distance from the said center of mass. In the latter
case, the force will be slightly weaker than Newton's law resulting in precession for an orbiting planet. No
attempt is made here to evaluate the magnitude (signi�cant or negligible for an elliptical orbit) of possible
variation of G(r), before we can establish the theory PG itself. Eventually, relativistic e�ects may also have
to be included in addition to the classical derivation of precession under PG, but this is subject to further
PG analysis and development.

In one aspect, the form of Newton's gravitational law could be considered correct with regard to 1/r2 (be-
ing universal), but if the mass becomes e�ective mass as revealed by PG, then such a law is incorrect. This is
further analyzed under Section 16 establishing the variation of e�ective mass mer with distance (in vacuum).
Over and above this variation, there is also another variation due to internal e�ects as revealed in Section
24.1. Hence, it is this extra mass variation (not G(r) variation) that may provide an alternative explanation
for the missing planet "Vulcan" hypothesized in 19th century in order to account for the peculiarities in
Mercury's orbit. It remains to derive its precession based on PG theory and see if a satisfactory explanation
can be found. In fact, we may not need to travel very far to realize that its value varies signi�cantly within
the heliosphere and more so as we approach the neighborhood of the Sun. Close enough to the Sun, there
may be a lot of mass emitted to a signi�cant level, which makes the closest planets e�ectively experiencing
an �internal� gravitational �eld per Section 8. Mercury may be signi�cantly a�ected by the variation of
G(r) during its orbit. Conversely, we could introduce a �fudge� factor for the variation of g0(r) or G(r) to
match Mercury's precession and thus indirectly work out the unknown g0, but such an approach would be
counter-productive for the acceptance of PG theory. The PG e�ect now quanti�ed in the preceding sections
must play an important role on top of the inverse-square-distance gravitational law discussed here. We have
established that there is a di�erence in the intensity of this e�ect across the antipodes of a planet, where the
antipodes are located in the direction of the Sun. There is a self-shadowing e�ect resulting in a di�erential
acceleration across the antipodes contributing to some deformation. Furthermore, there is an overall ∆g,
which is superimposed to the conventional Newtonian force and may contribute to the observed precession.
We already saw that this e�ect is maximum for Mercury, which is consistent with observation. Therefore, it
remains to work out the mathematical relationship of PG e�ect to the overall gravitational law, but we need
to know g0. Alternatively, we might be able to ��t� a value to match the observation, per usual practice
elsewhere in physics

This discussion applies to gravity around stars and planets, but can we still call gravity the �eld around
dwarfs, neutron stars and black holes, if it is caused by the di�erent proposed types of push particles,
according to a subsequent proposal? Each of these �elds would have its own mass attenuation coe�cient Λ
with a di�erent value from that corresponding to gravions. Beyond white dwarfs, a neutron star would have
a variable Λ by superposition of two types of push particles, whilst black holes by superposition of more
types of push particles. We may then have to introduce other terms (semantics) to di�erentiate the �elds
around these massive bodies from our familiar gravity �eld. In fact, we should expect to have a mixed or
variable e�ective Λ parameter, which we might wish to denote or index with a di�erent subscript. In those
�elds then the inverse square of distance law may break down again, but the math remains to be worked
out. Correct terminology is important, because, when we say that the gravitational law is preserved in the
cosmos, we mean that it applies to gravity due to gravions under the postulates at the outset, which is
correct only regionally in the cosmos.

Last but not least is to discuss the mean free path (m.f.p.) of gravions postulated at the outset of
PG. Whereas the m.f.p. is assumed to be much greater than the size of the gravitating bodies, no further
quali�cations were made. How much greater is it in reality? We have no knowledge of this yet, so we can
only discuss the various main possibilities: (a) the m.f.p. is in�nite, i.e. gravions never interact between
themselves, (b) the m.f.p. is of intergalactic order and (c) the m.f.p. is of intra-galactic order. These
orders of magnitude are not the only possibilities, but are su�cient for a general discussion in Part 2 of this
report. These ranges of m.f.p. de�ne corresponding regions of space, where the gravitational law varies. As
soon as the postulated m.f.p. ceases to apply, push gravity behaves di�erently and is governed by di�erent
relationships and laws. It is of great importance to know also the forces (�elds) at the transition from one
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region to the next and beyond. Part 1 has not dealt with such regions yet. Pending such work, we can
only speculate at this stage what happens. The inadequacy of PG theory of Part 1 for those regions may
correspond to the inadequacy of GR (general relativity) also at long distances, except that PG can be readily
expanded and advanced in ways discussed further in the next part of this report.
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Part Two (2)

The following presentation is an integral part of the whole report, but it is separated out because it contains
a signi�cant amount of speculative theory, which may have to be revised or rejected without a�ecting the
preceding Part One (1). Part 1 should remain valid at least as a mathematical development of PG based
on a set of postulates, barring inadvertent but recti�able errors. In Part Two (2) speci�cally, it is proposed
that the theory can be extended to a general push gravity (GPG) by borrowing some mathematical tools
of general relativity (if and to the extent needed), astrophysics and other cosmological theories, or that
all theories may complement one another. However, no analytical steps have been undertaken in all cases
presented yet, whilst it is hoped that this would be achieved better by experts in the corresponding science
�elds. It is only initially attempted to introduce PG in astrophysics in the case of white dwarfs, neutron stars
and black holes, but again it is hoped that this task would be best undertaken by others. The application
of PG in particle physics and cosmology is barely but humbly mentioned, or discussed, in the hope that it
might also spark further discussion and research for a uni�ed �eld theory and a theory of everything: It
makes sense to assume that all �elds are created by particles, now by push particles, i.e. all with a common
denominator as the only way to achieve unity.

As more material is added, re-organization of this report and its parts may become due. As a consequence,
there may be some con�icting statements left unchanged, that can be better understood via a historical
reading of ascending versions. It seems that some of the material of the second part can be safely included
in the �rst part. Until this is done, it is hoped that no misunderstanding arises from the way it is currently
presented. In any case, the overall spirit of the entire report remains a �what if� approach. What if the
push principles do create gravity? The conventional approach has been not to proceed in considering PG,
because e.g. of an alleged violation of the second law of thermodynamics. As a result, the exploration and
development of PG presented in this report has been previously unknown, which has prevented science to
consider new possibilities. The latter only now lay bare to see and think if they can help physics to cross
through existing barriers. The only prerequisite for this to happen is to be free of preconceptions about
sacred notions, like �inertia�, �mass�, �force�, �energy� and �equivalence principle�.

14 Towards a dynamic push gravity

The introduction of time in PG for moving bodies should constitute another chapter of PG dynamics still
to be developed. However, an attempt to introduce some elements and ideas of it here is thought to help
prepare towards a proper dynamics theory, but also address possible questions arising from the static PG of
Part 1.

Since we already established that Newton's gravitational law can actually be derived from �rst principles
of PG, we may wonder, if we should accept the other laws of Newton by way of principle (granted), or they
may also be derived wholly or in part. For clarity, we understand that Newton's �rst law states that �an
object either remains at rest or continues to move at a constant velocity, unless acted upon by a force�, in
other words, material bodies have �inertia�. The second law states that �the force F on an object is equal to
the mass 'm' of that object multiplied by the acceleration 'a' of the object, i.e. F=ma�. The third law states
that � action = reaction, i.e. when a body exerts a force on a second body, the second body simultaneously
exerts a force equal and opposite in direction on the �rst body�.

Regarding a fourth law stating that �forces exerted by di�erent bodies add up (superimpose) like vectors,
i.e. the forces obey the principle of superposition.�, we already found that it does not apply in PG per Section
11.

Now, it is not clear, if we can mix and match the above �rst three laws with PG, or we should strive to
derive them also from the �rst principles already adopted at the outset in Part 1. For example, is it legitimate
to inquire as to the intrinsic meaning of inertia? Is it an a priori physical attribute for all material bodies
or just a convenient empirical entity to express an experience mathematically per second law of gravity?
Connected to this question is also, why �action-reaction� takes place.

Furthermore, it would be unwise to rely entirely on Newton's laws alone without regard to subsequent
revolutionary developments in many �elds of physics, and in particular relativity. We already assume, at
least provisionally, the existence of moving particles, the gravions, at the speed of light as an added principle
of PG, hence we have to take into account at least the special theory of relativity (SR). By no means do we
imply exclusion of the general theory of relativity (GR), but we can try to determine how far we can reach
initially without it. We may also mix and match various attempts with all theories of gravity, by trial and
error, iteratively, in order to arrive at some understanding as to how things pan out under the framework
of PG. In this course, we may need to use much of the existing tools (math) and insights of other theories
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without prejudice or fear. The subsequent part of this section serves only as a beginning along these lines.

14.1 Relative and absolute reference frames

Throughout Part 1, we considered only stationary material bodies relative to each other but implicitly also
relative to the gravions as a whole. We already discussed the possibility of gravions with di�erent mean
free paths de�ning di�erent regions of the universe. Gravions then may be treated like a gas or an aether.
Such an aether, though, is not a passive medium for the propagation of light like the classical (conventional)
aether in prior physics. It is an absolutely energetic medium interacting with material bodies. This medium
��lls�, or better forms the space, which acts on material bodies, while at the same time this space is acted
upon by the material bodies. Based on this primary interaction between space and matter, in turn, there
arises interaction between matter and matter giving rise to displacement of matter (bodies) relative to it (i.e
relative to each other body) and relative to space (aether). In this way, the gravions, or space (aether) is now
endowed with a privileged rest frame of reference, against which all other movements can be measured. While
each body is stationary in its own reference frame and moves relative to the reference frame of other moving
bodies, they all interconnect via the primary or privileged reference frame of the aether. Distance and time
are now interconnected via the reference frame of the aether. If aether in�ates or streams in the universe,
so is its frame of reference. The analogy is the same as with the motion of an expanding (better, in�ating)
universe carrying with it its clocks and length-measuring-sticks, and operating under the presumably tested
laws of relativity. If we can continue using some tools and concepts of relativity, we can now also �esh it
out with a material (energy) content, namely, that of the gravions incessantly moving in all directions while
de�ning an absolute frame of reference for time and distance. The aether of gravions is a source of energy,
from which all other forms of energy emanate and to which they return in a perpetual cycle of cosmos.

In such an absolute reference system of a cosmic aether, we may have a better understanding of the
e�ects on a rotating material body. PG provides an opportunity to have a fresh examination and re-think
about the �Mach's principle�.

It is important to note that the �aether of gravions� can co-exist with a host of other types of particles
as proposed in Section 18.

�Statics� in physics is the branch of mechanics concerned with bodies at rest and forces in equilibrium.
We may provisionally use this term in PG too, but with the quali�cation that there is continuous action by
the relativistic moving gravions underlying the emerging forces. Until we may coin another term (if needed),
we use �static PG� to describe the theory as in Part 1. Furthermore, to avoid possible confusion between
the terms of �kinematics� and �kinetics�, let's use the existing term of �dynamics� to describe the motion
of bodies including its causes or not. So �dynamic PG� refers to the theory including both kinetics and
kinematics. If there are disagreements with such a terminology, we may defer a possible resolution for later.
After all, there may not be any need to distinguish �statics� from �dynamics� in PG.

14.2 The Equivalence Principle

We can easily reproduce Newton's attraction force by push gravity and hopefully all other observed rela-
tionships (a task by later work). Furthermore, under the understanding of PG, we can now say that the
well known equivalence principle (EP) is not violated. In fact, it is better explained as an identical process
in the two systems being referred to, namely, one in a gravitational �eld and another accelerated by an
equal force in space outside the gravitational �eld. That is, whether a mass is pushed �by hand� (or pulled
via a rope in an elevator in free space), or the same mass is pushed by gravions by an equal force, then
the outcome should be the same, namely, the mass will travel distances proportional to the square of time
(t2). Push gravity creates a force by streaming gravions through the entire mass dragging every mass ele-
ment concurrently, the sum total being a force no di�erent from a push (pull) force acting by a spring with
measurable deformation on a solid mass (or an imaginary accelerating force experienced inside an elevator
in space). The gravitational push force is distributed throughout the mass, whilst the spring force acts on
the external surface of a rigid (for argument's sake) mass and indirectly transmitted and distributed to all
body elements producing an identical outcome. Then the same mass being acted by an equal force would
accelerate by the same amount, i.e. we would measure distances proportional to the square of time, from the
moment the mass is set free to travel (in free space or in the neighborhood of the gravitating body). If the
mass is held stationary by some stationary �wall�, then the mass experiences the force (by the gravions or
the spring) without moving (like pushing on or pushed by a stationary wall). The gravion force appears as a
mysterious attraction force by Newton, which necessitated the adoption an �equivalence principle� to explain
the observable equal outcomes by the same mass acted upon by the Earth's gravity, or by � the rope on an
enclosed elevator encompassing the same total mass�. With the insight readily provided by PG (streaming
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gravions), the "equivalence principle" need not be a "principle" at all any more; it is just an identity as seen
by PG, it is the same thing.

The Equivalence Principle (EP) is a mere and easily understood consequence of the hidden reality of the
PG gravity principle, hence there is no need to postulate the EP any longer. The self-shadowing (shielding)
causing an underestimation of the real mass does not refute the above understanding: To the extent that
part of the mass is shielded from the action of gravions, if we push it �by hand� by the same force, as Newton
would have us to use, then we would correspondingly measure the same distances. The actual mass (bigger
than the apparent one) would be acted upon with an equal force, in both cases, of a falling body due to
gravity or moving in space outside gravity. In both systems (cases) the same force acts on the same mass
being real or e�ective, producing the same outcome.

Summary: PG does not require an equivalence principle, since everything exists in a real
�elevator� being pushed by streaming gravions, not requiring a �ctitious (gedanken) second
elevator as theorized to date.

The above arguments are upgraded with an updated Section 16.

14.3 Falling bodies and Flyby anomaly

From the above description and understanding of the EP and if there is no distinction between e�ective and
real mass (as per PG), then it follows that the gravitational and inertial mass are equivalent, actually equal.
The latter equality then forms an alternative form of the Principle. In other words, the ratio of gravitational
to inertial mass of any object is equal to some constant C, if and only if all objects fall at the same rate
in a given gravitational �eld, so that C=1. The latter form of the Principle must be distinguished from its
original �gedanken� description stating that �the gravitational force we experience on Earth is identical to
the force we would experience were we sitting in a spaceship accelerating at 1g�.

However such an equality of masses is clearly at variance with PG: As understood and described above,
the e�ective mass corresponds to the gravitational mass, the force from which is transmitted to the real
(entire) mass of the body, i.e. to the inertial mass of the body.

Thus, applying the PG parameters as developed so far, let us designate by Me the mass of a large
gravitating body (sphere), so that it is considered stationary, when other much smaller bodies with e�ective
mass me fall to it. We consider only the case, where the falling trajectory is radial, so that the assumed
steady state of PG is thought to be practically retained. A uniform (parallel) gravitational �eld allows
the use of the static force during fall without time e�ects. We can use the e�ective mass as in Newtonian
mechanics for the potential energy GMeme/r of the system of both masses each with an equal share of
energy. We obtain the potential energy by integrating the corresponding acting force times the elementary
path lengths of the falling body. Likewise, we integrate for the work done by the same force on the total
(real/inertial) mass m to obtain the additional kinetic energy as the body falls from point (radius) r1 to r2

and apply the conservation of energy equation:
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from which the �nal velocity uPG is given by
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It there is no distinction between the two masses above, then, by Newtonian mechanics, the corresponding
�nal velocity uN would be
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The ratio between the above two velocities is then immediately obtained as
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From Section 6.5, we substitute the ratio of masses to obtain:
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g0 PG over Newton velocity ratios

300 0.999999980343
500 0.999999988206
1000 0.999999994103
2000 0.999999997051
5000 0.999999998821
10000 0.999999999410
20000 0.999999999705
30000 0.999999999803
50000 0.999999999882

Table 10: Ratio of falling velocities by PG over Newton.
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as a function of the unknown parameter g0. The ratio of masses in Eq. 123 is independent of the gravitating
center (body) and it is equal to the accelerations ratio given by Eq. 83 on the moving (gravitated) sphere
(the contraction factor q). We already listed the di�erence of the two velocities in Table 5 for steel spheres.
We repeat the same, but for the above ratios of a steel sphere with radius R = 10 m and density ρ = 7500
kg/m3 in the typical range of g0 in Table 10.

We can apply the above �gures for reported �yby velocities (at perigee) and �nd that the di�erence
between velocities is of the order of mm/s. This is consistent with observed �yby anomalies and it might help
further explain them, i.e. in addition to or in lieu of various other proposed explanations. The Oumuamua
anomaly (Bialy & Loeb, 2018) might be another candidate to re-examine as a �yby e�ect.

Theoretically, a spacecraft on an elliptical orbit could experience a greater force on its inbound direction
than on its outbound one by changing direction of its disk-like (for example) shape thus exhibiting a greater
e�ective mass in one part of the orbit than in the other. This would result in incremental accretion of energy
until it can reach escape velocity and then repeat the same process around a bigger planet (e.g. Jupiter),
or the Sun. This explained in more detail in a later Section 23.2.4. Similarly, mass distribution in a fan-like
con�guration might optimize the �yby e�ect by opening and closing the fan accordingly. In Section 12.2,
we report that there is an optimum angle for spherical and truncated cone shape, whilst other shapes may
be further investigated later. This might have little practical application, but it remains to be seen, if there
is some bene�t in furthering such an investigation. For an elliptical orbit, time e�ects on the shadow (push
force) of relativistic gravions become important in PG, a problem not yet formulated.

In general, this e�ect says that a steel ball and a feather do not fall at the same speed inside a vacuum
chamber: Let us consider a �at feather falling with its plane parallel or vertical to the direction of the
gravitational �eld. In both cases it has the same real mass but di�erent e�ective mass. When it falls with its
plane vector parallel to the �eld, the e�ective mass is greater than when it falls with its plane vector normal
to the �eld. In both cases, we have the same object (mass) and the same inertial mass. However, it will fall
faster in the �rst case than in the second. The maximum speed (and acceleration) will be when the e�ective
mass is practically equal to the real mass, i.e. when the feather can be spread out as much as possible (e.g.
by further thinning it down). Let us then consider a steel sphere and a very thin steel disk of the same mass;
we can achieve this by �rst using the sphere and then the same object is �attened out to a very thin disk.
Like with the feather, the steel sphere will achieve a slower �nal velocity than the same mass in the shape
of disk. Now, the �ne steel disk and the �ne feather will fall at the same speed if they are both thin enough
to expose their real mass to the �eld, and will fall in accordance with Newtonian mechanics, because they
both use the real (total) mass. However, the steel sphere will be slower than the feather, because the sphere
displays an e�ective mass further away from its real mass than the feather does. The e�ect of orientation
of a falling body is thus a new �nding by PG, an extremely small e�ect to measure in the laboratory, but it
may become cumulative and observable during a fall towards a planet or star from a signi�cant distance.

Corollary: All bodies fall at equal rates inside a uniform gravitational �eld, if and only if they all expose
their real mass to gravions, or if they expose the same ratio of e�ective-to-real-mass, i.e. if and only if they
have the same contraction factor q. (This is further con�rmed in a later Section 23.2.4).

The �yby di�erence (referred to as an anomaly to date) might be used purposefully for the measurement
of the unknown value g0 in our solar system. Furthermore, the presented perceptions on EP itself from the
perspective of PG theory might help us better understand the Principle itself and its implications in past
and future physics.
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g0 velocity ratios of PG over Newton velocity di�erence, m/s

300 0.990700461 -276.9402851
500 0.994442855 -165.4917729
1000 0.997229786 -82.49698282
2000 0.998616965 -41.18677725
5000 0.999447281 -16.45996439
10000 0.999723723 -8.227530833
20000 0.999861882 -4.113155718
30000 0.999907926 -2.741968791
50000 0.999944759 -1.645082695

Table 11: Earth velocity ratios and di�erences by PG and Newton.

It must be stressed that the above derivations of velocities were used for �falling bodies� acted upon by
forces generated in the steady state of gravion �ow, so that the time e�ect is presumably small and the
validity of equations is tacitly assumed.

As a further approximation in this section, we have been tempted to include the �yby anomaly, but for
which the time e�ects must be ultimately included, as it is also discussed in following sections.

IMPORTANT: The above derivations are based on conventional equations of a body in motion in com-
bination with some PG equations based only on the stationary body situation. However, in subsequent
sections, we gradually establish the meaning of mass in various forms. Furthermore, we need to consider
also the concurrent role of the electric �eld inside a falling body, and the total balance among all forms of
mass and energy. We will need to derive the equations of mass, energy and contraction factors both for a
stationary and a falling (moving) body based entirely on PG principles and computations similar to work
presented in the Appendix. Pure PG quantitative considerations would provide consistent outcomes. We
further examine the falling body situation later in Section 23.2 and it seems that there are some exciting
prospects ahead.

14.4 Advance theoretical solution

If we use the above reasoning in a similar fashion for an orbiting body in circular motion (for simplicity),
we equate the inertial and gravitational force (initially) in PG:
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where again me and m are the e�ective and real masses moving around a large (hence stationary) e�ective
mass Me, yielding
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In Newton we have:
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so that we again get for the ratio of velocities:
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Now, if we apply this to the Sun-Earth system for simplicity assuming circular orbit, there is a signi�cant
slower than experience velocity component. We �nd this from the density ratio values in previous Table 2
and list them again together with the ratios and di�erences between PG and Newton in Table 11.

We have used the Earth's average speed of 29.78 km/s. The tabulated outcome is clearly incompatible
with experience: With g0 = 50000 m/s,2 the orbit length would be by 51.876 km shorter in one year. We have
the option of increasing g0 until we bring the di�erence to an acceptable level, but �rst we have to modify
the above equations to include time e�ects. The equations used above assume instantaneous transmission
of the push force, which is incorrect. After we derive the correct equations for orbital motion, we can �nd

54



the required value of g0 to bring the velocity uPG to an acceptable level and consistent with experience.
This would constitute an advance theoretical solution to the problem of �nding the prevailing maximum
acceleration g0 in our solar system, over and above the proposed experiments throughout this report. This
work has not been done yet, whilst it is not clear how it will pan out. At present, this objective falls outside
the scope of the present report and beyond the resources available to this author.

We have reached a critical point in the development of a general PG theory for moving bodies. In the
following Section 15.3, we discuss the possibility of using the tools of general relativity (GR) to develop a
dynamic PG, or further develop GR in the framework of PG. Now, this might appear to be inconsistent with
GR from the outset, because PG breaches the equivalence principle, if stated as equality between inertial
and gravitational mass, which is a cornerstone of GR. To reconcile this contradiction, we may inquire that
the postulated equation:

mgravitational = minertial (129)

be replaced with the equation:

mgravitational = qminertial (130)

which is prompted from the corresponding relationship between e�ective (gravitational) and real mass (in-
ertial) in PG:

me = qm (131)

In other words, can we introduce the contraction factor q to rede�ne (or replace) the EP and carry on
with a modi�ed GR? This is where the subtle di�erences in the understanding of EP become important. This
leaves the inquiry open on how to integrate relativity with PG. Gravions are assumed relativistic and we
need to develop a relativistic theory of PG. Then, we could also address the objection listed in the following
Section 15.6. Time e�ects must also include the almost helical Earth trajectory, as the Sun moves around
the center of galaxy, which makes the overall formulation more complex.

The breakdown of the EP expressed in terms of di�ering inertial and gravitational mass seems to be
necessitated also in new quantum theory (Kajari et al., 2010), so that our �nding here is not alone or
alarming. In fact, coming to the same conclusion from an entirely di�erent perspective, namely, from
quantum mechanics, provides a strong reason to correlate the corresponding theories in an e�ort to unify
quantum mechanics and gravitational �eld.

Should any further di�culties appear or remain in the development of a general PG theory, then we may
have to look for some other counteracting (compensating) mechanism for the shortfall in orbital motion,
before we can con�dently abandon PG. For example, in Sections 15.7 and 15.8, an attempt is made to
account for the postulated exiting forms of the absorbed gravions, not yet knowing if they have some second
order perturbation on the gravitational �eld. Other compensating mechanisms may also be present.

At any rate, we can always resort to high enough g0 in order to establish compatibility between theory and
measurements, i.e. by bringing the fraction q much closer to unity. This alternative solution always remains
on the table for consideration, except that it would make the prospect of measurements more di�cult. In
this case then, all the referenced gravitational anomalies (Allais e�ect, Greenland gravity anomaly, Pioneer
anomaly, �yby anomaly, etc.) must be re-visited and conclusively discounted as been anomalies of gravity,
namely, deviations from Newton and/or GR. This strengthens our proposal of the need to undertake some
decisive experimental tests in the event that static PG theory (for stationary bodies) can be con�rmed and
measured.

The case of very high g0 values, if needed, must also be considered in the spirit of discussion in Section
18 dealing with white dwarfs, neutron stars and black holes. Increasing g0 only resolves the problem for our
nearby solar system, but it shifts the importance of distinction between e�ective and real mass for much
larger, or denser bodies and systems, like binary systems, black holes, etc, whereby compatibility of PG with
such systems must be established. The di�erence between real and e�ective masses must be very high for
such bodies, which also means that the EP would be grossly violated in terms of great inequality between
gravitational and inertial mass. The proposal of establishing momentum or push gravity as the universal
and unifying cause of all types of acceleration in Section 17 provides a reasonable platform to relate to the
new quantum theory mentioned above (Kajari et al., 2010).

14.5 Matter, inertia and mass

In continuation to the previous analysis, we can bring it to its logical conclusion below.
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We intuitively identi�ed the real mass m≡ mreal with the inertial mass minertial and the gravitational
mass mgravitational with the e�ective mass meffective. However, this need not be necessarily so. It may
be that, after all, the inertial mass is equal with the gravitational mass making the equivalence principle
absolutely inviolable in all its expressions. Such a �nding could lead to either of two outcomes:

(a) The PG becomes unsustainable, unless:
(b) Both PG as advanced in this report and the EP are true, even if EP includes equality of masses.

Then we have to accept some inexorable conclusions, even if they are counter-intuitive at �rst.
To avoid possible confusion, we write the subscripts of various masses explicitly by a full word. In case

(b), it is not the entire mreal responsible for the phenomenon of inertia, i.e. a resistance to change in kinetic
state (to move faster or slower). In reality then, it should be only the meffective that manifests inertia. At
the same time, we can continue identifying meffective ≡ mgravitational. This implies that there is a fraction
of the real mass, namely, the di�erence

mpassive = mreal −meffective (132)

being passive, oblivious and not resisting to the application of the gravitational force on the e�ective fraction
of the total mass. If this were to be true, it would revolutionize our understanding and perceptions about
the hitherto meanings of matter and mass. Newton de�ned (or identi�ed) mass as the amount of matter:

massNewton ≡ matter = minertial (133)

which would need to be re-appraised, if case (b) is true.
In fact, upon further considering this idea, we may also bring some intuition one way or another. In one

way, we could think of the gravions constituting a sort of a �lattice� that activates the e�ective part of the
mass. In doing so, it is this lattice that resists in changing the kinetic state, or inertia of the body. The
passive part of the mass is ine�ective and does not care (does not resist) moving along with the active part
(meffective) of the mass without actually o�ering any resistance. We could then safely identify the total
mass of a body with its matter:

matter ≡ mreal 6= minertial (134)

Yet, by further iterative thinking, we can make the inventive step that, instead of the gravion-lattice
activating the e�ective mass to resist, it is the lattice itself that resists the movement of the body (matter)
by engaging via the e�ective (active) part of the mass. The e�ective mass is passive by itself, except that
it is somehow tied to the activating gravions. In consequence then, we can safely state that the entire mass
is actually passive and hence it has no inertia; what appears as inertia of the mass (or part thereof), it is
actually the resistance of the gravions opposing the mass to change its kinetic state.

The concept of gravion-lattice may take on various embodiments and conceptualizations: Gravions con-
tinuously penetrating and being absorbed through a mass could be likened to rolling ropes (albeit very
ine�cient way) constraining the mass from changing momentum. By whatever means and ways to describe
the gravion-mass interaction, we can generally state that it is the gravions that are responsible for what
appears as inertia of matter. When we try hard to move a sledge on slippery ice, it is the gravions, which
resist invisibly to us, but we only experience the force on the tangible sledge. By such thinking, we may
have ultimately deciphered the mystery of controversial inertia. We may know why bodies resist, now saying
that bodies actually do not resist, but it is the energetic gravions that want to �push back� on us via the
mass (meffective). There remains to better conceptualize how they do this and why they only do it when
we accelerate or decelerate a body. For the time being, we can summarize our possibly new understanding
as follows:

minertial = mgravitational = meffective = qmreal ≡ q ·matter (135)

We note that the above equation is similar to Eq. 130 except for the semantics on masses, i.e. which
mass is which and what they do. If the above is true, the consequences would be immense. For example,
the inertial mass of a very dense body, like a neutron particle, or a white dwarf, or a neutron star, or a black
hole is much-much smaller that it could be if the same body is expanded (dilated) to produce an e�ective
mass close to its real mass. The dynamics of an exploding star would be far di�erent from what we would
derive by allowing for a constant mass. Mass, inertia and matter now (in PG) mean di�erent and variable
entities. As another example, the �yby gravitational anomaly still applies, so that if we are able to vary the
e�ective mass by a large factor minimizing it during the outbound trajectory, we could hurdle a body into
space at huge velocities.
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In all above, we made no mention of relativity implying that we considered only low speeds. When we go
to relativistic speeds, then we have to expand on additional notions of masses, namely, that of rest massmrest

and that of relativistic mass mrelativistic. In doing so, we may not be in con�ict with GR and we may just
carry on with established relativistic theory. Actually, it seems that we may even have a better understanding
of the meaning of relativistic mass, which has been often misconstrued by many GR proponents for over a
century. Relativistic mass has been so confusing even among notables in relativity, that it has been called
�the pedagogical virus� (Okun, 2006). For consistency with our introduced terminology and semantics, we
should set for the rest mass:

mrest ≡ meffective (136)

so that the relativistic mass can be given by:

mrelativistic = γmeffective (137)

with the usual relativistic factor

γ =
1√

1− υ2/c2
(138)

There remains now only to conceptualize and formulate how exactly the relativistic mass comes into being.
Nevertheless, the important conclusion must be that the gravions remain responsible for this mass too, which
is not a �mass� per se, i.e. it is not matter (stu�), but only an inertial mass. Such a conceptualization is
then closely consistent with the �orthodox� and rigorous teachings of the theory of relativity, namely, that
the relativistic mass is not a �mass�. However, this is a close agreement with GR but not a total agreement,
because GR teaches that the �only true mass is the rest mass�. We may now have found that even the rest
mass is not true mass, because it is only an e�ective mass, which can vary with density and orientation for
any given body. The only true mass is actually the real mass as has been established by the present PG
theory, which is non other than the matter of the body. In any case, non of all these masses has an inertia
(a will to resist), but the energetic gravions are responsible for the quantity (parameter) of mass that enters
our equations in physics. Therefore, gravions create both gravitational �elds and apparent masses. This
should be in happy agreement with GR originating from an �opposite� direction.

From the preceding analysis, it seems that PG reaches a critical point as soon as we apply the concept of
e�ective and real mass to moving bodies. This could be either the end of PG, or a long awaited breakthrough
in physics. The latter might occur in one sense, if we are prepared to review and re-appraise the notion of
�inertia�. It is interesting to note that the dictionary synonyms of �inert� are �dormant, immobile, impotent,
inactive, listless, motionless, paralyzed, passive, powerless�. However, in physics, we associate inertia with a
resistance or refusal of a body to change its kinetic status, which is not passivity or inactivity. A resistance
to the change of movement implies a power, or will, or action to resist, i.e. a reaction. Where does this
power for objection to an action comes from? It might have been a misnomer to use the word �inertia�
to describe our experience, when we try to change the kinetic state of a body. A more appropriate word
might have been �reactivity�. In chemistry, it is more appropriate to call an inert element so, because the
element does nothing by way of (chemical) reaction; it is action-neutral, However, in physics, all bodies are
not action-neutral, when prompted to move or stop or change velocity. They all present reactivity and not
�inertia� per the outside-of-physics use of the word. �Inertia� means inaction, the same as in other languages,
e.g. in Greek inertia ⇐⇒ αδράνεια ⇐⇒ inaction. Of course, word-play does not make physics, except that
we may have fortuitously come to use the word �inertia� for what it actually means for the real mass. As a
result, the word �e�ective� mass may now assume the role of the formerly �inertial� mass.

In the preceding analysis, we reached the dilemma of either abandoning PG, or abandoning the classical
inertia meaning. We also used the word �passive� for a passive mass mpassive of a material body.

We can better appreciate why, the EP stated as per �gedanken elevator�, is a di�erent thing than stated as
equality of masses. We may provisionally use the equality of masses in PG to learn that the �e�ective� mass
plays the role of both the �inertial� and the �gravitational� mass of prior physics. If we can established such
a �nding by other means, then there is no distinction between those two prior masses, and the EP becomes
redundant again. A good way to this end is to start by experimentally verifying the static PG, namely, the
existence of e�ective mass as already proposed, or by some other experimental means. Theoretical means
are also welcome, but practice is the ultimate criterion of truth.

14.6 Mass, energy and black holes

As a result of the previous potential discovery of possible properties of the e�ective and real mass, we further
investigate the consequences on mass and energy of bodies with increasing density all the way to the creation
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of black holes. We have already considered the e�ect of increasing density, but we also need to account for
the distribution of e�ective mass inside a given material sphere at very high density.

14.6.1 Material sphere

We need �rst to clarify and summarize some previous �ndings to help us make an important step without
laborious cross referencing: If the real density ρ is known in advance, we can �nd the absorption factor k
directly from k = πρG/g0, which substituted in Eq. 44 yields the contraction factor

q =
3AR
4kR

=
3

4kR

(
1− 1

2k2R2
+

exp(−2kR) � (2kR+ 1)

2k2R2

)
=
ρe
ρ

=
me

m
(139)

From the above, we obtain the e�ective mass and e�ective density:

me =
3AR
4kR

m =
πR2AR

k
ρ =

πR2

Λ
AR =

g0

G
R2AR (140)

ρe =
3AR
4kR

ρ =
3AR
4ΛR

=
3g0AR
4πGR

(141)

The above equations state that, we as increase the real mass arbitrarily inside any �xed radius sphere,
the corresponding e�ective mass increases monotonically to an asymptotic value as the absorptivity AR
approaches unity. At the same time, the contraction factor vanishes to a zero value but never reached.

We can also arrive at the same equations by starting with a given (known from Newtonian mechanics)
e�ective mass, or e�ective density. Then, we �nd the coe�cient k directly by solving Eq. 63 written as:

g0AR − gR = g0

[
1− 1

2k2R2
+

exp(−2kR)(2kR+ 1)

2k2R2

]
−Gme

R2
= 0 (142)

from which we immediately obtain again (as from Eq. 80):

me =
g0

G
R2AR =

πR2

Λ
AR (143)

The above �ndings state that we cannot pack any arbitrary Newtonian mass (i.e. e�ective mass) inside
a given radius sphere for a given universal constant Λ, or a combination of constants G with g0; there is a
limit approached asymptotically as AR approaches unity. That limit is given by

memax =
g0

G
R2 =

πR2

Λ
(144)

and

ρemax =
3g0

4πGR
=

3

4ΛR
(145)

By way of example and comparison, we use a sphere with the radius of Earth (R = 6.37 × 106 m) and
g0 = 1000 m/s2, and �nd the maximum possible e�ective Memax

Memax =
g0

G
R2 =

1000

G
· (6.37E + 06)

2
= 6.08× 1026 kg (146)

That limit would be achieved, if a near in�nite amount of real mass could be accreted. For the particular
example here, the ratio of that limiting value over the Earth's e�ective (Newtonian) mass is Memax/Me =
101.8303172467580.

Even risking of becoming pedantic, we need some further clari�cations, because there is a bigger risk from
misusing the two densities in the new situation of PG. The contraction factor q was de�ned for a condition
outside a sphere. Thus, initially we assumed that the density is known and real, so that, if we use it in
both PG and Newton, we arrive at di�erent outcomes correspondingly, the ratio of which is provided by q(ρ)
being a function of real density. Subsequently, we introduced the e�ective density to match Newton with
PG. If we use the two densities at the same time in the contraction factor, we obtain unity:
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Figure 19: Internal maximum acceleration g0X , normalized contraction factor qXnorm and di�erence gNX −
g0X near maximum e�ective mass limit Me−test = 101.83Me using Earth's diameter and g0 = 1000 m/s2.

q(ρ, ρe) =
gPG(ρ)

gN (ρe)
=

g0AR
4

3
πGRρe

= 1 (147)

after substituting ρe from Eq. 141. This is useful background to correctly understand the internal accelera-
tions ratio used in Section 8 for a low (typical) density-of-the-Earth example. There, we found the internal
parameters of g0X , qX = gX/gXN and the di�erence ∆gX = gXN − gX at any point X inside a sphere
per Fig. 7 de�ning the internal radius RX and the fractional radius RX/R of the sphere with radius R.
Explicitly, we have:

qX(ρ, ρe) =
gX
gXN

=
3g0XARX

4πGρeRX
(148)

where we use both the real and e�ective densities already established for the material sphere from the outside,
whilst they do not change once found.

With qX known per process in Section 8, we can �nd the corresponding density ρeX at point X required
to balance the PG acceleration at that internal point for the internal sphere, for which we have:

qX =
ρeX
ρe

(149)

This �nds the e�ective density for any internal sphere with radius RX , which, in e�ect, provides also the
desired overall distribution of the total e�ective mass for the entire sphere as a function of RX . Thus, we
can verify that for RX = R, we get qX = q = ρe/ρe= 1 as expected. Therefore, qX provides solution to our
inquiry.

Now, we are ready to plot the same internal parameters as per Fig. 8, but close to (i.e. a little under)
the limiting value of Memax found above. This is done in Fig. 19 using Me−test = 101.83Me, for which the
corresponding densities are ρe−test = 561449.92 kg/m3 and ρtest = 299899725.44 kg/m3 with a contraction
factor qtest = 0.01829587874417. The latter factor indicates that the total e�ective mass is only ≈ 1.83% of
the total mass, i.e. relatively low but over 100× the Earth's mass. The graph of the same factor internally
decreases extremely fast from the surface to the center of the sphere. The e�ective mass is practically
concentrated in the top 1% of the radius forming a very thin active layer very close to the surface. It should
be noted that to reproduce the graphed numerical example, one needs to apply high precision computations.
The distribution of the same and other internal parameters is further explored for the general case in Section
24, whereby the g0X has been theoretically corrected and now redrawn with red circles in Fig. 19; the
correction is hardly distinguishable on the graph in this range of fractional radius (approaching unity). The
contraction factor is renamed as �normalized contraction factor � qXnorm in the �gure. We used corresponding
k = 0.0000628806972857207 m−1.

If the hypothesis that the real mass is inactive and passive (i.e. without classical inertia), whilst the only
bearer of active (reactive) mass is the e�ective mass, it might provide us with what looks like a black hole.

59



There are generally di�erent ideas about what happens inside a black hole. Especially from our reference
frame, it is generally unknown what happens, other than a singularity to in-falling material. Some say
nothing happens at all, not even a vacuum, it has no properties and it is not even a hole; whilst matter
approaches the black hole, it slows down and �nally stops at the event horizon. They also say that all mass
becomes concentrated at the two-dimensional surface of the event horizon. The latter is very close to what
we also �nd in Fig. 19. They also say that it seems that a black hole destroys energy, which is again similar
to what we say, i.e. that the real mass has no energy, but also no inertia (new �nding). Actually, with
our approach, there is no paradox, except that we might have been misguided about the meaning of our
experienced inertia. The Schwarzschild envelope or boundary and the Schwarzschild radius may be exactly,
what we �nd for the limiting case by Eq. 144.

Actually, a close examination of Eqs. 143 and 144 may be full of meaning: The e�ective mass is propor-
tional to the surface area of the sphere (πR2) over the universal constant Λ and how close the absorptivity
AR is to unity. It is a simple equation and, hopefully, it is also true.

We further understand that: By increasing g0, say by a factor of 10× or 100× with all other parameters
constant, the distribution of the e�ective mass is pushed inward toward the center of the sphere. However, if
we also increase the e�ective mass by the same factor, then we recover the same distribution, i.e. resembling
the event horizon. So far, it is arbitrary to keep the sphere radius constant while mass is accreted, unless
we can �nd or propose a mechanism to achieve exactly that. For this, we need to consider what happens in
the formation of high surface acceleration on white dwarfs, neutron stars and black holes together with an
interim presentation of some other issues below. We continue with more on mass, energy and black holes in
Section 18.1

14.6.2 Material line segment

Based on what appears to be an important development for a high density material sphere, we need to
repeat a similar formulation for a material line segment; all this will help us derive a possible relationship
between the contraction factors in PG with the Lorentz contraction factor in GR. We could take a similar
approach for a material thin rod, but we greatly simplify the mathematical formulation required by using
the shape of Fig. 1, within a very small (di�erential) solid angle dΩ, length ` = BC, absorption coe�cient k
and real density ρ. All corresponding referenced parameters for this case will have the subscript ` font. The
contraction factor q` for a material line segment was given by Eq. 46 actually written for chord lengths of
a sphere. However, it is better to repeat and review all needed PG parameters with a fast-track derivation
below.

We should point out that the material body in Fig. 1 is traversed by gravions in all possible directions
interacting with it, but all such interactions are not transmitted to an observer at point O. Point O is a�ected
by all gravions arriving from all possible directions in a full 4π solid angle at that point; they all have a null
e�ect except for those inside the bi-directional elementary solid angle subtended by the material object in
the drawing.

Axial external points of line segment: We aim to �nd the (external) contraction factor along the
axis at any distance up to and including the end points of the line length together with other parameters
needed for further work and analysis.

The elementary absorption factor dfa (no need for fg here) is given by Eq. 7 in PG:

dfaPG = [1− exp(−k`)] dΩ ≡ f`PG (150)

where, for convenience, we abbreviate the di�erential absorption factor within the di�erential solid angle dΩ
by f`PG; the above equation also de�nes the corresponding absorptivity A` of the line body with

A` = 1− exp(−k`) (151)

It is worth noticing that the ratio A`/k now is an e�ective length `e as opposed to the spherical parameter
ratio A/k producing an e�ective volume Ve per Eq. 52.

The corresponding absorption factor for Newton (i.e. with extremely small k) is:

df`N = k`dΩ ≡ f`N (152)

The length contraction factor is the ratio of the two accelerations:

q`(ρ) =
f`PG
f`N

=
1− exp(−k`)

k`
=
`e
`

(153)
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which is the same as for the length contraction found for the chords of the sphere in Eq. 46.
Next, we need to introduce the relationship of e�ective to real density ratio. For this, we follow the

same steps as for a sphere by introducing a small test mass to �nd the accelerations, and easily obtain the
corresponding equations:

g`PG(ρ) =
J0

c
ΛA` =

G

Λ
A` = Gρ

A`
k

= Gρ`e (154)

g`N (ρ) = Gρ` (155)

Thus

q` =
g`PG(ρ)

g`N (ρ)
=
`e
`

(156)

By introducing an e�ective density for Newton equation to produce the same acceleration as with PG:

g`N (ρe) =
J0

c
Λ2ρe` = Gρe` (157)

we obtain the ratio of accelerations being unity:

g`PG
g`N

=
ρ`e
ρe`

=
`e
`
/
ρe
ρ

= 1 (158)

and the absorptivity and ratio of densities given by

A` = Λρe` (159)

ρe
ρ

=
`e
`

=
A`
k`

= q` (160)

This tells us that the ratio of densities for an elongated shape, like the thin truncated cone of Fig. 1, is
di�erent from a sphere. A material line body has di�erent PG e�ects, whilst all other shapes should have
PG e�ects between the extreme cases of a line segment and a sphere.

With su�ciently large k`, we get A` = 1, so that there is a maximum acceleration g`max at the end of
the length, or at any distance away from it on the axis, g`max ≡ g`0 = g0

g0 =
G

Λ
=
Gρ

k
(161)

which corresponds to Eq. 60 without the factor π. From any given k, we obtain the real density for a
material line segment:

ρ =
g0

G
k (162)

and for the e�ective density:

ρe = q`ρ =
A`
k`
ρ =

1− exp(−k`)
k`

ρ =
g0 [1− exp(−k`)]

G`
(163)

Finally, the distribution of the e�ective mass along the line segment is the derivative of f`PG in Eq. 150
with respect to fractional distance h = χ/` from the end of the line segment in the range 0 ≤ h ≤ 1

df`PG
dh

= k` exp(−k`h) (164)

from which the normalized over k` distribution is

1

k`

df`PG
dh

= exp(−k`h) (165)
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Figure 20: Line segment geometry (upper) and internal contraction factor q`X against depth χ (lower), for
line length `, maximum acceleration g0 and �xed absorption factors k indicated
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Axial internal points of line segment: We aim also to �nd the internal contraction factor at any
point inside the line length together with other important parameters needed for further work and analysis.

The upper drawing in Fig. 20 is the same material line object: At any point X inside at a distance
(depth) χ from either end point, there is a net length `X = `− 2χ responsible for the net absorption at that
point, because the absorption by the two outer layers χ cancel out. Thus, at point X, we have:

g`XPG = g0X [1− exp(−k`X)] ≡ g0XA`X (166)

where A`X is the familiar A` factor but at the end point of the internal line length `X , and g0X < g0 due to
the shielding of the outer layer length from X.

A`X = 1− exp(−k`X) = 1− exp (−k(`− 2χ)) (167)

We can �nd g0X by resorting to the usual absorption factor f`XPG at point X simply by

f`XPG = [exp(−kχ)− exp(−k`+ kχ)]dΩ (168)

without the need to integrate over the sphere as previously.
From this found, we can derive the acceleration g`X at X by the product with the factor g0 and equate

it to its value given above by Eq. 166:

g`XPG = g0f`XPG = g0XA`X (169)

from which we can �nd the relationship between the internal g0X and external g0 .

g0X =
g0f`XPG
A`X

(170)

The expected Newtonian acceleration at X per Eq. 157 is given by:

g`XN = Gρe`X = Gρe(`− 2χ) (171)

The ratio of PG over Newton accelerations at point X per above provides the corresponding internal
contraction factor for the line length:

q`X =
g`XPG
g`XN

=
g0 [exp(−kχ)− exp(−k`+ kχ)]

Gρe(`− 2χ)
(172)

With q`X known per above, we can �nd the corresponding e�ective density ρeX at point X required to
balance the PG acceleration at that internal point for the internal line length `X , namely:

g`XPG = g`XN (ρeX) = GρeX(`− 2χ) (173)

from which we have:

q`X =
ρeX
ρe

(174)

This �nds the e�ective density for any internal line length `X , which, in e�ect, provides also the desired
overall distribution of the total e�ective mass for the entire length as a function of `X , or the depth χ with
0 ≤ χ ≤ `/2; we can verify that for `X = `, we get q`X = q` = ρe/ρe = 1, as expected. We plot the internal
contraction factor for a line length ` = 1 m and g0 = 1000 m/s2 as a demonstration in Fig. 20 with some
�xed values of the absorption coe�cient k. This is a monotonically decreasing function of χ, which decreases
extremely fast at very high values of the absorption coe�cient k (or the real density ρ). This means that
there is a look-like �event horizon� at the two ends of the material line segment, like with the sphere found
before. Of course, this is only a theoretical outcome, because any �rod�-like structure would collapse to a
spherical geometry at high accretion of mass. Nevertheless, it is useful to consider this contraction too in
the following presentation.
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Figure 21: Comparison of PG contraction factors with Lorentz factor �tted with AR.

14.7 PG contraction factors versus Lorentz factor

The previous suggestion that we may have already discovered an alternative explanation for the Schwarzschild
event horizon in black holes prompts us to have a closer investigation of the meaning of the contraction
factors given by Eqs. 45 and 46. We further attempt to establish a possible relationship with the Lorentz
contraction factor. These attempts are made in a kind of round-about-way, not strictly building the dynamics
of PG theory from ground up yet. Trialing such attempts involves a mix-and-match of prior principles and
understandings. We already acted like that in arriving at the proposal that the e�ective mass could be
the same as the prior �inertial� mass. This potential conclusion was based on the use of the EP despite its
possible redundancy in PG. We are fully aware about this on/o� relationship with the principle. Redundant
does not mean invalid. Valid or invalid will be determined as we develop the theory and practice of PG.
With this proviso, we should be entitled to continue trialing various novel possibilities now open with PG,
which are not yet well understood or �nally accepted. We aim at eventually using as fewer postulates or
�principles� as possible, which entails or presupposes better knowledge of the physical processes behind the
principles.

Let us rehash some of the things already learned from Part 1, as a prelude to make an important next
step towards a dynamic PG theory. The presumably event horizon in PG was deduced by observing the
sphere's internal mass distribution at an ever increasing density. However, for an observer (or small test
mass) on the surface or away from the sphere, the experience would be described di�erently. As we increase
the mass of the sphere, the observer would feel an increased attraction from the direction of the sphere in
proportion to the factor fg. If the observer was trained only in Newtonian mechanics, he/she would report
that the sphere was increasing its mass to an amount equal to what we now call e�ective mass. However,
if the observer could view and count all the gravions arriving at the test particle, then he/she would report
no change in all directions but from those in the solid angle subtended by the sphere. In more detail, it
would be reported that a maximum variation (depletion) comes from the center of the sphere. In the case of
observation from a point at 100 radii from the gravitating sphere, the directional depletion of gravions would
correspond to the gravitoid shapes calculated by PG theory in Fig. 84. A PG observer would report that
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a net push is experienced from the opposite direction of depletion. The Newtonian observer would report
only an attraction by the visible spherical geometry (real one) with an apparent mass coming from the entire
sphere, although it could be pointed out (with PG hindsight) that an equal e�ect could result from the real
mass contained in the said gravitoid (unbeknown to the Newtonian observer).

Since we introduced the possibility of the e�ective mass playing the role of �inertial� mass in Section
14.5, which was not anticipated when the concept was �rst introduced in Part 1, it is helpful to review and
clarify the following (even with some repetition): The e�ective mass and density are initially distributed
uniformly over the real volume of a sphere and produce the measured (Newtonian) acceleration (or force F )
at any external point. However, there exist a greater real mass and density also distributed uniformly but
with a part of it being shielded from gravion action and without inertia; this part is probably the �stu��
of black holes, but possibly also ever present along with �ordinary� e�ective mass. We have also devised an
e�ective spherical volume (smaller than the real volume), which, �lled with real mass, produces the same
Newtonian force F . Furthermore, we have devised gravitoids, which, �lled also with real mass, produce the
same force F . Since we attached a special interest to the e�ective mass, we have also become interested in
�nding its actual distribution inside a sphere (or line segment). E�ective mass is created, where a gravion
is absorbed. The outer layers are the most active with diminishing e�ect towards the center of the sphere.
We have found the internal distribution for a stationary sphere relative to an observer (or small test mass)
inside the sphere. However, for an external observer, the distribution of e�ective mass starts with highest
concentration at the opposite end of the chord relative to the observer. Eq. 165 was derived for this purpose.
Plotting the latter distribution (no need to be shown here) yields corresponding curves as in Fig. 20 but for
the full line (chord) length. It is this distribution, which directly describes an important physical process,
whilst other parameters are only mathematical tools and notions helping in the development of PG. We
also note that we introduce a kind of relativity with respect to the observer's location: At a point outside
the sphere, only the interactions of gravions inside the subtended solid angle by the gravitating body enter
in making the force F , whereas at a point inside the sphere all gravions from all directions are involved in
�nding the internal force F . With all these clari�cations, we realize that increasing the density of a material
sphere produces a Moon-like meniscus of e�ective mass towards the outer surface away from the observer,
or correspondingly, a gravitoid (imaginary) meniscus of real mass towards the near side of the sphere to the
observer. For an observer inside the sphere, we report a maximum concentration of e�ective mass towards
an envelop close to the surface of the sphere (probably the �event horizon�). In all cases, the geometrical
integrity of the sphere remains invariant, whilst it is only the amount and distribution of e�ective mass that
varies by Eq. 140 towards some extreme state (and e�ective shape), which might correspond to certain
mathematical outcomes by GR.

The above is according to PG theory about the e�ects of increasing the mass (and acceleration) to very
high levels, which is an analog to the paradigm of relativity, but without establishing any relationship between
the two theories yet. We only establish a concept of contraction in PG, more precisely a concentration of
e�ective mass, possibly corresponding to a contraction of length in relativity. Clearly, these two kinds
of contraction are two di�erent things, but they may share a common underlying process, which GR is
not telling us about, but which PG is being built on. It is said(?) that in GR time dilation and length
contraction near a massive body are not the same as time dilation and length contraction at relativistic
speeds. Correspondingly in PG, we may not say from the outset that the contraction factors derived for a
stationary body are the same for a moving body at relativistic speeds. However, it is reasonable to envisage
that as we increase the speed of a moving sphere, the amount of gravion intensity traversing and interacting
with the sphere increases with concomitant increase of the e�ective mass and variation of its distribution
(see Eq. 140). That means that there is a correlation and possibly a relationship between speed υ and kR.
It is the task of PG to establish such a relationship, if it exists. Pending such rigorous development though,
it can be helpful to attempt and try some intuitive steps as a kind of advance scouting exercise.

For a possible connection between PG and relativity, we can initially try to express the PG contraction
factor as a function of velocity, or the velocity as a function of kR, since we already have the function of
q(kR) (per Eq. 45). We try the latter by proposing some impromptu functions for the ratio of velocities
υ2/c2 in the Lorentz contraction factor L(υ2/c2)

L = γ−1 =

√
1− υ2

c2
(175)

We note that both types of contraction (in PG and relativity) are functions of the same form (sigmoids)
varying between 1 and 0. We inquire, if υ2/c2 can be expressed as a function of kR preferably without
a �fudge� coe�cient to bring both q(kR) and L(kR) to agreement. Fudge coe�cients are often detested
and preferably avoided. We further note that the absorptivity factor AR has a sigmoid form without any
arbitrary constant to �fudge� with, which conveniently prompts us to try �rst by simply setting:
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Figure 22: Comparison of PG contraction factors q-sphere (q) and q-line (q`) with Lorentz factor �tted with
A` from line segment (left) and algebraic sigmoid (right)

υ2

c2
= AR = 1− 1

2(kR)2
+

exp(−2kR) · (2kR+ 1)

2(kR)2
(176)

The result is plotted in Fig. 21 with curve points (in red) labeled �Lorentz-sphere� along with the two PG
contraction factors for sphere q(kR) and line segment q`(k`). There is an immediate very good-to-excellent
agreement between �Lorentz-sphere� and �q-sphere�. This is very encouraging and may be used as guidance
to proceed further with PG.

We can also try to replace the Lorentz velocities ratio with the absorptivity factor of line length per Eq.
151:

υ2

c2
= A` = 1− exp(−k`) (177)

and plot the outcome (Lorentz − line) together with q − line and q − sphere as before in Fig. 22 (left).
We now see a signi�cant deviation from both q − sphere and q − line. Actually, there is good agreement
with about the �rst half of the q − line curve. The deviation is surprising at �rst, but considering that
distribution of mass and shape in a body are important in PG, the outcome may be justi�ed. It could be
that both q − line and q − sphere are correct, whilst all other body shapes may be characterized by curves
lying in-between those two. In that case, if PG can express the correct contraction for any shape, then the
Lorentz contraction may be a good approximation of reality, either for sphere or line segment, but not an
exact one. The shape of the accelerating body does not appear in relativity(?).

For good measure, we have also tried several other sigmoid �tting forms, like the so called �generalized
logistic�, �hyperbolic� and �algebraic� sigmoid functions. All failed to produce any reasonable or better �t,
except for the algebraic function:

υ2

c2
= f(z) =

z√
1 + z2

(178)

where z is the product of some characteristic length times the absorption coe�cient: z = k · length. The
outcome is provided in Fig. 22 (right). Interestingly, the Lorentz factor �ts well with q − line at low values
of z and well with q − sphere at high values of z, with transition values in-between.

If the �Lorentz-sphere� �tting curve in Fig. 21 is the correct one, then we could write that:

q =
3AR
4kR

≈

√(
1− υ2

c2

)
(179)

which could herald an initial (tentative) expression of the PG contraction factor as a function of velocity.
If in any way it can be shown that the PG contraction is equivalent or near equivalent to the relativistic
contraction, then it could have enormous consequences in physics. It is impractical to exhaustively mention
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and discuss all those consequences here. A lot of work should follow. In the meantime, we may provide some
tentative thoughts about the signi�cance of the above �ndings.

First, some serious questions arise, which can have critical repercussions not only for PG but probably
also for GR. The discussion of these questions will determine if PG and GR can coexist and complement
each other, or one of them has to give way to the other.

In one aspect and by way of Eq. 179, it follows that an increased speed is accompanied by an increase of
the absorption coe�cient k for a �xed body radius, or length. This means an increase in mass or density.
This means that the relativistic mass is not simply a mathematical intervention to enforce the light speed
limit. The relativistic mass can be an e�ective mass increasing with the speed of the body.

It may be argued that no such new mass is consistent with experiment. For example, in the Large Hadron
Collider at CERN, both Xe and Pb ions are accelerated to energies of about 2�4 TeV and nothing seems
to happen to the ions. However, we may wonder, if all is taken correctly into account in arriving at such a
conclusion. By no means do we challenge that conclusion here, except to draw attention to the possibility
of other parameters playing a role too. For example, it is said that two �up/down quarks� are found in
�ordinary� matter, but another four �other types of quarks� are found only in accelerator collisions. It is not
clear why this happens (at least to the present author). Could then accretion of mass take place in nuclear
and sub-nuclear structures that do not alter the macroscopic appearance of matter? If the PG �real mass�
contains one active fraction (e�ective mass) and one inactive fraction without classical inertia, could we then
allow and account for mass accretion in an accelerated ion beam in the LHC experiments?

Therefore, it seems that accelerating a body to relativistic speeds is equivalent to increasing its mass to
an asymptotic upper limit, but not to in�nity. We may initially surmise that the e�ective mass is gradually
created and redistributed preferentially in the direction of motion. The increase of e�ective mass could only
come about by a concomitant increase of the total real mass at �xed g0. The length itself in the direction of
motion does not actually contract, but the amount of e�ective mass is compressed close to the head of the
moving body and away from its tail. This is a point of fundamental departure from GR preaching that the
actual mass does not increase, since there is only one mass, namely, the rest mass, whilst the physical length
contracts. Theorists insist that relativistic mass per se has been thoroughly deprecated from the outset of
GR, whilst it was introduced mathematically only to make the limit of speed of light look natural. However,
PG can accommodate, literally, an actual increase of mass, namely, real mass, part of which constitutes an
increasing amount of e�ective in lieu of relativistic mass. There is a balance between the rate of accreted
and the rate of re-emitted mass according to a forthcoming Eq. 194. This novel �nding of PG could resolve
a persisting debate (or misunderstanding) and revolutionize the understanding of relativity.

There is no doubt that the problem of mass is one of the key problems of modern physics, whilst one
wonders why the "debate" or corrective steps on the meaning of relativistic mass has continued since the
inception of GR. Even notables like Penrose and Hawking did not come clear on this issue for whatever
reasons (Okun, 2006). The relativistic mass may not be a �pedagogical virus�, after all, it might be a
common sense reality. More about the concepts of mass and force have been worked out in Section 16 with
a possible explanation on how new matter could be generated in particle accelerators. That is, the particle
mass can acquire an e�ective mass over and above the maximum permitted outside the accelerator. The
latter creates an arti�cially increased value of g0, so that when the particle decelerates at the end of its
journey, it has to shed the extra mass in the form of new particles inside the accelerator. This re-adjustment
of particle mass continues as long as it violates the PG law of maximum e�ective mass. The arti�cially
increased value of g0 is understood to originate during acceleration via a mechanism not yet described at
this point. The extra e�ective mass accrues during acceleration but more details are now presented in Section
23 after we also consider the electric �eld under �push electricity� (PE) in Section 21 and other developments.

In another aspect and by way of Eq. 179, we may have another more serious con�ict between PG and
GR: The Lorentz factor necessitates an arbitrary increase of the relativistic mass, as we approach the speed
of light. That would require PG to be able to also increase the e�ective mass to in�nity, correspondingly.
However, PG anticipates an upper acceleration limit g0 for a stationary body. If accelerating a body by
motion is equivalent to accelerating it by a nearby massive body, then either PG, or GR, or both should be
adapted to produce equivalent outcomes. It is unclear if this is possible at this stage of development, especially
if GR rules out(?) relativistic-speed and nearby-massive-body equivalence. May be this equivalence breaks
down at relativistic speed extremely close to the speed of light. May be GR cannot be veri�ed too close
to the speed of light. May be GR needs to modify its prediction from an in�nite relativistic mass to some
maximum (limiting) value relativistic mass corresponding to a PG upper limit of acceleration and e�ective
mass. The alternative for PG is to think of a way (formulation or whatever) that increases the amount of
absorbed gravions to in�nity as we get too close to the speed of light, something waiting to be worked out.
As a last resort for PG would be to apply superluminal speeds of the body absorbing an arbitrarily increasing
amount of gravions, but not likely. After all these combinations of possibilities, it is also quite possible that
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all three curves in Fig. 21 are valid considering that contraction factors may not be the same for a moving
body at relativistic speeds and for a nearby massive body! This means that the Lorentz contraction factor
for a moving body remains to be found in PG.

In summary of above ideas, PG may anticipate that all gravions swept at the head of the moving body
are (near) totally absorbed, whilst (nearly) no gravions are absorbed at the tail, when motion is very close
to the speed of light. Total absorption occurs at the limit of maximum acceleration g0, at some maximum
e�ective mass memax−moving, or density ρemax−moving and provided that the real geometric integrity of the
body is preserved, i.e. the radius for a sphere remains constant; otherwise, the situation becomes more
complex. The details for such outcomes remain to be worked out.

Whilst GR has been veri�ed on many occasions, it is not known (at least to the present author), if it
has been veri�ed at speeds somewhere su�ciently close to the speed of light. Could it be that the Lorenz
factor is an approximate manifestation of another �contraction� process as now described by PG? It may
be that one of the two theories is the true one, whilst the other is an approximation. They both appear to
converge (agree) at low enough speeds (whilst disagreeing on the meaning of relativistic mass), but they are
in con�ict too close to the speed of light. For a proper answer, we have to wait until PG is put to the test
for veri�cation or not, while we also continue to develop it theoretically.

We are aware that we did not derive the Lorentz contraction factor above from PG principles, except to
demonstrate the possibility that the PG contraction factors may already describe what the Lorentz factor
exists for and much more. We have derived, hopefully, equivalent contraction factors and the Schwarzschild
envelope without even resorting to relativity yet. At the outset, we have added the postulates (or principles)
#5 and #6 provisionally on the assumption that PG may be built as an expansion of relativity taken for
granted. Furthermore, a signi�cant discussion on postulate #3 is presented and proposed in the following
sections of Part 2, which could make this principle redundant too. Part 2 of this report is an open-ended
discussion towards elaboration of a fully �edged, self contained PG theory and practice.

We are pioneering a totally new ground with PG necessitating a re-examination of a large number of
problems in physics. For another example, the new concept of PG contraction factors could provide another
understanding of the Michelson-Morley experiment. There is a need to re-trace the founding steps of relativity
in order to juxtapose them with those of PG and explain why the two theories result in similar but also
mutually exclusive outcomes in an increasing number of cases. There is both commonality and departure
between the two, like between PG and Newton, and like GR and Newton. Which one is the bigger one?
There is a lot of work (rework) to be done by re-visiting a lot of outstanding or seemingly established topics
in physics. For one thing, though, so far PG demonstrates a lot of promise with fresh ideas and outcomes.

In the preceding analysis, we advanced some bold assumptions and assertions not necessarily exhausting
the gamut of possibilities under PG. That means that we may continue to try and reconcile the aspects of
PG with prior prevailing theories on the nature of matter, mass, energy and inertia. For example, see some
additional aspects possible in Section 19. All options remain on the table. For this reason, it should be
appreciated that the current single-author advancement of PG ideas has its limits, which can be overcome
by the participation of the broader scienti�c community.

15 Response to criticisms

As mentioned at the outset of this report, there have been numerous objections to the idea of push gravity
since the original proposal by Fatio. This has applied to all hitherto variants of PG, but it is hoped that all
these objections may be overcome in part by the preceding �ndings and in part by some new arguments and
models presented in this Part 2. Most of the objections may be overcome without further ado, but the main
problem of energy absorption and mass accretion can only be tackled speculatively at this point, if we have
to face the dilemma of abandoning the preceding �ndings, or advancing forward on those �ndings. The best
known objections, as outlined in this referenced version of Wikipedia contributors (2018a), are discussed
next.

15.1 Weak absorption, range and gravitational shielding

Whilst early conceptions of push gravity maintained that it was mandatory to assume very minimal ab-
sorption of gravions in order to avoid the objectionable gravitational shielding, it is exactly the opposite
consideration that frees push gravity and explains some of its intrinsic workings. Gravitational shielding or
self-shadowing by mass is now at the core of the workings and understanding of PG. This is not something
to object to, because via and by its presence we can actually derive the gravitational law, in fact, in a new
form that can account for a lot of missing information in Newtonian mechanics including singularities.
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By the same token, gravitational shielding leads to a distinction between real and e�ective mass, which,
in turn, may lead to a re-appraisal or re-think of the notion of inertia and mass per Section 14. When we
can faithfully describe the observed motion of bodies with a theory of the dynamics of PG, we will �nally
put this objection to rest, unless we better achieve veri�cation of PG by experimental means �rst.

15.2 Equivalence Principle

The allegation that PG would violate the Equivalence Principle must have been a misconception in view of
our previous explanation. PG actually frees us from having to resort to the Equivalence Principle, which arose
out of the need to understand the nature of force initially perceived as arising either from a gravitational �eld
or from a moving mass under acceleration by an applied external force. PG �nds no distinction between these
two kinds of force, as the �ow of gravions produces the same force in both situations (systems). For the �rst
time, we have a tangible explanation of the phenomenon of equivalence of force. The gravitational force
experienced by a body as attraction (pull) is actually a push force, namely, the sum total of all elementary
push forces distributed in the bulk of the mass and arising from absorbed gravions. The latter force is of
the same nature as the push force applied to a hypothetical elevator in free space, inside which we would
experience an equivalent force. This equivalent force need not be such (equivalent) axiomatically, because
it is �prima-facie� push in nature. Hence the Equivalence Principle per se vanishes without ever being in
con�ict with PG.

Nevertheless, if the Principle emanates from (or is based upon) the equality of the gravitating mass to the
inertial mass, then PG is clearly at variance. However, PG quanti�es the variance as being extremely small
to easily detect in the human laboratory, but, hopefully, big enough to measure in �yby experiments and
planetary orbits. If the EP is described as equality of masses (gravitational and inertial) then PG clearly
violates it. Conversely, if PG provides the true relationship between the two masses via me = qm, then
EP violates nature and becomes redundant under PG. Expressed di�erently, if �equivalence� means true
proportionality but not equality, then PG provides exactly this proportionality in a tangible, physical and
explanatory form.

The above ideas summarize the analysis of Section 14.2, but we should also stress that the EP seems
to be only an arbitrary approximation for scales of our immediate experience. This approximation breaks
down at very large masses, or densities. Large densities occur in white dwarfs, neutron stars and black holes
(large scales), but they also occur at nuclear and sub-nuclear particles (small scales). Thus, the �nding that
EP clearly breaks down at quantum levels (Kajari et al., 2010) may not be a mere coincidence, but a great
consistency with our independent �ndings on EP. The inertial and gravitational masses are not equal, whilst
the original �gedanken� conception of the EP is now redundant needlessly locking down further development
of physics for over a century.

Finally, in view of the possibility to decipher the meanings of matter, inertia and mass per Sections 14.5
and 16, PG appears to be on strong ground but not necessarily consistent with the EP, or with the theory
of relativity in every respect.

15.3 Theory of relativity

It has been argued that PG is incompatible with the established theories of relativity. It is often argued
that since the general theory of relativity (GR) is continually veri�ed by contemporary measurements with
great accuracy, PG not emanating from within GR must be wrong. However, the counter-argument may
be that PG is a re-appraisal of classical Newtonian mechanics, upon which to build and extend the current
relational developments of relativity. PG explains the generation of a gravitational �eld around a mass
that presumably can be observed and measured identically with existing data. We would suggest that it is
prejudicial to think that PG has to arise out of (or �t in) GR, whilst the opposite might be true. Therefore,
the two theories may not have to be in con�ict upon closer examination.

If gravions travel with the speed of light, then in the steady state, they establish a pushing �eld that
�ctitiously appears as an attractive �eld around the shadowing (gravitating) mass. This �eld is being estab-
lished at the speed of light without emanating from the mass, but rather emanating from the surrounding
universe. If the mass starts moving at speeds comparable to the speed of gravions (and light), then there
will be a disturbance of the surrounding shadowing or warped space (�eld) due to a time lag that propagates
at the gravion speed. This disturbance would be consistent with the gravitational waves scientists are trying
to detect.

An analogy may be found in solid state physics near a PN-junction, where �holes� are formed from the
absence of electrons on one side of the junction with an equal amount of excess electrons on the other side.
These holes are treated, or behave, like a positive current of charge moving in the opposite direction to
electrons with negative current. GR then is like it is treating gravity as gravion-holes apparently emanating
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from (or associated with) the mass, whilst in reality it is the real gravions (particles) moving in the opposite
direction towards the gravitating mass that should be considered, or equivalently considered. The end result
(force and acceleration) appears to be the same by both approaches. Both ways of creating a �eld around a
mass presumably create identical apparent outcomes.

We propose then that the gravitational �eld described by PG and the �eld described by GR are quan-
titatively identical at every point around a stationary material body. The di�erence is that PG tells us
how/why this is formed (i.e. its origins), whilst GR remains mute about the origin of the same �eld, but it
yields veri�able measurements, anyway. The latter is sometimes described like �GR generates correct results
for the wrong reasons�. However, knowing the origins of gravity is a fundamental di�erence between GR and
PG that could get us over the existing barriers in physics.

When we start applying PG to moving bodies with signi�cant speed relative to the speed of gravions,
then we may be able to borrow the mathematical tools already developed for relativity, special and general,
to describe the same resulting e�ects and measurements. There is probably no restriction to the importation
of Special Relativity as is. The mathematical derivations and achievements of GR may also be transferred
and used in PG, in particular as they relate space and time. This transfer might be particularly useful where
GR actually succeeds and discarded where GR fails (e.g. at very long distances, etc). The present work
has only dealt with PG in the steady state without ever involving time e�ects yet. Therefore, it might be
premature to argue that the two theories are in con�ict.

Arguments of the type, for example, that because the Mercurial precession can be explained by GR is
proof and manifestation of the success of GR should by no means be used to oppose PG. The same �elds
being established also by PG should arrive at the same outcomes. In fact, PG provides a new framework to
re-appraise the contributions of other planets on Mercury's precession by expanding classical mechanics with
PG, which may produce a further re�nement of the same calculations taking into account the real density
and mass distributions of all the planets contributing to this precession. The other argument that the Sun
bends the star light is not the privilege of GR only, because PG can to the same thing on photons by the
pushing gravions presumably at the same (correct) de�ection angle.

If at �rst sight the above assertions might seem simplistic, it is because there is a large volume of
phenomena to be understood under PG, before we make further assertions. For example, could the temporal
part of the metric in relativity, which determines the rate at which clocks tick and is responsible for Newtonian
gravity, relate to the rate of gravion �ux intensity? Could the increase of mass (relativistic mass) of a moving
body as it approaches the speed of light be tied and explained in the new terms of real and e�ective mass?
Should we, perhaps, re-appraise the meaning of inertial mass in conjunction with the meaning of matter and
"stu��? In general, could the theoretical concepts of relativity achieve an embodiment in PG theory?

The above important questions together with issues raised in Section 14 may now be better understood
in the hope to further an inquiry into the novel PG theory. We may be faced with any of the following
outcomes: (a) PG and GR may complement each other, (b) GR may be expanded to incorporate PG ideas,
(c) PG may replace GR as an all inclusive description of experience, or (d) PG becomes unsustainable.
The examination of these possibilities is the next challenge that we face for building a dynamic PG. The
preceding trials may serve to provide some indication of what may come next. Clearly, such a task is huge
and falls outside the capacity and resources of a single author. Hopefully, the learned adherents of GR can
make a critical contribution.

In summary to the related objections, relativity may not be presented as reason for rejection of PG.
Even if it appears that PG is not consistent with certain established ideas of GR, the �jury remains out�
until su�cient experimental evidence is gathered in support or not of PG. It may ultimately be that there
is a substantial overlap or correspondence of ideas and conclusions between PG and GR, but also with a
fundamental departure between the two theories from some point onward (see Section 16).

15.4 Drag

It has been argued that push particles (original ultramundane corpuscles) would introduce a drag force on
the orbiting Earth, eventually slowing down the planet to ever closer orbits around the Sun. This would
indeed be a consequence, if the particles were acting like classical mechanical balls. However, the gravions
are relativistic with no di�erence in speed relative to the planet motion. Gravions are not expected to make
a di�erence over any e�ects already experienced with photons over the broadest spectrum of wavelengths
originating from outer space.

In view of the attempted explanations on the nature of matter, mass, energy and inertia in Section 14,
it is implied that the gravions have no drag on the e�ective mass being energized (generated) by the very
same gravions. This is an assumption pending further investigation on the nature of gravions and their
interactions with real mass and with themselves.
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Further work on PG (see later versions of it) has now advanced an even better understanding of mass
and matter (hyle). Attempts have been made to �nd a relationship between absorptivity and speed, a
relationship between mass and speed, and a relationship between mass and hyle. It seems that we may be
able to derive some relativistic relationships from the premises of PG theory. We have found that while
gravions (and hyle) are being absorbed, hyle is also concurrently emitted by a moving body with a steady
state established at constant speed. The net variation of hyle (and mass) takes place only during acceleration
(deceleration) of the moving body. It seems that PG may be self su�cient in explaining away the �drag
problem� without even having to resort to the special theory of relativity. It should be appreciated that
this work remains incomplete needing contributions by many other workers (and time) before uninterested
parties rush to dismiss it out of hand on this or that account from the perspective of prior theories.

An alternative explanation of the presumed �drag problem� is now presented in Section 30.6.

15.5 Superluminal speed

During the early stages of push gravity theories, the hypothetical corpuscles were required to have some
superluminal speed to reduce the expected drag to a practically ine�ective minimum. However, this is not
required after the advent of relativity and in the light of the present arguments.

15.6 Orbital aberration

It has been further argued that PG would introduce orbital aberration due to the �nite speed of gravity
created by gravions. This aberration would tend to accelerate an orbiting body away from the other, unless
gravity propagates much faster than the speed of light, or must not be a purely central force. It has been
further argued that the sane �nite speed of gravity problem is almost exactly canceled by the mathematics
in GR. Now, it is not clear why PG cannot overcome this problem in the same way, if GR can. It is proposed
that we may continue to use and adapt aspects and derivations of GR, or postulate an equivalence between
GR and PG (at least in part), until it can be �nally clari�ed if this is at all appropriate, or under what
conditions.

Nevertheless, recent measurements report that planetary orbits are widening faster than if this were solely
through the Sun losing mass by radiating energy. This results in an anomalous increase of the astronomical
unit, which might then be explained by the above PG criticism pending further analysis of the situation.

As discussed in Section 14.4, and until we can quantify time e�ects, PG theory remains incomplete. Any
verdict can be postponed, until at least some tests are done to possibly verify the principle of PG.

15.7 Energy and mass considerations

15.7.1 Single sphere absorption

Basically, the most serious criticism arises from the need that the gravions must be absorbed in order to
produce a force, but the amount of energy absorption would then be so high as to be unsustainable by the
gravitating body. This is the main reason, for which notables like Kelvin, Maxwell and Poincaré (Wikipedia
contributors, 2018a; Poincaré, 1908), after initial consideration, moved away from PG. There is no obvious
or immediate solution to this major problem haunting any PG theory. For this reason, we based the entire
development of PG on the assumption that the absorbed energy is somehow re-emitted. However, until
some experiments provide encouragement at least, we are entitled to speculate with some improved models
in continuation to previous attempts to overcome this hurdle. Let's �rst formulate the energy absorption
problem based on derivations in Part 1.

We �nd the total energy passing per unit surface area of a sphere and absorbed by the bulk in the sphere:
We start with the absorbed gravions (energy) inside the solid angle subtended by the sphere at point O (see
Fig. 2), which is given by the previously de�ned Ja (not Jg):

Ja = J0fa = J0

ϕ0�

0

2π sinϕdϕ· [1− exp(−k`(ϕ))] (180)

Ja = 2πJ0

ϕ0�

0

sinϕ

[
1− exp

(
−2kr

√
a2 − sin2 ϕ

)]
dϕ (181)

The above provides the per unit area absorption at each gravion trace direction (not the per unit area of
the surface of the sphere). However, at the surface of the sphere (with r = R and a = 1), for the absorbed
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�ux density per unit area of the sphere, we must apply the cosine law for oblique incidence and multiply by
cosϕ yielding the parameter JaR:

JaR = 2πJ0

ϕ0�

0

[1− exp (−2kRcosϕ)] sinϕcosϕdϕ (182)

which can be integrated analytically as per Eq. 36 including the established absorptivity AR:

JaR = πJ0AR (183)

The above provides the absorbed density �ux per unit area of the sphere from all directions inside a
hemispherical solid angle, i.e by integrating from 0 to π/2. Thus, we multiply by the surface area of the
sphere to obtain the total absorbed density �ux, i.e. the total energy per unit time, or power W as:

W = 4π2J0ARR
2 (184)

By replacing J0 from Eqs. 68 and 73:

J0 =
cg0

πΛ
=

cg0Me

π2R2AR
(185)

we �nally obtain
W = 4cg0Me (186)

from which we have an energy absorption rate per unit e�ective mass WMe

WMe
=

W

Me
= 4cg0 (187)

If we want to use the equation E = mc2, the above energy is equivalent to a mass accretion rate per unit
mass:

mass−accretion−rate =
4g0

c
(188)

from which, depending on the prevailing g0, we �nd the absorbed energy. With a moderate level of g0 = 104

m/s2, we would get about 1.3× 10−4 kg for every kg of the sphere (say, Earth) every second. This is clearly
an enormous amount of energy (mass) that cannot be accounted for by our experience on the planet. An
early criticism leveled against PG claimed that the absorbing mass would be doubling every second. This
criticism is generally valid even with our much lower accretion rate found here, which we can formulate as
follows:

If we again borrow the �E = mc2� equation, we use Eq. 186 to �nd this accretion or decay as a function
of time:

W =
dE

dt
= c2

dMe

dt
= ±4cg0Me (189)

dMe

Me
= ±4g0

c
dt

lnMe = ±4g0

c
t+ constant

Me(t) = Me0 exp

(
±4g0

c
t

)
(190)

where Me0 = 4π2J0ARR
2/4cg0 is the initial e�ective mass at t = 0 s, when we imagine a cessation of mass

emission or a cessation of the gravion �eld (mass accretion). This �initial� mass is the e�ective mass we have
introduced up to now, which, for the record, can be expressed also by:

Me0 ≡Me =
π2J0ARR

2

cg0
=
πR2AR

Λ
=
SxsectionAR

Λ
=
Sa−xsection

Λ
(191)

where Sxsection is the geometric cross-section of the sphere and Sa−xsection is the absorption cross-section.
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Eq. 190 provides a time constant t0 = c/4g0, in which the mass increases by e = 2.718 times the initial
value or decays to 1/e = 0.368 of its initial value Me0. Equivalently, the mass doubles or halves in time
tdouble = t0 ln 2 = thalf = −t0 ln(1/2). Caution is drawn to the possibility that these rates of absorption
and decay may characterize the process only around the equilibrium point of the steady-state condition; the
entire process of e�ective mass emergence from real mass, or the decay of e�ective mass back to real mass
may be a multi-staged process, a topic for further study.

The characteristic time constants t0, or thalf , or tdouble are additional fundamental constants along with
g0, J0 and Λ all directly relating with each other.

To continue with numerical examples, we may use the tentative value of g0 = 30000 ms−2 (say, from a
�claimed� Allais e�ect measurement) and with c = 3 × 108 ms−1, we get t0 = 2.5 × 103 s (i.e. 41.7 min)
and thalf = tdouble = 1732.87 s, i.e. 28.9 min. This is akin to radioactivity, the theories of which may
also be better understood on the basis of PG. [Curiously, the decay time of free neutrons falls within the range of the

given numerical example. The mean lifetime of a neutron is 879.6 s, which curiously is about half of the preceding halftime].
Incidentally, we have considered only the energy-rates, but not the number-rate of absorbed gravions and
the number-rate of emitted particles. These two number-rates are thought to be very di�erent from each
other, presumably by many orders of magnitude. The mechanism for possible re-emission is discussed under
considerations of the second law of thermodynamics in the next section. This issue will be the subject also
of a quantum push gravity (QPG) theory later.

The above derivations about an absorbed energy (mass) that allegedly cannot not be re-emitted at a
steady-state point are the most telling reason for the rejection of PG, as has been the case with mainstream
physics to date. Therefore, this constitutes a critical point whether to continue with this theory or come to
an end of this investigation once more. The present author is of the opinion to persist in �nding some way(s)
to push through this barrier, literally. That is because the preceding �ndings have produced a system of
consistent outcomes with Newtonian mechanics as the limiting case, and because it promises to resolve many
other cosmological problems on a new basis. At any rate, we investigate the �what if� case, the outcomes
of which may be compatible with experience. We may recall an analog situation early in the 20th century,
when the orbiting electrons should be emitting electromagnetic radiation, the lack of which did not deter the
then visionary scientists to introduce and accept the orbital model of the atom. Thus, instead of rejecting
the PG theory, we may have to accept that the dissipated energy by gravions manages somehow to escape
out of the absorbing mass in a di�erent form of radiating particles. A new motto could then be �what goes
in must come out�, but catchphrases don't make science on their own, unless they are con�rmed without
leading to another impasse: The above demand allegedly leads to another violation, namely, of the second
law of thermodynamics, an objection discussed separately next.

Equivalent alternative formulations to derive the gravion absorption rate by a single (lone) material
sphere are provided in Appendix D.2.1, etc.

15.7.2 Planetary absorption

The preceding analysis of energy absorption by a single sphere is further expanded for the case of two spheres
in section 16, whereby we also �nd a relationship between force and mass. This �nding goes beyond the
criticism based on the alleged catastrophic energy absorption. It constitutes a novel understanding that can
be used for the multi-body interaction, of which the planetary absorption is just one aspect of PG theory
and should be treated in its own right.

15.8 Second law of thermodynamics

It has been argued that the gravions, if re-emitted as di�erent particles to carry away the dissipated energy,
would violate the second law of thermodynamics, which was the reason for rejecting the re-emission of
particles/energy as initially (tentatively) proposed but abandoned by notables such as Kelvin, Poincaré,
Lorentz and Thomson (Wikipedia contributors, 2018a). However, if we look closer at the intrinsic meaning
of this law, it may not necessarily be violated overall. This arises from the fact that the law relates to the
most probable state of a closed system having the maximum entropy. The entropy S relates with the number
of accessible states Ω via

Ω = exp(S/k) (192)

(k here is the Boltzmann constant) and the probability P of �nding the system in that state is

P ∼ Ω = exp(S/k) (193)
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Now, when the system has a relatively small number of accessible states, the �uctuations can be very
frequent, wide and repeatable, i.e. recurrence of unstable states may be quite feasible within the time scale of
gravion frequency absorption. The consequence of this is that the system can often be found �momentarily�
in a state of decreased entropy favoring the emission of some augmented (with accreted mass) particle out
of the system. This happens when by random redistribution of mass and energy within the subsystem
generates a sub-particle capable of overcoming the constraints that keep the subsystem together. When
enough quantitative material and energy accumulation has occurred (accreted), the subsystem bounces
emitting a new particle, all of this on an extremely short time-scale (appearing to us). The particles of the
subsystem co-operate to get rid of and push out one of their own members every-now-and-then, often or
not in the time scale of the subsystem. In other words, the second law of thermodynamics does not prevent
us from accepting that matter/energy can be re-emitted after a number of trial �uctuations following a
certain number of gravion absorption inside a proton, electron, neutron or any other nuclear, sub-nuclear,
or elementary particle (subsystem). Thus, what was initially conceived by the critics as thermal dissipation
inside matter in general, it will not appear as known chemical (molecular) heat that would melt and evaporate
the planet. It would only appear as internal energy of a particle that is not thermally coupled with an atom or
molecule via some sort of recoil action during the said re-emission. The re-coil produced by the proposed re-
emission is taken up and averaged out by the subsystem behaving under the established quantum mechanical
laws. In fact, it might be that the underlying mechanism of quantum mechanical randomness may be caused
exactly by such re-coil of the subsystems of particles. Electrons and nuclear particles move about randomly
per quantum mechanics. This model further assumes that the re-emitted particles are also penetrating
the surrounding matter out of the planet with a long enough mean free path as not to heat the planet
catastrophically but not long enough as to act like gravions in generating gravity (i.e. canceling out gravity).
It is only the very long mean free paths of gravions that generate gravity among planets and stars, while the
second generation emitted particles, as proposed here, behave like a di�using gas out of the planet, perhaps,
with some but not catastrophic heat dissipation. It may be that part of, if not all, the heat in the core of
planets is generated by this mechanism in an analogous way, in addition to, or in lieu of, the heat being
produced by radioactivity per prevailing theories.

We need not at this point specify the exact nature of the particles being re-emitted, other than for
them to be able to carry away the absorbed gravion energy, or a critical part thereof. It is left for further
investigation by particle and nuclear physics to establish if any of the known particles quali�es to play this
role, as for example, neutrinos might (or might not) serve this purpose. Alternatively, we may build on a
new model to describe the properties and consequences of this second generation of particles emanating from
the primary gravion �ow.

In support of the above general proposal, we may site a similar situation that explains radioactivity.
Particles can rearrange in the nucleus, or change from one type to another statistically over time. Random
quantum �uctuations can promote relaxation to a lower energy state and decay via quantum tunneling.
Radioactive decay half-life varies over many orders of magnitude on a timescale down to 10−23 seconds
(Wikipedia contributors, 2019e). In our proposed analog, we may envisage all sub-nuclear particles including
protons, electrons, positrons, etc. to undergo such statistical �uctuations inside themselves at even extremely
smaller time scales beyond the range of our measuring instruments, in e�ect, appearing like providing a
continuous absorption of gravions and re-emission of secondary type-II particles di�using in the surrounding
material space without causing further gravitation or catastrophic heat. This continuous absorption then is
tantamount to a continuous push without the feared catastrophic melting down.

The above proposed model should not be less plausible than the latest quantum �uctuation theories
(Wikipedia contributors, 2019d). It is in accord with the �uctuation theorem and the ongoing discussion,
research and experiments relating to Maxwell's demon.

Thus, the present framework in understanding gravity should not be inconsistent with modern theories.
Quantum �eld theory is about very small stu�, small particles (the standard model). Gluons bind quarks
together. Quantum gravity considers loops of gravitational force, then we get knots, loop quantum gravity
and time disappears (problem of frozen time). These quantum states of space �uctuate, �uctuations in the
quantum states of space create the appearance of time. These loops exist on the scale of Plank length. A
proton contains 1065 quantum volumes, whilst gravitons is said to carry the force of gravity by exchanging
them, (the photon caries the electromagnetic force, so the graviton carries the gravitational force), but
gravitons are thought to be pseudo-force particles according to loop theory. The quantum nature of space
does not allow singularities, whilst the universe did not come about with a bang but with a big bounce
[Jim Baggott: https://www.youtube.com/watch?v=dW7J49UTns8]. All these latest conceptions might be
further adjusted and advanced by the new understanding of PG, so that our approach should not be less
plausible than all these other modern models and proposals. In fact, PG seems to be consistent with the
above theories so that PG may act as a resolution by binding together of the best of elements in those
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theories.
Finally, if the main concern of PG theory has been the huge amount of energy or mass required to be

absorbed in order to result in the measured acceleration on a planet, the likely revelation in Section 14.5
may help. In view of the idea of the creation of e�ective mass (Newtonian mass) by gravion absorption, the
absorption becomes a blessing rather than a curse: The large absorption is consistent with a large presence of
planet mass, however, subject to a balancing rate of out�ow of the same energy. We proposed a mechanism
for such an out�ow via the �uctuation theorem above. In the steady state, the out�ow must be proportional
to the steady state e�ective mass me as in the general formulation found by Eq. 189:

dE

dt
(in�ow)=

dE

dt
(out�ow) = constant ·Me (194)

16 Two-sphere variation of mass and force

In continuation to and based on preceding analysis, we can derive some important relationships between
mass or energy and force for two material spheres. The energy absorption rate given for a single sphere by
Eq. 184 is derived by the universal gravion intensity J0 times a factor Sa. For a single (lone) sphere and
according to Eq. 184 the latter factor is:

Sa = 4π2R2AR (195)

and is involved in the known relationships:

SaJ0 = 4cg0Me (196)

Sa
cg2

0

π2G
= 4cg0Me (197)

Sa = 4π2G
Me

g0
(198)

The Sa is a characteristic surface area pertaining to the omnidirectional absorption of gravions from
all directions around the sphere with radius R and can be also computed directly from the constitutional
equations of gravion absorption provided in the Appendix. We will later see that this relates via a factor 4π
to an e�ective cross-section for a classical unidirectional absorption of a beam of particles.

With Sa derived (or computed), we can then �nd the corresponding e�ective mass as:

Me =
g0

4π2G
Sa =

Sa
4πΛ

(199)

We can readily ascertain that, Sa being an e�ective absorption area and the universal constant Λ being
an area per unit mass, correctly yields a mass Me. It is is an important �nding and understanding that the
e�ective mass is the ratio of these two parameters. Note: Sa = 4πSa−xsection from Eq. 191.

Up this point, we have considered a single (or lone) material sphere, but this begs the question what
happens in the presence of another material sphere at a distance r in the neighborhood. The answer is found
by considering the constitutional equations of absorption simultaneously for the two spheres. This is done
in considerable detail in the Appendix. We apply those methods here to three representative cases with a
brief description of the approach. To discuss and understand what happens, we have computed in one case,
by way of example, the Earth-Moon interaction as we vary the distance. In a second case, we repeat the
same for two very dense spheres, one of which is very small. In the third case, we use two very dense sphere
with both being also extensive (large).

We have developed and used two equivalent methods in the Appendix, namely, one integrating through
the bulk of each sphere, the other around the surface of the sphere. This is possible by noting that for every
internal point (in the bulk), all possible gravion traces must cross the surface. Conversely, all gravion traces
through every point on the surface account for the entire bulk points twice (note that in Eq. 184, we used only

one direction of �ow at each point, so that we summed over the entire surface without dividing by 2).
With reference to the Appendix and related �gures, we compute various fractions of gravion absorption

pertaining to two kinds or classes of gravion traces or paths through each sphere. There is one class of traces
crossing only one sphere, to which we refer with the term �single�, or �lone� trace. The other class of traces
belongs to (i.e. they cross) both spheres, to which we refer with the term �joint� trace. Gravions along single
paths produce no net force as they travel in opposite directions in equal numbers. Nevertheless, they are
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absorbed by a certain amount in each direction along the chord length of a sphere, the total amount of which
relates to certain e�ective mass. Gravions along joint paths produce a net force along the trace due to the
unequal amount of gravions entering from the two ends of the chord. In addition, they are also absorbed by
a certain amount in each direction, the total of which again relates to a certain e�ective mass. The task is
to �nd both the net force exerted on one of the spheres by the other and at the same time the total e�ective
mass of the sphere �created� by (or related to) the absorbed gravions.

At the outset, we need to choose one of the two spheres for investigation of force and total absorption. Let
this be sphere_2 and let's apply the �surface� method of investigation to �nd the total gravions absorbed (we
investigate the force afterwards). We consider what happens at every point O on the surface of this sphere
and integrate over the entire surface for the total result of absorption relating to force or e�ective mass. A
chord OC traversed by �single� traces yields an absorption factor 2 (1− exp(−k2OC)). However, if chord OC
is traversed by �joint� gravion traces, the absorption factor becomes (1− exp(−k2OC)) (1 + exp(−k1AB)),
where A1B1 is the jointly traced chord of the other sphere_1, with corresponding absorption coe�cients k2

and k1. We integrate at point O separately all single and all joint traces with respect to the azimuth and
zenith angles around the axis normal to the surface of the sphere at point O:

Mar−single =

ϕ2�

ϕ1

θ2�

θ1

(2 (1− exp(−k2OC))) sinϕz cosϕzdθzdϕz (200)

The above outcome is the same for all points on an elementary surface annulus by rotation around the
axis joining the two spheres at angle ω. This elementary surface is 2π sinωR2

2dω, so that by a �nal integration
over this angle, we obtain the end result:

Sar−single =

π�

0

Mar−single · 2π sinωR2
2dω (201)

We follow the same steps for the �joint� traces of sphere_2:

Mar−joint =

ϕ2�

ϕ1

θ2�

θ1

(1− exp(−k2OC)) (1 + exp(−k1AB)) sinϕz cosϕzdθzdϕz (202)

Sar−joint =

π�

0

Mar−joint · 2π sinωR2
2dω (203)

The total characteristic absorption surface is:

Sar−total = Sar−single + Sar−joint (204)

The notation �ar� in the subscripts above stands for �absorption� at distance �r�. Now, there is an
important new quantity to consider. That is the di�erence between the total absorption of sphere_2 being
at distance r from sphere_1 and the absorption that sphere_2 has when it is at in�nite distance from the
other, in other words, when it is away from the in�uence of any other bodies. We have already found the
latter by Eq. 195. It is instructive to write the corresponding equations for this quantity starting with the
corresponding factor for a chord OC. The �single� contributions cancel out leaving only the di�erence of the
�joint� terms between the two situations. This is easily found to be (1− exp(−k2OC)) (1− exp(−k1AB)),
with which we can write the corresponding integrations:

Mar−netloss =

ϕ2�

ϕ1

θ2�

θ1

(1− exp(−k2OC)) (1− exp(−k1AB)) sinϕz cosϕzdθzdϕz (205)

Sar−netloss =

π�

0

Mar−netloss · 2π sinωR2
2dω (206)

We use the term �net loss� to refer to this absorption in an e�ort to distinguish it from present (current)
absorption taking place at distance r, because it does not exist, i.e. it is not current, but was present when
the sphere was �lone� but now this amount of gravion absorption has gone missing. This is caused by the
perturbation of the universal gravion �ux by the other sphere. We can then write the more general equation
with these parameters as:
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r, m Mer−single, kg Mer−joint, kg Mer−loss, kg Me−sum, kg Asymptotic loss

12742000 5.9134E+24 5.8939E+22 4.7876E+19 5.9724E+24 4.5098E+19
25484000 5.9583E+24 1.4058E+22 1.1431E+19 5.9724E+24 1.1274E+19
50968000 5.9689E+24 3.4775E+21 2.8281E+18 5.9724E+24 2.8186E+18
101936000 5.9715E+24 8.6712E+20 7.0524E+17 5.9724E+24 7.0465E+17
203872000 5.9722E+24 2.1664E+20 1.7620E+17 5.9724E+24 1.7616E+17
407744000 5.9723E+24 5.4152E+19 4.4043E+16 5.9724E+24 4.4041E+16
815488000 5.9724E+24 1.3537E+19 1.1010E+16 5.9724E+24 1.1010E+16

Table 12: Variation of various fractions of the Earth e�ective mass versus distance using R = 6371000 m,
k = 1.16248157479707E − 09 m−1 and g0 = 1000 ms−2 (CASE_1)

r, m Mer−single, kg Mer−joint, kg Mer−loss, kg Me−sum, kg Asymptotic loss

12742000 6.3579E+22 9.8495E+21 4.7876E+19 7.3477E+22 4.5098E+19
25484000 7.1141E+22 2.3241E+21 1.1431E+19 7.3477E+22 1.1274E+19
50968000 7.2900E+22 5.7361E+20 2.8281E+18 7.3477E+22 2.8186E+18
101936000 7.3333E+22 1.4295E+20 7.0524E+17 7.3477E+22 7.0465E+17
203872000 7.3441E+22 3.5710E+19 1.7620E+17 7.3477E+22 1.7616E+17
407744000 7.3468E+22 8.9259E+18 4.4043E+16 7.3477E+22 4.4041E+16
815488000 7.3474E+22 2.2314E+18 1.1010E+16 7.3477E+22 1.1010E+16

Table 13: Variation of various fractions of the Moon e�ective mass versus distance using R = 1737000 m,
k = 7.02425385602087E − 10 m−1 and g0 = 1000 ms−2 (CASE_1)

Sa ≡ Sa−sum = Sar−total + Sar−netloss = Sar−single + Sar−joint + Sar−netloss (207)

All this will be better understood and discussed looking at the results of the following three cases.
CASE_1 (Earth-Moon). The masses and radii used are taken from Table 3 together with their absorption

coe�cients from Table 2. We performed the above integrations separately for the Earth and Moon, each
one being the sphere of investigation with regards to its own gravion absorption. The numerical results of
the above integrals are better shown �rst in table form for all three factors for Earth and Moon in Tables
12 and 13. The distance is varied in multiples of Earth radius from 2 to 128 radii doubling each distance.
Actually, we have converted the S− parameters to an e�ective mass via the conversion Eq. 199, in order
to make it more tangible with our familiar (perhaps) �mass� concept. These masses Mer−single, Mer−joint,
Mer−loss and Me = Me−sum correspond to the terms of above Eq. 207.

We note that the variation of mass is small but signi�cant within a few radii distance, but it approaches
fast and asymptotically the �lone� mass, as we increase the distance; the sum of the three fractions of mass
is constant with distance and equal to the lone mass, as it should. The �single� component increases, whilst
the �joint� component decreases as we increase the distance, so that their sum is always much closer to the
�lone� mass. We can see this by the variation of mass loss being 5 orders of magnitude for the Earth and
3 orders for the Moon at the shortest distance below the �lone� mass, whilst it becomes 8 and 6 orders of
magnitude at 128 Earth radii. We further note that the net loss is the same for the Moon and Earth, as
should be expected on account of the symmetry in the chords of the net loss factor . We investigate the mass
loss also in graph form in Fig. 23 but by plotting the net loss of absorption factor Sa−netloss on logarithmic
scales for both axes. We have also added an extra four point up to 2048 radii distance to assist the look of
a trendline. The �tted straight line (y = −2.0048x + 22.33) is indistinguishable from the computed curve
indicating a strong inverse square distance relationship. We suspected that this overlap may be only due
to a Newtonian approximation for this case; the absorptivity for Earth being AR−earth = 0.00982 and for
Moon AR−moon = 0.00162 with g0 = 1000 ms−2 clearly place the case very early on the AR graph in Fig. 3.
This prompted us to repeat the same investigation for other denser and/or more extensive spheres below.

CASE_2 (Small-and-large-dense-spheres). An extreme case at the other end of Newtonian regime is to
use AR = 0.99 (near saturation absorption). We can do this using the Earth radius R2 and corresponding
k2 = 1.10987744324188E − 06 m−1. We can pack a large amount of e�ective mass inside the given radius
depending on the g0 that we can choose according to Eq. 199. Let's choose g0 = 105 ms−2. For the
second interacting sphere, we chose a very small one with radius R1 = 1 m but with the same AR = 0.99
corresponding to k1 = 7.07102919089469E+ 00 m−1. The results for each sphere are given in Tables 14 and
15. Then likewise, we plot the net loss factor Sa−netloss in Fig. 24.

Now, we can make the following observations: The mass losses for the large gravitating sphere are
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Figure 23: Absorption loss of Earth and Moon versus distance (CASE_1)

r, m Mer−single, kg Mer−joint, kg Mer−loss, kg Me−sum, kg Asymptotic loss

6371002.0 6.0209E+28 7.0314E+14 6.8921E+14 6.0209E+28 3.6713E+14
6.3711E+06 6.0209E+28 7.0065E+14 6.8887E+14 6.0209E+28 3.6712E+14
6.3716E+06 6.0209E+28 6.8829E+14 6.8678E+14 6.0209E+28 3.6706E+14
6377371.0 6.0209E+28 6.3098E+14 6.7466E+14 6.0209E+28 3.6640E+14
7008100.0 6.0209E+28 4.3435E+14 4.2575E+14 6.0209E+28 3.0341E+14
7645200.0 6.0209E+28 3.3379E+14 3.2718E+14 6.0209E+28 2.5495E+14
8919400.0 6.0209E+28 2.2439E+14 2.1995E+14 6.0209E+28 1.8731E+14
12742000.0 6.0209E+28 1.0029E+14 9.8300E+13 6.0209E+28 9.1782E+13
25484000.0 6.0209E+28 2.3783E+13 2.3312E+13 6.0209E+28 2.2946E+13
50968000.0 6.0209E+28 5.8751E+12 5.7588E+12 6.0209E+28 5.7364E+12
101936000.0 6.0209E+28 1.4645E+12 1.4355E+12 6.0209E+28 1.4341E+12
203872000.0 6.0209E+28 3.6586E+11 3.5861E+11 6.0209E+28 3.5852E+11
407744000.0 6.0209E+28 9.1447E+10 8.9637E+10 6.0209E+28 8.9631E+10
815488000.0 6.0209E+28 2.2861E+10 2.2408E+10 6.0209E+28 2.2408E+10

Table 14: Variation of various fractions of the e�ective mass of the large dense sphere versus distance, i.e
with R2 = 6371000 m and k2 = 1.10987744324188E − 06 m−1(CASE_2)
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r, m Mer−single, kg Mer−joint, kg Mer−loss, kg Me−sum, kg Asymptotic loss

6371002.0 1.1659E+12 7.9297E+14 6.8921E+14 1.4834E+15 3.6713E+14
6371063.7 6.6336E+12 7.8784E+14 6.8887E+14 1.4834E+15 3.6712E+14
6371637.1 2.0976E+13 7.7560E+14 6.8678E+14 1.4834E+15 3.6706E+14
6377371.0 6.6288E+13 7.4240E+14 6.7466E+14 1.4834E+15 3.6640E+14
6434710.0 2.0822E+14 6.5665E+14 6.1848E+14 1.4834E+15 3.5990E+14
7008100.0 6.1796E+14 4.3964E+14 4.2575E+14 1.4834E+15 3.0341E+14
7645200.0 8.1995E+14 3.3622E+14 3.2718E+14 1.4834E+15 2.5495E+14
8919400.0 1.0381E+15 2.2527E+14 2.1995E+14 1.4834E+15 1.8731E+14
9556500.0 1.1056E+15 1.9105E+14 1.8668E+14 1.4834E+15 1.6317E+14
12742000.0 1.2846E+15 1.0043E+14 9.8300E+13 1.4834E+15 9.1782E+13
25484000.0 1.4362E+15 2.3790E+13 2.3312E+13 1.4834E+15 2.2946E+13
50968000.0 1.4717E+15 5.8755E+12 5.7588E+12 1.4834E+15 5.7364E+12
101936000.0 1.4805E+15 1.4645E+12 1.4355E+12 1.4834E+15 1.4341E+12
203872000.0 1.4826E+15 3.6586E+11 3.5861E+11 1.4834E+15 3.5852E+11
407744000.0 1.4832E+15 9.1448E+10 8.9637E+10 1.4834E+15 8.9631E+10
815488000.0 1.4833E+15 2.2861E+10 2.2408E+10 1.4834E+15 2.2408E+10

Table 15: Variation of various fractions of the e�ective mass of the small dense sphere versus distance, i.e
with R1 = 1 m and k1 =7.07102919089469E+00 m−1 (CASE_2)

Figure 24: Net loss of small and large dense spheres with asymptotic loss versus distance (CASE_2)
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r, m Mer−single, kg Mer−joint, kg Mer−loss, kg Me−sum, kg Asymptotic loss

12742000 6.0010E+28 1.0051E+26 9.8516E+25 6.0209E+28 9.1782E+25
25484000 6.0162E+28 2.3793E+25 2.3322E+25 6.0209E+28 2.2946E+25
50968000 6.0197E+28 5.8757E+24 5.7593E+24 6.0209E+28 5.7364E+24
101936000 6.0206E+28 1.4645E+24 1.4355E+24 6.0209E+28 1.4341E+24
203872000 6.0208E+28 3.6586E+23 3.5861E+23 6.0209E+28 3.5852E+23
407744000 6.0208E+28 9.1448E+22 8.9637E+22 6.0209E+28 8.9631E+22
815488000 6.0209E+28 2.2861E+22 2.2408E+22 6.0209E+28 2.2408E+22

Table 16: Variation of various fractions of the e�ective mass of the bigger dense sphere versus distance with
R2 = 6371000 m and k2 = 1.10987744324188E − 06 m−1 (CASE_3)

r, m Mer−single, kg Mer−joint, kg Mer−loss, kg Me−sum, kg Asymptotic loss

1.2742E+07 1.2842E+27 1.0065E+26 9.8516E+25 1.4834E+27 9.1782E+25
2.5484E+07 1.4362E+27 2.3800E+25 2.3322E+25 1.4834E+27 2.2946E+25
5.0968E+07 1.4717E+27 5.8761E+24 5.7593E+24 1.4834E+27 5.7364E+24
1.0194E+08 1.4805E+27 1.4646E+24 1.4355E+24 1.4834E+27 1.4341E+24
2.0387E+08 1.4826E+27 3.6586E+23 3.5861E+23 1.4834E+27 3.5852E+23
4.0774E+08 1.4832E+27 9.1448E+22 8.9637E+22 1.4834E+27 8.9631E+22
8.1549E+08 1.4833E+27 2.2861E+22 2.2408E+22 1.4834E+27 2.2408E+22

Table 17: Variation of various fractions of the e�ective mass of the smaller dense sphere versus distance with
R1 = 1000000 m and k1=7.07102919089467E-06 m−1 (CASE_3)

practically (relatively) negligible being 14 orders of magnitude below that of the lone mass, as is also the
�joint� fraction of mass, whilst the �single� fraction is practically equal to the lone (not enough decimal places
are provided in the limited width of the table). However, the joint and net loss masses of the small sphere
are of the same order of magnitude as the lone, whilst the single mass is a few orders of magnitude less. This
was to be expected, since the small sphere, when brought only 2 m above the surface of the large sphere,
is practically shielded from about half the gravions from the direction of the large sphere. The unforeseen
behavior is that of the net loss, which is better shown in graph form in the provided �gure. The curve
looks for the most part close to a straight line especially at long distance, but it signi�cantly deviates from
the straight line at close range. Further and most importantly, we have now found that the curve becomes
asymptotic with a special straight line (on log-log scales) given by:

SF0 ≡
πA1πA2

r2
=
π2AR1AR2R

2
1R

2
2

r2
(208)

which is identical with the factor in deriving the force between the two spheres in Eq. 85. This is an
extraordinary novel �nding in PG, which we discuss and analyze after we tabulate the corresponding results
of an additional extreme case below.

CASE_3 (Two-large-and-dense-spheres). We again choose a near saturation regime with AR = 0.99,
but with both spheres being extensive, i.e. with R1 = 1000000 m, R2 = 6371000 m and corresponding
k1=7.07102919089467E-06 m

−1, k2 = 1.10987744324188E − 06 m−1. The results are given in Tables 16 and
17. Also, the net loss is plotted in Fig. 25.

Due to the chosen radii, we can't have the situation of a very close range equivalent to that of case_2, so
that the asymptotic in case_3 is hardly distinguishable on the plot. However, we can compare at the same
short distance of r = 2R2. We note that the deviation of the mass loss from the asymptotic line at r = 2R2

distance is about the same in all three cases, namely, the ratio of Me−loss/Me−asymptotic is 1.062, 1.070 and
1.073 as can be found from the corresponding tables. That is, the variation of mass loss is nearly inversely
proportional to the square of distance almost regardless of density, whilst it is the distance, or better the
geometry that is the main controlling parameter.

We recall that the gravitational force in Eq. 85 was derived by a simple �reverse engineering approach�
from the associated single (or lone) e�ective masses of each sphere, to which we attached their characteristic
absorptivity. We then con�rmed the same outcome from the integration of equations constituted from �rst
PG principles (see �bulk method� in the Appendix). We have now further con�rmed the same outcome with
an alternative approach involving three integrations (the �surface� method), which allowed much improved
precision with much shorter computation times including the cases of high absorption with AR values close
to unity. Thus, if we normalize the computed force factor SF over the theoretical (reverse engineering)
force factor denoted by SF0, we invariably �nd unity as a function of distance, as can be seen by some
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Figure 25: Net loss of two large (smaller, bigger) and dense spheres with asymptotic loss versus distance
(CASE_3).

representative results now shown in Table 18. The deviation from unity beyond 9 decimal places is caused
by the set relative integration tolerance of errors, namely, of epsrel = E − 06, E − 05 and E − 04 for the
�rst, second and third integral. By decreasing the tolerance by four orders of magnitude in each integral, we
obtain SF /SF0 = 0.99999999999990 (at r = 12742000.0, see table).

Now, the variation of e�ective mass with distance, i.e. a decrease of mass with decrease of distance,
means that Newton's gravitational law, if applied using the e�ective masses, yields a smaller value of force
than if the masses were independent of distance as is assumed by Newton. PG �nds exactly the latter, i.e.
the force behaves as if the masses were invariant without actually being so! This is a novel understanding,
unexpected by Newton. It is a consequence of the underlying mathematical (better physical) relationship
among the PG parameters involved via the gravion absorption.

The above di�erence between PG and Newton gravitational laws is fundamental, although they can be
both written by a similar equation. They di�er in the concept of mass, which is not trivial. Newton does
not distinguish the �lone� mass from the mass acted upon by another mass. Thus, we can now distinguish
between the two laws as follows:

If we use the actual masses (i.e. acting or e�ective) then Newton's force should be:

FNewton = G
Me1rMe2r

r2
= G

(Me1r−single +Me1r−joint)(Me2r−single +Me2r−joint)

r2
(209)

whereas PG law using the far away lone masses (see also 85) is:

FPG = G
Me1Me2

r2
(210)

The ratio of the above forces can be written also as a ratio involving the S− parameters via the proportionality
Eq. 198:

FNewton
FPG

=
Sa1rSa2r

Sa1Sa2
=

(Sa1r−single + Sa1r−joint)(Sa2r−single + Sa2r−joint)

Sa1Sa2
(211)

We illustrate the di�erence between Newton and PG in Fig. 26 by plotting the above ratio (normalizing)
as a function of distance for the same three cases. The importance of this di�erence can now be better
appreciated by considering the involvement of the mathematical derivations dictated by PG and presented
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CASE_2 CASE_3

r SF /SF0 SF /SF0

6371002.0 0.9999999942
6377373.0 1.0000000084
6434712.0 1.0000000068
7008102.2 1.0000000035
8919402.8 1.0000000030
9556500.0 1.0000000029

12742000.0 0.9999999747
0.9999999726
0.99999999999990

31855000.0 1.0000000023
63710000.0 1.0000000021 1.0000000021
318550000.0 1.0000000020 1.0000000020
637100000.0 1.0000000020 1.0000000020

Table 18: Computed SF over theoretical SF0 force factor ratio versus distance for CASE_2 and CASE_3;
second value with decreased tolerance at r = 12742000.0 m

Figure 26: Ratio of Newton/PG forces against distance for four cases of density and size of spherical masses
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in the Appendix. The coincidence in mathematical form is uncanny, except that Newton's gravitational law
is both empirical and approximate, whereas PG gravitational law is derivable and precise.

We see that case_1 (Earth-Moon) is very close to Newtonian behavior, but not so when the absorptivity
AR increases. Has conventional physics found how very dense bodies interact at close range, or only now
PG reveals exactly that behavior? The present �ndings can a�ord us a deeper understanding of the notions
of mass and force. We note that the initial integrand during the derivation of force and net loss have an
identical factor apart from the trigonometric factors used to calculate the directional (projection of) �ow
of gravions. This applies with both methods, bulk or surface (see Appendix). There is clearly a common
denominator under the idea of force and mass. The common denominator is the push gravions. Whereas
the e�ective mass is made from gravions being absorbed from all possible directions, force is made from the
net directional absorption of gravions between the centers of spheres, or presumably between the �centers of
gravity� of any two bodies in a general case (to be shown in later PG development). In other words, e�ective
mass and force have a common cause, namely, the rate of gravion absorption. Mass is the omnidirectional
gravion absorption resulting in a scalar quantity, whilst force is the component of gravion absorption in a
particular direction de�ned by two bodies at a distance apart, resulting to a vector quantity.

16.1 Discussion

If PG can be experimentally con�rmed and if Fig. 26 correctly reveals the deviation of Newtonian mechanics
from actual physical processes, then EP, the equivalence principle emanating from Newtonian experience and
carried over to GR, ceases to apply. That means that EP is not only redundant as previously suggested,
but it may be an invalid one. We may have to reassess our own stance vis-a-vis EP (see Section 15.2),
i.e. we may have to go from a defensive argument to a critical one against it. Here, it is important to
clarify that the critics of PG citing the equivalence principle as reason for rejection of PG have presumably
done so for di�erent reasons, because they did not have our development of PG in front of them. In the
light of the present �ndings, we have to say that PG seems to contradict the EP, but this is no reason to
oppose PG. Conversely, it may be a reason to reassess the theories based on EP. It may be the reason why
current theories have unsolved fundamental problems. Then, use of EP as basis for rejection of PG would
be arbitrary. It may eventually be that EP is the pivot point between GR and PG, i.e. which direction to
take. This can only be arbitrated by a proper experimental assessment of PG, whilst all hitherto tests of
EP may have been simply inadequate.

Should we then realign the conventional meaning of �intrinsic� mass? Should this be the e�ective mass
of a body away from other material bodies, because the e�ective mass varies with the distance from other
bodies, albeit imperceptibly in Newtonian mechanics? This is clearly explained under the platform of PG.
We distinguish the three components of e�ective mass, namely, �joint�, �single� and �loss� mass. The sum of
these three components is a constant (at the prevailing J0, or g0 or Λ) equal to the isolated lone body's mass,
which we may now call �intrinsic� mass, or use another term to describe the new understanding (sooner or
later, we will have to deal with the question of terminology in a more consistent and comprehensive way, but
we can await for more results, especially a con�rmation of PG). The �nding that the force is derived from
the product of such intrinsic masses, whilst they are actually smaller at a given distance, could be the key
for explaining why the equivalence principle has imposed itself for such a long time. It provides a fortuitous
condition that yields correct answers for things that don't really exist. It assumes masses that don't exist,
but their assumed value yields correct outputs such as the gravitational law. It may be that PG for the �rst
time deciphers a trick that nature has played on science.

It should be appreciated that throughout this report we have loosely used the notions of mass, force and
energy, which is an unavoidable situation, if we have to evolve from our standard education in physics; not
only pedagogical but fundamental errors may creep in science for these and other concepts. Like GR rede�nes
these concepts in terms of space-time, etc., PG now also seems to a�ord us an alternative understanding
of the same concepts, as they evolve from an assumed universal gravion absorption. Only by persistence in
developing and evolving PG theory backed by purposeful experiments, may we ultimately understand and
re-de�ne the concepts of energy, mass and force. We have started with a set of principles, which themselves
will evolve dialectically (back-and-forth) as we move forward and the pig picture of cosmos unravels more
clearly.

The new understanding of mass and force can further lead to an ultimate understanding of energy in
the form of work (force× distance), potential and kinetic energy and the E = mc2 relationship. An initial
check does not equate the potential energy with the mass-energy equivalence conversion, but this should be
of no concern. We should bear in mind that a system of bodies acted upon by their associated gravitational
�elds does not constitute a closed system. The bodies are inside an �aether� of gravions coupled with them.
They constitute an open thermodynamic system that exchanges gravions with the surrounding universal
reservoir of gravions. The bodies must always be seen together with the surrounding universe acting from
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both short and long range. This universe is intimately connected with any system of bodies, small or big,
at any moment of time and space, �here and now� (whatever this may mean!). The interconnection is such
that the body resists any change of its steady-state status. This resistance is the conventional �inertia�.
Therefore, when the gravitational �pulling� force is doing �work� by displacing a body between two points,
the interchange between work and gravitational energy must be computed as a balance of gravion exchange
with the surrounding universe. An analogous system in physics is an electronics signal (current or power)
ampli�er, whereby a given signal input is ampli�ed in conjunction with an external supply circuit of electrons
(energy).

Actually, the new notion of mass variation inside the gravitational �eld of interacting bodies is not limited
to dense and massive bodies in astrophysics, but it must apply also to very small but dense particles. This
seems to be consistent with particle physics phenomena. Let's recall that within a given radius, there is an
upper limit of e�ective mass that we can pack. This upper limit is determined by the surrounding maximum
J0 (or g0, see also Eqs. 195 and 198). If we can think of a particle in an accelerator that it absorbs more
push particles at more speed, it is like creating an arti�cially increased g0 enabling the particle to pack more
e�ective mass over and above the maximum it might have prior to its entry in the accelerator. When the
particle �stops�, it cannot retain the extra mass above the limit it acquired during its acceleration. Then,
it has to shed this �unnatural� load of mass in the form of new particles inside the accelerator. Those new
particles themselves usually have very short lives, if they still have to readjust and obey the PG law of an
upper limit of e�ective mass. As it was also theorized in Section 14.7, the approach to an upper speed limit
is not because the mass becomes mathematically in�nite, but because the real mass becomes saturated with
gravion absorption as AR approaches the upper value of unity.

If the above understanding could prove correct, it would have enormous consequences. While more cases
have been studied with the formulations of PG in the Appendix, they and many more can be the subject
of continuing work by the scienti�c community under the new physics of PG. The case of three or more
interacting spheres can be investigated by expanding the work presented in the Appendix; then, we can
study the eclipses of Moon and Sun over and above the simpli�ed study outlined in Section 12.4. All this
requires more resources, but also makes it ever more imperative that PG should be veri�ed by the relevant
organizations.

To summarize and avoid possible contradiction of terms (words), let's clarify (again) the following: The
e�ective mass is a di�erent quantity from the real mass, whilst they are expressed in the same units. The
�rst is the active part (fraction) of the second and relates to an experienced force. We generally experience
an object as �stu��, which we can safely identify with the real mass. The force acts on the object via its
e�ective mass, i.e. it does not directly act on the entire object, because part of it (no matter how small or
big) is shielded from the action of gravions. The e�ective mass of the object is di�erent when the object is
alone from that when it is in the neighborhood of other objects. For convenience of description, let's call the
lone e�ective mass �intrinsic� mass (same as rest mass) as opposed to the �current� mass being the e�ective
mass in any case. The force between two objects can be found from the intrinsic mass of the objects even
though the force is acted upon each other via their current masses. With these clari�cations, we can return
to the equivalence principle as it originally started and as it can be now explained under PG theory. This
principle has been described in the following way(s):

An object under its weight by the Earth's gravity travels the same distance over time as when the same
object is under the same force in space outside a gravitational �eld. By the same token, this principle says
that the object's mass is the same in both cases, i.e. its gravitational mass is equal to its inertial mass,
where the two types of mass are simply the constant of proportionality between force and acceleration and
this proportionality is the same in both cases.

Now, under PG we �nd that the proportionality between force and mass applies only when we use the
intrinsic mass of the object, but not when we use its current mass. The use of intrinsic mass necessitates
that we operate away from other objects, so that when we bring the object inside the gravity of another
object, then its current mass is smaller. However, our experience of the falling object inside the gravity of
the second object is as if it has a mass equal to its intrinsic mass. This explains exactly the equivalence
principle, but the equivalence principle does not explain the nature of mass, because it fails to distinguish
the current e�ective mass from the lone e�ective mass. In other words, the expression of �gravitational mass�
being the same as the �inertial mass� bypasses the physics about force and real mass (stu�), it overlooks
the underlying mechanism resulting in what we experience as force and stu�, as force and object. This
omission is not trivial, but it explains why we get the correct result for the wrong reason. PG is about
revealing the reason operating behind our experience of an object and force, and much more. In doing so,
it frees the ground to unravel some discrepancies and impasses of conventional physics. Furthermore, real
mass as revealed by PG bears no compatibility with EP, which makes it even more fundamental to be able
to decipher and decouple the various notions of mass from the stu� an object actually has.
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Based on the above clari�cation, we can see again why EP is at least redundant (not needed for PG by
way of a �space elevator�), or even invalid (by way of mass equivalence) under the terminology and concepts
of mass in PG. This is another or better re-a�rmation of our stance in previous sections. The bottom line
is that EP can by no means be used against PG, whilst EP stands on precarious grounds itself.

On the previously asked question whether conventional physics has found how very dense bodies interact
at close range, the implication was if such �ndings correspond to reality. More speci�cally, the question is
if general relativity (GR) correctly describes the interaction of very dense objects based on parameters of
bodies that may be incorrectly measured. The latter possibility exists and is better explained according to
the ideas expounded in Section 18.2.

16.2 Rami�cations and importance of mass variation

Having said all of the above about e�ective mass variation with distance between two spheres and what
it means under PG so far, we must stress that we have considered only the static steady-state situation.
However, it is important to clarify what the �static� condition means in an actual situation by explaining
what it is not, i.e. not yet before we investigate the following cases:

(a) It is not the situation whereby the two spheres are held at a �xed distance by some other medium,
such as a rod between them. In the latter case, the rod would exert a force opposing the gravitational force
begging the question about the underlying mechanism of this opposing force. We may know that this is
an electric force created by compression at the atomic scale. This then necessitates that we explain the
electric force too, which for consistency we have proposed that it be also a push particle force. This may
in�uence the prevailing e�ective mass via another mechanism. That is the subject of a following Section 21
that expands the push particle principle to a �push electricity (PE)� theory.

Therefore, the way to imagine what we described and quanti�ed in the present section is what happens
moments just after we remove the holding rod and before the spheres acquire any signi�cant velocity by
�falling�. In other words, the spheres are both stationary and in a steady state situation with regard to
absorption of gravions and re-emission of their energy into something else (let's say electrions) and are free
in space without in�uence by anything else like a rod.

(b) It is not the situation whereby the two spheres are held at a �xed distance while moving at an orbit
with respect to each other, like in a binary system, or one very small (light) sphere orbiting around another
large (heavy) sphere. Also, it is not the situation whereby the two spheres are falling to each other having
acquired a signi�cant velocity. For a falling body, we have not yet established what happens to the current
e�ective mass (at time t) and how (if) the gravion �ux varies and di�ers from the postulated static situation.
This problem could be solved under Section 14 for the development of a dynamic PG theory. The prospects
are very interesting and important, if we can only speculate thus now: A sphere orbiting around or falling
towards another �stationary� sphere may have yet another current e�ective mass, quantitatively di�erent
from the stationary one.

(c) It is not the situation whereby one sphere (with or without the presence of the other sphere) is pushed
by some medium like a rocket. We can imagine this happening in di�erent ways. While the two spheres are
held apart with a �xing rod, one sphere disappears or is let loose while the rod-rocket continues to act on the
other sphere. We have not examined these two cases yet. In other words, moment(s) after the disappearance
or letting loose of one sphere, the other sphere exists at practically the same (prior �xed) distance before it
acquires a signi�cant velocity being propelled by the rod-rocket. It would be a mistake to apply our derived
equations in this section for the prevailing e�ective mass of the sphere. This is because we have to consider
the mechanism of the rocket force, which we again expect it to be an electrical force. Therefore, we should
examine these cases also after we �rst develop and understand push electricity. Later work has now been
done in Section 23.

From the above clari�cations, we can see the reasons why the e�ective mass may be di�erent depending
on the prevailing conditions. If we postulate that the �mass� is the same (equivalent) in all situations, which
is exactly what the Equivalence Principle has demanded from the mainstream physics, then we have not seen
the above described fundamental di�erences. Current theories have overlooked the above analysis, exactly
because they have adopted a problematic EP. In other words, EP has imposed a severe constraint limiting
further developments in physics, in fact leading to impasses. For if we let the mass vary and/or transfer
under static and dynamic situations, we can free ourselves for much better explanations of experiments,
phenomena and the cosmos. Now, we understand that �mass� is an objective entity in various forms like
�stu�� = matter = real mass, with subsets of e�ective mass and black mass. Mass is not a mere mathematical
multiplier factor to an invariable conventional rest mass.
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16.3 Supplementary study of two sphere interaction cases

Due to the need for better understanding of the positional variation of two spherical masses, we undertook
the study of many more cases. The relationship of geometry (radii and distance) with nature of material
(absorptivity) is the main purpose of the study. This work has revealed some important patterns of behavior
that is necessary to know in further studies, development and applications of the theory of PG. The salient
aspects of this behavior are described by some representative cases presented below.

CASE_4 involves the Earth and a small sphere with R1 = 1 m having Earth-like density, for which we
used k1 = 1.15604978409807E − 09 m−1, at g0 = 1000 ms−2. [Note: Throughout this report, we often provide

numerals with the same many decimal places used to allow other workers to reproduce the same numerical results]. This is a
Newtonian (or close to it) case where the small diameter of one sphere allows to bring it down to 2 m above
the Earth surface (i.e. at r = 6371002 m). We plot the net loss of mass against distance in Fig. 27a along
with the corresponding asymptotic line given by Eq. 208. The di�erence

∆Sloss(r) = Sa−netloss(r)− SF0(r) (212)

and ratio

<(r) =
Sa−netloss(r)

SF0(r)
(213)

between actual and asymptotic values are also plotted against distance in Fig. 27b&c. We note that the
deviation from the asymptotic is as signi�cant as in Fig. 24 done for the very dense (non-Newtonian) spheres
with identical geometry. This knowledge is needed for studies involving the Sa−netloss(r) function in other
parameters describing the behavior of bodies with di�erent density (absorptivity). One such parameter is
the ratio of Newton/PG forces given by Fig. 26, to which we now add CASE_4 and note that the points
remain close to unity even at close range.

The approach (or deviation) of the net loss function to (from) the asymptotic straight line is an important
consideration. If we use the asymptotic function of CASE_4 instead of the actual values of the net loss
function in the same Fig. 26, the di�erence is not visible on the graph. However, if we apply the asymptotic
function for CASE_2, the deviation from the actual function becomes quite obvious (red circle points now
added in the same �gure). From this, we may conclude that use of the asymptotic function is a good
approximation in the Newtonian regime, which may be allowed for some parameters, like the one plotted
in Fig. 26. However, this may also provide erroneous outcomes for other parameters, like the falling speed
between bodies. The speed that results from the action of force at various points is a cumulative parameter
that can result in signi�cant deviation between using the asymptotic or the actual function of net loss of
mass. We have already suggested (per Section 14.3) that the falling speed is a function of the contraction
factor, so that later studies should take into account even the smallest deviation, even in the Newtonian
regime. (Note that we do not need to use a subscript (1 or 2) to designate the net loss of mass for either
sphere 1 or 2, because they share the same mass loss).

The above �ndings prompted us to study further cases in an e�ort to establish some patterns or �rules�
about the behavior of the Sa−netloss(r) function. This behavior is not obvious directly from the integrals
involved for computing the net loss for a set of two spherical masses with di�erent absorptivities by use
of the method in Appendix E. Closer to practical application for our study, we �x the gravitating �large�
sphere_2 to the Earth radius and the �small� sphere to the radius of R1 = 1 m. We vary the absorptivity
(or k2 factor) of the large sphere over a wide range of values in conjunction with some �xed absorptivities
(or k1 factors) for the small sphere between extreme densities; we found that three �xed values, namely,
k1a = 2.09672407007571E − 10 m−1 (case_ka), k1b = 2.09672407007571E − 06 m−1 (case_kb) and k1c =
2.09672407007571E − 01 m−1 (case_kc), chosen arbitrarily, are su�cient for the current purposes. We
generalize the presentation by plotting the results against the usual product of k2R2. To minimize the work
and reporting, we computed only the maximum value Slossmax ≡ Sa−netloss(rmin) at the closest distance
rmin = 6371002 m, where the deviation from the asymptotic function SF0(rmin) is maximum. Then the
ratio <max of these quantities at the minimum distance:

<max =
Sa−netloss(rmin)

SF0(rmin)
(214)

has been found to be a good indicator of the regime behavior for the given k factors (absorptivities) of any
set of sphere densities. The corresponding di�erence ∆Slossmax of the same values:

∆Slossmax = Sa−netloss(rmin)− SF0(rmin) (215)

86



a
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Figure 27: CASE_4 using a small sphere with R1 = 1 m, k1 = 1.15604978409807E − 09 m−1 and Earth
with R2 = 6371000 m, k2 = 1.16248157479707E − 09 m−1, and g0 = 1000 ms−2; (a) net_loss_function
and asymptotic, (b) di�erence between net loss and asymptotic and (c) ratio of net_loss_function over
asymptotic, all plotted against distance between spheres
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c d

Figure 28: Variation of the small sphere parameters against k2R2 of the large sphere for three �xed values
k1 of the small sphere: (a) Absolute values of the net loss function, (b) ratio of max net_loss over max
asymptotic_loss, (c) di�erence of ratios corresponding to case_kb minus case_ka and (d) di�erence of ratios
corresponding to case_kc minus case_kb.
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a b

Figure 29: (a) E�ective mass and (b) absorptivity for the large (Earth size) sphere against k2R2

a b

Figure 30: CASE_7: Two identical small and dense spheres with R = 1 m and k = 7.07102919089469 m−1
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is more cumbersome to use because it provides absolute values varying over many orders of magnitude,
which cancel out in the ratio <max. We can see the variation of net loss Sa−netloss(rmin) in absolute values
plotted in Fig. 28a. However, plotting the ratio by Eq. 214 results in grouping all three cases very close
together, but not exactly overlapping, as can be seen in Fig. 28b. The latter closeness may simplify some
engineering problems, but the subtle di�erence may be important in further development and understanding
of PG application. For good measure, the di�erence between the closely presenting graphs are given in the
same Fig. 28c&d. Therefore, the multiplier factor <(r) is itself also a function of the absorptivity of both
spheres, so that we can write an overall general function for Sa−netloss as:

Sa−netloss (AR1
, AR2

, r) =
π2AR1

AR2
R2

1R
2
2

r2
< (AR1

, AR2
, r) (216)

Recalling that the absorptivity itself is a function of the radius R (geometry) and absorption factor k
(nature of material), namely, of the product kR at a given universal acceleration g0, the net_loss of mass
is function of the geometry, determined by the radii of spheres and distance between them, as well as the
nature of the materials for each sphere. Therefore, the system of two spherical masses is always described
by a peculiar function above including the Newtonian regime, whereby we may or may not reduce it to the
asymptotic function depending on the associated parameter under examination.

As for a rule, we may say that cases involving the interaction of two bodies di�ering greatly by size
and/or density, it is the larger body that imposes its dominance and a characteristic pattern like the one we
see in Fig. 28. The smaller sphere appears to be overwhelmed by the large one throughout the entire range
of k2R2 variation of the large sphere; that is, when the small sphere is �immersed� in, or �engulfed� by the
gravitational �eld of the large sphere. The small sphere appears to play a secondary role with second order
signi�cance from a �practical� point of view, but nonetheless its role is ever present and non-trivial for an
overall theoretical examination and in problems involving a cumulative e�ect of what appears as a secondary
role at �rst. It is striking that the factor <max varies very closely only between 1.5 and 2.0 for a large
number of cases. Planet Earth seems to be around the onset of an abrupt transition from log(k2R2) > 2
according to Fig. 29a providing the variation of e�ective mass; the corresponding variation of absorptivity
is given in (b).

A deviation from the above rule and the e�ect of geometry alone can be readily seen if use a case with
comparable size spheres, as we present CASE_7 in Fig. 30 involving two identical small-and-dense spheres
with 1 m radius (identical with the small sphere of CASE_2). Neither sphere exerts a dominance, and
one is not �engulfed� by the �eld of the other; they interact on an �equal footing� at all distances possible.
This geometry brings closer together the net_loss function with its asymptotic as seen in (a) but there is a
di�erence, albeit much smaller, as can be seen by plotting the <(r) factor in (b) of the same �gure.

Important: This entire Section 16 is fundamental for the development of PG and should be moved to
Part 1 in continuation of Section 7 during a later revision of the report.

17 Momentum or push gravity as the universal and unifying cause
of all types of acceleration (force)

If gravity is �nally proven to be caused by gravions under the working of PG, then it could be a logical
conclusion that all forces may be attributable to a similar cause, albeit by di�erent kind of push particles.
What would then be needed is that each kind of particles have a mean free path much longer than the
dimensions of the masses (particles) acted upon. This requirement is already ful�lled for planets and stars
by gravions, to which we may also refer as the �rst type-I push particles. The force is then generated by the
law of conservation of momentum and energy. This momentum force is well established in physics as it is
also a tangible phenomenon, i.e. understood by common experience. We may then extend the proposal to
apply to all kinds of force �elds regardless of the size of the �eld generating body. This may be a sensible
proposition, because size should not be an obstacle at least for all experimentally known particles. Given
that the size of an atom is of the order of ≈ 10−9 m, we still have 16 orders of magnitude to reach the Planck
particle, the length `P of which is de�ned as:

`P =

√
~G
c3

(217)

where è is the reduced Planck constant. The Planck length is about 10=20 times the diameter of a proton.
Thus, nucleons may be maintained by their own surrounding push (momentum) particles, the nucleus

may be maintained by yet another kind of push particles, and so on for atoms, each group maintained by
their own associated type of momentum particles. The universal situation may be that the space is �lled
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by particles with a wide range of sizes (energies/wavelengths) corresponding to an equally wide range of
mean free paths, acting as push particles to their matching (corresponding) relatively much bigger particles
(bodies). The entire universe may then be thought as an agglomeration of varying concentrations of matter
automatically sorting out themselves by the surrounding push particles. This proposition may then constitute
a likely basis for a uni�cation of all force �elds in the cosmos from the smallest to the largest phenomena.
Le Sage made a similar attempt to account for forces of di�erent chemical strengths, by the existence of
di�erent species of �ultramundane� corpuscles of di�erent sizes, whilst all this should be reconsidered and
re-appraised in the light of modern particle physics, quantum mechanics, relativity and astrophysics.

Ultimately and inexorably, however, the above model only shifts the problem to what keeps the �ultimate�
mysterious particle as a unity (re gravion), if not for an attractive force, according to Kant's philosophical
reasoning. However, the lack of understanding of the nature of an ultimate particle is not yet reason good
enough to reject a possible unifying model that allows us to concentrate our attention more to a smaller
�area� of the cosmos that underlies as a common denominator to all other processes.

From the above broad model, we may narrow down the cosmological questions to assuming the existence
of types of particles corresponding at least to the known force �elds. Thus, gravions are type-I push particles
that mediate the gravitational force, type-II push particles are those mediating the electrical �eld forces,
type-III those mediating the nuclear forces, etc. Already, in quantum theory the electric �eld is thought to be
due to a continuous stream of exchange of photons (say, here type-II particles). Dibrov (2011) believes that
the core of electrons and positrons remains stable by pressure of the bombardment of �fations�. The electron,
in his proposed model, �as against the static Abraham�Lorentz electron, is the dynamic object transforming
the gravitational �eld energy into the energy of the electric �eld, and periodically exploding up." However, he
probably means something very di�erent to our proposed model in this report, because he talks about charge
already being present in the electron, and he only tries to justify the re-emission of the �fation� energy in the
form of electric �eld sub-particles. Considering various parameters quantitatively and his main conclusions,
it is clear that his theory is not consistent with our �ndings. For example, �the active mass is not equal to
the passive mass�, he discovers a �violation of equivalence principle for the electron� and that the �gravitation
constant G is not equal to the actual one�, to mention a few aspects of his push gravity theory that are in
clear variance to the ideas proposed herewith. Nevertheless, an "exploding electron" seems consistent with
re-emission of absorbed gravion energy.

We may go on to elaborate on our general proposal (model). For example, the type-II particles, in
particular, may be subdivided either in two sub-classes responsible for the positive and negative electrical
force (such as opposite spin or an as yet unknown attribute), or may emanate from two complementary types
of matter organization at the electron and positron level. The emanated energy (type-II) carriers exit as a
result of the absorbed type-I push particles by protons and electrons, and so on and so forth.

In summary, for a �eld uni�cation theory, it is logical and consistent to envisage and assume that all force
�elds are created by particles including gravity. This general idea of the underlying particles for all �elds
is then greatly facilitated by a push/momentum mechanism in a PG framework advanced in this report. A
general push particle �eld principle may then be seen as one kind of self-similarity as used in fractal theory.
Could self-similarity be used to recreate a new standard model in physics?

18 White dwarfs, neutron stars and black holes

It is reported that the gravitational �eld on a white dwarf is of the order of 106 m/s2, whilst that on a
neutron star is of the order of 1012 m/s2, and much greater on black holes. If these extreme accelerations
are caused by gravions (in that case being the universal cause of all gravitational �elds), then it might be
unlikely that we can practically detect them directly by the methods proposed here, because of the need for
extremely sensitive gravimeters. However, if it were found that the maximum g0 is, say, around 30000 m/s2

by some careful measurement, then we would be faced to explain the super high values of acceleration on
white dwarfs, neutron stars and black holes. Then, one possible explanation would be to assume that those
extreme accelerations may be caused by di�erent, more energetic types of push particles. Before we further
speculate on these other hypothetical types of push particle, let us apply a little further the already found
PG relationships below.

We continue our investigation from where we left o� in Section 9.1. By increasing the maximum prevailing
acceleration g0 in the neighboring universe, we inversely decrease the corresponding k (see Eq. 60) by

k =
πGρ

g0
=

3GM

4g0R3
(218)

so that by keeping the mass and radius of a star constant, the PG equation is reduced to the value
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Figure 31: Surface gR against maximum g0 for stars with mass and radius (M , R) in units of Sun mass and
Sun radius.

provided by Newton, namely, to
4

3
πGρR = GM/R2, which is the saturation (asymptotic) value(s) observed

in Fig. 10, when k becomes su�ciently small.
Let us now see the values of surface acceleration gR against the prevailing maximum acceleration g0

possible in a particular space of the universe for stars having various combinations of masses M with radii
R. This is shown in Fig. 31, where both mass and radius are expressed in units of Sun (�) mass and radius.
The masses used are those of the apparent Sun mass but taken to be the real mass of a hypothetical star as
a �rst approximation to get a feel of the situation. Then as expected, the pair (M , R)=(1, 1) reproduces
the curve in Fig. 10 very close to the abscissa (visibly touching it) with an asymptotic value approaching
the Newtonian value of surface acceleration of our Sun. The additional curves now show the outcomes of
di�erent values of the pair (M , R), which can be understood by the above Eq. 218: For any �xed, g0 and
M , the value of k increases very fast with a decrease of radius, which forces the surface acceleration to be
well below the saturation values is reached, as noted by the curves on the �gure. When R reduces below a
su�ciently low value, k becomes so large that the factor AR in PG becomes unity and g = g0, which is the
straight line at unity slope in the �gure.

In the event that we can safely measure g0 and �nd that this is not as high as on the surface of a dwarf,
however, it may be su�cient to trigger gravitational collapse in the presence of a critical mass. After the
collapse, a white dwarf is formed that may be sustained also by push particles of a di�erent kind (type-II).
Likewise, upon formation of a neutron star, the forces holding it together may further be provided by push
particles of a third kind (type-III) as they evolve upon the onset of a further collapse. This proposal forms
initially a qualitative model, which is depicted with some hypothetical quantitative dimensions in logarithmic
scales (powers of 10) in Fig. 32. The validity of such a hypothesis should by all means be cross-examined
against existing data and theories in astrophysics to be further re�ned or even rejected, if not appropriate.

For the general reader and to better describe the proposed model here, it is helpful to summarize the
current understanding of these dense bodies by conveniently referring to a brief description provided in
relevant articles by Wikipedia contributors (2019g). The summary descriptions below are needed to precede
a new idea here attempting to connect the neutron star �eld with the atomic nuclear �eld, both uni�ed
under the proposed PG �eld model.

A white dwarf is a very dense stellar core remnant composed mainly of electron-degenerate matter. It has
a mass like the Sun with a volume like the Earth. Because it no longer undergoes fusion reactions, it has no
source of energy, so that it cannot support itself by fusion heat against gravitational collapse. It is supported
by electron degeneracy pressure and is extremely dense. Accretion takes place by accumulating particles into
a massive object, typically gaseous matter. Galaxies, stars, and planets, are formed by accretion processes.
Neutrinos are radiated by white dwarfs through the Urca process (Wikipedia contributors, 2019f), which is a
neutrino-emitting process playing a central role in the cooling of neutron stars.... White dwarfs have masses
from about 0.07 to 10 M�.

An astronomical body can collapse by its own gravity drawing matter inward toward its center. Gravi-
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Figure 32: Diagrammatic perception of a white dwarf (above) with its surrounding PG type-II (g02) �eld
inside the universal type-I (g01) �eld, and a neutron star (below) with its surrounding PG type-III �eld (g03)
inside a dwarf type-II (g02) �eld inside the universal type-I (g01) �eld; the scales in m are logarithmic and
approximate.
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tational collapse is a fundamental mechanism for structure formation in the universe. It can all start from
relatively smooth distribution of matter gradually collapsing to form pockets of higher density, stars and
planets, stellar groups and clusters of galaxies.

A giant star with a total of between 10 and 29 solar masses collapses to a neutron star (Wikipedia
contributors, 2019c). Other than black holes, neutron stars are the smallest and densest stars with a radius
on the order of 10 km and a mass less than 2.16 solar masses. They are produced from the supernova
explosion of a massive star, and together with gravitational collapse achieve the density of atomic nuclei.

Binary systems of neutron stars can undergo accretion making the system bright in X-rays and a source
of short-duration gamma-ray bursts, as well as produce gravitational disturbance. At soaring temperatures,
electrons and protons combine to form neutrons via electron capture, releasing a �ood of neutrinos. It is
important for our model proposed here to quote verbatim from Wikipedia the following: �When densities
reach nuclear density of 4Ö1017 kg/m3, neutron degeneracy pressure halts the contraction. The in-falling
outer envelope of the star is halted and �ung outwards by a �ux of neutrinos produced in the creation of the
neutrons, becoming a supernova. The remnant left is a neutron star. If the remnant has a mass greater than
about 3 M�, it collapses further to become a black hole�.

The temperature inside a newly formed neutron star is from around 1011 to 1012 Kelvin. However, the
huge number of neutrinos it emits carry away so much energy that the temperature of an isolated neutron
star falls within a few years to around 106 kelvin. At this lower temperature, most of the light generated by
a neutron star is in X-rays.

A neutron star has some of the properties of an atomic nucleus, including density (within an order
of magnitude) and being composed of nucleons. In popular scienti�c writing, neutron stars are therefore
sometimes described as 'giant nuclei'. However, in other respects, neutron stars and atomic nuclei are quite
di�erent. A nucleus is held together by the strong interaction, whereas a neutron star is held together by
gravity. The density of a nucleus is uniform, while neutron stars are predicted to consist of multiple layers
with varying compositions and densities.�

It is the above last statement that we can seize upon to support the PG model here, namely, we say
here that a nucleus and a neutron star are both held by the same force: That force is the
pressure exerted by the presumed type-III push particles. We propose that the strong nuclear
interaction is no di�erent from the neutron star gravity, namely, both being created by push particles of the
same type. In consequence of this model, the space around any atomic nucleus inside the electron orbitals
is occupied by push particles holding the nucleus together. The current understanding is that this space
seems relatively more "empty� than the interplanetary space, so there is nothing weird about our hypothesis
that push particles small enough occupy this space ful�lling the requirements of PG with regard to mean
free path and absorption coe�cient of the nucleus. There is plenty of �room� for such super�ne particles
on the scale all way down to the Plank length. It may turn out that these push particles are x-rays and
gamma-rays of su�ciently short wavelength, which would be consistent with the strong x-ray emission by
neutron stars. That may also provide the existence/mechanism of x-ray emission by the orbital electrons in
atoms adjusting to di�erent energy levels, as well as somehow explain the original mystery of stable electron
orbitals of accelerating orbital charges. Thus, the atom is a micro-neutron star created from (after) breaking
down a neutron star. We might want to call the corresponding type-III push particles neutrions (neutron
+ ιόν) in analogy to gravions. However, in proposing this model, it may not be clear how to di�erentiate
between a nucleus and a neutron particle, so that we may have to re�ne the various distinctions of push
particles mediating strong and weak interactions and all other sub-nuclear forces. The proposed model is
only a general approach towards a uni�cation of �elds, which requires the cooperation of particle physics
and astrophysics.

The above proposed scheme for neutron stars and atoms may not be acting alone, as it requires the
simultaneous cooperation of a type-II push particles holding electrons and nuclei together in the atom. In a
similar fashion, white dwarfs are the plasma state by free electrons and nuclei having released their mediating
binding (type-II) particles around the white dwarf. These mediating particles responsible for the appearance
of electric �eld might be called electrions (from electricity + ιόν). �Neutrions� and �electrions� are �nally
redistributed after explosion to form atoms.

At any rate, the above general model could be described in more speci�c terms of particle physics such
as: Gluons participate in the strong interaction in addition to mediating it. This is unlike the photons,
which mediate the electromagnetic interaction but lacks an electric charge. Gluons also share this property
of being con�ned within hadrons. One consequence is that gluons are not directly involved in the nuclear
forces between hadrons. The force mediators for these are other hadrons called mesons. Although in the
normal phase of QCD single gluons may not travel freely, it is predicted that there exist hadrons that are
formed entirely of gluons � called glueballs. There are also conjectures about other exotic hadrons, in which
real gluons (as opposed to virtual ones found in ordinary hadrons) would be primary constituents.

94



The above intermittent extracts from established theories and observations from astrophysics and particle
physics serve only to stimulate further discussion, one way or another, that could involve the push theory
principle consistent with the �ndings of this report.

In continuation to the proposed �aether of gravions� in Section 14.1 and generalized push particles in
Section 17, it is envisaged that other types of push particles �nally �leak out� into space together with
gravions achieving some steady state concentration in various regions of space. Whilst their concentration is
highest around their associated speci�c �elds, which they mediate, like around white dwarfs, neutron stars
and black holes, and various atomic and nuclear �elds, the �aether� is a �soup� of various types of extremely
�ne particles. The �electrions� after mediating the electric �eld in matter, they leak out of bodies and �ll the
space. Thus, they might mediate also the propagation of photons in space, which is not an absolute vacuum,
whilst they are also entrained by bodies. Electrions are also �energetic� particles, like gravions activating (or
mediating) corresponding physical processes in electricity; they permeate not only space but also matter.
Electrions seem to be responsible for charge and electricity, in a similar fashion to gravions being responsible
for creating e�ective (active) mass, i.e. the conventional mass we are familiar with. Nikola Tesla, forgotten
genius of electricity and the man who invented the twentieth century (Lomas, 1999), may have already
envisaged the medium for the electric �eld and the propagation of lightning, when he was suggesting that
we swim inside an inexhaustible source of energy.

18.1 More on mass, energy and black holes

We now continue from where we left o� in Section 14.6 canvassing the possibility that black holes consist
mainly of passive mass per Eq. 132.

From the preceding discussion on massive bodies in general, we have proposed the possibility that these
bodies are surrounded by di�erent layers of di�erent �elds generated by the corresponding di�erent types of
push particles. For the dynamics of such bodies (kinematics and kinetics) in push gravity, it is important
to consider the distance between any two given bodies. For long enough distance, they will be governed by
our familiar long range gravity �eld due to gravions, but at closer range other types of �eld will take over or
prevail, like the �elds around white dwarfs, neutron stars and black holes. It is not yet known to the present
author whether the proposed hypothesis agrees with data from astronomy and astrophysics. It is not known
how the �gravitational� �elds and masses have been calculated, whether these data are amenable to review,
and overall if PG and the data can be inter-interpreted, re-interpreted, and/or mutually adapted, or the PG
theory must be modi�ed or be aborted. These questions need to be addressed by many more workers with
appropriate expertise. Nevertheless, some tentative ideas are put forward next by way of trialing conjectures.

In a recent report, an active galactic nucleus (AGN) believed to be the explosion from a supermassive
black hole has been announced (Giacintucci et al., 2020). It looks like an outburst in slow motion that
�would take at least 240 Myr to rise to the current radius moving with the sound speed, which is an upper
limit on the velocity, so the actual age would be greater than that�. In our proposed model of a black hole,
a small disturbance could create an instability to the spherical geometry exposing some internal mass near
the surface to the action of push particles, in turn, setting o� a chain reaction to a full blown explosion.
The explosion would be necessary because, otherwise, the stable sphere can only hold a maximum limit
of e�ective mass. As more passive mass is accessed by push particles, more e�ective mass is created by a
process continuing for a long time. The internal passive mass of a black hole may resemble black powder
waiting to explode. The end result is the creation of active mass (e�ective mass) in a huge cloud that will
later start yet another cycle of galaxy and star formation according to prevailing theories.

The internal stu�, from which black holes are made of, is completely shielded from the action of push
particles of various types, like gravions, electrions, neutrions and black-hole-�eld push particles. All these
types of particles can actually exist in all of our everyday materials according to the preceding model. Even
black hole stu� may be present in the smallest possible quantities corresponding to what we initially have
called �real mass�. By way of self-similarity, the universe is deconstructed and reconstructed recursively.

We may have a tangible illustration of particle-matter transformation to energy in the E = mc2 equation
and conversely.

The above may not be implausible, as there is some similarity with current theories about the Higgs
boson (�eld) giving mass to subatomic particles. Without the Higgs �eld, we wouldn't exist, i.e. mass would
�evaporate�. Similarly, we may say that push particles maintain the integrity of material bodies at all levels of
organization, whilst in the absence of said push particles (�elds), the e�ective mass would cease to exist too.
We may now have a reason, why the Higgs �eld exists. Matter cannot exist in absolute vacuum, and so PG
theory is on the same page with some prevailing theories. There remains to work out an understanding on
the relationship between gravions and black hole passive matter, as well as the interaction between gravions
and all matter manifested in the universal constant Λ, i.e. the number of scattering events per unit mass
thickness (area density).
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Mathematics provide relationships about things, but not what the things are, whilst theorists often are not
concerned as to what it means. Thus, we hope that PG can ful�ll such a gap haunting several areas in physics.
The physics/maths ratio needs a substantial overhaul, where physics lags behind mathematical formulations;
mathematics is supposed to serve physics, whereas physics has become subservient to mathematics. For
example, the mathematicians(?) invented the Higgs �eld, but they don't tell us what it is, not to mention a
long standing di�culty in conceptualizing relativity outside a narrow circle of high expertise scientists.

18.2 Total absorption layers and black holes

In continuation to the conceptualization of possible gravitational �elds around massive bodies per Fig. 32,
below we attempt to provide also a conceptualization of the interior of massive (very dense) bodies by some
simple qualitative considerations.

In Sections 14.6 and 14.7, we found that the e�ective mass becomes concentrated towards the outer
layers of a material body, be it a sphere, or a line segment, or any other shape, when we su�ciently in-
crease the product k · length. At a very high value of the latter product with a characteristic low value of
contraction factor per Fig. 5, the e�ective mass is concentrated in a relatively thin outer layer resembling
the event horizon (Schwarzschild surface). Associated with this is the limiting gravion parameter of max-
imum acceleration g0 together with the governing Eqs. 144 and 145. From the preceding proposals about
white dwarfs, neutron stars and black holes, they may also be characterized by their own corresponding
limiting (maximum) acceleration parameters, so that we can suggest similar outer layer concentrations of
e�ective masses due to absorption of the corresponding type of push particles. To clarify and avoid confusion
about this emerging novel situation, we need to introduce an appropriate terminology of the more general
case of the look-alike �event horizon� or �Schwarzschild� parameters with reference to gravions and other
push particles, i.e. over and above the existing terminology. The established terms for event horizon and
Schwarzschild radius are expressed di�erently from the corresponding ones arising from gravions. The well
known Schwarzschild radius RS is given by

RS =
2GM

c2
(219)

whereas our PG limiting radius R0 (at AR = 1) due to gravions is given by

R0 =

√
GMe

g0
(220)

A possible correlation (and numerical comparison) between the two quantities and the correspondence be-
tween the said event horizons should be done in conjunction with possible values of g0 with di�erent types
of push particles. We can return to this issue after we outline the various regimes below. In fact, a possi-
ble agreement of the above two equations seems to be born out during the development of push electricity
reported in Section 21.

From the Beer-Lambert law, we generally de�ne an attenuation or absorption length as the distance
inside a material, whereby the incident intensity drops to 1/e of the initial value; that is, the transmitted
intensity decreases to about 37% with 63% being absorbed. We generally de�ne the transmission fraction
or transmittance T , and transmission depth τ by:

T =
J

J0
= exp(−τ) = exp(−kχ) (221)

where we use our parameters of k and χ with τ = kχ. We can also de�ne a particular transmission depth
resulting in an arbitrary amount of absorption of practically �all� gravions, say, 99% absorption allowing
only 1% transmission. We designate such a depth with χ0.01, when τ0.01 = − ln 0.01 = 4.60517 = kχ0.01, so
that χ0.01 = 4.60517/k. For a line segment ` or radius R and, depending on the value of k, we can have

χ0.01 T ` or R. By convention and for practical purposes, we may de�ne the 99% absorption layer, or any

other convenient absorption fraction, as the �total absorption layer (TAL)�. Theoretically, there is no �total�
absorption layer on account of the exponential form of the absorption, but in reality, we can assume there
must be one by introducing a quantum mechanism of absorption in a quantum push gravity theory (QPG)
later.

With reference to Fig. 32, we can continue with the terms of push particles being �type-I�, �type-II�,
type-III, �type-IV� and so on. Now, each of these bodies should have their own TAL for the corresponding
type of push particle. We have also reserved more explicit terms for each of those types, like gravions,
electrions, neutrions and possibly others to be used later as the need arises. We may use the Roman or
Arabic numerals in ascending order of �eld strength or ascending order of generating process, something
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Figure 33: Diagrammatic perception of the Sun (upper-left), white dwarf (upper-right), neutron star (lower-
left) and black hole (lower-right) with their corresponding total absorption layer
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to be �nally determined again later. The use/attachment of expressive (explicit) words have been used
provisionally in this report, whilst their order may evolve and change as we more �rmly establish the
associated processes that generate those �elds in PG. Thus, we can envisage a (nearly) total absorption layer
relative to gravions and abbreviate it with a subscripted acronym TAL1 or TALI (�type-I total absorption
layer �). Similarly, we may apply the same scheme for subsequent denser bodies: We can envisage a �type-II
total absorption layer � TALII or TAL2 for white dwarfs, a �type-III total absorption layer � TALIII or
TAL3 for neutron stars, also a �type-IV total absorption layer � TALIV or TAL4 for black holes, and so on
for other possible intermediate �elds/bodies/particles. We initially (tentatively) think that these thicknesses
may rank as TAL1 > TAL2 > TAL3 > TAL4.

By applying the workings of internal spherical �eld for the Sun, the internal contraction factor is only a
little less than for Earth and both a little less than unity. By way of visual illustration (not to scale), we show
the Sun's distribution of e�ective mass in Fig. 33 (upper-left). Thus, we deem that TAL1 >> RSun. For
a white dwarf, we may initially assume that TAL1 < Rdwarf , for which a visual representation is provided
in Fig. 33 (upper-right). Likewise, we have conceptualized a neutron star (lower-left) and a black hole
(lower-right) in the same �gure. We don't know at this stage how the various types of push particles and
total absorption layers may superpose or interact with each other and how we may rank them. We have not
considered the possibilities of other, or intermediate situations, like the existence of quark stars.

At a later stage, we should compute the e�ective mass envelop of a black hole also in the shape of a
rotating spheroid. We then �nd the dependence of the thickness of this envelop on the curvature of the
spheroid. If the thickness is signi�cantly less at the poles than at the equator, then an astrophysical jet
could be formed at the poles on account of internal hydraulic pressure exerted by the envelop membrane
everywhere inside the body. This weakening at the poles may be further enhanced by forces due to rotation.
Also, the size of the black hole can be signi�cant for such a process, but all this remains to be answered by
formulating the entire dynamics of such a system. As soon as the black matter is squeezed out and exposed
to push particles of all kinds, it becomes e�ective (active) mass and literally �lights up�. This is consistent
with observed jets of plasma material coming out from the center of galaxies presumably occupied by black
holes. It is plausible that black hole matter is jettisoned by squeezing out initially non-inertial (passive and
inert) mass to form astrophysical jets.

A rough analog, in some respects, to conceptualize black holes may be the formation of liquid droplets
or soap bubbles in the atmosphere in the absence of gravity (e.g. inside the international space station).
The surface tension plays a decisive role for the spherical shape of the smallest of droplets, whilst its role
changes as more mass is accreted. When the droplets becomes very large, any small perturbation causes the
droplet to wobble and deviate from the spherical shape. The eccentricity of a rotating bubble can be also a
contributing condition. Some resemblance may take place with black holes but with properties unparalleled
by our familiar bubbles: There is no surface �tension� per se, whilst the interior is an incompressible and
non-inertial (conventionally) mass being literally inert and inactive. The interior does not generate any force
but can be acted upon by the membrane forces. Black holes can in principle grow to arbitrary large sizes,
but as they do so, they become more unstable by nearby disturbances and/or by rotation. A breach at the
poles will squirt out inert mass at extreme acceleration and velocity while the exterior surface of the forming
jet becomes activated. This situation is governed by new mechanics to be worked out.

Earlier, we referred to the di�erence between real and e�ective mass as �passive� mass mpassive (per
Eq. 132). We could also call it �black matter� or �black mass� and designate it with mb ≡ mblack, which
should not be confused with the term �dark� matter already in use by existing physics terminology but with
a di�erent meaning. Thus, we can write for the real mass (and matter) in PG:

m = me +mb (222)

Based on the above equation, we can say that there is some fraction of black matter even in ordinary
objects. That fraction can be exceedingly small, moderate or excessive depending on the size and density of
the object. There must be more of this stu� in the Sun than in the Earth. The amount of gray color-level
showing in the diagrams in Fig. 33 gives some idea about it (not to scale). We may visualize more black
matter towards the center of celestial bodies. In doing all this, it is important that we have only considered
some average density throughout each of the above bodies, whereas in reality the density is variable. We
have seen in Section 10 that actual density distribution can alter all other parameters involved. The same
applies for the planets and stars, so that the picture conveyed by Fig. 33 for the Sun could be misleading.
Those who have all the relevant data about the Sun may like to see how we can build the correct PG picture
of the Sun. The same applies for all other bodies in Fig. 33 and not only. We have selected those four
typical types of bodies, but all other intermediate bodies with all available data could be re-worked to �t,
or to see if they can �t under PG.

The above is an initial conceptualization of what might happen around and inside stars and other massive
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bodies, but is subject to later modi�cation as we develop and better understand PG theory. Even the
proposed classi�cation of various �elds and various types of push particles may be entirely or partially
incorrect needing proper adjustments along with corresponding fractions of e�ective and black mass, for
example, if existing information on surface gravity of those bodies is revised.

In the above general scheme, we imply that the maximum value of a starting g0 is su�cient to trigger the
�rst transition of a star to a white dwarf. Depending on the literature source, the pressure at the center of
the Sun may range between 3Ö1013 - 3.5Ö1016 Pa. This is expected to be well below the maximum pressure
by gravions predicted by Eq. 31

p0g =
J0

c
=

g2
0

π2G
(223)

which will be known when J0 or g0 is �nally measured. For a tentative g0 = 4 × 104 m/s2, we have
p0g = (4 × 104)2/(π2G) = 2.43 × 1018 Pa. Therefore, this pressure is consistent with existing requirements
for a star on the main sequence to collapse to a white dwarf. The pressure at the core of Sirius B (white
dwarf) is estimated to be ×106 that of the sun, which means that we need a g02 > 103g0.

If the conceptualization of various bodies in Fig. 33 is generally correct, it would question the validity
of existing methods for �nding their mass, radius and distance. There shouldn't be a serious problem for
the main sequence stars, if their contraction factor q is not far from unity. From the observed (intrinsic)
brightness, color (temperature) and distance, the established measurements of mass and radius might involve
only a small correction, but for stars outside the main sequence, in particular for white dwarfs etc, we may
have signi�cant discrepancies between existing values and reality. To address this problem, we would probably
also need to develop a concurrent quantum theory of push gravity. We need to re-appraise conceptions and
requirements of established theories of nuclear particles and force �elds. We now see that PG opens new
possibilities for modeling our physical observations. For example, the Chandrasekhar curve may need re-
adjustment, if we note some discrepancy with PG, rather than object to PG. We will return to the question
of white dwarfs later after we attempt an inquiry at the small particles level. Like the �ying shuttle weaves
the fabric out of yarn, so may push particles weave the fabric of e�ective mass out of real mass (matter, or
stu�). The material form of objects as we experience them is created from an amorphous substrate/matter
through the action of gravions and other push particles by as yet unknown staged processes. We would need
to bring together all particle physics data to date and attempt to explain them by PG.

One important corollary here is to indicate that the current scales of the cosmos may require adjustment.
This should not be overlooked even if speci�c mechanisms above might turn out to be fallacious simpli�-
cations. Therefore, prospective criticisms against PG may themselves be based on false grounds. In turn,
agreement or not by various theories (including GR) involving existing measurements of dwarfs, neutron
stars and black holes may have to be revised. As a result, the �ndings of PG, like in Section 16 of the
novel relationship between mass and force should not be dismissed (based on some other theory) until an
integrated resolution of all emerging issues is obtained.

Note: The transmission depth τ de�ned above is based on an assumed exponential variation of J with
depth. In a later development on mass-matter relationship in Section 24, we have derived the exact variation
of several parameters as a function of radius in spherical geometry bodies. They are not pure exponential
functions, but we can still de�ne an equivalent or e�ective transmission depth to convey the same main ideas
above.

18.3 Is the Big Bang an artifact?

Based on the preceding Section and further considerations below, the Big Bang theory is under question.
The reasons of our query are presented in three groups:

(1) Because the methods for �nding the mass, radius and distance of various celestial bodies require
adjustments and corrections based on PG, a reappraisal of the Big Bang becomes necessary. The expansion
of the universe is deduced from plotting the recessional velocity against distance, whereby the velocity
is deduced from the redshift of distant bodies (Hubble's law). To the extent that redshift is based on
photometric methods, which have already proved to be only an estimate by existing methods, PG adds
additional reasons to further question the outcomes for the recession velocity of astronomical objects.

(2) The �tired light� theory has, by and large, been abandoned (it is said) as reason to reject the cosmolog-
ical redshift. It has been questioned whether distortions of photons are created at the source or during their
travel in space. However, until we can better determine the nature of photons with respect to their emission,
transmission and absorption, tired light theory remains as a candidate for questioning the expansion of the
universe. In this connection, PG is currently developing a new understanding of the nature of photons in
Section 31.
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(3) However, there is an additional reason for questioning the Big Bang: After considering all possible
causes of the redshift, the remaining gravitational redshift may play the main reason for abandoning the
expansion theory. It may be that the most massive bodies at very long distance overwhelm all other
determinations of redshift from visible data. It is only those massive bodies that can be (are) visible and
detected, while all smaller bodies at the same distance are not detectable due to light loss in the intervening
distance. If that is what happens, then the redshift (spectroscopic and/or photometric) does not represent
the entire contents inside the given visible distance. These largest bodies can be moving in equal numbers
away or closer, but their gravitational redshift overwhelms the Doppler shift (red or blue). Therefore, the
redshift on average can be biased in favor of the dominating massive bodies providing a misleading impression
about the average motion of all visible bodies. In that case, the redshift predominantly represents �size�
towards the outer regions of the universe (if it is mainly due to gravitational shift). The farther the distance,
the more gravitational redshift (than recessional redshift) is represented in our measurements. It is said
that gravitational redshift can take on a large range of values. Then size becomes very important, to an
extent that overtakes the recessional redshift. In that case, we cannot claim that redshift (overall) of very
distance objects represents velocity, but more so it represents size. By �size� we mean a combination of
e�ective mass and real mass (per PG) together with radius, all of which relate to luminosity and distance.
If the methods of measurement of mass, radius and distance require revision for all the reasons presented
in the previous section and if light absorption during travel further complicates our measurements, then the
redshift relationship to size and distance need to be reworked also. In that case, we would need to plot the
size against distance, whereby the shape of the graph may not be linear any more (a shape to be found).
In that case, the long established tenet of velocity versus distance relationship (Hubble's law) should be
revoked.

����������
In any case, we propose that the universe is uniform in all directions with regards to average velocities and

sizes of all celestial bodies, however, not all of which are visible within the maximum visible universe. There
are (maybe) equal numbers of bodies with redshift and blueshift in all directions. We mean at su�ciently
(very) long distances, because PG allows variations of physical constants (like G) from region to region
su�ciently apart. However, the most distant ones that are visible happen to be also the bigger, so that we
inadvertently �lter out the smaller ones during our observations. Our observations would then be biased
and introduce an artifact by the outer visible galaxies in our thinking that they are moving faster than the
closer ones. In that case, the Big Bang can be simply an artifact. It can be an artifact merely of the visible
universe and not of the actual universe altogether, namely, observable and not observable (as de�ned by
special relativity). Note: The �average� and �su�cient� words here have relative signi�cance to be established by the actual

data available in each referenced case.
The above requires considerable amount of work on both existing and new astrophysical/astronomical

data, before we can accept it as a denial of the the long established �big bang� belief. All this could be
clari�ed, when cosmologists reappraise and review their methods of measurement now to be based on the
new framework of PG. It is said that measuring photometric redshift is easier to use than direct distance
measurements, but this is not only a crude method, it can also be wrong on account that it is not known
how luminous objects are in reality. The use of such means to measure the masses of objects independent of
the mass-to-light ratio may contribute to artifacts. These problems are convoluted by the new possibilities
of reality revealed by PG as outlined in preceding and later sections of this report.

If PG does indeed provide a new real framework for new physics, and if astrophysical and astronomical
measurements do indeed require a re-calibration, then not only the Big Bang should be reconsidered as
unreal, but also all other competing alternative theories may stand on shaky ground (re cosmic microwave
background (CMB), steady state model, etc.)

Is said that �CMB radiation is landmark evidence of the Big Bang theory for the origin of the universe.�
However, even this should also be reappraised. In particular, it is said that �With a standard optical telescope,
the background space between stars and galaxies is almost completely dark. However, a su�ciently sensitive
radio telescope detects a faint background glow that is almost uniform and is not associated with any star,
galaxy, or other object� (Wikipedia contributors, 2024b). The spectroscopic measurements in the space
between visible galaxies may not be an empty space �lled with �background� radiation after all that is
independent of the ever present cosmic bodies. The allegation (or assumption) that the CMB is the remnant
of the Big Bang may prove to be entirely arbitrary and the ensuing support for the Big Bang unwarranted.
In that intervening gap, there is actually a practically in�nite number of galaxies, of which only the most
massive ones get their light through to us to see and measure. As we increase the angular resolution
our spectroscopic/photometric measurements in that �space�, we may simply resolve clusters of those most
massive bodies, which at the same time appear �redder and redder shifted �, on the micro-wavelength scale.
In that case, the CMB may not be an another con�rmation of the Big Bang theory. Furthermore, the
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paradoxical discrepancy of the rate of expansion of the universe based on spectroscopic redshift and on CMB
redshift (Hubble tension) might or might not be resolved, but this by itself does not solve the problem. It
is beyond the means available to this author to carry our such work, which is left to ambitious cosmologists
to work it out. This author only projects his philosophical tenets in physics on this matter by use of the
available resources to him. The space can easily be �lled with a cosmic �uid (e.g. gravions), and the space
can be overall homogeneous and isotropic over su�ciently large sales.

If Big Bang becomes redundant, a lot of complicated theories will be unnecessary and our understanding
could be greatly simpli�ed. The universe could be much simpler than we have thought so far. If we start with
a wrong premise (like universe expansion), we are constrained to formulate needlessly complex mathematical
relationships only to comply with the wrong starting point of our theories. For example, take �proper and
comoving coordinates� introducing only redundant hard-and-complex work for cosmologists. We may have
misconceived the nature of the universe due to systematic biases and errors. The universe can easily be
static and always comoving. Philosophically, the universe in its eternity must not change to something else
overall, but it always �ows within itself. The Big Bang is philosophically untenable. The vacillations between
contracting or expanding universe must have been in vain. We advocate the �static� and ��at� universe, to
the requirements of which we should comply from now on.

There is no need for the present author to delve deep into the long literature of the Big Bang and the
expansion of the universe, since especially following the launch and use of the James Webb Space Telescope
(JWST) a momentous debate has skyrocketed worldwide.

The �Hubble Tension� is a point of current controversy, and not only that. New contradictions expose a
fundamental gap in the understanding of cosmos, so that �new physics� becomes necessary. We mentioned
several reasons for that. A �aw also in the Lambda Cold Dark Matter model and Dark Energy driving
the expansion of the universe are under question too (Riess et al., 2024). Even if the Hubble Tension is
somehow resolved, it is still signaling New Physics (Freedman, 2024), while the Big Bang theory can still be
an artifact.

We are bombarded with expressions like �The Universe Has Stopped Expanding! James Webb Space
Telescope Shocks the Entire Space Industry!� We hear that �Galaxies appear small, smooth and surprisingly
old in the JWST, but according to the big bang theory, as space expands, they should appear larger as they
move away due to the stretching of light: However, the galaxies become smaller as the distance increases�...
�Even galaxies with greater mass and brightness bigger than our galaxy appear in the JWST images 2-3
times smaller than the previous images obtained by the Hubble telescope�... Also �the redshift is 2-3 times
greater challenging the assumptions of an expanding universe. They must be exceptionally tiny to explain
the optical illusion (mighty mouse galaxies)� (Labbé et al., 2023)... �The age of the universe appears to be
older that previously thought, if to explain the new �ndings with galaxies as big as our own, even after a few
million years after the big bang�... �The number of redshifted galaxies above 10 is 100000 times greater than
predicted �... and �if veri�ed with spectroscopy, the stellar mass density in massive galaxies would be much
higher than anticipated from previous studies on the basis of rest-frame ultraviolet-selected samples� (Labbé
et al., 2023)... All of these and much more are not expected by �established� theories and the expansion of
the universe is now seriously questioned. We hope that our PG theory provides the ultimate framework to
arrive at a much better understanding of the cosmos. The absence of any mention of our theory (PG) in what
appears to be a long and comprehensive list of �Alternatives to general relativity� (Wikipedia contributors,
2024a) leaves much to be desired about the status of physics today.

19 Towards a quantum push gravity (QPG) theory

The explanation of gravity as arising from push particles (the gravions) already indicates the quantum
nature of the generated �eld. However, so far we have described and discussed the absorption of gravions
by material bodies in general without much regard about the nature of the absorbing body. We have
introduced an absorption coe�cient k only to denote the number of absorption events per unit length inside
the body. So far, the body may be a continuum, inside which the absorption process takes place; the process
obeys Lambert's law on the propagation of general radiation or beam transmission inside matter. It is the
interaction of push particles with another material entity that completes the phenomenon of gravity. We
attempt to complement our study by investigating the other side (member) of this process, i.e. the absorbing
body including material particles like protons and electrons. In doing so, we must be reminded about the
provisos of Part Two, namely, that these attempts may be revised by the author and the readers freely
without harm to the outcomes of Part One.

The attempted development of a quantum push gravity (QPG) theory here follows an independent path
from existing quantum gravity and quantum �eld theories. This happens either because the theory is self-
su�cient without the need to introduce extraneous concepts, or because of limitations already outlined in
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the introduction of this report, which make a thorough literature survey impractical. The connection with
existing theories may be e�ected as it becomes apparent to this author now or in later writing, but the onus
is mainly on the expert reader to take over from all the loose ends created by, or left o� from this report.
The present sections may extend beyond the original scope of providing an early mathematical background
of a push gravity theory for the purpose of designing experimental veri�cation of its principles. Pending
such veri�cation, we are only left with a continuation of the theoretical development and a compilation of
thought experiments.

It is generally accepted that force �elds are responsible for the force exerted between two particles, or
the force is the result of the exchange of virtual-force-carrier-particles between the said two particles. The
force �eld generated by each particle acts on the other particle. Furthermore, it is said that particles are
interpreted as the quantum excitations of each �eld. Thus, photons are the excitations of the electromagnetic
�eld, gluons are excitations of the strong gauge �eld, Higgs bosons are excitations of one component of the
Higgs �eld and gravitons are presumed to be excitations of gravitational �eld or waves.

PG starts with a presumed existence of gravion particles, a consequence of which is the gravitational
�eld. In that sense, gravions create (underlie) the gravitational �eld. If a disturbance of the steady-state
gravitational �eld is thought of as a wave, and if the graviton (per literature) is that wave, then gravions and
gravitons are two separate and di�erent entities. The gravions precede the gravitons, and we were justi�ed
at the outset to introduce a new term for the push particle of gravity, namely, the gravion or type-I push
particle. In subsequent extension of PG, we introduced the electrion (type-II) push particle underlying the
electric �eld. As such and following a parallel reasoning as with gravity, we may say that a photon is a
perturbation of electrions from their steady-state equilibrium. In other words, if the underlying quantum
�elds are more fundamental than particles, then we take it one step deeper by understanding that �elds
themselves are made up by more fundamental particles, the nature of which is yet to be comprehended. We
may repeat the same reasoning for any other type of push particles responsible for other force �elds. We
realize that the term �particle� used here may di�er from its meaning in the literature, so that we try to use
the quali�er word �push� often.

In the following sections, we continue with possible forms of quantization of absorbing bodies, some
absorption parameters and a description of the proton, electron and positron under the laws of PG.

19.1 Minimum absorption center (MAC)

A particle beam or any radiation, in general, traversing a material body may be scattered or absorbed by the
body, partially or totally. That is, we may have partial or total re�ection, partial absorption and scattering
or total absorption with concomitant changes in the reacting body. For push gravity, we have considered
only total absorption of gravions as a necessary condition to develop the theory, whist we defer consideration
about some other type of scattering also taking place; we should stress that our going assumption applies
only to gravity, i.e. other types of force �eld may behave di�erently.

Around the absorption "point" of a gravion, there must be a minimal amount of a material entity or
mechanism performing the absorption process. This process must also allow additional gravions to accu-
mulate up to a critical limit, whereupon the accreted gravions are lumped and emitted in another form of
radiation by the reasoning proposed in Section 15.8. That is, the absorption �point� constitutes a minimum
thermodynamic subsystem evolving by �uctuations in time to a state that can emit the accumulated gravion
matter (and energy) as permitted by the �uctuation theorem. We may refer to this quantum subsystem or
minimal material entity as gravion absorption center, or quantum gravion absorption center, or simply as
minimum absorption center (MAC). The distribution of MACs depends on the nature and state of any given
material body, be it a gas, liquid or solid, plasma, electron, nucleon, etc. Some conceivable distribution
patterns are depicted in Fig. 34 to help in the ensuing analysis, but they are not the only ones, whilst other
appropriate patterns can be devised as we evolve our understanding. A given MAC is drawn in full red color
to indicate that it is fully active and free of any shadowing e�ect by other �neighboring� matter. A MAC
can only be active or inactive, so that it should be drawn either red or black correspondingly. At and near
the surface of a body, there is a maximum time exposure to push particles, whilst, as the depth inside the
bulk of a material increases and due to the shadowing (shielding) e�ect by the overlaying layers, the time
exposure decreases exponentially. In any situation, a MAC can be active or inactive, ON or OFF, one of
two states, i.e. a process thought to be governed by a Poisson distribution probability. The variation of gray
level in its mixture with red color in the diagrams describes just the time averages of them being between
the active and inactive state, i.e. between e�ective or black mass (or matter).

The four spacial distributions shown in Fig. 34 are entirely arbitrary at this point of our understanding:
They may be distributed at the highest packing order (compacted) as in a cuboctahedron, or at the most
dispersed, or a mixed type of distribution. These distributions are determined by the �xed or averaged
spacial distribution of matter determined by other forces, like the chemical bonds pertaining to the electric
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Figure 34: Conceptualization and con�gurations of minimum gravion absorption centers
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�eld. That means that another type of force �eld (say, the electric �eld) is also present and takes precedence
prior to the gravion force �eld (gravity). If the hypothesis is correct that the other �elds are also due
to push particles, then those other push particles must be permeating in the interstices of matter at the
appropriate scales to maintain the material body in its macroscopic form. We will consider the electric �eld
in an upcoming version of the report, but we may remain with the gravitational (gravion) �eld for a while.
The �collapsed� depiction of MACs in the provided diagram is an anticipated collapse of ordinary matter to
the next or further �ner-ingredient state, whereby the gravions can only penetrate a relatively small depth
leaving the core as inactive mass with reference to gravions. However, this collapsed central region is a
matter of concern whether we understand it correctly at this point, i.e. whether it is composed of plasma
particles, neutrons, or quarks (not shown/resolved as �ner spheres), or whether it is the ultimate black mass
of a black hole. We have to return back to this section at a later stage of theory development.

It should be appreciated that the depictions in Fig. 34 are exaggerated in scale, because we already saw
how little absorption takes place over the scale of planet sizes. The e�ects shown may become more evident
above the scales of stars, etc. envisaged in the preceding Fig. 33.

19.2 Absorption coe�cient vs. absorption cross-section

We can generally liaise microscopic with macroscopic processes, like those of microscopic particles with
a (macroscopic) planet. We can apply the standard/general formulation of a directional particle beam
scattering and absorption by a material body. Any macroscopic body may be composed of individual
particles (including MACs) responsible for absorption events. Whether MACs may be thought of as particles
themselves is a di�erent question, because such �particles� may be impossible to isolate, or they may have an
extremely short life to ever become observable. Nevertheless, we can say that the total number of absorbing
particles, in whatever form, composing a planet would be the ratio M/m of the respective real masses of the
planet and particles, of which the number density n is

n =
M

m
/

(
4

3
πR3

)
=

ρ

m
(224)

where R is the radius of the planet. A single particle has a characteristic radius R0, which de�nes a total
absorption cross-section σ:

σ = πR2
0 (225)

The number of absorption events of a beam of gravions traversing our typical length ` is k` with the generally
known relationship for k:

k = nσ =
ρ

m
πR2

0 (226)

We also have from Eq. 113

k =
πGρ

g0
=
πGρe
g0q

=
ke
q

(227)

where we similarly introduce a corresponding e�ective absorption coe�cient ke by:

ke =
πGρe
g0

(228)

and supplement yet another equation (formula) for the contraction factor:

q =
ke
k

(229)

The practical application of this e�ective absorption coe�cient is that we can use the known e�ective mass
of the used particle and the known e�ective mass of the planet, from the outset, to obtain a corresponding
e�ective number density of the scattering particles:

ne =
ρe
me

(230)

The latter allows us to derive, or connect either of the absorption coe�cients with the total absorption
cross-section of the particle as:

ke = neσ =
ρe
me

πR2
0 = qk (231)
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The above method relates the microscopic absorption cross-sections with the macroscopic parameters of
a planet, but the absorption cross-section can be taken to correspond to particles (including MACs) of any
size with a given (absorption) e�ective mass. The particle can be an electron, proton, positron or any other
body including the entire planet itself. In the latter case, from Eq. 220, the planet's minimum radius at
AR = 1 is

R0−planet =

√
GMe

g0
(232)

Then we can write the following useful relationships:

ke = neσ =
ρe
Me

πR2
0−planet =

3R2
0−planet

4R3
=

3GMe

4g0R3
=
πGρe
g0

= qk (233)

From the above equations, we can obtain the minimum absorption radius of the Earth (i.e. its absorption
cross-section) as a function of the prevailing g0. For example, we get R0−Earth = 8.928614× 104 m, a total
absorption cross-section σEarth = 2.504482386487 × 1010 m2 and k = 2.31236 × 10−11m−1 for g0 = 50000
ms−1, as can also be cross-examined against Table 2 with use of data from Table 3. Again, these values are
produced based on an average density distribution of Earth and should be re-evaluated by proper accounting
of the actual prevailing density situation in the future.

19.3 Proton and electron parameters

Before we theorize a description of the electric �eld under push particle principles, we consider the gravion
�eld (gravity) e�ect at the microscopic scales of proton and electron according to PG for a series of assumed
cases with regard to their absorptivity and the amount of black mass possibly contained in them. We know
that these particles have a gravitational mass, i.e. they have weight under gravity regardless of their very
small size. We can use the available radius for proton, but no such radius is readily accepted for electron,
for which it is said to be zero, or some very small value not yet found, or the so called �classical electron
radius�. We can return to these and other questions after we attempt to solve a series of cases in the form
of exercises below. We take this approach initially, because of unknown parameters for these particles, with
an intent to return for a another pass of computations later. None of the presented cases are claimed to
represent actual cases, but they serve to alert us about some important issues.

19.3.1 Exercise: Proton parameters

Like for planets, we �nd the corresponding parameters for proton from Eqs. 140 and 142 given its (charge)
radius and e�ective mass; the �charge� radius is used to be also the mass radius at this stage. The contraction
qp, absorption coe�cient kp and absorptivity AR−p are given in Table 19 in the typical range for g0 (we
use p in the subscript for proton). We use the prevailing radius Rp = 8.414000 × 10−16 m and mass
me−p = 1.672622E×10−27 kg as its e�ective mass. We �nd that the contraction factor is very close to unity,
which means that the real mass is very close to the measured e�ective mass.

From the above known parameters of proton, we �nd its total real mass mp and its black mass component
mb−p from the contraction factor:

mb−p = mp −me−p =
me−p

qp
−me−p =

(
1

qp
− 1

)
me−p (234)

We note that only an extremely small fraction of mass is inactive (black), whilst correspondingly the
absorptivity is also very low. However, all these parameters may need revision as soon as the radius of the
proton is further revised; in fact, we feel that such a revision is overdue, whilst PG will assist in doing so.

19.3.2 Exercise: Electron parameters in case of equal electron-proton real mass

The electron is considered an elementary or fundamental particle that cannot be decomposed to other
particles, yet it presents some sort of a connection with proton by its constant (e�ective) mass ratio µ =
me−p/me−e, its equal but opposite charge and by both particles being stable in time (i.e. extremely long -
if not in�nite- lifetimes). The β+decay or �inverse beta decay� inside a nucleus is written by:

p+
�n0 + e+ + νe (235)

νe + p+ → e+ + n0 (236)
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where e+ is a positron, νe is an electron neutrino and νe an electron antineutrino. Likewise, the beta decay
for the neutron (β−decay) is written by:

n0
�p+ + e= + νe (237)

It is said that all particles can be made from leptons. Without specifying the kinds of particles, the idea
of building particles from other particles is consistent with the general concepts of PG and its framework.
They could be described under PG too in balancing the energy and total mass yielding a tiny rest mass for
the electron neutrino/antineutrino. We cannot enter into a detailed correlation or explanation of particle
physics data under PG yet.

There seems to be a fundamental relationship between proton and electron, which can now be revisited
under various possibilities presented by PG. These possibilities arise from the existence of and distinction
between real, e�ective and black mass, which could presumably be used to establish that relationship. The
possibility of combining gravion absorption with black mass in various proportions to produce e�ective mass
for any given particle might assist existing theories in nuclear reactions and particle physics in general, as
we might be able to better understand and explain the above reactions. For this purpose, we present some
results in the form of a series of �exercises�, which might point to a direction, or provide the means to address
the problem in due course.

For convenience, we repeat our previous equations: The radius of a particle is given by

R =

√
Gme

g0AR
(238)

where in the limiting case of AR = 1, we obtain the characteristic minimum radius R0

R0 =

√
Gme

g0
(239)

It is said that electrons have zero radius, being point masses, or on account of its mass ratio with proton
it may be less than 10−18 m, but the radius is as yet unspeci�ed. There is also the classical electron radius
of R = 2.8179403227(19) × 10−15 m, which, being greater than the proton radius, it is said to have only a
theoretical value. Now, we could initially obtain a radius from the above formula, except that we don't know
AR. The value of AR = 1 means an absolutely total absorption layer forming an e�ective mass with �zero�
thickness. This would also imply an in�nite, or extremely large real mass, which would be very di�cult
to explain. However, this idealized situation is simply a mathematical artifact that can be dealt with in
a quantum PG. We can only accept a �nite value for the real mass accompanied by a �nite absorption
layer thickness (TAL) for the existing (established) e�ective mass of the electron. We have no indication
what the real mass of the electron may, or should be. That could perhaps be derived during a concerted
e�ort to �t various existing data of the �standard model� or other data under the framework of PG. The
present author is in no position to achieve this goal for lack of readily available knowledge of the existing vast
pool of information. However, we can demonstrate by simple algebra how to go about with some tentative
considerations in a possible relationship between proton and electron (or positron).

We have generally considered the e�ect of shrinking a given constant spherical mass in Section 9.1. We
apply this situation to the case of a proton and see what happens. Because its contraction factor is very
close to unity and its absorptivity very small getting smaller at higher g0, it can be envisaged as being very
��u�y� or �compressible�. This is consistent with its structure of three quarks. In plain terms, the proton
seems to be very �transparent� to gravions.

g0 qp kp AR−p mb−p

300 0.999999999704344 4.68513035281366E+05 5.25609157025589E-10 4.945210E-37
500 0.999999999822606 2.81107821135575E+05 3.15365494215353E-10 2.967133E-37
1000 0.999999999911303 1.40553910555320E+05 1.57682747107676E-10 1.483566E-37
2000 0.999999999955651 7.02769552745438E+04 7.88413735538384E-11 7.417906E-38
5000 0.999999999982260 2.81107821090695E+04 3.15365494215353E-11 2.967237E-38
10000 0.999999999991130 1.40553910544101E+04 1.57682747107676E-11 1.483618E-38
20000 0.999999999995565 7.02769552717388E+03 7.88413735538384E-12 7.418277E-39
30000 0.999999999997043 4.68513035144233E+03 5.25609157025589E-12 4.945890E-39
50000 0.999999999998226 2.81107821086207E+03 3.15365494215353E-12 2.967459E-39

Table 19: PG parameters for proton
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Initially, we consider what would happen, if we could compress the proton to a much smaller radius
keeping its real mass constant. We re-write Eq. 140 both for a proton and an electron together with their
contraction factors, whereby we also use the same real mass m for both:

me−p = qpm =
g0

G
AR−pR

2
p (240)

me−e = qem =
g0

G
AR−eR

2
−e (241)

[Note: the subscript e stands for �e�ective�, the subscript −e stands for �electron�, whilst the subscript

p or −p stands for �proton�]. In other words, we consider that we compress the proton to such a radius
that its e�ective mass reduces to become equal to the published (e�ective) mass of an electron, namely,
me−e = 9.1093837015 × 10−31 kg. We expect that the e�ective mass of a sphere decreases, if we keep the
real mass constant: Because AR can never exceed unity, by arbitrarily reducing the radius in the above
equations, the only compensation can be a reduction of the contraction factor and hence by a corresponding
decrease of the e�ective mass.

The proton-to-electron mass ratio µ is well known to be:

µ =
me−p

me−e
=

qp
q−e

= 1836.15267343 (242)

where we have canceled the common m and also relate the above by:

µ =
AR−pR

2
p

AR−eR2
−e

(243)

from which we �nd the electron radius as:

R−e =

√
AR−p
µAR−e

Rp (244)

We can �nd the unknown AR−e as follows: The contraction factor for the electron is given by:

q−e =
qp
µ

=
3AR−e
4kR−e

(245)

which yields the equation

3AR−e
4kR−e

− qp
µ

= 0 (246)

The above can be solved �rst for the unknown product kR−e (for electron), which appears also inside AR−e
(see Eq. 44), and from which we obtain AR−e and then the electron radius from Eq. 244. We have done this
numerically and list the �nal results in Table 20. Like for proton, we �nd the black (inactive) mass mb−e for
the electron (positron) under this particular condition of maintaining a constant real mass mp = m−e = m
by

mb−e = m−e −me−e =
me−e

qe
−me−e =

(
1

qe
− 1

)
me−e (247)

Notable is the comparatively large black mass in the electron (positron). We also �nd and list the theoretical
limiting radius R0−e, which is the same and repeated in all tables for easy reference; the di�erence between
the two radii R−e −R0−e ≡ ∆R−e is discussed below.

Since the positron is the counterpart of the electron having the same e�ective mass, we could imagine
the positron as being a compressed proton by the above means, or conversely, the proton as a �blown-up�
positron. We are aware of the theory that the proton consists of quarks and muons, but the imagined
contraction or expansion of real mass does not necessarily negate an internal structure of the proton as a
function of that of a positron.

The above analysis presents only a methodology on how to deal with real and e�ective mass and with
their associated parameters without claiming to have found the actual electron radius yet. The latter may
have any value subject to the electron absorptivity factor AR−e as it deviates from unity. The greater the
deviation, the greater the electron radius. To be able to �nally solve this question, we need to apply the above
methodology in a way that produces outcomes consistent with other existing data and general information
not only relating to electrons but also spanning the entire physical world at various scales.
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g0 q−e kR−e AR−e mb−e

300 5.44617021326613E-04 1.37711414240144E+03 0.9999997363485721592 1.67171098512473E-27
500 5.44617021391021E-04 1.37711414223858E+03 0.9999997363485720969 1.67171098492693E-27
1000 5.44617021439326E-04 1.37711414211643E+03 0.9999997363485720501 1.67171098477857E-27
2000 5.44617021463479E-04 1.37711414205536E+03 0.9999997363485720267 1.67171098470439E-27
5000 5.44617021477971E-04 1.37711414201872E+03 0.9999997363485720127 1.67171098465989E-27
10000 5.44617021482801E-04 1.37711414200650E+03 0.9999997363485720080 1.67171098464505E-27
20000 5.44617021485217E-04 1.37711414200040E+03 0.9999997363485720057 1.67171098463763E-27
30000 5.44617021486022E-04 1.37711414199836E+03 0.9999997363485720049 1.67171098463516E-27
50000 5.44617021486666E-04 1.37711414199673E+03 0.9999997363485720043 1.67171098463318E-27

g0 R−e R0−e ∆R−e k−e

300 4.50173194740697E-22 4.50173135396290E-22 5.93444066960637E-29 3.05907628106260E+24
500 3.48702657227941E-22 3.48702611259961E-22 4.59679797757554E-29 3.94925049664415E+24
1000 2.46570013543645E-22 2.46569981039375E-22 3.25042702226488E-29 5.58508361306745E+24
2000 1.74351328613970E-22 1.74351305629980E-22 2.29839898939935E-29 7.89850099223745E+24
5000 1.10269462299327E-22 1.10269447762975E-22 1.45363515574359E-29 1.24886266179528E+25
10000 7.79722845496485E-23 7.79722742708958E-23 1.02787527601569E-29 1.76615851383658E+25
20000 5.51347311496635E-23 5.51347238814878E-23 7.26817577891135E-30 2.49772532355734E+25
30000 4.50173194740697E-23 4.50173135396290E-23 5.93444067308037E-30 3.05907628016721E+25
50000 3.48702657227941E-23 3.48702611259961E-23 4.59679797919012E-30 3.94925049595058E+25

Table 20: Derived PG parameters for electron (positron) in the case of constant (equal) real mass between
electron-proton.

The example analyzed above is just one possibility among many. There is a variety of combinations of
e�ective mass with black mass, g0 value and radius. We demonstrate some of those other possibilities below,
which may later help us derive not only the electron radius but also the proton-to-electron mass ratio µ and
other particle relationships.

[Note: Could PG theory help in the mysterious discrepancy of proton diameter measurements and other anomalies

with muon technologies? From Wikipedia article on hadrons, we quote a relevant statement: �In other phases

of matter the hadrons may disappear. For example, at very high temperature and high pressure, unless there are

su�ciently many �avors of quarks, the theory of quantum chromodynamics (QCD) predicts that quarks and gluons

will no longer be con�ned within hadrons, "because the strength of the strong interaction diminishes with energy".

This property, which is known as asymptotic freedom, has been experimentally con�rmed in the energy range between

1 GeV and 1 TeV �]

19.3.3 Exercises: Electron parameters in case of x:y gravion accretion

We can repeat the previous exercise by setting various other conditions between the di�erent types of mass.
We can generalize the previous derivations for the following hypothetical particle relationship like:

p+
�e+ + ν (248)

where ν is a hypothetical particle (in lieu of a known neutrino) with all particles being at rest with no kinetic
energy, so that we write for their masses the equation:

me−p = me−e +me−ν (249)

where the masses of the positron and electron are the same (me−positron = me−e) and me−ν is the e�ective
mass of the hypothetical emitted (balancing) particle in lieu of a known neutrino. This hypothesis allows us
to add mass to the electron (positron) from an external source, which can be an accretion of gravions. Now,
instead of keeping the same real mass for the electron and proton, we can try to vary the real mass from mp

to m−e, or from m−e to mp and re-write their equations as

me−p = qpmp =
g0

G
AR−pR

2
p (250)

me−e = qem−e =
g0

G
AR−eR

2
−e (251)
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with corresponding contraction factors qp and qe. The absorptivities and radii of the proton and electron
are still related via Eq. 243 (by dividing the above equations), but the contraction factors relate di�erently.
The proton's e�ective mass can be written as the above sum by

me−p = me−e +me−ν =
me−p

µ
+me−ν (252)

where we factor in their observed (e�ective) mass relationship µ between electron(positron)-proton. The
above equation is only a starting approach to help build the required termme−ν in various ways of combining
added gravion mass with existing black mass in the electron to produce e�ective mass in the proton; in this
process, mass and energy are interchangeable in the summed terms by lumping them together. To build a
proton from an electron(positron) in this way, we need an available amount of black mass mb−available in the
electron over and above the �nal remnant black mass mb−p in the proton, i.e. we must have for the electron
total real mass:

m−e =
me−p

µ
+mb−available +mb−p (253)

with a total electron black mass being mb−e = mb−available +mb−p.
Now, we can build the term me−ν from a given amount of the �available� black mass (mb−available) via

the absorption of gravions in various ways. Let's designate the energy/mass of a single gravion by ω, which
when absorbed adds a quantum of ω mass/energy to the absorbing center. We can generalize so that x
accreted gravions (or mass parts) combine with y parts of black mass in the electron (positron), i.e. we
make the rule x : y with the meaning that an amount of yω black mass combines with an amount of xω
gravion mass to yield an amount of xω + yω e�ective mass towards building the proton. In this connection,
we envisaged that the black mass is �granulated� with grains of ω mass each, but this is not a necessary
condition, whilst it is used for convenience in our mathematical formulation. What we actually need is the
fraction xω/(xω + yω) = x/(x+ y), from which we �nd the available (needed) black mass in the electron to
be present,

mb−available =
y

x+ y
me−ν =

y

x+ y

(
me−p −

me−p

µ

)
(254)

so that the total real mass of the electron (positron) should be:

m−e =
me−p

µ
+

y

x+ y

(
me−p −

me−p

µ

)
+mb−p = me−p

[
x

(x+ y)µ
+

1

qp
−
(

x

x+ y

)]
(255)

where we used Eq. 234 for the proton black mass. From this, we derive the overall general equation for the
electron contraction:

q−e =
me−e

m−e
=

(
x

x+ y
(1− µ) +

µ

qp

)−1

(256)

that is used in the below equation (like in 246) to �nd all the electron parameters in the usual way:

3AR−e
4kR−e

−
(

x

x+ y
(1− µ) +

µ

qp

)−1

= 0 (257)

We can vary the fraction x/y in the range 0 → ∞. When x = 0, we recover Eqs. 245 and 246, i.e. the
case for constant real mass without external contribution. When x = ∞, i.e. there is no need to have any
available mb−available mass, so that the above equations reduce to:

q−e =

(
1− µ+

µ

qp

)−1

(258)

3AR−e
4kR−e

−
(

1− µ+
µ

qp

)−1

= 0 (259)

from which we found the results of Table 24; in this case, the added e�ective mass originates exclusively
from external contribution. We present some examples for the electron parameters as before in Tables 21
through to 24 for a selection of ratios x : y. Furthermore, we have extended the computations to include
more results (points) for this ratio in the range 0 → ∞ in Table 25 for two values of g0. The results are
also presented for many more points in graph form with logarithmic scales in Fig. 35. These outcomes are
discussed in more detail next.
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g0 q−e kR−e AR−e mb−e

300 1.08864114983105E-03 6.88931527181105E+02 0.9999989465403999087 8.35855492809629E-28
500 1.08864115008840E-03 6.88931527018244E+02 0.9999989465403994106 8.35855492611821E-28
1000 1.08864115028141E-03 6.88931526896099E+02 0.9999989465403990371 8.35855492463466E-28
2000 1.08864115037791E-03 6.88931526835026E+02 0.9999989465403988503 8.35855492389288E-28
5000 1.08864115043582E-03 6.88931526798382E+02 0.9999989465403987382 8.35855492344781E-28
10000 1.08864115045512E-03 6.88931526786168E+02 0.9999989465403987009 8.35855492329945E-28
20000 1.08864115046477E-03 6.88931526780061E+02 0.9999989465403986822 8.35855492322528E-28
30000 1.08864115046799E-03 6.88931526778025E+02 0.9999989465403986760 8.35855492320055E-28
50000 1.08864115047056E-03 6.88931526776396E+02 0.9999989465403986710 8.35855492318077E-28

g0 R−e R0−e ∆R−e k−e

300 4.50173372516083E-22 4.50173135396290E-22 2.37119792940316E-28 1.53036934044004E+24
500 3.48702794932163E-22 3.48702611259961E-22 1.83672201909637E-28 1.97569832255652E+24
1000 2.46570110915235E-22 2.46569981039375E-22 1.29875859531822E-28 2.79405936242182E+24
2000 1.74351397466081E-22 1.74351305629980E-22 9.18361010036657E-29 3.95139664406219E+24
5000 1.10269505845225E-22 1.10269447762975E-22 5.80822501263505E-29 6.24770666665878E+24
10000 7.79723153412487E-23 7.79722742708958E-23 4.10703529323719E-29 8.83559150156096E+24
20000 5.51347529226128E-23 5.51347238814878E-23 2.90411250647199E-29 1.24954133329852E+25
30000 4.50173372516083E-23 4.50173135396290E-23 2.37119793217784E-29 1.53036933954465E+25
50000 3.48702794932163E-23 3.48702611259961E-23 1.83672202038593E-29 1.97569832186295E+25

Table 21: Derived PG parameters for electron (positron) in the case of variable mass rule 1:1

g0 q−e kR−e AR−e mb−e

300 7.03405088619216E-03 1.06619503325234E+02 9.99956015800314E-01 1.28593153158382E-28
500 7.03405089693614E-03 1.06619503162367E+02 9.99956015800180E-01 1.28593152960574E-28
1000 7.03405090499413E-03 1.06619503040216E+02 9.99956015800079E-01 1.28593152812218E-28
2000 7.03405090902312E-03 1.06619502979141E+02 9.99956015800029E-01 1.28593152738040E-28
5000 7.03405091144052E-03 1.06619502942495E+02 9.99956015799998E-01 1.28593152693534E-28
10000 7.03405091224632E-03 1.06619502930280E+02 9.99956015799988E-01 1.28593152678698E-28
20000 7.03405091264922E-03 1.06619502924173E+02 9.99956015799983E-01 1.28593152671280E-28
30000 7.03405091278352E-03 1.06619502922137E+02 9.99956015799982E-01 1.28593152668808E-28
50000 7.03405091289096E-03 1.06619502920508E+02 9.99956015799980E-01 1.28593152666830E-28

g0 R−e R0−e ∆R−e k−e

300 4.50183035975433E-22 4.50173135396290E-22 9.90057914308844E-27 2.36835897412741E+23
500 3.48710280215613E-22 3.48702611259961E-22 7.66895565122834E-27 3.05753828354135E+23
1000 2.46575403809933E-22 2.46569981039375E-22 5.42277055802827E-27 4.32401210310503E+23
2000 1.74355140107819E-22 1.74351305629980E-22 3.83447783879373E-27 6.11507655657349E+23
5000 1.10271872899698E-22 1.10269447762975E-22 2.42513672327273E-27 9.66878498921251E+23
10000 7.79739891015185E-23 7.79722742708958E-23 1.71483062272360E-27 1.36737268618470E+24
20000 5.51359364498498E-23 5.51347238814878E-23 1.21256836205313E-27 1.93375699751017E+24
30000 4.50183035975508E-23 4.50173135396290E-23 9.90057921795331E-28 2.36835896517295E+24
50000 3.48710280215647E-23 3.48702611259961E-23 7.66895568602239E-28 3.05753827660524E+24

Table 22: Derived PG parameters for electron (positron) in the case of variable mass rule 12:1
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g0 q−e kR−e AR−e mb−e

300 9.63934186896923E-01 4.93609383070407E-02 6.34409279086220E-02 3.40829627576949E-32
500 9.63934388663436E-01 4.93606548086926E-02 6.34405768227254E-02 3.40827649499800E-32
1000 9.63934539988376E-01 4.93604421849095E-02 6.34403135081781E-02 3.40826165941939E-32
2000 9.63934615650864E-01 4.93603358730108E-02 6.34401818508643E-02 3.40825424163008E-32
5000 9.63934661048362E-01 4.93602720858693E-02 6.34401028564632E-02 3.40824979095650E-32
10000 9.63934676180862E-01 4.93602508234885E-02 6.34400765249941E-02 3.40824830739864E-32
20000 9.63934683747113E-01 4.93602401922980E-02 6.34400633592591E-02 3.40824756561971E-32
30000 9.63934686269196E-01 4.93602366485678E-02 6.34400589706807E-02 3.40824731836007E-32
40000 9.63934687530238E-01 4.93602348767027E-02 6.34400567763915E-02 3.40824719473024E-32
50000 9.63934688286863E-01 4.93602338135836E-02 6.34400554598180E-02 3.40824712055235E-32

g0 R−e R0−e ∆R−e k−e

300 1.78728911805991E-21 4.50173135396290E-22 1.33711598266362E-21 2.76177691724670E+19
500 1.38443202859096E-21 3.48702611259961E-22 1.03572941733100E-21 3.56540832553048E+19
1000 9.78943307096927E-22 2.46569981039375E-22 7.32373326057552E-22 5.04221662552541E+19
2000 6.92218169123965E-22 1.74351305629980E-22 5.17866863493985E-22 7.13074837886423E+19
5000 4.37797483004940E-22 1.10269447762975E-22 3.27528035241965E-22 1.12746815598555E+20
10000 3.09569633264237E-22 7.79722742708958E-23 2.31597358993341E-22 1.59447973959889E+20
20000 2.18898809644638E-22 5.51347238814878E-23 1.63764085763150E-22 2.25493415301937E+20
30000 1.78730135825983E-22 4.50173135396290E-23 1.33712822286354E-22 2.76171874544013E+20
40000 1.54784840724023E-22 3.89861371354479E-23 1.15798703588575E-22 3.18895795258856E+20
50000 1.38443771734721E-22 3.48702611259961E-23 1.03573510608725E-22 3.56536326590157E+20

Table 23: Derived PG parameters for electron (positron) in the case of variable mass rule 49048:1.

g0 q−e kR−e AR−e mb−e

300 9.99999457132400E-01 7.23823744995925E-07 9.65097802740621E-07 4.94519194260210E-37
500 9.99999674279410E-01 4.34294219814202E-07 5.79058771140844E-07 2.96711479371232E-37
1000 9.99999837139729E-01 2.17147052147437E-07 2.89529355710413E-07 1.48355693244071E-37
2000 9.99999918569909E-01 1.08573460670328E-07 1.44764602438909E-07 7.41778001932116E-38
5000 9.99999967428023E-01 4.34293033380708E-08 5.79057358979900E-08 2.96710643667659E-38
10000 9.99999983714062E-01 2.17145838196526E-08 2.89527779546803E-08 1.48354857586291E-38
20000 9.99999991857082E-01 1.08572239840062E-08 1.44762985274623E-08 7.41769645468789E-39
30000 9.99999994571422E-01 7.23810402746675E-09 9.65080531756552E-09 4.94510002005967E-39
50000 9.99999996742893E-01 4.34280805815849E-09 5.79041072535134E-09 2.96702287236387E-39

g0 R−e R0−e ∆R−e k−e

300 4.58240965125915E-19 4.50173135396290E-22 4.57790791990518E-19 1.57957013903598E+12
500 4.58240929714180E-19 3.48702611259961E-22 4.57892227102920E-19 9.47742097339680E+11
1000 4.58240953344043E-19 2.46569981039375E-22 4.57994383363003E-19 4.73870898187498E+11
2000 4.58241072706203E-19 1.74351305629980E-22 4.58066721400573E-19 2.36935244650012E+11
5000 4.58241488475362E-19 1.10269447762975E-22 4.58131219027599E-19 9.47738352600211E+10
10000 4.58242200653944E-19 7.79722742708958E-23 4.58164228379673E-19 4.73866959190235E+10
20000 4.58243632231437E-19 5.51347238814878E-23 4.58188497507556E-19 2.36931257094321E+10
30000 4.58245065424667E-19 4.50173135396290E-23 4.58200048111127E-19 1.57952688934228E+10
50000 4.58247932812879E-19 3.48702611259961E-23 4.58213062551753E-19 9.47698341267113E+09

Table 24: Derived PG parameters for electron (positron) in the case of variable mass rule ∞ : 0
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Figure 35: Plotting the electron parameters per Table 25 versus the ratio x/y for two �xed values 1000 and
50000 of g0
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x/y g0 q−e kR−e AR−e mb−e R−e ∆R−e

0/1
1000 0.0005446170 1377.11414212 0.99999974 1.67171098E-27 2.46570014E-22 3.25E-29
50000 0.0005446170 1377.11414200 0.99999974 1.67171098E-27 3.48702657E-23 4.60E-30

1/12
1000 0.0005899750 1271.23991918 0.99999969 1.54311783E-27 2.46570019E-22 3.81E-29
50000 0.0005899750 1271.23991906 0.99999969 1.54311783E-27 3.48702665E-23 5.39E-30

3/10
1000 0.0007078865 1059.49145518 0.99999955 1.28593153E-27 2.46570036E-22 5.49E-29
50000 0.0007078865 1059.49145506 0.99999955 1.28593153E-27 3.48702689E-23 7.77E-30

1/1
1000 0.0010886412 688.93152690 0.99999895 8.35855492E-28 2.46570111E-22 1.30E-28
50000 0.0010886412 688.93152678 0.99999895 8.35855492E-28 3.48702795E-23 1.84E-29

10/3
1000 0.0023557305 318.37100771 0.99999507 3.85779458E-28 2.46570589E-22 6.08E-28
50000 0.0023557305 318.37100759 0.99999507 3.85779458E-28 3.48703471E-23 8.60E-29

12/1
1000 0.0070340509 106.61950304 0.99995602 1.28593153E-28 2.46575404E-22 5.42E-27
50000 0.0070340509 106.61950292 0.99995602 1.28593153E-28 3.48710280E-23 7.67E-28

54/1
1000 0.0290981784 25.75538124 0.99924624 3.03947453E-29 2.46662961E-22 9.30E-26
50000 0.0290981786 25.75538112 0.99924624 3.03947452E-29 3.48834105E-23 1.31E-26

146/1
1000 0.0741617940 10.06309090 0.99506250 1.13721837E-29 2.47180964E-22 6.11E-25
50000 0.0741617949 10.06309078 0.99506250 1.13721836E-29 3.49566672E-23 8.64E-26

49048/1
1000 0.9639345400 0.04936044 0.06344031 3.40826166E-32 9.78943307E-22 7.32E-22
50000 0.9639346883 0.04936023 0.06344006 3.40824712E-32 1.38443772E-22 1.04E-22

∞/0 1000 0.9999998371 2.1714705E-07 2.8952E-07 1.48355693E-37 4.58240953E-19 4.58E-19
50000 9.999999E-01 4.3428080E-09 5.7904E-09 2.96702287E-39 4.58247932E-19 4.58E-19

Table 25: Electron (positron) parameter variation with admixture e�ective/black_massme/mb at two values
of g0

19.3.4 Discussion

From the provided tables and graphs, we note some salient outcomes:

� The electron radius R−e lies in the range 3.4870266 × 10−23 → 4.58 × 10−19 m for the highest value
of g0 used and in a sub-range of the same for lower values of g0. The lowest value of radius is only
slightly above the characteristic limiting electron radius R0−e = 3.4870261× 10−23 for the high g0 (see
Table 20).

� The slope (on log-log scales) of the radius variation is initially close to zero followed with a nearly
�xed slope up to the maximum radius. The middle range of variation is re-plotted in Fig. 36, where
the straight line is �tted with a power function for the two values of g0. There are two characteristic
in�ection points A and B at speci�c values of the ratio x/y.

� The radii di�erence ∆R−e simply follows the variation of R−e where R−e is much greater than R0−e,
otherwise it shows some additional information: There is a new in�ection point C very early before
point A is shifted upwards. Point C occurs around x/y=3/10, point A around x/y=560/1 and point
B around x/y=3338337000 /1.

� Either only two combinations or all three of points A, B and C appear with each of the electron
parameters at the same x/y.

� From the previous parameters, we have further extracted the absorption coe�cient k−e, the e�ective
ρe and real ρ densities as well as the universal constant Λ as shown in Fig. 36. The latter constant
depends only on the chosen g0 and the values shown con�rm those already provided in Table 2 for
large bodies, as it should.

� All electron parameters present the usual �sigmoid� shape like in Fig. 3, except we have now used
logarithmic scales for both axes, which allows us to distinguish di�erences at the very small scale of
the ordinate axis: Thus all parameters are a�ected by a change in g0, except the contraction coe�cient
(albeit to a very small extent). It is interesting to observe how the e�ect of g0 takes place in the
ranges between points A, B and C. Furthermore, it should be noted that even where the curves appear
indistinguishable, there is still some very small di�erence for all parameters per numerical values in
tables (less than the �fth decimal place).

The above summary of results may be important in attempting to explain the properties of the electron and
positron in this report but also by other workers in particle physics and cosmology in general. The electron
radius seems to assume a �nite value in a de�nite range as noted above.
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Figure 36: Absorption coe�cient ke, real ρ and e�ective ρe densities, universal constant Λ and repeat of the
electron radius in the transition range versus ratio x/y for two values of g0 = 1000 and 50000 ms−2 [Note:

densities graphs corrected from previous version inadvertently inputting the wrong data columns]
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The parameter ∆R−e is many orders of magnitude smaller than the electron radius up to point A,
whereupon it reaches about the value of the electron radius. This indicates that the absorption layer initially
distributes itself around the characteristic (minimum) electron radius with TAL−e < R−e, until it becomes
TAL−e ≈ R−e around point A. Afterwards, the radius �swells� up to point B and then it appears to have
reached a saturation (maximum) value.

In this connection, it is important to quote from Dehmelt's (Nobel prize) lecture on �experiments with
an isolated subatomic particle at rest� (Dehmelt, 1989), where he suggests that �the electron may have size
and structure! �. He calculates a radius R ≈ 10−22 m with an upper limit R ≈ 10−19 m. This is entirely
consistent with our preceding values. Another �uno�cial� report is found giving a more precise electron
radius R = 1.61 × 10−22 m, but this and other formulae were �published without detailed explanations of
how they were derived � (Sukhorukov, 2017-2020). This value can be found also in some of our tables in the
preceding exercises, whilst Table 23 was speci�cally compiled to contain a case close to this value in the
suspected range between 30000-40000 m/s2 for g0; this range is �suspected� from the Allais e�ect calculations
in Section ??.

If we have not provided a de�nitive answer yet, we have at least demonstrated the plausibility of PG
schemes. The Standard Model does not allow a �nite radius for the electron. However, if this is to be
remodeled, then PG o�ers a candidate platform: The electron and positron having a �nite mass can also
have a �nite radius, which depends on the relative amounts of the two types of real mass present. Since
gravitation is not described by the Standard Model and a quantum theory of gravity is not yet established,
the �nal observation of the top quark with a mass much larger than had previously expected, almost as large
as a gold atom, it might make us think again with an understanding of the meaning of mass under PG.

Neutrinos with great range of energy and mass, from supernova neutrinos and solar neutrinos to cosmic
neutrino background radiation with minimal energy may provide some hint on their possible role in PG. It
is said that the three known neutrino �avors are the only established elementary particle candidates for dark
matter, but they may also relate to black matter. To accommodate the large amount of all neutrinos in
the universe, the summed masses of the three neutrinos must be less than 0.26 eV (1 eV = 1.782662Ö10−36

kg). We may be able to do away with the Standard Model's neutrinos as fundamental point-like particles
(no volume), whilst they involve mass di�erences between neutrino mass eigenstates. Loureiro et al. (2019)
report a species of neutrino with a mass no greater than 0.086 eV, i.e. about ×107 (times) smaller mass than
an single electron. This implies the existence of physics beyond the Standard Model.

Neutrinos have been detected with a large variety of mass/energy in nuclear reactors and in South Pole
IceCube Neutrino Observatory (Stein et al., 2021), all of which may be attributed to fragments of black mass
from black holes and other massive bodies all the way down to atomic nuclei. For discussion purposes, we
may consider the following two contradicting scenarios: (1) The black mass fragments become activated, as
they are hurled away from the source, whilst they have subsequently high penetration range through material
bodies. (2) The black mass fragments are di�cult to detect, if they remain inactivated (inert) during their
transit from the source to a detector event. These ghost particles then may have even superluminal speed
of immense magnitude, if they are actually inert and without classical inertia meaning that they can be
hurled from their source across the universe at unimaginable speed. However, the second scenario cannot
justify the principle of imparting a push (momentum) required by PG. So, gravions themselves may be the
smallest possible neutrinos (or neutrino like) from initially black mass traversing the universe and manifesting
themselves as gravitation after they are absorbed by particles, planets, stars, etc. The universal constant
Λ = k/ρ is exactly the characteristic measure of this absorption. The nature of gravions is as yet unknown,
so that con�rmation of their existence and measurement of g0 is an imperative step forward. This will greatly
facilitate the further development of the theory.

The big range of neutrino energy chasing the tinniest particles is consistent with taking into consideration
the novel possibilities now opened with PG on the �nest structure of matter. We can now return to our
hypothetical proton decay expression 248 and appreciate its purpose: Whilst no nuclear reaction like that
has been observed, the end products of proton, electron (positron) and neutrinos are obtained via reactions
235, 236 and 237 with mediation of neutron and energy balancing terms in the equation. It seems that
our black mass mb−e calculated and plotted in Fig. 35 provides the ranges required for balancing the said
reactions with observed neutrinos and energy. We note that the black mass may lie anywhere between
2.96Ö10−39 → 1.67Ö10−27 kg. If the smallest species of neutrino is about ×107 times smaller than the
electron, i.e. about me−e = 9.1093837015 × 10−38 kg, then PG predictions (expected range of mb−e) are
consistent with experiment. The task is to determine the ultimate values of the electron parameters. This
can only be done with further correlation of existing or new data, a task to be undertaken by relevant physics
departments.

In all above connections, we would like to further quote from Dehmelt's lecture: �The electron is a much
more complex particle than the cosmon. It is composed of 3C−3 cosmon-like dc's, but only two particles of
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this type formed the cosmonium world-atom from which sprang the universe. In closing, I should like to cite a
line from William Blake. 'to see a world in a grain of sand...' and allude to a possible parallel - to see worlds
in an electron -�. Our elementary investigation of the electrons and positrons in this section already reveals
some exciting possibilities and prospects: If the electron has the smallest predicted radius, it would also have
the highest density and the highest absorptivity close to AR−e ≈ 1. That means it has the characteristics of
a black hole! Should this be shown to be the case, it would be a really extraordinary �nding. Then it would
be easier to think about electric charge and other properties of these fundamental particles. At the other
end, should the electron have the highest possible radius predicted here, then there would be very little black
mass with the lowest AR−e ≈ 0, i.e. it would be a ��u�y� object, with an e�ective mass equal to its real
mass. Between the two extremes, it is also possible that the radius corresponds to the situation of point A
on the presented graphs. It may be governed by statistics favoring an optimum state around this point. The
governing statistics may be di�erent from conventional quantum mechanics. Furthermore, we may have not
exhausted all possible interpretations of the Heisenberg Principle to date. Also, as already said, the second
law of thermodynamics should be considered in conjunction with the �uctuation theorem. All-in-all, we feel
that there are some exciting possibilities under PG making its veri�cation all the more urgent.

We can summarize our �ndings that may be used in particle physics thus: The preceding exercises
demonstrate the new possibilities presented by various relationships between active (e�ective) and passive
(black) types of mass in PG. The relative amounts of e�ective and black mass in a particle could accommodate
the needs of particle physics. In the transformations between and among various particles, we should also
consider the possible role of black mass that accompanies those transformations. Various neutrinos appear
for balancing the equations of mass and energy involved. The instability and extremely short lifetimes of
various particles may be attributed to their inability of containing less-or-equal to the critical mass that
allows a push particle �eld to stabilize them as an independent entity. The large types of particles produced
in nuclear reactors and elsewhere are generally fragments out of stable and unstable entities. Those fragments
may not necessarily exist as independent entities inside the original particle, they may even not appear to
exist at all in there. Theories contrived to reconcile their co-existence inside, for example, the nucleus or
nucleons, may need reappraisal.

In the meantime, we may attempt to theorize about various possibilities in understanding the electron
and positron. Neutronium and Neutron stars are said to have extremely high pressures and temperatures,
nucleons and electrons are believed to collapse into bulk neutronic matter, called neutronium. This is
presumed to happen in neutron stars. The extreme pressure inside a neutron star may deform the neutrons
into some high packing order of neutrons like a cubic symmetry (Llanes-Estrada & Navardo, 2012). We
may then think that the interior of black holes could have still the highest packing order possible, like a
cuboctahedron (see also �compacted� shape in Fig. 34). With the small electron radii possible, the densities
become extremely high per Fig. 36. It is for this reason that we selected most of the mass ratios x/y in the
exercises herewith. We would like to examine if there is some characteristic correlation of the behavior of
the electron parameters with the chosen ratios. For cuboctahedron, the count of successive layers of closely
packed spheres is called frequency F , from which we �nd the number of the outermost layer spheres in a
densely packed �ball� by:

#outer − spheres = 10F 2 + 2 (260)

and the total number of spheres by:

#total − spheres =
10

3
F 3 + 5F 2 +

11

3
F + 1 (261)

We note that point A occurs around x/y = 308/1, or x/y = 560/1, which correspond to F = 4 and
F = 5. A visual observation may indicate that the outer three, or four layers could be su�cient to shield
the central one sphere at the core of the �ball�; this would agree with such ratio of added e�ective mass to
one unit of black mass. The ultimate aim is to hopefully �nd an explanation of the �mysterious� but �rm
number of µ = 1836.15. We can return to this question later, while some other workers may like to take up
this task.

The speci�c presentation of electron parameter variation with respect to the ratio x/y is aimed at the pos-
sibility of revealing some structural relationship, but the same data relate all parameters between themselves
taken in arbitrary pairs. In preparation for the formulation of a push electricity (PE) theory in a following
section, it is helpful to familiarize with all push gravity parameters, because the same appear also in other
force �elds. The equations we used to derive and describe these properties for electrons are relatively simple
and straightforward, but the peculiar form of Eq. 139 and its dependence on the product kR may often lead
us to some non-intuitive outcomes, or to an understanding that is not immediately obvious. Since graphic
presentation is a good way to acquaint ourselves with these new parameters of PG, we have re-plotted the
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Figure 37: Plotting and comparing the electron parameters versus electron radius (left) and versus product
k−eR−e (right) deduced from previous plots for two �xed values 1000 and 50000 of g0
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Figure 38: Plotting and comparing of more electron parameters versus electron radius (left) and versus
product k−eR−e (right) deduced from previous plots for two �xed values 1000 and 50000 of g0
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same numerical data in di�erent pair combinations in Figs. 37 and 38. We juxtapose any given parameter
against radius (left), and the same parameter against the characteristic product kR. There are many other
combinations the reader may wish to display, but we prefer to standardize the plotting against the common
dimensionless variable kR, which will also make the comparison during development of the electric �eld
easier to comprehend.

20 Uncertainty Principle

We are well overdue for making a statement about the Uncertainty Principle (UP) in attempting to apply
push particle theory at very small scales and entities. In fact, we are already working with entities assumed
to be well below quantum mechanics levels. In attempting to �nd the radius of the electron at such small
scales, the conjugate variable of momentum would be greatly uncertain. This is a concern compounded also
by the as yet unspeci�ed description of what this momentum (conjugate to radius) involves. Does it involve
an oscillating mass of the electron? Which mass of the electron, the e�ective, the black or both masses? The
radius itself would also be accompanied with an uncertainty, but how would that relate to the well de�ned
characteristic minimum radius, or is the latter already ill-conceived? We have plotted a black mass of the
order ×10−38 and a density of the order ×1040, which raise the question of how these variables and their
conjugate variables enter in the uncertainty principle, or what the physical implication of the UP on these
variables might be? In the next section, we will �nd even greater ranges of these and other variables, so can
we proceed without prior application or some consideration of the UP?

The above questions and concerns are at the core of PG, especially when the latter is based on the
transfer of momentum (impulse) by push particles, the nature of which is not yet speci�ed or satisfactorily
understood. A great uncertainty in momentum may be in direct con�ict with the requirement of PG that
gravions impart a de�nite impulse at the smallest of MAC targets.

UP could make the continuation of development of PG futile unless we can integrate UP and PG together.
We readily acknowledge all of the above considerations. However, how do we know that UP is or must be a
universal principle applicable even to push particles and their interactions? Furthermore, there are di�erent
interpretations or �schools� for UP with signi�cant deviations and with no need to go through them all now.
After all, UP is a �principle� creating again another dilemma if we should continue with the development of
PG or think more about the UP itself. We faced the same dilemma with the equivalence principle, which
it seems that we can or we have overcome. Now, we have the option to continue without the uncertainty
principle, at least tentatively, in order to see what outcomes we can obtain and then return to it with a
judgment. After all, it may be more plausible to assume a deterministic sub-quantum-mechanics level than
proclaim a universal applicability of UP everywhere. We opt to continue without a full investigation of the
consequences of UP on PG, only as a way that would allow us to get at least an idea what the outcomes are
if we follow this path. We might even have a better understanding of quantum mechanics, if we were willing
to investigate �rst, as we have already been doing from the outset in this work. If we are in search of a
�game changer�, we must be prepared to work outside principles that may be responsible for the constraints
and impasses of the theories based on them. This is the purpose of science. After all, EP and UP are just
�principles� that science has adopted to build all hitherto mainstream current theories. We reserve the right
to pursue an investigation tentatively without these constraints, i.e. on the �what if� approach for anyone
willing to see the outcomes �rst and then decide.

In other words, a statement of awareness on the above issues is a provisional license that may allow us
to proceed even if we appear to trespass the uncertainty principle. We intend and hope to remedy this
shortcoming after we gather su�cient information by means of an expanded PG theory.

By no means do we dispute the validity of the uncertainty principle and quantum mechanics (QM). We
only want to move beyond this if and where possible. We only make brief statements in this section to let
us move forward elsewhere. The presented report is only an optional investigation not a claim, but may
become one if and when it is veri�ed.

Actually, we have suggested that QM might be explained on the basis of PG. The big picture of modern
physics should include a deeper and possibly hidden layer of subatomic world, which may lie beyond the
uncertainty principle. The introduction of �virtual particles� and the mysterious electric �eld accompanying
the electric charge may be replaced by real processes of real �particles�. If a conventional particle generates(?)
an output �eld (e.g. electron → electric �eld), it must also have an input of something. We cannot exclude
that the processes at sub-QM levels are perfectly deterministic. A �particle� is an excitation according to
QFT, but our introduced �push-particle� is not a particle in the sense of QFT. Perhaps, we should coin
another name, but �push particles� lie well below the scale of QFT �particles�. Whereas QM describes and
is valid at the scale of QFT particles, it would be arbitrary to want to forcefully apply it also at the scale of
push particles. Therefore, without abandoning the achievements of QM, we might be able to explain it in a
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tangible way instead of attributing mythical properties beyond human comprehension. That is, UP may be
reformulated to include an underlying determinism, which will also put an end to the persistence of di�erent
interpretations and schools vying for the truth. We are optimistic that the following work will put to rest
any concerns.

21 Push Electricity (PE)

We have proposed that the push particle principle be extended to explain all other known force �elds. We
attempt to do this for the electric �eld next. The outcomes seem to have far reaching e�ects in physics.

Because mass is a key �ingredient� across all force �elds, we summarize the greater notion of matter
already developed throughout previous sections even if we appear to be repetitive:

(a) The conventional mass appears either as inertial or gravitational mass in di�erent situations, but
they are axiomatically assumed to be the same according to the equivalence principle (EP). Both forms start
with a common rest mass thought to be also an intrinsic property.

(b) In PG, we have come up with the notion of real mass, which is the same as matter, i.e. all the
material (stu�) from which any object is composed of. The real mass is then subdivided into e�ective mass
and black mass. The e�ective mass is understood to be the active or activated component liaised with a
force. The black mass is a purely inert, passive, or inactive component without the conventional �inertia�.
The e�ective mass is created by the absorptive action of push particles, e.g. of gravions in gravity and
electrions in electricity as we will say. E�ective mass is a relative and measurable quantity, whilst real mass
is an absolute quantity. They are both measured in the same units of mass and their di�erence is the amount
of black mass. The amount of e�ective mass is relative to whether a body (real mass) is close or very far
away from other bodies (real masses). For a lone body, its e�ective mass is determined by the intensity of
�ux of particular type of push particles in the surrounding space. It is the rate of push particle and energy
absorption that determines the e�ective mass, which is di�erent for a lone body or for a body with other
neighboring bodies. We have found a relationship between force and e�ective mass between two spherical
bodies in Section 16. The e�ective mass of a lone body can be said to coincide with the conventional
intrinsic mass. From this common point of agreement, we have a departure of the meaning and measure
of the e�ective mass from the conventional inertial and gravitational mass. This departure is imperceptible
for �ordinary� bodies of Newtonian mechanics, but becomes increasingly signi�cant for neighboring dense
bodies. In particular, the e�ective mass generally decreases by proximity with another body in contrast
with conventional gravitational mass. We have brie�y cautioned what may happen to the e�ective mass of
a body orbiting around another body or accelerated in space by a rocket. In the latter case, we think that
it increases in similar but not necessarily exactly the same mathematical fashion as the conventional inertial
mass, and not only mathematically but also in a material sense. While we await a proper assessment of the
latter case, we can still proceed to investigate the static electric �eld next.

We should note that the term �matter� in this report includes also �antimatter� that is well known
and used in physics. This is only because we lack a commonly agreed word to include both �matter-
antimatter� in elsewhere terminology. For this reason we have often used the less elegant word �stu�� to
denote everything that material bodies or objects are made of including the force �elds themselves. Then
we can state that �stu� is conserved�, which leads us to unite the �elds. We do not subscribe to a mere
mathematical conception/description of force �elds in the belief that only some common underlying stu�
can unite them. Otherwise, physics could be reduced to a mathematical idealism, and cosmos could be the
product of human existence, not the reverse. By all this, of course, we enter the realm of philosophy.

For the time being, we juxtapose only gravions and electrions and, if our �ndings prove successful or
promising, we may continue on with other �elds of force. The examination of these two �elds may present
us with an opportunity of their uni�cation prior to a general push �eld theory (PFT).

21.1 General relationships

Little is known about the mysterious and intriguing electron: We don't know what holds it together, what
�xes its mass and its possible radius, or the nature of its electric charge. By the same token, we can say the
same about the positron. We know, or consider, that the electron is a persistent and reliable �atomon� (=un-
cuttable), i.e. indivisible particle so far, whilst the positron has a very short life. We want to describe and
quantify the electric �eld in a similar fashion as the gravitational �eld. Initially we ignore the repelling e�ect
of same sign charges and bypass the concept of charge. The electric �eld between an electron and a positron
(in lieu of a proton) is the simplest way resembling an �attracting� gravitational �eld, for which we may a�ord
to use similar derivations. We don't use the similar proton-electron system to avoid possible complications
on account of the di�erent proton mass and structure. The apparent similarity between Coulomb's law and
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gravitational law prompts us for this approach. Upfront we can expect that the only di�erence should be a
di�erence in magnitudes, since we know that the electric �eld is by far much stronger than the gravitational
�eld.

Under the provisos set in the preceding sections, our intention is to consider the options below as a �rst
pass of the theory and then return and weed out any discrepancies that may appear. So far, we rely on the
type (nature) of push particles and regard their mean-free-path as a critical parameter in delineating various
�elds. We delay the use of the wavelength concept until we see the need for it.

Since the real mass is the stu� that is conserved, it should be invariant under the simultaneous presence
of both gravitational and electric �elds. Then we think that the radius corresponding to the real mass is also
invariant between the �elds. The latter radius might be disputed presumably by a theoretical arrangement
of a collision experiment in electromagnetic �eld that would produce only a �charge� radius. Instead, we
have produced a theoretical electron radius from a gravitational �eld by PG considerations in preceding
Section 19.3. Sharing Dehmelt's vision, we also assume that the electron has an absolute �nite (real) radius
determined by its real mass, i.e. independently and prior of any applied measuring methods or an assumed
nature's indeterminism. At any rate, should any objections be raised, we can always return after we proceed
as repeatedly suggested.

For the electric �eld and its associated electrion, i.e. push particle type-II, we can apply the same equa-
tions as for the gravitational �eld simply by introducing the subscript 2 (2) following the same terminology
used in previous sections. Thus, we write G2 for universal �electrical� (bigG2) constant, m2e−e for e�ective
mass, A2R−e for absorptivity, q2−e for contraction factor, k2−e for absorption coe�cient, g02 for maximum
acceleration, J02 for �ux 2 density (intensity), Λ2 for new universal 2 constant, m2b−e for black mass, ρ2−e
for real density, R02 for characteristic minimum radius, ∆2R−e for radius di�erence, and product k2−eR−e
for the characteristic dimensionless variable. We may use no subscript or occasionally the subscript 1 (1) for
the gravitational �eld, like g01 ≡ g0.

Since the real massm−e of the electron (positron) is the same under both �elds (i.e. m2−e = m1−e ≡ m−e,
we immediately have that:

m−e =
me−e

q−e
=
m2e−e

q2−e
(262)

or

m2e−e =
q2−e

q−e
me−e (263)

If the radius R−e for the electron (positron) is the same (i.e. R2−e = R1−e ≡ R−e), then:

R2
−e =

Gme−e

AR−eg0
=
G2m2e−e

A2R−eg02
(264)

or

g02 =
m2e−eG2AR−e
me−eGA2R−e

g0 =
q2−eG2AR−e
q−eGA2R−e

g0 =
G2

G

k−e
k2−e

g0 (265)

where we used also the general equation q = 3AR/(4kR). [Note: Throughout this report we often expand an equation

to include various forms and parameters, because they can be easily referenced, veri�ed and better understood as we experience

new variables over conventional physics].

We also have a corresponding characteristic limiting radius R20−e for each value of g02:

R20−e =

√
G2m2e−e

g02
= R−e

√
A2R−e (266)

so that we can again de�ne the two radii di�erence ∆R−e by:

∆R2−e = R−e −R20−e = R−e

(
1−

√
A2R−e

)
(267)

Further, from the known (given) me−e, m2e−e and q2−e and the equation of contraction factor below:

q2−e =
3A2R−e

4k2−eR−e
=
m2e−e

me−e
q−e (268)

we solve �rst for the unknown product k2−eR−e (also contained in A2R−e) and then we deduce k2−e and
A2R−e from the given electron radius.
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The new universal constant Λ2 and other parameters of the electric �eld are given below from the
corresponding parameters of the gravitational �eld without further comment:

Λ2 =
k2−e

ρ
(269)

Λ2 =
πR2
−eA2R−e

m2e−e
=
πR2
−eAR−e

me−e

k2−e

k−e
= Λ1

k2−e

k−e
(270)

J02 =
cg02

πΛ2
=
k2
−eG2

k2
2−eG

c

πΛ1
g0 =

k2
−eG2

k2
2−eG

J0 =
k2
−eG2

k2
2−eG

2

c

π2
g2

0 =
cG2

π2

k2
−e

k2
2−e

(
me−e

AR−eR2
−e

)2

(271)

J02 =
c

π2G2
g2

02 =
c

π2G2

(
k−e
k2−e

g0

)2

(272)

k−e
k2−e

g0

g02

G2

G
= 1 (273)

J02

J0
=
g2

02

g2
0

G

G2
=
k2
−eG2

k2
2−eG

=
g02

g0

k−e
k2−e

(274)

The above considerations require generally two alternative e�ective masses, which may be in question
because the electron �mass� is generally considered to be well established. If the e�ective mass created by (or
corresponding to) electrions were generally di�erent from that created by gravions, it would presumably be
contrary to our experience with mass measurements of the electron and established theories. Masses with an
electric charge are generally measured inside electric (and/or magnetic) �elds, but they are also measured in
macroscopic charge-neutral-form inside the gravitational �eld and found to be the same in the sum-total of
all particles comprising a given material body. No distinction is generally made for the masses inside electric
and gravitational �elds in compliance with the Equivalence Principle. Nevertheless, we wish to go through
the exercise of the available options below.

The above general relationship by Eq. 263, states that the ratio of the two e�ective masses is equal to the
ratio of the two corresponding contraction factors for the two �elds. We have now two options to consider,
namely, that the two masses are equal m2e−e = me−e for the sake of preserving the equivalence principle,
or distinctly di�erent m2e−e 6= me−e. The unequal masses case clearly violates the EP, but we have already
concluded in Section 16 that EP should not be a constraint that we always have to adhere to.

�������������
Addendum:
As a separate supplementary relationship often encountered in conventional physics is the product Gme

called �standard gravitational parameter� µsp, which we can also express in our parameters as:

µsp = Gme = AR−eR
2g0 (275)

This is often quoted to be the �best known or measured quantity�. We can also introduce a corresponding
�standard electric parameter� µ2sp for the electric �eld by

µ2sp ≡ A2g02 = A2R−eR
2
−eg02 = G2m2e−e (276)

Noted that the sub-scripted symbol µsubscript here denotes a di�erent parameter from the plain µ previously
used for the proton-to-electron mass ratio.

We can also transfer other corresponding equations from the summary Section 6.5 and elsewhere in Part
One of this report for use in the electric �eld.

21.1.1 Case with equal masses m2e−e = me−e

Let's assume that the gravitational mass of the electron me−e is equal to its electrical mass m2e−e. Then
q2−e = q−e and k2−eR−e = k−eR−e from Eq. 45 of contraction; then k2−e = k−e and A2R−e = AR−e. As a
result, the above Eq. 265 between �elds reduces to a simple formula of proportionality:

g02 =
G2

G
g0 (277)

In electricity, the Coulomb force F2 at distance r between an electron and a positron charge e is
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F2 =
1

4πε0

e2

r2
≡ be

2

r2
(278)

where for simplicity in expressions we use Coulomb's factor b =8.987552E+09 m · N2/C2 instead of the
electric permittivity constant ε0. We may now theorize that the same force is generated by a corresponding
e�ective electron mass m2e−e at the same distance:

F2 = G2
m2

2e−e
r2

(279)

where G2 is the (electrical) universal constant for this �eld. By equating the two expressions of the same
(equal) force, we derive

G2 = b
e2

m2
2e−e

= 2.7803909099× 1032m3kg−1s−2 (280)

where we used for the charge e = 1.6021766340 × 10−19 Cb and the established e�ective electron mass
m2e−e = 9.1093837015×10−31 kg. From this, we derive the remaining corresponding PG parameters for the
electric �eld as summarized without further comment below:

Λ2 =
πR2
−eA2R−e

m2e−e
= Λ1 (281)

J02 =
cg02

πΛ2
=

cg0

πΛ1

G2

G
=
G2

G
J0 =

cG2

π2G2
g2

0 =
cG2

π2

(
me−e

AR−eR2
−e

)2

(282)

J02 =
c

π2G2
g2

02 =
cG2

π2G2
g2

0 (283)

g02 =
G2m2e−e

A2R−eR2
−e

=
G2me−e

AR−eR2
−e

(284)

F2 = G2
m2

2e−e
r2

=
g02

g0
G
m2
e−e
r2

=
g02

g0
F1 (285)

where F1 is the gravitational force and how it relates to the electric force F2.
Now, we try to understand the physical meanings for this case of equal masses in the two �elds. We need

to introduce the number density nω for gravions with a quantum energy ω and the number nε density for
electrions with a quantum energy ε and relate them via the corresponding energy �ux densities with J0 and
J02 by:

J0 = nωωc (286)

J02 = nεεc (287)

J02

J0
=

nεε

nωω
=
G2

G
= 4.1659538241× 1042 (288)

The equation k−e = k2−e found says that the number of absorption events per unit length is the same for
the gravion and the electrion. Then we must have nω = nε, otherwise the accrued absorption events would
be di�erent for gravions and electrions resulting in di�erent e�ective masses that would contradict the case
of equal masses here. Thus the above equation is simpli�ed to:

J02

J0
=
ε

ω
=
G2

G
= 4.1659538241× 1042 (289)

Then we face a dilemma to reconsider the interpretation of the meaning of e�ective mass: The impulse
transmitted to the common e�ective mass by each electrion is G2/G times the impulse transmitted by each
gravion. This means that the e�ective mass is proportional to the number rate of push particles not to the
energy rate (power) and each electrion is not reduced to an equivalent number of gravions after absorption,
otherwise the e�ective mass should be by many orders of magnitude greater. The reasoning of the electrion
�dissolving� to equivalent gravions after absorption forces a contradiction of terms, unless the electrion is
a type of matter that retains its identity after absorption. In other words, the electrion must have some
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unique attribute like, say, the conventional charge which is conserved. In other words, the electrion is not
lumped together with the absorbing matter, it is not integrated with stu� of the electron but its entity is
preserved inside the electron. Then, we may as well identify it with our well known charge. By this then,
we conclude that the charge of an electron originates by absorption of peculiar electrions being small push
particles with a density �ux J02 in the surrounding space. Then, gravions and electrions perform di�erent
functions upon absorption in their own right and their own separate identity. We are forced to conclude that
whilst the electrion imparts much greater impulse and energy into the absorbed center, the e�ective mass
is not increased in proportion but remains the same. Such a conclusion and re-interpretation of �e�ective�
mass may be di�cult to incorporate into a unifying theory of �elds and matter, if not met with an outright
rejection. Nevertheless, we must keep note of this case, if keeping true to our scienti�c endeavor.

21.1.2 Case with unequal masses m2e−e 6= me−e

Let us now investigate the challenging case of unequal e�ective masses between the two �elds. Given the
identical form of Coulomb's law with the gravitational law, we are tempted to replace Coulomb's charge
with e�ective mass, as if the electric �eld were to be considered like a gravitational �eld. In other words, we
set the numerical value of the electrical e�ective mass equal to the numerical value of the electron charge
as a likely case of unequal gravitational and electrical masses. We cannot immediately envisage any reason
for another choice of a numerical value of electrical mass without upsetting the well established physics of
electricity. Thus, we set:

m2e−e ≡ 1.6021766340× 10−19 kg (290)

and so the universal electrical constant should be numerically equal to b:

G2 ≡ b = 8.987552× 109m3kg−1s−2 (291)

i.e. a greatly di�erent value from Eq. 280 for this parameter. Coulomb's law is then replaced with a
gravitational-like law, as previously by:

F2 = G2
m2

2e−e
r2

(292)

Substituting the electrical mass in terms of PG parameters as we did for the gravitational mass via Eq.
263, we obtain:

F2 = G2

(
q2−e

q−e
me−e

)2
1

r2
=
k2−eg02

k−eg0

q2
2−e
q2
−e

G
m2
e−e
r2

=
k2−eq

2
2−eg02

k−eq2
−eg0

F1 (293)

where F1 is the gravitational force and how it relates to the electric force F2.
We �nd some numerical values and see the consequences of the above derivations. For the known (given)

ratio of the two e�ective masses, we �nd the magnitude of contraction ratio:

q2−e

q−e
=
m2e−e

me−e
= 1.75882001076(53)× 1011 (294)

i.e. the electrical e�ective mass is 11 orders of magnitude greater than the gravitational mass and so are the
contraction factors. This is the known electron charge-to-mass quotient, which is not a tautology or a mere
change of the word charge with the word mass, as we will shortly realize by introducing and understanding
the physical meaning and consequences below.

The above �quotient� expresses an enormous di�erence between the two masses that cannot be reconciled
if we start with (accept) the gravitational parameters already calculated for the electron in Section 19.3,
because the contraction factor and the absorptivity cannot be greater than unity in either the gravitational
or electric �eld. The only way to apply the above relationships between the two �elds is to start with a
range of values for the electrical �eld and work backwards (in reverse) to �nd the corresponding parameters
for the gravitational �eld. Since we have no idea about choosing a range for g02 (as we did for g0), we
can choose a range for the contraction or the absorptivity both known to vary in the range between zero
and one. We opted to do so by choosing the absorptivity as the independent (starting) variable with a
selection of representative values in the range 0 < A2R−e < 1. Then we �nd all other electrical parameters
corresponding to these values of A2R−e and all corresponding gravitational parameters from the above
relationships between the two �elds. The only proviso in doing all these computations is that we have
to specify (choose) an arbitrary electron radius at least among the range of radii already found from the
gravitational �eld. For every choice of radius value, we obtain a di�erent family of relationships between
all other parameters. We present results for three electron radii at the extreme cases previously found
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Figure 39: Electron parameters against the electrical product k2−eR−e (left) and same juxtaposed against
the gravitational product k−eR−e (right) for three extreme cases of �xed electron radii.
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Figure 40: Electron parameters against the electrical product k2−eR−e (left) and same juxtaposed against
the gravitational product k−eR−e (right) for three extreme cases of �xed electron radii.
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Figure 41: Electron parameters against the electrical product k2−eR−e (left) and same juxtaposed against
the gravitational product k−eR−e (right) for three extreme cases of �xed electron radii.
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Figure 42: Ratios of density �ux (left) and number density (right) of corresponding push particles of electrical
over gravitational �elds against electrical product k2−eR−e for three extreme cases of �xed electron radii.

in Section 19.3. Two radii are taken from the lowest values at g0 = 1000 ms−2 and g0 = 50000 ms−2,
namely, R−e = 2.46570013543645 × 10−22 m and R−e = 3.48702657227941 × 10−23 m from Table 20, and
one maximum radius R−e = 4.58247932812879 × 10−19 m from Table 24 with g0 = 50000 ms−2. Having
calculated the corresponding values of all parameters, we can plot any arbitrary pair of them and observe
their variation. We have done this by plotting parameters against the generalized products k2−eR−e and
k−eR−e for the electric and gravitational �eld juxtaposed in the left and right columns in Figs. 39, 40 and
41.

There are many conclusions to draw from those graphs, some of which are given below.
We note that for the electric �eld there is generally a straight line portion of the graphs corresponding to

a Newtonian mass, another straight line portion corresponding to a prevailing black mass and an in�ection
region corresponding to a transition between the two masses. This is because we have purposefully chosen
a wide range of values of the variable k2−eR−e to cover all regimes of electrion absorption. In contrast, the
juxtaposed parameters for the gravitational �eld are all straight lines well beyond the Newtonian masses and
into the total absorption of black masses as judged by the very near unity value of the absorptivity, or the
very near zero values of the contraction factors, all with extremely low values of variation invisible by the
drawn lines. The graphs were produced with an excel worksheet not permitting precision with more than 15
decimal places, so the absorptivity appears a parallel line very close to unity, but there is no need to zoom
in such small details here.

Another salient feature is that the black mass of the electron should be many orders of magnitude greater
than that worked out by the exercises on possible electron-proton relationship in previous Section 19.3. The
large amount of possible black mass in the electron (positron) may allow even more �exibility to �nd not
only the ultimate relationship between proton and electron but also to explain many other relationships in
nuclear and particle reactions, where these three particles are present. Importantly, we have not found a
unique single value of possible black mass yet, as we only have a large range of possible electrion densities
J02. However, we learn that black mass can be used as a �wild� card for �tting and understanding many
or all particles already found for the Standard Model and beyond. This is a next task that can only be
undertaken by the relevant experts. We only reveal the new possibilities now opened by PG.

Another salient feature found by examining the graphs for g0 is that it requires an extremely low value
of g0 = 0.0002895 ms−2 with the maximum radius used, which is unacceptable. It must be understood that
for any �xed radius R−e the variation of g0 appears constant on the graphs, but there is an invisible but
extremely small variation. For example, in the case with R−e = 4.58× 10−19 m the variation is beyond the
25th decimal place, with R−e = 2.47× 10−22 m beyond the 19th decimal place and with R−e = 3.49× 10−23

m beyond the 16th decimal place. In practice, this means that if we could measure experimentally the
gravitational g0, then we can determine the electron beam radius. To these �xed values of g0 and R−e there
corresponds a range of values for the electrion g02. The actual value for g02 will then have to be determined
by other means such as from existing data in particle physics and possibly from similar relationships between
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subsequent �eld strengths, until we close the �loop� of necessary relationships.
In Table 26, we present possible magnitudes of the maximum (limiting) electrical acceleration g02 and

density �ux J02 against the gravitational g0 for the cases of equal and unequal masses using Eqs. 277 and
265 correspondingly. We see (as expected) that there is a one-to-one correspondence between electrical and
gravitational �elds for the case of equal masses. However, for every given value of g0 at a �xed radius,
we have a corresponding range of values for g02 and J02 in the case of unequal masses, where we equated
the electrical mass to the charge of the electron. [Note: The above range of values are by far much greater than the

minimum requirement of g02 > 103g0 to achieve expected core pressures in white dwarfs.]
Now, we can describe further the meaning of the case with unequal masses in the two �elds with energy

�ux densities J0 and J02. We use Eqs. 286 and 287 again, but with nω 6= nε we obtain the corresponding
ratio of �ux densities from Eq. 271 as:

J02

J0
=

nεε

nωω
=
G2

G

k2
−e

k2
2−e

=
G

G2

g2
02

g2
0

=
g02

g0

k

k2−e
(295)

Then we can relate the ratios
ε

ω
and

nω
nε

as:

nε
nω

=
ω

ε

J02

J0
=
ω

ε

G2

G
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−e

k2
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= 1.347× 1020 k
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−e

k2
2−e

ω

ε
(296)

or the same by

nε
nω

=
ω

ε

J02

J0
=
ω

ε

G

G2

g2
02

g2
0

= 7.426× 10−21 g
2
02

g2
0

ω

ε
(297)

If we set

ω

ε
=

G

G2
(298)

then

nε
nω

=
k2
−e

k2
2−e

=
G2

G2
2

g2
02

g2
0

(299)

In other words, the impulse transmitted to the di�erent e�ective masses by each electrion is a lot greater
than the impulse transmitted by each gravion but a lot smaller than the impulse of the electrion in the case
of equal masses. The ratio of these impulses will be determined if and when we know the number density
ratio nω/nε. These numbers may be easier to physically justify in a subsequent modeling for the two �elds
using the unequal masses case. The ratios of �ux densities and number densities for the two �elds are plotted
in Fig. 42.

We will use the above �ndings further in building an electricity model and draw more conclusions and
insights in the course of more detailed development of the theory.

21.2 Minimum emission centers (MEC)

According to the third postulate of PG theory, �gravions (or energy) absorbed are also re-emitted in a
di�erent form of particles (energy) with much shorter mean free path so as not to pertain (mediate) further
to gravitational force, but likely to pertain to other types of forces or reactions�. That is, the rates of
absorption and emission (decay) are equal in the steady state with a characteristic time constant, as we
have also discussed in Section 15.7.1. The number-rate of absorbed gravions and the number-rate of emitted
particles di�er in inverse proportion to the energy of each type of push particle. They di�er by many orders
of magnitude as we have found for both cases of equal or unequal electron masses in the two �elds. Having
previously introduced the minimum absorption center (MAC), we can now introduce equivalently a minimum
emission center (MEC) for and around points distributed inside any material body. That is, we can say that
every �point� of a body appears �dark� with respect to gravions and �bright� with respect to emitted push
particles, which we have tentatively called electrions, but may be called with any other name according to
their function. At this point of development we don't know if the nature of a MAC or the type of push
particle absorbed or both determine the nature of emitted push particles. For an electron and positron, in
particular, we may guess that they are type-II push particles (electrions) subject to possible revision later.

Let us concentrate on the electron and positron here. The acceleration (force) around them may be
generated as follows: The sphere of Fig. 1 used for founding gravity is now considered an electron. Now,
there is an excess amount of emitted electrions inside the di�erential solid angle subtended by O, not a
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m2e−e = me−e m2e−e = 1.6E − 19

g0 g02
J02

J0
g02

J02

J0

300 1.24979E45 4.16595E42
500 2.08298E45 4.16595E42

1000 4.16595E45 4.16595E42
2.4E34 → 3.0E41
(R−e=2.47E-22)

4.16575E42
→6.83450E56

2000 8.33191E45 4.16595E42
5000 2.08298E46 4.16595E42
10000 4.16595E46 4.16595E42
20000 8.33191E46 4.16595E42
30000 1.24979E47 4.16595E42

50000 2.08298E47 4.16595E42
1.2E36 → 1.5E43
(R−e=3.49E-23 )

4.16575E42
→6.83450E56

Table 26: Relationship between g02 of electric �eld and g0 of gravitational �eld for equal masses case (left
columns) and m2e−e = 1.6E − 19 kg case (right columns) with two electron radii at g0 = 1000 and 50000
ms−2.

depletion as applied for gravions. This will produce a repulsive force in the opposite direction. The emitted
electrions ε− will be produced along lines of sight from O with an emission coe�cient k2−e inside the sphere,
corresponding to the gravion absorption coe�cient k ≡ k1. Therefore, we expect a net emission factor, or
acceleration and force expressed by the same formulas as in the gravitation �eld. Thus the repulsive force
should have the same form as the corresponding attractive force expressed by Eqs. 285 or 293 for equal or
unequal electrical masses between the �elds.

With the above understanding, we can adopt a similar reasoning for the positron as being the source of
MECs radiating electrions ε+ with a positive attribute. We can combine these ideas to build an electrical
push model next.

By virtue of the above description, there are various possibilities about the proposed MACs and MECs.
They may be equal in number and distribution, or vary to explain di�erences between gravity and electricity.
They perform certain functions, two of which are the absorption of gravions ω and the emission of electrions
ε− or ε+. In building a model, we are entitled to allocate attributes in similar fashion as practiced by
other theories like ��avors�, �colors�, �exclusive� principle, etc. We hope to be able to explain any introduced
attributes as PG theory evolves, otherwise we simply augment the list of incomprehensible properties. The
task of physics should be to make the cosmos understood by humans and not appeal to human weakness to
evade the task.

21.3 Unifying gravitational and electric �elds

From the numerical examples worked out for the force and other parameters for the electron, it is immediately
clear that the gravion density is too weak to produce enough electrions to generate the electric force, i.e. if
gravions are re-emitted as electrions. Therefore, there must be another source of push particles type-III that
we call �somions� (ς) [see below note (*) for terminology], which after being absorbed by an electron generate
the required �ux density J02 of emitted electrions ε−. We require that this other source has a density �ux
J03 = J02 producing a maximum secondary acceleration g02 at the exit surface of electrons and positrons
and all the other parameters that we worked with for the electric �eld. This rightly evokes the question
about the origin and extent of the source of somions ς, i.e. if they are �locally� stagnating in the �vacuum�
inside material bodies or they pervade the outer universe (�vacuum�) as well. Are they recycled locally or
are they supplied continuously from outside?

Since electrons and positrons contain MECs, they are emitters of electrions and appear as �bright-gray�
bodies generally, not as �dark-gray� bodies like in the case of gravity. The depth distribution of bright MECs
is an open end question to determine together with nuclear force �elds later as needed.

We now need to disengage the functions of the primary supply density J03 of somions from the secondary
supply density J02 of electrions. To assist in this, we describe an outline of a model as follows:

Fig. 43 shows an electron and a positron surrounded by a dense medium of somion particles ς. These
particles have a uniform density and move homogeneously in all directions presumably at the constant
speed of light. They are characterized by a uniform �ux density J03. We posit that the mean free path of
these particles is much smaller than atomic sizes, so that no attractive force is generated by them between
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Figure 43: Primary somion �eld ς (blue background) with �ux density J03 generating secondary emitted
electrion �eld ε+ or ε− with �ux density J02 at the electron and positron surface correspondingly.

electron-proton in an atom (or electron-positron in the �gure) by way of absorption from J03, as it happens
with gravity (note that the diameters and distance in the �gure are disproportionate). We further posit
that push particles ε− and ε+ emitted from the electron and positron correspondingly have a mean free
path much longer than the atomic dimensions (also the dimensions in the �gure). We show this emission
by red arrows emanating from the surface of the particles, where the maximum intensity J02 takes place.
This maximum decreases with the inverse square distance law as expected by Coulomb's law for the electric
�eld. The latter �eld is not fully shown by the diagram, but we can extrapolate the red arrows emanating
from the surface of each particle. The signs + and - designate two attributes of the emitted electrions the
nature of which remains to be explained. These attributes are introduced to explain the repulsive force
between two electrons or between two positrons, and an attractive force between an electron and a positron
(as in proton). For convenience, we may refer to them as �positive� and �negative� electrions but without
the meaning of �charge� conventionally known for the electron and positron (or proton). In consequence of
the relatively much longer mean free paths, these secondary electrions ε+ and ε− are thought to be much
lighter (less mass/energy per particle) than the primary neutral somions ς. A positive electrion striking a
positron is probably re�ected, and so a negative electrion is probably re�ected from an electron. Instead of
re�ection, there may be absorption and re-emission via a processing mechanism if a �nal model requires it.
In either case, the electrions create repulsive forces between electrons or between positrons.

We proceed step-by-step in building a model. For now, we further posit that a negative electrion is readily
absorbed by a positron, like a positive electrion is absorbed by an electron. At the point of this absorption
(MAC), the previous mechanism of electrion generation and emission (MEC) is neutralized and momentum
is transferred from the impinging ε+ or ε− to the receiving electron or positron. In this way, we may also
say that MECs are �annihilated� or lost, i.e. the mechanism is lost but not the incoming electrions that may
re-emerge as something else in another �grouping� that is not pertaining to the process of generating the
electrical force. We need to stress that the �annihilation� here is about the mechanism (or MEC) without
annihilation of matter from the absorbing body or the absorbed electrion. As a result of this annihilation,
there will be a shortage of electrions between and across an electron and a positron.

What eventually happens to the emitted electrions, if they do not meet with an electron or positron,
does not concern us here yet; it is another open end to be dealt with as needed later, but we must assume
that they dissipate or drain out to a steady-state density orders of magnitude below the density of emitted
electrions at close range to the nucleus. Orbital electrons are already relatively far from the nucleus and
may experience a density somewhere between the maximum J02 and the background electrion aether. We
do not attempt to address several questions until we have a more complete theory about other known force
�elds and until we can �t the general approach of PG with speci�c experimental information from particle
physics and other related data. Then we should be able to learn how the background density dissipates
or drains out and what happens to the absorbed electrions with annihilated MECs. This is only an initial
qualitative attempt towards connecting electricity with gravity pending a quantitative analysis of the model.
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By conjecture, we anticipate similar outcomes as from the gravitational computations in the Appendices
with a di�erence arising from the background electrion �ux superimposed on the emitted electrion �ux. We
are compelled to have or produce an explanation for the outcomes and choices of electrical parameters used
in this section.

If electrions are practically re�ected without prior deep absorption, then electrons and positrons should
appear like white-holes in an opposite sense to black-holes. In that case, the values for J02 and g02 should
be in a range corresponding to k2−eRe >∼ ×10 according to Figs. 40 and 41. That is J02 ∼ ×1068 and
g02 ∼ ×1035, for which there is practically no variation. Thus, electrons and positrons may be like black
holes with respect to gravions and bright holes with respect to electrions. In that case, we may be much
closer to understanding what happens physically when an electron comes su�ciently close to a positron: The
adjacent surfaces coalesce, the masses merge and re-emerge as two gamma rays, and other particles. That is
because a particle with an e�ective mass twice that of the electron (positron) cannot be sustained under PG
rules. An explanation of the coalescence of electron-positron like this may help dissolve the long standing
mysteries of �matter-antimatter�.

In consequence of the above description of the model, we can account of the repulsive and attractive forces
as mediated by the exchange of electrions with same or opposite sign attribute. This may be a counterpart
of the concept of �virtual� particles exchanged and transmitting force found in existing literature. Our model
then explains known behavior of charges. However, the next key here is to explain the nature of positive and
negative attribute of the emitted electrions by the electrons and positrons towards completing a uni�cation
theory. This outstanding attribute might relate to spin or revolution or another physical property, and we
might be able to draw from the experimental data that have led to the Standard Model, if now the same
data can be re-appraised under PG.

In drawing a parallel between Fig. 1 for establishing other force �elds, we do not know at present about
the depth distribution of MACs and MECs in relation to somions and electrions. They might penetrate deep
enough or they may be restricted to an event-horizon-like layer. We bear this in mind when we attempt to
reconcile experimental data and adapt this model accordingly.

In a macroscopic material body we expect a huge number of electrions around emitted from local sources
like in Fig. 43 e�ectively producing a background of equal number density of ε+ and ε− in the �vacuum�
away from the sources. As a result, we must superimpose the e�ect of this homogeneous background to the
local picture of 43. Pending a detailed computation, we anticipate that the e�ect of this background on the
total local force to be practically negligible. Also, whilst the ε+ neutralize a number of MECs on an electron,
an equal number is recreated continuously by somions. The same applies for a positron. An electron must
be so organized internally as to always have a net amount of MECs specializing in ε− emission and the
positron in ε+ emission. It is generally the short range interactions emanating from the immediate and near
neighbors which determine the electrical force in atoms and between atoms. Now, the mean free path and
range of ε+ and ε− depends on the surrounding medium (nature and state of material, like permittivity),
but it must be consistent with observed macroscopic electric properties. A macroscopic electric �eld arises
from an excess of ε+ and ε− on/from the corresponding �charged� bodies. We cannot complete the model
until we can take into account an integrated �ow and inter-conversions of push particles from all available
sources of various force �elds around.

We need to calculate the details of distribution of ε+ and ε− at both the microscopic and macroscopic
level to gain a new insight of the ultimate mechanisms of electricity. For example, push electricity may
provide a direct explanation also of the Casimir e�ect on account of the inhomogeneous distribution of ε+

and ε− around surfaces at close range. Also push electricity should explain long range observations like
discharging and atmospheric lightning.

Most importantly, we have not accounted yet why the electrical mass should be constant by equating
it numerically with the charge. Like with gravitation, we should be having a variable electrical mass with
distance, say, from the nucleus of the atom. We can o�er the following initial explanation: The electron has
an intrinsic electrical massm2e−e acquired in a region where it is free from surrounding spherical nuclei. That
region is characterized by a �xed density �ux of electrions, from which the intrinsic electrical mass emerges.
Whilst this mass is variable with distance from another spherical mass, it is not variable with distance from
a �charged� �at plane. It is known that the electric force on an charge is independent of distance from an
in�nite plane conductor at �xed potential. Even simpler, we know that the force in a homogeneous electric
�eld between two parallel plane conductors is independent of location. By increasing the potential of the
conductors, we increase the electrical mass of the electron, generally speaking. For determining the charge of
the electron, the experimental �elds applied by Millikan and Fletcher create a net excess of e�ective mass due
to extra electrion �ux created by the external �eld only and not by changing position in the �eld. That is, we
only vary the total �ux of J02. However, the magnitude of the extra applied �ux is much-much smaller than
the naturally prevailing electrion �ux by many orders of magnitude. The naturally prevailing electrion �ux
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is that around a bound or �free� electron, the magnitude of which remains to be found. Thus the variation
of electrical mass is practically vanishing and undetectable during experiment. This is the reason why we
have invariably found the electron charge to be constant, whereas in reality it is not, if our push electricity
theory can be veri�ed. In other words, we do expect theoretically a signi�cant net excess of e�ective mass
to accrue on an electron with decreasing distance from another electron with spherical geometry, but we do
not expect any net excess mass to accrue on an electron with variable location in a uniform electric �eld. In
practice (experiment), if the position of an orbital electron from the nucleus in an atom changes slightly, the
surrounding electrion �ux variation may not be measurable either, whereby motion must be considered too.
The added e�ect of the external �eld itself is practically insigni�cant and presumably undetectable to date.
The naturally prevailing density of electrions trumps the applied �elds during our charge measurements.
The variation of electrical mass due to proximity with another electrical mass like the in-situ electrical mass
of the electron in the atom remains an issue to investigate. This is another loose end to pick up on the way
towards completing a push particle theory for all known forces.

We note reported values of the electron charge up to the 9th decimal place, which seems to be out of the
expected range of charge variation vs. experimental applied electric �eld. Theoretically, if we could conduct
measurements better than that to detect variation of the electron charge as a function of the applied �eld,
then that would be a direct way to verify push electricity.

We should be able to independently con�rm a similar theorem for the constancy of gravitational or
electrical e�ective mass of a spherical body from an in�nite plane sheet of matter (neutral or charged) using
the �uxes of gravions and electrions as we did in Appendix C and E.

21.3.1 Precursor of nuclear �eld

The short mean free path relative to atomic sizes described above for neutral somions ς may be very long
relative to nuclear sizes. In the latter case, nuclear particles would be pushed against each other, i.e. they
would appear attracted to each other like with a strong force holding the nucleus together. In other words, we
have a situation like with gravions but with an immensely greater �ux density. Also, the weak nuclear force
might not need a separate reservoir of push particles. The nature of the absorbing particles may determine
the interaction with various types of push particles. Furthermore, the nuclear force arising from somions
can be strong enough to overcome the repelling forces between the positive charges �residing� somewhere
inside the protons. This is all a matter of the reservoir of somions having enough density to accommodate
both electrical and nuclear forces by way of properly apportioning the absorptivity and emissivity of each
constituent of an atom. This apportioning must be properly balanced out to preserve the real mass and
energy of atoms being coupled with surrounding push particles (so far gravions, somions and electrions).
The system of atoms and push particles must complete a �loop� of a continuous �ow of real mass. This
model will be �nally complete when we can relate these push particles in closing the said loop.

���������
Alternative to the the above suggestion (but unlikely), there is also the (theoretical) possibility that J0

(and g0) is far (immensely) stronger than we expect to ever be able to measure, in fact so strong as to be
the primary source from which all other secondary push particles draw from, like secondaries in required
in J02 and/or other �ux densities J0x with x as required. However, this possibility might extinguish our
desire for a direct veri�cation of PG, which makes it (again) imperative to organize some independent testing
measurements for the gravion �ux J0 (or g0).

Yet a simpler explanation for the presence of somions may be non other than they are gravions with
the same mean free path and intensity (density) as the hypothesized somions. This idea is in accord with
gravions being characterized by an appropriate distribution of density over mean free paths. In other words,
the gravion density varies by orders of magnitude that corresponds to the magnitudes of force of various
�elds, like nuclear and electric �elds. Correspondingly, the mean free paths also vary by many orders of
magnitude commensurate with the range of forces of the said �elds. This is further discussed in Section 32.4

���������
[Note (*). We have determined the term �somion� like this: Since we think that the pool of push particles may be a common

source for the electric and nuclear forces and since these forces create or hold the atom together and since atoms make up the

everyday bodies that we experience, we want the new term to relate to embodiment. We mean something pertaining to the

creation of bodies, or to the �eshing out of objects. Thus �bodions� might have been one, which could probably raise some

eyebrows. Another term might be �union� since it uni�es and unites particles, but it seems a too common and likely confusing

word. So we decided for a more exotic name from Greek word �σvώμα� for �body� and adding our su�x � ιόν� (ion), as we did for

gravion and electrion. That is, �soma� + �ion� = �somion�. The symbol for somion could be sigma σ, but this has had many

other uses and so we coined the variant-sigma ς. �Somation� (from known somatic) is a bit longer for economy, also �formion�

in body-forming might be a bit less descriptive. Thus, somion is not more unsuitable than gluon, which would be a good choice

too, if it were not already in use (unless we made it �gluion:� for consistency with �ion�). Somion implies the function of gluon
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but for a larger group of composite particles and atoms. If the nucleus is found to be held together by its own special push

particles, we have used the term �nuclions�, but all these are in a state of revision subject to how exactly the theory evolves. A

review could be due any time.]

21.4 Discussion

The oil drop experiment by Millikan and Fletcher for measuring the elementary electric charge is now
perfectly understood in physical terms without the use of an exotic �charge�. The oil drop becomes stationary
by the equally opposing �ows of gravions and electrions imparting a total of equal impulses. The same
particle, namely, the electron has two distinct masses each acted upon by di�erent types of push particles
with di�erent strength. In a stationary steady-state situation, both gravitational and electrical masses appear
to be constant, whilst possible variations have been beyond detection to date. The �constant� electron charge
may not be absolutely constant after all, as now revealed by PE, but we can have a simple explanation for
its constancy too. If our theory is correct, the consequences are enormous even for the structure of the atom
in view of the possibility that the in-situ electrical mass is di�erent from the constant �charge� used to date.
This could in�uence novel theoretical modeling of the atom and quantum mechanics. However, the picture is
incomplete until we formulate the magnitudes of both electrical and gravitational e�ective masses in motion
that actually (�nally) yields the known constant e�ective mass or �charge�. Here, we repeat the thought
process on the variation of gravitational mass in a stationary or moving state per Section 16.2, as it is also
further developed in following sections.

Another issue may appear to be during �nding the mass-to-charge ratio (m/Q) in electrodynamics ex-
periments, which can be performed away from a planet, i.e. believed to be independent of the in�uence of
gravity. There, it appears that we need the use of an inertial mass of the electron resisting the action of
the electric force. However, even far enough from a planet, we have the ever present gravion �ux creating
an e�ective mass, which appears to resist (presenting classical inertia) an applied force. We have said that
this apparent resistance is due the gravions acting via the activated part of the real matter. Thus, we have
again the action by gravitational and electric �elds on the same particle with di�erent masses emerging from
the energy rate of absorption from the respective �elds. Again, there would no mystery of a separate and
needless entity of �charge�, had we properly understood the meaning of mass used conventionally. In other
words, we could have understood the above experiments in a straightforward and natural manner without
the intervention of an �equivalence principle�. If our understanding could be veri�ed, then we would be
justi�ed by proclaiming at the outset in version 1 of our reports that this principle is redundant. In fact, it
would be worse than redundant, because it may have created a lot of needless mathematical physics around
it. In fact, we still need a lot of basic mathematics to further develop PG and PE in the manner we have
used in Section 16. With a similar approach, we should quantify the creation and variation of electrical mass.
We listed the cases that we have not addressed yet in Section 16.2 and mentioned the need to incorporate
a PE theory, an outline of which we have only started to describe qualitatively. The case of accelerating
a body inside a gravitational and/or an electrical �eld remains incomplete. Even so, we have achieved a
good understanding of the nature of both �elds as we also understand that Newton's gravitational law and
Coulomb's law are the same di�ering only in the type of e�ective mass used without the need of a distinct
and cloudy entity like charge. The case of a falling �mass� in gravity corresponds to a falling �charge� in an
electric �eld. When one of the two is driving the movement, the other is receiving the e�ects appearing as
inter-conversion between mechanical and electrical energy. We have dealt only with a stationary steady-state
situation for both �elds, whilst Section 14 remains only a �stub� open for further work. In this respect, one
worker alone cannot accomplish the entire task, should some readers feel that we leave many loose ends or
obfuscate the problems. The groundwork of the theory should by now be su�cient to warrant participation
of readers keen to solve all the ensuing issues.

Corollary: It is said that the mass-to-charge ratio (m/Q) in high energy particle accelerators remains
constant and, because the charge is invariant, the mass must also be invariant and equal to the rest mass;
it is then concluded that the relativistic mass increase is not an actual mass increase but only a theoretical
consideration. However, we now lay bare the possibility that charge actually being also a mass may be
subject to a simultaneous increase by the same factor that cancels out in the quotient. There is plenty of
black mass converting to e�ective mass at the elementary particle level without creating new atoms. This
possibility should raise an alarm about what really happens.

The reduction of all �elds to push particles together with real mass in bodies provides a more tangible
basis to understand and analyze in lieu of a mathematical abstraction by merely allotting a �force� to every
point of a �eld by quantum �eld theory. For example, the electromagnetic potential �eld may have a real
physical substrate rather than being mathematical concept(s) not readily comprehensible by humans. All
push particles may be thought of as being a form of matter, so that we are left with �nding how they relate or
transform to each other through the mediation of other material bodies (e.g. electrons, positrons, neutrons
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protons, etc) containing also black matter in the right amount to �t experiments. The substrate of �elds in
PG and PE is a form of real mass (stu�) that is conserved during transformations. One such transformation
is to the e�ective mass. Black mass is another form of real mass with probably a true �zero-ground-state�
that can be excited to e�ective mass at di�erent states.

Another corollary of the above description is that we may be able to explain the underlying mechanism of
the classical conservation of energy (potential and kinetic) as being one of conservation of gravions together
with their momentum, if for example electrions upon absorption are equivalent to the absorption of a lump
of gravions.

If the advent of electrical mass in lieu of �charge� creates a sensible basis for the uni�cation of gravity
with electricity, but at the cost of the equivalence principle, then why not do it? After all, Kajari et al.
(2010) have already forecast such a possibility by their study on �inertial and gravitational mass in quantum
mechanics�.

In view of the quantitative analysis and results, we can also return to the proton and review its black
mass to �t with our upgraded �nding for the electron on account of the electrion �eld. We can envisage that
the �charge� in the proton is still connected to a fractional mass corresponding to that of a positron because
of the composite nature of proton. The quark model of the proton may provide one form of connection with
the evolving theory here by modeling the quarks with appropriate combinations of e�ective and black mass.
However, we must also consider alternative possibilities about the structure of the proton. In this regard,
we note some recent reports by Vayenas et al. (2020); Vayenas & Grigoriou (2020) claiming a fundamental
departure from the Standard Model. They propose a �rotating lepton model� with a three-neutrino ring
around a positron. Whilst this may be at odds with other theories, it may be consistent with our �ndings
about mass so that the idea of revolving sub-particles may be validated with appropriate modi�cations. For
example, their model for the neutron involving three revolving neutrinos around a stationary neutrino at the
center may not explain the observed neutron magnetic moment, but we might use a di�erent combination
of revolving, rotating and spinning particles to explain the neutron properties: It might involve a central
binary system of a positron (or electron) with a heavy neutrino both acted upon by gravitational force at
very close range, around which revolve correspondingly an electron (or positron) together with one or more
light neutrinos all acted upon by gravions while the electron and positron are acted upon also by electrions.
Such a system would display a neutral charge but have a magnetic moment by the orbiting charge. There
may be better combinations of particles among the plethora of experimentally existing particles to improve or
replace the alternative proposed combinations of particles just mentioned. Revolving and rotating/spinning
systems of smaller particles at the ultra-small scales inside all known/unknown particles seems a plausible
way to proceed, if we wish to move beyond the Standard Model. If it can be shown that gravions, somions
and electrions are su�cient to explain all known forces, the model can be simpli�ed greatly. Then it may
be that all composite particles are made of mush fewer elementary particles in one way or another, such as
Vayenas et al. propose or variant(s) of it; their model might warrant a closer examination and attention by
authoritative experts. Of course, even if all this could explain the known forces, we would still be left with
Kant's query of how the elementary particles themselves are held together, but we do not aspire to reach
the �ultimate� end by the present theory other than having made a bold stride forward.

By the same token, another �uno�cial� theory on �a sensible model for the con�nement and asymptotic
freedom of quarks� (Watkins, 2020b) and on �estimates of the mass densities of up and down quarks and
estimates of the outer radii of the small, medium and large up and down quarks� (Watkins, 2020a) may also
be considered in relation to another possible �charge� distribution inside a proton under our interpretation
of charge by PG. Again, the present author is in no position to support or reject any of those claims, other
than to state the need for some new understanding of hadrons. We should not reject an alternative theory
only on grounds of disagreement with existing theories and principles, or by the prejudicial demand that
any new theory must only constitute an extension (continuation) of and subject to existing theories. We
more probably need a radical breakout before we can determine some common grounds and return with an
all encompassing theory. At the moment, we can speculate various possibilities, or at best we can sideline
the problem until we can think of compatible models for hadrons and other particles. We hope that a better
particle model will be found under the platform of a general PG, but that work is left for the relevant
scienti�c community to accomplish.

Furthermore, the structure of the electron and positron could be entirely remodeled based on evolving
theories of toroidal vortex structures (Rankine, 1855; Kelvin, 1867; Parson, 1915; Bulgac et al., 2014; Falconer,
2019) as are proposed in following sections.

It is said that hadrons feel the strong nuclear force, but leptons do not, whilst all particles feel the weak
nuclear force. Now, we may think that both forces may arise from the pool of somions, if their �ux density
is su�cient to satisfy the production of both electric force and nuclear forces. To this end, the presence of
black matter in various particles may be such as to satisfy all experimental nuclear reactions.
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Our above model per Fig. 43 may be enriched or modi�ed by incorporating any compatible aspects of
other existing �eld theories. For example, the zero-point energy (ZPE), or zero-point radiation and ground
state energy may correspond to the somion concentration, a kind of an aether. The term ZPF is in reference
to quantum electrodynamics (QED) vacuum dealing with electromagnetic interactions between photons,
electrons and the �vacuum�, or to the quantum chromodynamics (QCD) vacuum dealing with color charge
interactions between quarks, etc. A �vacuum� is viewed as the summation of all zero-point �elds, the �vacuum
state� in quantum �eld theory (QFT) with an energy density known as the cosmological constant. In this
connection, we have correspondingly introduced and used the gravion �ux density J01 and now the electrion
�ux density J02 and/or somion J03. From the �ux densities, we obtain the pressures J01/c and J02/c, which
are also energy densities. For a cosmological ground state constant C, we may write:

C =
J01

c
+
J02

c
+ ...+

J0x

c
=
J0−total

c
(300)

where x is the xth known type of push particles. We note that our previous symbol Λ is also used in the
literature to denote the cosmological constant, so care should be taken to avoid any confusion arising from
the use of symbols. Our Λ denotes a new �cosmic� constant (in lieu of G) being di�erent from the above
cosmological constant C, but both bearing a direct relationship with each other. The above ideas might
assist in removing the �in�nite zero-point energy and the need for re-normalization�. In the event that the
somion �ux density provides a common source for all �elds other than gravity, then the above equation
would be simpli�ed to:

C =
J01

c
+
J03

c
(301)

Initially, we have no guide about the range of the somion or electrion �ux density. Perhaps, we may
have such a guide by previous Eqs. 219 and 220 on Schwarzschild radius and PG limiting radius. We had
hoped to �nd an agreement once we �nd the maximum acceleration of other force �elds. We can now try
our preceding �ndings for the electric �eld. By equating the radii obtained for the Schwarzschild and PG
derivation, we obtain for the required maximum acceleration g0max:

g0max =
c4

4GmaxMmaxe
(302)

where the subscript max denotes the strongest force �eld producing an e�ective mass Mmaxe and constant
Gmax, if all other �elds are orders of magnitude weaker than this. Using the values for the electrion �eld in
the case of unequal masses in the above equation, we �nd g0max = 1.4× 1042 ms−2. This is the value of J02

around and between the graphs for the two smaller electron radii of ∼ 10−22 and ∼ 10−23 m at at around
k2R−e ≈10−7 → 10−8 in Fig. 40. We do not expect an exact agreement between PG and GR, especially
if one theory is better than the other. However, an astonishing compatibility is obtained by these values
bearing in mind that we converge from totally independent derivations. In addition, we see convergence with
Dehmelt (1989) and Sukhorukov (2017-2020) for the radius of the electron.

In contrast, using the case of equal masses, we get g0max = 7.97 × 1030 ms−2, which con�icts the
corresponding range in Table 26. That is, we would need an unacceptably (unnatural) low value for g0 for
this value of g02 leading to an impossible situation. This seems to be a strong argument against the case of
the gravitational mass being equal to the electrical mass.

We can obtain an interim cosmological constant by using the above value of g02 = 1.4 × 1042 ms−2:
The corresponding �ux density is J02 ≈ ×1082 Jm−2s−1, so that the cosmological constant may be around
C = J02/c ≈ ×1074 Jm−3 ignoring the relatively much smaller contribution from the gravitational �ux
density of J0 ≈ ×1026 Jm−2s−1. The actual J02 may be �nally found to be several orders of magnitude less,
which means that the di�erence from the cosmological constant is used for nuclear forces, like we proposed
for the somion density, i.e. J03 = J0max. However, we may ask if the energy density of vacuum is the same
inside and outside a material body, which may be one reason for the big discrepancies found in the literature.
It may be that there is a stagnation density of energy accompanying celestial bodies that is di�erent from
the rest of the universe, or di�erent in various regions. We have already assumed the latter variability to be
the case throughout this report.

The above cross-correlation example, if proven correct, indicates that there are probably many other
examples of cross-examination between PG and existing data. Then this should serve as an invitation for
the broad scienti�c community to start transferring their information on the PG platform in the hope that
they will help PG to develop but, conversely, also their information to be better explained.
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22 Action and reaction

We can now illustrate a conceptualization of the e�ects of gravitational and electrical �elds between two
macroscopic material spheres as shown in Fig. 44. The gravitational (e�ective) mass of the spheres is
depicted with red color (top pair) and the electrical (e�ective) mass in blue color (middle pair). To avoid
possible confusion, it should be noted that the color coding for each �eld here is di�erent from that used in
previous or other �gures; also the density variation is not computed but it is only an indicative schematic
(graphic) illustration. We have learned in Section 16 that the force arises from the loss of e�ective mass
during the interaction of two spheres, which (loss) is depicted by yellow color (top pair). Correspondingly, we
expect that an electrical force arises from the excess of e�ective electrical mass during interaction via same
attribute electrions. While corresponding forces arise from the loss and excess of corresponding e�ective
masses, these forces are distributed and exerted throughout the entire e�ective masses. We have not yet
described the detailed distribution of electrical mass at the atomic level, but we may skip ahead and say that
a shortening (albeit extremely small) of the distance between electrons prevails where there is compression,
which means that a net excess amount of electrions is stored between atomic charges (masses) within each
atom at a steady-state. This excess amount gives rise to an excess amount of electrical mass which becomes
equal to the loss of gravitational mass, at equilibrium, as it is shown also in yellow color in the middle pair
of spheres. The depth distribution of the electrical loss must be the same for both �elds. The end result
is a null force schematically depicted by the spherical distribution of red color for a restored e�ective mass
in the bottom pair of spheres. The red color depiction is again approximate and without computation, to
indicate the distribution of e�ective mass towards the outer surface with mass loss towards the center of the
spheres shown again in yellow; the net e�ect is to restore the �lone� sphere distribution of e�ective mass.

It must be clear again that the schematic depiction above is about macroscopic bodies and not the
interaction between elementary electrons. Until we �nd the correct quantitative relationships, the latter
particles behave like a black-hole with respect to gravions and either (a) like a white hole or (b) like a bright
hole with respect to electrions. The distribution of those masses would look like a very thin or thick meniscus
accordingly (see gravitoids in Fig. 84) as each particle is facing the other. The magnitude of the absolute
values will di�er by many orders of magnitude between the two types of masses. which is not possible to
depict graphically and simultaneously in the �gures provided. The distribution of e�ective masses and their
loss or excess for elementary particles can be computed accordingly but left for future work as needed.

In e�ect, we have explained the underlying processes during action and reaction between stationary
macroscopic bodies. This involves a redistribution of the rate of absorbed push particles that is also an
exchange and variation of e�ective mass. At �rst, it may look like electrions are squeezed out from the
rod and transferred to the sphere, but actually they are squeezed out of the sphere itself locally (at the
atomic/molecular level) originating from the local pool of electrions and transferred back into the sphere
to replenish the loss of gravitational e�ective mass due to the shadowing by the other sphere. This is
reminiscing of the piezoelectric e�ect converting mechanical compression to electric voltage and vice-versa.
In combination, the ultimate balance of masses is supplied from the pool of gravions and electrions pervading
the �vacuum� within and outside material objects. This may complete, for now qualitatively, the incomplete
picture anticipated in Section 16.

The above description may also serve �rst for a qualitative description and introduction to a proper
development of a dynamic push particle theory for Section 14. This can be done by upsetting the static
equilibrium of the picture in Fig. 44 in any of the following two ways:

(i) Remove one sphere leaving the rod acting on the other sphere like a rocket per Fig. 45(bottom). Then
the sphere has no mass loss on account of the presence (shadowing) of the other sphere, but retains the net
excess electrion rate as long as the rod acts on the sphere imparting acceleration. While the acceleration
persists, the net excess of electrions accrues real mass in the form of e�ective and black mass. It is important
that this accrual takes place inside elementary particles of the atoms not by creating new atoms; in other
words, the chemistry is preserved. This continues for the duration of acceleration. When the rod (rocket)
ceases to act, which is the practical situation, acceleration ceases, the body moves at constant velocity but
retains an excess mass establishing a new steady-state energy exchange rate with the surrounding gravion
�ux. It remains to work out how exactly the new equilibrium �ux is distributed around the moving sphere.
There must be an equal rate of absorption of gravions at least from the back and front in the direction of
velocity to avoid drag. The rate of absorption and emission around the perpendicular direction may di�er,
but this plane of symmetry does not a�ect the constant velocity. During acceleration, it is the electric �eld
(electrions) driving the body whilst the gravion �eld acts as bu�er in a passive manner for the balancing of
energy �ow consisting of push particles. Energy �ows from the electrion medium to the gravion medium.
We attempt to write equations for the mass accrued at constant speed below.

(ii) Remove the supporting rod between the two spheres per Fig. 45(top). Then the internal compression
in each sphere will be undone and the emanating excess electrions will vanish over a very short transition
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Figure 44: Uni�cation of gravitational and electric �elds: Red represents gravitational e�ective mass, blue
electrical e�ective mass and yellow the loss of e�ective mass being the same in both �elds. The resulting
gravitational F1 and electric F2 forces arising from the equal mass loss are also equal
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Figure 45: Falling spheres (top) and rocket acting on sphere (bottom)
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time, during which masses of di�erent types vary and redistribute themselves. The force present from the
net rate of loss of gravions (= e�ective mass loss) will accelerate the spheres closer to each other increasing
the said loss on account of proximity. We attempt to quantify the situation of falling spheres also below.

23 Mass versus speed

This is in continuation of Sections 14.7 and 16 dealing with variation of mass against distance or speed, under
the understanding on developments on electricity and electron structure in preceding sections. We test and
investigate a conjectural relationship between velocity and parameter kR of a moving material sphere for
two distinct situations: (a) acceleration by a rocket away from (outside) other gravitational �elds and (b)
acceleration of a falling sphere on another under their gravitational �eld.

It is still undecided how to correctly handle special relativity under PG in order to start working out
the dynamics of push gravity. In the interim, we have attempted a trial connection between the Lorentz
contraction factor and the PG contraction factors in Section 14.7. With some further analysis and in view
of the �ndings on mass composition of the electron (positron), we can obtain a new insight of this attempt.
We use again the conjectures for connecting speed υ to absorptivity AR. A close agreement was obtained
with one hypothesis by setting:

υ2

c2
= AR = 1− 1

2k2R2
+

exp(−2kR) · (2kR+ 1)

2k2R2
(303)

The above conjecture is arbitrary and can be replaced by another form as suggested previously. The
simplest variation is to apply a power form of the above equation, like:(υ

c

)n
= AR (304)

where n may be chosen in a way to yield outcomes consistent with experiment. We will discuss this possibility
afterwards.

In the following, we �rst use the above Eq. 303 to help us draw some important conclusions, which may
not di�er if we use or �nd other relationships later, including some not yet proposed; it is worthwhile to
ponder on the outcomes of the following investigation. The work of these sections here is undertaken under
the provisos set at the outset of Part 2, that is, they have an exploratory purpose and by no means bound
the groundwork of Part 1.

23.1 Rocket acceleration

First, we compare the ratio of relativistic mass mrel over the rest mass m0 used by γ = mrel/m0 simul-
taneously with the PG ratio of real mass over e�ective mass given by 1/q = m/me. We actually repeat
the �ndings of Fig. 21 by now explicitly plotting the ratio of masses from the two theories, because we will
continue to use various types of masses in continuation to these plots. The results are given in Fig. 46(a) in
the same range of kR as before for the three cases, namely, of a �sphere�, �line� and �Lorentz� (left ordinate
axis), where we also plot the corresponding speed fraction υ/c on the secondary axis (right ordinate axis).
The same three cases are re-plotted against the more familiar variable of speed fraction υ/c in (b). As ex-
pected, we repeat the close agreement between 1/q and γ factor for the �sphere�. If our relational conjecture
is correct, then this is an important outcome beyond just a good or fortuitous agreement, as found below.

We note in Fig. 46(b) that the speed ratio υ/c starts from a non-zero value, because we arbitrarily
started with a non-zero value of kR. This is a consequence of the applied Eq. 303 stating that only at
the limit of zero kR would we have a non-moving body. This means that the absorption coe�cient k (or
absorptivity AR) is practically zero at zero velocity. The latter condition may have only theoretical meaning
or importance, because we must actually start with some �nite value of absorptivity, i.e, AR is non-zero
before the sphere starts moving. In this case, Eq. 303 yields a speed-like quantity for a stationary body,
which we may call intrinsic speed υ0

υ0 = c
√
AR (305)

This appears to be a misnomer for a non-moving body in the absolute reference frame of the gravion medium,
but we introduce it for uniformity of terms in the ensuing formulation. At any rate, this speed corresponds
to an initial (starting) value (kR)0, or k0R for a �xed sphere radius R, as given by:

υ2
0

c2
= AR = 1− 1

2k2
0R

2
+

exp(−2k0R) · (2k0R+ 1)

2k2
0R

2
(306)
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Figure 46: (a) Mass ratios and speed against kR, (b and c) mass ratios against speed.
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Noted that we want to retain the notation AR instead of a would be more appropriate AR0 for what
should now be called the intrinsic absorptivity, because we prefer to avoid changing the notation in all of the
preceding work; it is exactly what we have used and meant under the static regime of our theory. As we move
in a range kR > k0R, absorptivity increases monotonically to values which we designate by ARc > AR, where
the subscript c (c) refers to �composite�, as in composite absorptivity pertaining to combined (integrated)
intrinsic and kinetic (moving) components of absorptivity. The term �composite� means the same as the term
�current� (like current e�ective mass) in previous discussion of Section 16.1, but �composite� now ensures the
presence of actual speed. From the absorptivity, we aim to derive the corresponding types of mass like real,
e�ective, black and now kinetic and composite masses being simply proportional to types of absorptivity by
the ubiquitous equation:

Me =
g0R

2

G
AR (307)

Because the masses are additive quantities, so are the absorptivities. Therefore, the composite absorptivity
ARc in the range kcR > k0R is the sum of the intrinsic absorptivity plus a component of absorptivity arising
from the actual speed υ of the moving body. Let us call the latter component as the kinetic absorptivity
ARκ, so that we have :

ARc = AR +ARκ (308)

Then we obtain the composite speed υc from the relationship:

υ2
c

c2
=
υ2

0

c2
+
υ2

c2
or υ2

c = υ2
0 + υ2 (309)

where we reserve the notation υ without subscript for the actual speed to be consistent with convention.
The corresponding absorptivities then are given explicitly by:

υ2
c

c2
= ARc = 1− 1

2k2
cR

2
+

exp(−2kcR) · (2kcR+ 1)

2k2
cR

2
(310)

υ2

c2
= ARκ = 1− 1

2k2
κR

2
+

exp(−2kκR) · (2kκR+ 1)

2k2
κR

2
(311)

Among the three types of speed introduced above, only υ is the real one, while the other two (υ0 and υc)
have theoretical signi�cance (initially) in the formulation derived. However, the composite absorptivity ARc
may be viewed as the absorptivity in the reference frame of the moving body, like the intrinsic absorptivity
is with reference to the stationary frame of the gravion medium.

As a result, we adjust the graphs on contraction factors against actual speed using:

ARκ = ARc −AR (312)

We substitute velocities for absorptivities per above to obtain:

υ2

c2
= 1− 1

2k2
cR

2
+

exp(−2kcR) · (2kcR+ 1)

2k2
cR

2
−AR (313)

As demonstration, we use again the starting (arbitrary) value k0R = 0.01 to establish an intrinsic AR at
υ/c = 0 and plot the same mass ratios against speed (υ/c) for kR ≡ kcR > k0R in Fig. 46(c). It should be
noted that the deviation between GR and PG, (γ and 1/q) now becomes greater towards high speeds. This
deviation decreases if we start at smaller starting values of k0R instead of the arbitrarily chosen 0.01. Smaller
k0R implies operation closer to Newtonian regime. Higher k0R means starting to move a denser body, which
has a higher intrinsic velocity υ0. As a result, GR using the lesser actual speed υ yields a lesser value for γ
than PG using a corresponding higher composite speed υc yields a higher value for 1/q. Now, if one of the
two theories is correct, the other should be wrong. We think that GR has not been veri�ed at very high
speed with υ/c very close to unity for macroscopic bodies, while with small particles the existence of real
and black mass has not been taken into account. Therefore, we may not dismiss PG being the correct one.
In the latter case, we anticipate much higher real mass than a corresponding relativistic mass (theoretical
or real), the signi�cance of which can be thrown into question.

We can readily �nd the corresponding contraction factors, e�ective masses and real masses from previous
known equations. We only need to qualify these new quantities as being intrinsic, kinetic or composite
accordingly. Thus we use the notations m, mκ and mc for the real masses, me, meκ and mec for the e�ective
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masses, mb, mbκ and mbc for the black masses and q, qκ, qc for the contraction factors and so on for other
variables.

To avoid possible ambiguity, we summarize the old and new notations and symbols of the variation of
mass of a moving sphere in Fig. 47: This is for a sphere with radius R = 1 m, for which we set (arbitrarily)
k0R = 0.01 and g0 = 1000 ms−2. The latter values determine the intrinsic (lone and stationary) e�ective
mass me at the start of the abscissa. We note that it is already a very massive body at this value of kR (left
point). From Eq. 307, we �nd and plot the new e�ective mass in motion mec that we termed �composite
e�ective mass� and is the sum of masses corresponding to Eq. 308:

mec = me +meκ (314)

where meκ is the kinetic mass. The real mass in motion mc (composite real mass) is found from the e�ective
mass divided by the contraction factor to be:

mc =
4g0R

2

3G
kcR (315)

which is the straight line graph in 47(a). It must be noted that m > me at the starting point of k0R, but
the di�erence is not visible on the graphs. The di�erence mbc = mc −mec is the composite black mass. For
good measure, we plot the same masses against the corresponding real velocity in the same �gure on the
right (b), where we also add the relativistic mass. We note the signi�cant disagreement of the latter with the
real and e�ective masses, where the mrel lies consistently below the PG masses. The disagreement is due
to the choice of this unusually dense sphere, which has a large intrinsic �velocity�. If we chose an ordinary
density sphere, the disagreement would be exceedingly small as the reader can easily verify (e.g. use a steel
sphere with ρe = 7500 kgm−3 and R = 1 m characterized by k0 = 1.57 × 10−9 m−1 at g0 = 1000 ms−2, or
k0R = 3.15× 10−11 with a more likely g0 = 50000 ms−2). It is this di�erence (small or big), which we �nd
that GR may have missed. Hopefully, we have correctly accounted for this miss now. [Note: The apparent much

better agreement in Fig. 46 is because we use the mass ratios, not the absolute values of masses].
We have examined the situation of a continuous application of force (acceleration), but we need also

to consider what happens at cessation of acceleration. There must be initially an �instantaneous�, actually
extremely short duration, transition of some internal re-adjustment of masses followed by a new steady
state situation of the body moving at constant speed. This transition is needed to restore the e�ects of
�deformation� of the internal electric �eld that took place at the outset of application of force, but the
cumulative e�ects accruing in the entire acceleration period must remain intact after this transition under
a new steady-state rate of gravion absorption and emission. These matters are pending examination in
conjunction with and after investigation of a falling body and then of possible internal structure of matter
at the fundamental level in following work.

��������
Note: Compare Eq. 309 with relativity equation E2 =

(
m2

0c
2 + p2

)
c2 or(

E

c2

)2

= m0 +
p2

c2
(316)

which corresponds to Eq. 314 relating composite_e�ective, e�ective and kinetic masses. The di�erence
between the two theories lies in the understanding that the e�ective mass per PG corresponds to the �rest�
mass per SR, but they are not the same. Our e�ective mass varies with speed, which added to the kinetic
mass yields the total (composite) e�ective mass. It is said that �relativistic mass corresponds to the total
energy� which we could relate to the composite mass here.

Further, we can brie�y see what the e�ect is on the mass-speed relationship, if we use Eq. 304 in the case
of n = 1, or n = 4 (we already investigated the case with n = 2) below. That is, we if we use the alternative
conjecture of:

υ

c
= AR (317)

or (υ
c

)4

= AR (318)

We plot the alternative mass-speed relationships in Fig. 48a for n = 1. We can see by comparison with
the previous Fig. 47b that the accrued kinetic mass is now greater for any given speed. The opposite e�ect is
if we use n = 4, the quantitative relationship for which is plotted in Fig. 48b. Hence, it is possible to adjust
the accrued mass as needed in later theoretical formulations. In the latter case, it looks like the e�ective mass
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a b

Figure 47: Composite real mass mc and composite e�ective mass mec of a moving material sphere starting
with an intrinsic e�ective mass me at υ/c=0 are plotted against kR in (a) and against υ/c in (b), based on
Eq. 303; the relativistic mass is added for comparison.

a b

Figure 48: Composite real mass mc and composite e�ective mass mec of a moving material sphere starting
with an intrinsic e�ective mass me at υ/c=0 are plotted against υ/c, for alternative conjectures (a) with
power of n = 1 and (b) with power of n = 4; the relativistic mass is added for comparison.
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is much closer to the relativistic mass up to considerable speed of υ/c ≈ 0.2; could that mean that this is
su�cient agreement, if relativistic mass has not been experimentally veri�ed with su�cient accuracy above
this speed? Otherwise, could we adjust the conjecture to achieve the experimentally required accuracy?
Interestingly, both e�ective and real mass move closer together up to around υ/c ≈ 0.8, meaning that the
black mass accrued is not great, but becomes so as we approach very close to the speed of gravions.

Introducing again a distinction between intrinsic, kinetic and composite absorptivities, we sum them by
Eq. 308 in the form of speeds by the above alternative conjectures to obtain correspondingly:

υc
c

=
υ0

c
+
υ

c
(319)

or (υc
c

)4

=
(υ0

c

)4

+
(υ
c

)4

(320)

The issue of speed-mass relationship is taken up again in Section 23.2.2.
Alternatively, we might want to force an equation between our contraction factor q and Lorenz factor L

q = L as proposed by Eq. 179, to but not carried through yet. From that equation, we derive the relationship
between speed and absorptivity (connected to mass) for sphere and line, as we did in Section 14.7:

υ2

c2
= 1− q2 (321)

Sphere
υ2

c2
= 1−

(
3ARκ
4kκR

)2

(322)

υ2
0

c2
= 1−

(
3AR
4kR

)2

(323)

υ2
c

c2
= 1−

(
3ARc
4kcR

)2

(324)

We have done the calculations and plotted the results for this case too. However, the graphs are very
close to those presented in Fig. 47; we can only a small numerical shift on the corresponding speed axis for
the relativistic mass. This outcome is expected on account of the very close graphs for the two factors seen
in Fig. 21. The reader may like to repeat our computation steps as follows:

We set an initial value of k0R = 0.0099999999999 ≈ 0.01 and �nd AR. Then for any subsequent kcR we
have the ARc yielding the kinetic absorptivity from:

ARκ = ARc −AR (325)

which we solve for kκR, namely, the equation:

1− 1

2k2
κR

2
+

exp(−2kκR) � (2kκR+ 1)

2k2
κR

2
− (ARc −AR) = 0

Finally, the speed ratio is given by:

υ

c
=

√
1−

[
3 (ARc −AR)

4(kκR)

]2

The initial value of k0R was chosen very close (not equal) to 0.01 to avoid a singularity in solving the
above equation at this point k0R and then increased the step by the factor of 100.1 up to kκR = 100 spanning
the typical 4 orders of magnitude variation.

���������������
If we wish to apply the �line� contraction factor, we may proceed like:

Line
υ2

c2
= 1−

(
A`
k`

)2

= 1−
(

1− exp(−k`)
k`

)2

(326)

where the contraction of material line q` is given by Eq. 46 and the line-absorptivity A` = 1 − exp (−k`)
was de�ned in Eq. 177.

We can retrace our steps in the entire Section 23 for both rocket acceleration and falling acceleration
using the above speed-absorptivity equations.
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23.2 Falling body acceleration

We further apply the above formulations in the special case of two spheres falling to each other. However,
we already found that this is a di�erent situation, so that we must adapt the previous derivations properly.
One di�erence is that with a rocket acceleration we have the action of an electric �eld from the �outside�,
whereas in the case of a falling body we have action of the gravitational �eld within itself. There is no
outside accretion of mass (by an �external� agent like a rocket), only a variation of the existing falling
mass(es) by gravity. We have seen this in Section 16, where the distance between gravitating spheres is an
additional parameter to be incorporated in our derivations of motion. Those simple �ndings are enough to
see that �falling body acceleration� is di�erent from the �rocket acceleration�. We simply cannot assume any
equivalence, as will also become more evident below. Now, we need to introduce the additional parameter
of distance r and incorporate it as an additional subscript (r) accordingly.

It is instructive to continue on from the three cases worked out in Section 16 for static pairs of material
spheres. We start with CASE_1 involving the Earth and Moon. We calculate the components of e�ective
mass for the Moon falling to Earth. We previously found the e�ective mass of a stationary and unsupported
Moon at various distances. However, the e�ective mass of a falling Moon is increased by the kinetic mass
component over and above the static one. Therefore, we must distinguish the e�ective masses in previous
Tables 12 and 13 by denoting them as mer for static e�ective mass at distance r. As explained previously,
�static� means that the sphere is stationary at distance r but without any supporting means. If the sphere
is moving at r in consequence of prior falling, then we use merc for the composite (current) e�ective mass
at distance r. For the lone (very far away) e�ective masses of the Moon and Earth we maintain the same
subscripts in me and Me correspondingly for the masses but now with lower and upper case letters in lieu of
numerals (1 and 2); we use one plain upper case R for the radius of the �smaller� sphere falling towards the
�larger� sphere in the three cases (we do not examine the falling of the �larger� sphere to the �smaller� one
at present). Now, the static e�ective mass plays the role of an intrinsic mass at each distance, if we apply
the same preceding formulation for the composite e�ective mass used in rocket acceleration; the rocket force
is replaced by the force of the impulse of the gravion di�erence rate of absorption along the line of fall.

We found that Newton's gravitational law is applicable provided we use the intrinsic (lone) masses in
calculating the force vs. distance. Then, regarding the potential energy, we can use:

Epotential =

r�

∞

Fdr =

r�

∞

G
Meme

r2
dr = G

Meme

r
(327)

which is equally shared by the two bodies. However, the speed obtained from the corresponding equivalent
kinetic energy (by the action of the same force) depends on the behavior of mass during fall. If we arbitrarily
use a constant mass me as in the classical derivation of the kinetic energy of the system:

Ekinetic =

r�

∞

Fdr = 2

r�

∞

dp

dt
dr = 2

r�

∞

d (meυr)

dt
dr = 2me

r�

∞

dυr
dt

υrdt = meυ
2
r (328)

the resulting speed refers only to this constant mass. which is not consistent with a variable mass mer vs.
distance found previously in PG. Use of the above Newtonian speed to generate the kinetic mass (meκ) by
a presumed conjecture in Eq. 303 would be incorrect at least in principle. Nevertheless, we can establish
procedures and relationships below, which do not a�ect the analysis, discussion and conclusions, other than
some second order of magnitude numerical di�erences. After all, if PG speed is di�erent from Newton,
the di�erence has not been possible to measure to date. Contingent upon this clari�cation, we may use
Newtonian mechanics to derive the corresponding speed at distance r for the Moon (to start with) by:

υ2
r = G

Me

r
(329)

From the above, we obtain the absorptivity ARrκ at this distance by

ARrκ =
υ2
r

c2
= G

Me

c2r
(330)

Then the kinetic mass component of the composite e�ective mass at the same distance is

merκ =
g0R

2

G
ARrκ =

g0R
2

G

υ2
r

c2
=
g0R

2

c2r
Me (331)

The total or composite e�ective mass at distance r is
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r, m mer, kg merloss, kg mrc, kg merκ, kg mbr, kg mr, kg

12742000 7.342882E+22 4.7876E+19 7.34960070E+22 1.57E+16 6.7167536E+19 7.34959912E+22
25484000 7.346527E+22 1.1431E+19 7.35325113E+22 7.87E+15 6.7234253E+19 7.35325034E+22
50968000 7.347387E+22 2.8281E+18 7.35411257E+22 3.93E+15 6.7250002E+19 7.35411217E+22
101936000 7.347599E+22 7.0524E+17 7.35432505E+22 1.97E+15 6.7253887E+19 7.35432486E+22
203872000 7.347652E+22 1.7620E+17 7.35437796E+22 9.83E+14 6.7254854E+19 7.35437786E+22
407744000 7.347666E+22 4.4043E+16 7.35439115E+22 4.92E+14 6.7255095E+19 7.35439110E+22
815488000 7.347669E+22 1.1010E+16 7.35439444E+22 2.46E+14 6.7255155E+19 7.35439441E+22
∞ 7.347670E+22 0 7.35439552E+22 0 6.7255175E+19 7.35439552E+22

Table 27: Dependence of various types of mass on distance of the Moon from Earth per prior CASE_1.

r, m mer, kg merloss, kg mrc, kg merκ, kg mbr, kg mr, kg

6371002.0 7.9414E+14 6.8921E+14 1.193639E+15 1.05E+10 3.99492E+14 1.193614E+15
6371063.7 7.9448E+14 6.8887E+14 1.194452E+15 1.05E+10 3.99964E+14 1.194427E+15
6371637.1 7.9657E+14 6.8678E+14 1.199452E+15 1.05E+10 4.02869E+14 1.199427E+15
6377371.0 8.0869E+14 6.7466E+14 1.228731E+15 1.05E+10 4.20028E+14 1.228705E+15
6434710.0 8.6487E+14 6.1848E+14 1.372847E+15 1.04E+10 5.07967E+14 1.372819E+15
7008100.0 1.0576E+15 4.2575E+14 2.015524E+15 9.56E+09 9.57913E+14 2.015484E+15
7645200.0 1.1562E+15 3.2718E+14 2.494737E+15 8.76E+09 1.33856E+15 2.494687E+15
8919400.0 1.2634E+15 2.1995E+14 3.264946E+15 7.51E+09 2.00153E+15 3.264877E+15
9556500.0 1.2967E+15 1.8668E+14 3.601683E+15 7.01E+09 2.30500E+15 3.601604E+15
12742000.0 1.3851E+15 9.8300E+13 5.036353E+15 5.26E+09 3.65130E+15 5.036225E+15
25484000.0 1.4600E+15 2.3312E+13 8.830150E+15 2.63E+09 7.37011E+15 8.829845E+15
50968000.0 1.4776E+15 5.7588E+12 1.200624E+16 1.31E+09 1.05286E+16 1.200586E+16
101936000.0 1.4819E+15 1.4355E+12 1.349491E+16 6.57E+08 1.20130E+16 1.349464E+16
203872000.0 1.4830E+15 3.5861E+11 1.396041E+16 3.29E+08 1.24774E+16 1.396026E+16
407744000.0 1.4833E+15 8.9637E+10 1.408436E+16 1.64E+08 1.26011E+16 1.408428E+16
815488000.0 1.4833E+15 2.2408E+10 1.411584E+16 8.21E+07 1.26325E+16 1.411580E+16

∞ 1.4834E+15 0 1.412635E+16 0 1.26430E+16 1.412635E+16

Table 28: Dependence of various types of mass on distance of the small dense sphere from the large dense
sphere per prior CASE_2.

merc = mer +merκ (332)

The corresponding absorptivities are

ARrc = ARr +ARrκ (333)

By substitution, the above equation becomes:

1− 1

2k2
rcR

2
+

exp(−2krcR) · (2krcR+ 1)

2k2
rcR

2
= G

mer

g0R2
+G

Me

c2r
(334)

which we solve for krcR and then obtain the composite contraction factor qrc at this distance. From the
composite e�ective mass we also obtain the real mass mr at each distance. The results are provided in
Table 27, where we have transferred the masses mer and merloss along with the same distances from Table
13. Subject to the above clari�cation on mass variation, we repeat the same procedure for CASE_2 and
CASE_3 in compiling Tables 28 and 29. We include these tables to show any small numerical di�erences
and variations where they occur, which are not visible in subsequent graphical form.

It is necessary to point out that the �kinetic� type of PG mass introduced above is not the same with
another �kinetic mass� that we could theoretically derive from the Newtonian kinetic or potential energy of
two mutually falling spherical bodies given by

Epotential = G
meMe

r
= meυ

2
r = Ekinetic (335)

We understand that orthodox (conventional) physics may not accept us to think that the above energy is
convertible to mass, i.e. something outside the conventional or Newtonian intrinsic (rest) mass. However,
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r, m mer, kg merloss, kg mrc, kg merκ, kg mbr, kg mr, kg

12742000 1.384834E+27 9.8516E+25 5.03111536E+27 5.26E+21 3.64628E+27 5.03098791E+27
25484000 1.460029E+27 2.3322E+25 8.82903258E+27 2.63E+21 7.36900E+27 8.82872789E+27
50968000 1.477591E+27 5.7593E+24 1.20060756E+28 1.31E+21 1.05285E+28 1.20056950E+28
101936000 1.481915E+27 1.4355E+24 1.34948947E+28 6.57E+20 1.20130E+28 1.34946246E+28
203872000 1.482992E+27 3.5861E+23 1.39604103E+28 3.29E+20 1.24774E+28 1.39602608E+28
407744000 1.483261E+27 8.9637E+22 1.40843570E+28 1.64E+20 1.26011E+28 1.40842803E+28
815488000 1.483328E+27 2.2408E+22 1.41158362E+28 8.21E+19 1.26325E+28 1.41157976E+28
∞ 1.483351E+27 0 1.41263499E+28 0 1.26430E+28 1.41263499E+28

Table 29: Dependence of various types of mass on distance of the smaller dense from larger dense sphere per
prior CASE_3.

since we have already moved away from this restriction, it would be arbitrary to avoid juxtaposing and
cross-examining this quantity (actual or not) vis-à-vis with all other types of mass already introduced in our
theory. This quantity can be tested together with the ubiquitous equation E = mc2 used for our conversion,
i.e. by dividing the above potential (or kinetic) energy by c2 as:

mpotential−at−r ≡ mpr =
meυ

2
r

c2
= G

meMe

rc2
(336)

where we prefer the subscript �p� (p) to avoid confusion with the subscript �κ� (κ) already allotted to the
PG kinetic mass. Then the ratio of these two masses is:

merκ

mpr
=
g0R

2

Gme
(337)

From the above, we could obtain the highly sought limiting acceleration:

g0 =
merk

mpr

Gme

R2
(338)

if we actually knew the value of merκ, but we do not, because the tabled values for it are based on the
assumed values of g0 arbitrarily chosen to be g0 = 103 ms−2 for CASE_1 and g0 = 105 ms−2 for CASE_2
and CASE_3. Then, if the conversion of potential energy to mass by division with c2 were to be correct,
i.e. if we wanted to have merk = mpr, we would obtain:

g0 =
Gme

R2
(339)

The above �nding is important, because we also have the universal Eq. 307 for g0, so that the only way
to have them equated by:

Gme

R2
=

Gme

ARR2
(340)

is on the condition that AR = 1, or, in practice, close enough to unity! This indicates that if we knew the
diameter and the mass of a particle opaque to gravions, then we could deduce the g0 sought. We could have
come to this understanding earlier by the known

g0AR =
Gme

R2
(341)

but we have now found this result by connecting kinetic mass to potential mass via E = mc2. Conversely,
the latter equation is experimentally applicable with very dense bodies. It would be nice if could measure
the electron radius. However regarding measurement of g0, it may still be more practical to resort to some
of the direct methods proposed in Part 1.

Next, we can see how the above theoretical considerations fare in comparison with the tabled results
for the three computed cases. To facilitate reading of the various combinations and types of mass, for
convenience and clarity in the ensuing reporting, we include a summary Table 30 with explanations of the
various mass symbols used. The numerous types and combinations of mass is not a trivial or pedantic
exercise, because their theoretical existence may indicate corresponding existence of material structures at
the fundamental level of particles.
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Symbol De�nition

m real mass of static lone body
me e�ective or intrinsic mass of static lone body
mb black mass of static lone body

mc composite real mass of lone body at speed υ
mκ = mc −m kinetic real mass of lone body at speed υ

mec composite e�ective mass of lone body at speed υ
meκ = mec −me kinetic e�ective mass of lone body at speed υ

mbc composite black mass of lone body at speed υ
mbκ = mbc −mb kinetic black mass of lone body at speed υ

mr real mass static at distance r
mrc composite real mass moving at distance r
mer e�ective or intrinsic mass static at distance r
merc composite e�ective mass moving at distance r
mbr black mass static at distance r
mbrc composite black mass moving at distance r

mrκ = mrc −mr kinetic real mass moving at distance r
merκ = merc −mer kinetic e�ective mass moving at distance r
mbrκ = mbrc −mbr kinetic black mass moving at distance r
mrloss = m−mr loss of real mass static at distance r
merloss = me −mer loss of e�ective mass static at distance r
mbrloss = mb −mbr loss of black mass static at distance r
mrcloss = m−mrc loss of real mass moving at distance r
mercloss = me −merc loss of e�ective mass moving at distance r
mbrcloss = mb −mbrc loss of black mass moving at distance r

mpr potential mass static at distance r

υ real (actual) speed of lone body (moving outside gravity)
υ0 intrinsic (notional) speed of lone body by me

υc composite (notional) speed of lone body (moving outside gravity)
υr real (actual) speed of falling body (inside gravity)
υr0 notional speed of falling body (inside gravity) by static mer

υrN Newtonian falling speed from in�nity to r
υrPGs real (actual) PG falling speed from in�nity to r by static mer

υrPGc real (actual) PG falling speed from in�nity to r by composite merc

υr1rPGc real (actual) PG falling speed from r1 to r by composite merc

Table 30: Summary of terminology on masses and speeds tabled, plotted and analyzed.
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With regard to density of mass in the three cases examined, mention of a �dense� or �very dense� sphere
simply implies operating away from Newtonian mass on the sigmoid curve of AR against kR. Unfortunately,
we do not have the actual value of g0 yet, which has compelled us to use a hypothetical range for it, or some
arbitrary values as in the example cases here. This creates some unavoidable complexity in reporting and
understanding the real world situation. Thus, the choice of g0 for the Moon corresponds to k0R = 0.00122
placing it closer to Newtonian situation, while for CASE_2&3 we have k0R = 7.071 placing them close to
saturation on the absorption curve. We expect a much higher than g0 = 1000 ms−2, which would correspond
to a much lower k and kR, i.e. even closer to Newtonian situation for the Earth-Moon system, but these
clari�cations should help understand the results provided. It is imperative to conduct some of the proposed
experiments to determine the actual g0 and then repeat the computations to establish the actual k for real
systems of bodies.

In Fig. 49(a,b,c), , we plot the mpr, merκ, merloss and mrcloss for each of the three cases. In Newtonian
CASE_1, the e�ective mass loss is practically (not exactly) the same as the real mass loss, whereas the
kinetic mass is far above the potential mass and both far below the e�ective mass. In contrast, the kinetic
mass is practically (not exactly) the same as the potential mass in CASE_2&3, while the e�ective mass
loss and real mass loss have separated out both lying above the potential and kinetic masses by orders of
magnitude. These are important outcomes: They con�rm Eq. 340 in that potential mass is (nearly) the
same as kinetic mass for very dense but not for Newtonian bodies. This might seem at �rst that energy does
not balance out in all cases. However, according to our understanding, mass is a continuous steady state rate
of energy transfer between gravions (absorption) and (possibly) electrions (emission), or between di�erent
�elds. The classical (conventional) potential energy represents only the agent for achieving conversion of
one form of mass to another during fall (variation of distance). When we lift an object, we spend work
to achieve the process of the said mass conversion to which we partner with the surrounding �elds. In
any energy balance we have to include not only our energy (work) but also the partnered energy. It is
like the mechanism of a heat pump in an air-conditioning system, namely, we spend a small amount of
energy for the pump (electrical motor) to transfer a much larger amount of energy between two di�erent
temperature reservoirs. Correspondingly, in Newtonian mechanics, we spend a small amount of potential
energy (i.e. mass) to generate a much larger amount of PG kinetic mass. However, if we use extremely dense
bodies, then our potential energy expended transforms almost entirely to kinetic mass. Understood that the
processes described are reversible. This understanding is compatible with particle physics con�rming the
conversion of mass to energy, because we may assume that the particles involved are extremely dense, as we
have already found for the electron and positron. Hence, the equivalence Eq. 340 blends harmoniously with
E = mc2 that was used to derive it. It would be pro�table to trace back the original work (founding steps)
in the derivation of the latter equation.

Furthermore, we also �nd that the total (real) mass decreases with distance between the two falling
spheres in all cases. We present comparative graphs in the same Fig. 49(d). This indeed contravenes
conventional theories. The conventional �rest mass� is sacrosanct. However, all types of PG mass vary
with distance, including the real mass. This might at �rst be disturbing, but we may quickly dismiss any
concerns: If the mass of a falling body decreases, it does not mean that it loses atoms or chunks of matter,
but rather that it radiates push particles without changing the known structure of matter (within a certain
range of conditions). This is what happens to an electron falling towards a nucleus. We are accustomed
to x-rays emitted by electrons. We can claim that a similar situation exists also with a falling body in
a gravitational �eld, except that we have not been able to detect such radiation yet, neither for a falling
Moon on Earth, nor by variation of the distance of planets in elliptical orbits. Such radiation would be of
extremely low frequency and extremely low intensity for us to detect. However, we do detect radiations from
heavy bodies in astrophysics, so that our PG theory of mass may apply and help us understand better the
astronomical/astrophysical observations available now or in the future.

In corroboration of the above, we may also note in (d) of the same �gure that CASE_2 may approximately
represent also an electron-proton analog system by comparing the radii used: The ratio of �large_dense�
to �small_dense� radii is of the order 106, while the proton/electron ratio can be in the order between 106

and 107 per Section 21.1.2. Since we found that the density of the electron is very high with a much lower
proton density (making a good analog system with our spheres), then we may conclude that the variation
(loss) of mass displayed in the �gure is plausible. It would be very useful to repeat another test case with
two �small_dense� spheres of equal diameter to simulate an analog for the fall between an electron and a
positron. All this requires a lot of work which may take time to do unless readers decide to contribute to
this and many other open topics.

The above �ndings may also provide evidence about a long standing question, or paradox, about the
orbiting electron not emitting radiation. Our PG theory provides the answer: At �xed orbiting radius and
numerically �xed speed there is no change of the real mass, hence there is no radiation emitted. If this might
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Figure 49: (a, b and c) Variation of di�erent type of masses against distance in continuation of CASE_1,
CASE_2 and CASE_3 per Section 16 in absolute values; (d) real mass loss in fractional (normalized) values.
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Figure 50: Fractional (normalized) variation of various types of mass against distance.
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seem di�cult to accept, we can suggest a physical explanation too: The centripetal force (acceleration)
should accrue kinetic mass per Fig. 47 but the �fall� should also emit an amount of mass simultaneously
resulting in a null e�ect. The rate of mass accrual (due to falling acceleration) must o�set the rate of
mass loss (due to distance decrease); we should be able to con�rm this by carrying out analytical and/or
computational work later, like in Appendix E. Readers may be encouraged to take up this work too, like
many other works where we leave o� un�nished tasks. However, the processes taking place during motion
in PG dynamics will be better understood when we can correctly learn about the structure of fundamental
particles once and for all.

Now, the exact distribution and other aspects of radiation emission may be speculated. The emission
should be generally uniform around the falling sphere, otherwise it would a�ect the force along the direction
of fall. However, this uniformity may be distorted at short range and/or with dense bodies resulting.
Electrodynamics may be re-appraised on a PG platform.

The results presented in the tables and equations are only part of the big potential ushered. As a further
example, we have also plotted the variation of other fractional masses or combinations thereof against distance
in Fig. 50. While black mass may not contribute to inertia and force, it is part and parcel of the entire
body structure accompanying the static and kinetic e�ective masses. There are corresponding fractions of
black mass like static black mass at r mbr, kinetic black mass at r mbrκ and composite black mass at r
mbrc = mbr +mbrκ. We normalize and plot the fraction mbrκ/mb in order to compare the outcomes for all
three cases on the same Fig. 50(a). Likewise, we plot the kinetic real mass at r mrκ = mrc−mr normalized
by mrκ/m, i.e. over the intrinsic real mass to compare the results again for all three cases in Fig. 50(b). The
latter mass is the radiation (mass loss) emitted initially if we release the body �xed at r with a support rod as
shown in Fig. 44; on the hypothesis that the stationary-and-supported sphere has the original intrinsic (lone)
mass, upon release it must rearrange the internal mass types so that it acquires the computed static e�ective
and black masses at this distance of an unsupported-and-not-moving sphere. Actually, this re-arrangement
must be very fast determined by the magnitude of gravion and electrion exchange rate. That is what must
be happening when we release a body from some altitude to start a free fall. This action-reaction process
represents a transition period of time during which the body starts falling without having achieved any
appreciable speed. In future studies we can examine the mathematical details of this transition. For now,
we are satis�ed about the general state of a stop-fall regime. That is, the dynamics of the falling sphere
depends also on the point of start of the fall (the distance r). We can use the same mathematical derivations
accordingly.

We are further interested in the shape of the two curves (a) and (b) of Fig. 50. For the cases of highly
dense bodies, there is a maximum presumably representing some internal process in the structure of real
mass. Su�ce it here to note this �nding until we attempt to understand better what the internal structure
might be.

We add two additional sets of plots in the same Fig. 50, namely, for the normalized composite e�ective
mass merc/me in (c) and the normalized kinetic mass merκ in (d). The curves in (c) appear numerically
identical with the ratio of forces in Fig. 26, but actually they are di�erent derivations with unequal values:

merc

me
>
merMer

meMe
(342)

The seeming equality on the graphs is due to the chosen numerical values of the variables involved as
can be easily veri�ed. With variables di�ering by many orders of magnitude, it requires high precision
computations if to avoid misleading impressions. Nevertheless, we note this similarity that might lead us to
new relationships and understanding further down the track.

The curves in (d) con�rm a relationship found between masses and distance if we use the previous
equations by:

merκ

me
=
g0R

2Me

c2me

1

r
(343)

The straight lines �tted on the log-log plots yield the equations y = 2.7287x−1 for CASE_1 and y =
45.162x−1 for CASE_2&3, i.e. an inverse to the distance relationship as predicted above or the same
originally given by Eq. 331. The kinetic mass and potential energy behave the same, but they are generally
unequal unless the absorptivity is close to unity.

We supplement the above presentation with the additional CASE_7 and CASE_4 now provided in
Section 16.3 with corresponding results here in Figs. 51 and 52.

We comment �rst on CASE_7, which follows the same trend with previous cases: The variation of kinetic
merκ and potential mpr masses are practically the same but not exactly equal, like we found previously for
the dense bodies; the loss of real composite mrcloss and e�ective merloss masses increases monotonically
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Type of mass kg

me, r∞ 2.30953136731102E+04
m, r∞ 2.30953136931349E+04
mb, r∞ 2.00246358872391E-05

mer, rmin 2.30102108923897E+04
merloss, rmin 8.51027807205368E+01
merc, rmin 3.34405290986513E+04
mrc, rmin 3.34405291406330E+04
mbrc, rmin 4.19817015868788E-05
mrcgain, rmin 1.03452154474984E+04
merk, rmin 1.04303182062616E+04
mpr, rmin 1.60772894666244E-05

Table 31: Representative masses of the small sphere of CASE_4

as the spheres approach each other. That is, there is a monotonic shedding of real mass with decreasing
distance, most of which takes place within a few radii of distance, considering the logarithmic scale of mass
loss. The fractional kinetic black mass mbrκ/mb and the fractional kinetic real mass mrκ/m at distance r
follow practically the same trend and values without being equal. The fractional composite e�ective mass
merc/me and the fractional kinetic e�ective mass merκ/me at distance r are again similar at di�erent scales
for all these cases.

CASE_4 is in clear departure from the other cases: The real mass loss de�ned by mrcloss = m −mrc

yields a negative value. To show this on logarithmic scale along with the other masses, we changed the sign
and renamed it by mrcgain = mrc−m, because we now have a net gain of mass. The small test sphere with
earthly density and only 1 m radius is characterized by a very small absorptivity and black mass, so that
the e�ective and real masses are very close to each other. The corresponding variation of e�ective mass with
position (mer) is also extremely small to the extent that the accrual of kinetic mass during fall overwhelms
all positional variation of mass loss. The real mass gain is practically equal to the kinetic mass with both
being only a little under the e�ective lone mass of the falling sphere. Indicatively, we list some representative
values of the various types of mass for the small sphere of this case in Table 31.

The above outcomes may come as surprise and for possible rejection based on existing expectation and
experience. In fact, they may be contrary to data and astronomical observations and measurements of
meteors and comets. However, this is no reason to discard the attempted approach. First of all, these
masses are the result of the arbitrary use of Eq. 303 while they can be drastically reduced via, say, Eq. 318
up to great speeds (see also Fig. 48).

����������
As stated previously, the use of Newtonian speed to connect with mass variation for a falling body is

arbitrary but has been applied on the assumption that it would provide �rst order magnitudes, upon which
we have already derived important lessons. We proceed to substantiate our assumption in the next two
subsections, but the answers provided are themselves subject to other simpli�cations, which should not
invalidate our hitherto conclusions. The simpli�cations used have other important rami�cations emanating
from the cumulative e�ects of speed computations.

We �rst consider the case where the falling spherical mass has a variable e�ective mass mer(r) with
distance alone but not with speed yet, followed by the case of having both variations. This is a novel
situation completely outside conventional physics, for which we must make our position clear: We must
recognize the distinction between the two di�erent causes of mass variation, namely, one positional variation
based on the �rm PG outcomes of Section 16, and another based on a proposed/speculated mass accrual
(variation) determined by the given speed at any point in space and moment in time (speed-variation of
mass). The �rst variation is fundamental to the static PG theory of Part 1 of this report, but the second
variation remains to be worked out and proved, albeit also fundamental in the development of a dynamic
PG theory. We skirmish with the latter development in Part 2 of this report. We attempt to explore the
possibility of arriving at a dynamic theory with as little as possible reliance on conventional principles. The
delay in doing so is the idea that the dynamics of motion depends also on the structure of matter at the
fundamental level, i.e. motion and structure being intimately connected. We provide a sample of these ideas
later, so that it should be appreciated why we have created several incomplete openings with the aim to
return to, or somebody else to take over from where we leave o�.
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Figure 51: (a) Variation of di�erent type of masses in absolute values against distance for CASE_7, (b)
same for CASE_4 and (c) real mass loss in fractional (normalized) values for all cases together
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Figure 52: Fractional (normalized) variation of various types of mass against distance adding CASE_7 and
CASE_4 together with all previous ones.
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23.2.1 Speed from static mass variation

The di�erence between Newton and PG is that the same force acts on di�erent masses, namely, on a constant
(invariable) mass in Newton, but on a variable mass now in PG. The force is the same in both situations but
the outcomes on speed and motion are di�erent. The work done and the kinetic energy is the same in both
cases, but the resulting speeds di�er as they are used by di�erent masses. The kinetic mass (meκ) created
by a presumed conjecture in Eq. 303 is left out for now (to be applied in the next section), so that we can
secure a novel outcome even if the said conjecture is abandoned or modi�ed later.

We follow the mathematical steps for the work done by the same force on the variable mass below:
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There remains now to furnish the e�ective mass mer = mer(r) so that we can �nd the speed υr = υr(r)
as a function of distance by solving the di�erential equation:
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dr = G

Meme

r
(344)

We use again the notation of capital M for the �gravitating� mass and lower case m for the �falling�
mass. Strictly speaking, both spheres are gravitating and falling relative to each other as we use the variable
distance r in the equations. For the function of mer(r), we can use the variation of e�ective mass computed
in Section 16. The corresponding tables provide the variation of mass in numerical form. The graphs show
the mass loss, which deducted from the �lone� mass me can also provide the required mass here. We draw
attention again to the behavior of mass loss and the associated asymptotic line. The correct approach should
be to apply the numerical outcomes on mass calculation using the computational methods in the Appendix
for solving the above di�erential equation. We are not equipped to do that at present, but we can apply
the asymptotic analytical function in an attempt to estimate at least the order of magnitude of the ensuing
falling speed. Thus, from the general Eq. 199 for mass and Eq. 208 for the asymptotic line, we write again
here:

merloss =
g0

4π2G
SF0

SF0 ≡
πA1πA2

r2
=
π2AR1AR2R

2
1R

2
2

r2
(345)

merloss =
g0

4π2G

π2AR1
AR2

R2
1R

2
2

r2
=

g0

4G

AR1
AR2

R2
1R

2
2

r2
≡ d

r2

where

d =
g0

4G
ARAR2

R2R2
2 =

ΛGMeme

4πG
=
GMeme

4g0

We reintroduce the notationR2 for the �gravitating� sphere radius but retain the plain notation R for the
�falling� sphere radius. The required e�ective mass of the falling sphere is the di�erence of the loss mass
from the e�ective lone mass:

mer = me −merloss (346)

from which the derivative with respect to distance is

dmer

dr
=

2d

r3

We use the above to re-write the di�erential equation in a form ready for integration and �nd the unknown
speed squared as y ≡ υ2

r = υ2
r(r). We proceed in obvious steps with comments as needed:
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∞
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Meme
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r�

∞

(
4y
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+

(
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d
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)
dy
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)
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GMeme

r

We divide both members of the equation by d:

r�

∞

((
me

d
− 1

r2

)
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+ 4

y

r3

)
dr =

4g0

r
(347)

whereby it is important to note that the falling mass me is entirely eliminated from the equation:

r�

∞

((
b− 1

r2

)
dy

dr
+ 4

y

r3

)
dr =

a

r

where

b =
4g0

GMe
a = 4g0

By di�erentiating, we need to solve the equation of the form:(
b− 1

r2

)
y′ + 4

y

r3
= − a

r2
(348)

The solution for y is readily found to be:

y =

�
−ae

� 4
r(br2−1)

dr

br2−1 dr

e
�

4
r(br2−1)

dr
(349)
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∞
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(350)

y =
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=1)

2 (351)

Reverting to the original parameters and denoting the obtained PG speed from static mass at r by υrPGs
with y = υ2

r ≡ υ2
rPGs, we �nally obtain:

υ2
rPGs =

4g0

(
12g0

GMe
r2
=1

)
r

3

(
4g0

GMe
r2
=1

)2 =

4g0

(
12

AR2

r2

R2
2

=1

)
r

3

(
4

AR2

r2

R2
2

=1

)2 (352)

We can immediately see that the above formula reduces to the familiar Newtonian υ2
rN → GMe/r

when r2 � GMe

4g0
, or

r

R2
�
√
AR2

2
, or when AR2

→ 0, in other words when we approach closely to the

Newtonian regime. Beyond Newton, we arrive at a di�erent speed, which, however, is the same for all falling
bodies. The latter appears to be consistent with prevailing experience and conventional physics, namely,
that all bodies fall with the same speed. However, according to the �ndings in Section 16.3, the falling body
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parameters should not be eliminated from our di�erential equation above, because they are ever present
albeit imperceptibly in the �rst place. It is only because we used the linear asymptotic equation of mass
loss when the falling mass was eliminated in step of Eq. 347. After all, by way of symmetry, we should have
the absorptivity of both spheres involved, not only one as provided by the above equation. Then, the speed
should be a function of the properties of the falling body, which presumably has escaped our experiments
to date, because of its extremely small e�ect within the framework of our experiments. However, this can
become important in long space travel between planets whereby even the smallest deviation from Newtonian
mechanics would appear as an anomaly, such as those anomalies already on record.

For the present purposes, we can use the above derived equation of speed to see at least the magnitude of
deviation from Newton. We do so later in tables and �gures together with the outcomes of the next section
including the kinetic mass.

23.2.2 Speed from composite mass variation

Here, we investigate the possibility of the falling spherical mass being dependent on both distance and speed.
That is, we follow the corresponding steps as previously by using the composite mass function merc(r, υr)
by including the kinetic mass component generated by the speed at each distance r, namely:

merc = merc(r, υr) = mer(r) +merκ(υr) = me −meloss +
g0R

2

G

υ2
r

c2
(353)

where we initially use Eq. 303 between speed-mass. We now arrive at a new di�erential equation to solve
by proceeding in the same way as before. To make it more general, we can replace the starting falling point
from in�nity to a �nite initial distance r1 and follow the same steps without or little further comment below:
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where we have use the replacements

a = 4g0, b =
4g0

GMe
=

4

AR2
R2

2

, d =
GMeme

4g0
=
MeARR

2

4
, h =

4g2
0R

2

G2Memec2

and simplify the form of the equation as:
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By di�erentiating, we arrive at the di�erential equation:(
b− 1

r2
+ 3hy

)
y′ + y

2

r3
= − a

r2
(357)

The solution of this equation is again readily available and given by:

y =
−b+

√
c1hr4 + 6ahr3 + b2r4 − 2br2 + 1 + 1

x2

3h

where the integration constant c1 is determined by the speed at r1. To simplify the present investigation,
let us start with zero speed at r1 getting the equation:

y =

−b+

√
c1hr4

1 + 6ahr3
1 + b2r4

1 − 2br2
1 + 1 + 1

r2
1

3h
= 0

from where we obtain the constant:

c1 = −6a

r1

By substituting and restoring our parameters from the interim substitutions, we �nally obtain for the
falling PG speed υrPGc from composite mass at r over the gravion speed c squared, the formula:
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(358)

where AR2
and AR are the absorptivities for the gravitating and falling spheres accordingly given by the

familiar general equation:

AR =
Gme

g0R2
(359)

For speed notations see also a summary in Table 30. We discuss the above results next. It should also be
noted that we use the words �speed� and �velocity� interchangeably in this work, while in other languages
these words have only one translation (e.g. ταχύτης = tachytes or tachytis in Greek, re tachyon, etc.)

This work remains incomplete: The exact solutions to the di�erential equations involved require resources
beyond those available to this author at present, but other workers are encouraged to make a contribution
in this direction, if to move forward faster. We only attempt to introduce some dynamics in PG, i.e. new
physics, which constitutes an opportunity for mathematicians to make a new contribution. We have grouped
various situations by way of several �CASES� with regard only to two interacting spherical bodies, but the
problem is greatly complicated in a multi-body problem like the solar system. We need devoted mathematics
and software engineering to properly address a new and evolving chapter of physics, a task clearly beyond
the means available to this author.

23.2.3 Speed investigation

The speed formula 352 based only on positional variation of e�ective mass but not on the speed itself would
not be consistent with accrual of mass proposed during rocket acceleration, with an upper speed limit; that
is, any kinetic mass, if present, would be inertia-less. The second speed formula 358 is consistent with a
composite e�ective mass and would be closer to a true representation of reality, if the conjectural Eq. 306
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a b

Figure 53: Ratio of speeds_squared against distance in (a) using static mass and (b) using composite mass
for CASES_1, 2&3.

between speed and absorptivity (or mass) were to be true; that is, the kinetic mass may be treated like
e�ective mass acted upon by a force.

On the above basis, we can now see the e�ects of revised falling speeds for all CASES_1_2&_3. It is
instructive to �nd the deviation from Newtonian mechanics, the falling speed for which we denote by υrN .
We do this by plotting the ratio of speeds squared υ2

rPGs/υ
2
rN and υ2

rPGc/υ
2
rN in Fig. 53. The e�ect is to

obtain a higher PG speed than Newton, which quickly diminishes as the distance increases. The departure
from Newton follows the same trend as in previous comparisons with other parameters (e.g. for the force
per Fig. 26). We can better understand these results by examining also the numerical values of kinetic and
composite masses for all three cases next.

Tables 32, 33 and 34 provide a comparison of kinetic masses corresponding to (or generated by) Newto-
nian, static and composite speeds; the Newtonian kinetic mass is copied from previous tables for convenience
of comparison. We note that all kinetic masses have same order of magnitude or very close values, with
the greatest deviation for CASE_2. The di�erence does not a�ect the main points of discussion based on
Newtonian speed. The corresponding speed ratios squared are also given in the last two columns noting a
monotonic decrease close to unity at long enough distance; the distance in meters is given in multiples of
Earth radii doubling with each point.

Similarly, the corresponding composite masses are provided in Tables 35, 36 and 37. We can verify again
the similar values with the greatest e�ect resulting in CASE_2, all of which also do not a�ect the preceding
discussion.

We have the same conclusion for the added CASE_7, namely, there is no visible di�erence for the kinetic
and composite real mass loss between applying Newtonian or PG composite speed according to Fig. 54a.
However, this does not apply for CASE_4 according to Fig. 54b, which is further investigated with more
speci�c examples below.

Therefore, there is no need to redraw the graphs obtained for the cases in the previous section using
Newtonian speed, or revise the ensuing �ndings and considerations. One remaining correction would arise
from replacing the asymptotic function of Eq. 345 used above with the actual falling static e�ective massmer

resulting by the computational means applied in Section 16 or by an analytical function, if it exists; addi-
tionally, a correction may be required by a modi�ed relationship between absorptivity and mass (analytical,
if it exists, or otherwise) in lieu of the conjectured equation. Still, we expect only second order di�erence on
top of the previous one for the given cases. Therefore, the opening presentation of this Section 23.2 need not
be altered only because it was based on Newtonian speeds. However, there would be a practical di�erence of
the preceding analysis by way of a cumulative e�ect on the speed over a long trajectory between planets or
between a planet and spacecraft. This is an important di�erence that is examined in the following Section.

Now, CASE_4 represents a family of objects from our immediate experience, as opposed to very massive,
large or dense bodies lying beyond the ordinary range of perception. We have already seen the di�erent
behavior of the associated masses in Table 31 and Figs. 51 and 52 drawn according to Section 16.3. We
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r, m merκ kg, with υrN merκ, kg with υrPGs merκ, kg with υrPGc υ2
rPGs/υ

2
rN υ2

rPGc/υ
2
rN

12742000 1.5735021E+16 1.5751131E+16 1.5744680E+16 1.001024 1.000614
25484000 7.8675107E+15 7.8695231E+15 7.8687168E+15 1.000256 1.000153
50968000 3.9337553E+15 3.9340068E+15 3.9339059E+15 1.000064 1.000038
101936000 1.9668777E+15 1.9669091E+15 1.9668964E+15 1.000016 1.000010
203872000 9.8343883E+14 9.8344276E+14 9.8344117E+14 1.000004 1.000002
407744000 4.9171942E+14 4.9171991E+14 4.9171971E+14 1.000001 1.000001
815488000 2.4585971E+14 2.4585977E+14 2.4585974E+14 1.000000 1.000000
∞ 0 0 0 1 1

Table 32: Dependence of kinetic mass and speed ratio_squared on distance per prior CASE_1 and compar-
ison using Newtonian speed υrN , static speed υrPGs and composite speed υrPGc

r, m merκ kg, with υrN merκ, kg with υrPGs merκ, kg with υrPGc υ2
rPGs/υ

2
rN υ2

rPGc/υ
2
rN

6371002.0 1.0515014E+10 1.7037378E+10 1.3973175E+10 1.620291E+00 1.328878
6371063.7 1.0514912E+10 1.7037026E+10 1.3972951E+10 1.620273E+00 1.328870
6371637.1 1.0513966E+10 1.7033751E+10 1.3970866E+10 1.620107E+00 1.328791
6377371.0 1.0504513E+10 1.7001085E+10 1.3950061E+10 1.618455E+00 1.328006
6434710.0 1.0410908E+10 1.6681671E+10 1.3745758E+10 1.602326E+00 1.320323
7008100.0 9.5591065E+09 1.4077247E+10 1.2016979E+10 1.472653E+00 1.257124
7645200.0 8.7625143E+09 1.2045208E+10 1.0581013E+10 1.374629E+00 1.207532
8919400.0 7.5107265E+09 9.4244672E+09 8.5961329E+09 1.254801E+00 1.144514
9556500.0 7.0100114E+09 8.5254105E+09 7.8763469E+09 1.216176E+00 1.123585
12742000.0 5.2575086E+09 5.8506967E+09 5.6042391E+09 1.112827E+00 1.065950
25484000.0 2.6287543E+09 2.6980243E+09 2.6700494E+09 1.026351E+00 1.015709
50968000.0 1.3143771E+09 1.3228948E+09 1.3194781E+09 1.006480E+00 1.003881
101936000.0 6.5718857E+08 6.5824895E+08 6.5782412E+08 1.001614E+00 1.000967
203872000.0 3.2859429E+08 3.2872670E+08 3.2867362E+08 1.000403E+00 1.000241
407744000.0 1.6429714E+08 1.6431369E+08 1.6430704E+08 1.000101E+00 1.000060
815488000.0 8.2148572E+07 8.2150640E+07 8.2149806E+07 1.000025E+00 1.000015

∞ 0 0 0 1 1

Table 33: Dependence of kinetic mass and speed ratio_squared on distance per prior CASE_2 and compar-
ison using Newtonian speed υrN , static speed υrPGs and composite speed υrPGc

r, m merκ kg, with υrN merκ, kg with υrPGs merκ, kg with υrPGc υ2
rPGs/υ

2
rN υ2

rPGc/υ
2
rN

12742000 5.2575086E+21 5.8506967E+21 5.6042391E+21 1.112827 1.065950
25484000 2.6287543E+21 2.6980243E+21 2.6700494E+21 1.026351 1.015709
50968000 1.3143771E+21 1.3228948E+21 1.3194781E+21 1.006480 1.003881
101936000 6.5718857E+20 6.5824895E+20 6.5782412E+20 1.001614 1.000967
203872000 3.2859429E+20 3.2872670E+20 3.2867362E+20 1.000403 1.000241
407744000 1.6429714E+20 1.6431369E+20 1.6430704E+20 1.000101 1.000060
815488000 8.2148572E+19 8.2150640E+19 8.2149806E+19 1.000025 1.000015
∞ 0 0 0 1 1

Table 34: Dependence of kinetic mass and speed ratio_squared on distance per prior CASE_3 and compar-
ison using Newtonian speed υrN , static speed υrPGs and composite speed υrPGc
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r, m merc kg, with υrN merc, kg with υrPGs merc, kg with υrPGc

12742000 7.34288394267474E+22 7.34288394428572E+22 7.34288394364059E+22
25484000 7.34652770181904E+22 7.34652770202028E+22 7.34652770193965E+22
50968000 7.34738756500709E+22 7.34738756503224E+22 7.34738756502215E+22
101936000 7.34759966340501E+22 7.34759966340816E+22 7.34759966340689E+22
203872000 7.34765247337708E+22 7.34765247337747E+22 7.34765247337731E+22
407744000 7.34766564250449E+22 7.34766564250454E+22 7.34766564250452E+22
815488000 7.34766892244818E+22 7.34766892244818E+22 7.34766892244818E+22
∞ 7.34767000000000E+22 7.34767000000000E+22 7.34767000000000E+22

Table 35: Dependence of composite mass on distance per prior CASE_1 and comparison using constant
Newtonian speed υrN , static speed υrPGs and composite speed υrPGc

r, m merc kg, with υrN merc, kg with υrPGs merc, kg with υrPGc

6371002.0 7.94147138242287E+14 7.94153660606427E+14 7.94150596403506E+14
6371063.7 7.94488228598695E+14 7.94494750712234E+14 7.94491686637396E+14
6371637.1 7.96583043838863E+14 7.96589563624548E+14 7.96586500739456E+14
6377371.0 8.08703233104536E+14 8.08709729676536E+14 8.08706678652915E+14
6434710.0 8.64879251436736E+14 8.64885522199615E+14 8.64882586286389E+14
7008100.0 1.05761101120192E+15 1.05761552934288E+15 1.05761346907430E+15
7645200.0 1.15618076737692E+15 1.15618405007037E+15 1.15618258587526E+15
8919400.0 1.26341138212519E+15 1.26341329586583E+15 1.26341246753153E+15
9556500.0 1.29668049750239E+15 1.29668201290149E+15 1.29668136383782E+15
12742000.0 1.38505541527468E+15 1.38505600846280E+15 1.38505576200522E+15
25484000.0 1.46004099803422E+15 1.46004106730425E+15 1.46004103932934E+15
50968000.0 1.47759306210703E+15 1.47759307062470E+15 1.47759306720794E+15
101936000.0 1.48191568110883E+15 1.48191568216921E+15 1.48191568174437E+15
203872000.0 1.48299223039647E+15 1.48299223052888E+15 1.48299223047580E+15
407744000.0 1.48326104136967E+15 1.48326104138622E+15 1.48326104137957E+15
815488000.0 1.48332818800946E+15 1.48332818801152E+15 1.48332818801069E+15

∞ 1.48335051422818E+15 1.48335051422818E+15 1.48335051422818E+15

Table 36: Dependence of composite mass on distance per prior CASE_2 and comparison using constant
Newtonian speed υrN , static speed υrPGs and composite speed υrPGc

r, m merc kg, with υrN merc, kg with υrPGs merc, kg with υrPGc

12742000 1.38483965472048E+27 1.38484024790860E+27 1.38484000145102E+27
25484000 1.46003136003934E+27 1.46003142930937E+27 1.46003140133446E+27
50968000 1.47759250212494E+27 1.47759251064261E+27 1.47759250722585E+27
101936000 1.48191564673190E+27 1.48191564779228E+27 1.48191564736744E+27
203872000 1.48299222827079E+27 1.48299222840320E+27 1.48299222835012E+27
407744000 1.48326104123612E+27 1.48326104125267E+27 1.48326104124602E+27
815488000 1.48332818800111E+27 1.48332818800317E+27 1.48332818800234E+27
∞ 1.48335051422818E+27 1.48335051422818E+27 1.48335051422818E+27

Table 37: Dependence of composite mass on distance per prior CASE_3 and comparison using constant
Newtonian speed υrN , static speed υrPGs and composite speed υrPGc
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a b

Figure 54: Speed e�ect on real mass loss and kinetic mass by applying Newtonian and composite speeds in
(a) for CASE_7 and in (b) for CASE_4

can use cases like this to further investigate the equations of falling speed and see if they are consistent
with surrounding experience. Actually, current experience dictates that our predictions should be untenable,
because �all bodies fall with equal speed �, unless our predictions fall within the experimental errors prevailing
to date.

Both equations involve the distance r and the unknown limiting acceleration g0. We do a preliminary
examination of the behavior of the second Eq. 358, whereby we do have a variation of speed due to the
absorptivity AR of the falling body. The numerical results in Table 38 indicate that the e�ect of parameter
g0 seems to be minor: We note a very small variation of the ratio υrPGc/υrN in a wide range of absorptivity
over many orders of magnitude and over a wide range of the limiting acceleration (g0) at a �xed �nal distance
from Earth, namely, at r = 2R2 = 12742000 m. However, the absorptivity AR of the falling body is decisive
in the determination of the �nal speed. In a range of AR > 1.0E − 08, the PG speed is very close to
Newtonian speed with a ratio either a little below or a little above unity. This behavior is consistent with
the outcomes from various cases: The kinetic mass adds very little in all those cases except CASE_4, where
the kinetic mass overtakes the positional net loss of mass; this happens when AR is very small.

Equivalently, we next plot the same speed ratios υrPGc/υrN against absorptivity for a set of �nal distances
starting from in�nity in Fig. 55(a). We note that all curves shift closer to Newton speed at long �nal distance.
This is again important indicating that Newtonian mechanics can be applied at long enough distance from
planets in interplanetary travel, but a modi�cation becomes due as we approach a planet. The same e�ect
is re-plotted in (b) of the same �gure showing the variation of speed ratio against distance at selected
absorptivities. While all graphs start from greater than unity ratios at long enough distance, they invariably
undershoot unity at shorter distance. The deviation is quite large raising concern about the veracity of such
outcomes.

The above are generalizations of situations similar to CASE_4. We get a better feel also by choosing
for comparison two di�erent materials of beryllium (Be) and lead (Pb) with diameters even smaller than 1
m. A similar deviation can be seen if we plot the same speed ratio against the radius of the falling sphere
per Fig. 56a, since radius and absorptivity are interdependent. Corresponding to this, we further plot the
absolute speed of these spheres in a smaller (more practical) range of radii in 56b.

We don't have data of falling bodies from �in�nity� to compare with the numerical values between
�experiment� and our �ndings and see if these outcomes are correct or even reasonable. However, we have
applied Eq. 358 for sets of falling spheres from a height of 10 m on the surface of Earth at a guessed g0 = 40000
ms−2. We used the example of Be and Pb materials with sphere diameters 0.001 m, 0.01 m and 0.1 m. The
time di�erence ∆t = tBe − tPb is found to be 0.017394 s, 0.001782 s and 0.000179 s correspondingly. These
values clearly fall within the detectable time range and cannot be accepted. However, while these values
are no good, they are not �catastrophic� either, in the sense that their discrepancy can be manageable.
The numerical values plotted are no reason to reject or abandon the preceding theory, because they can
be explained by the assumptions from which the equations were deduced. The equation of speed based on
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r = 12742000 m

g0 = 1000 10000 50000 100000
AR υrPGc/υrN υrPGc/υrN υrPGc/υN υrPGc/υrN

1.0E-13 0.117236 0.117236 0.117236 0.117236
1.0E-12 0.206925 0.206924 0.206924 0.206924
1.0E-11 0.359383 0.359376 0.359375 0.359375
1.0E-10 0.593533 0.593498 0.593495 0.593495
1.0E-09 0.851810 0.851676 0.851664 0.851662
1.0E-08 0.976295 0.976050 0.976028 0.976026
1.0E-07 0.997716 0.997443 0.997419 0.997416
1.0E-06 1.000046 0.999770 0.999745 0.999742
1.0E-05 1.000281 1.000005 0.999980 0.999977
1.0E-04 1.000304 1.000028 1.000004 1.000000
1.0E-03 1.000307 1.000030 1.000006 1.000003
1.0E-02 1.000307 1.000031 1.000006 1.000003
1.0E-01 1.000307 1.000031 1.000006 1.000003

Table 38: Speed ratios against absorptivity at selected values of g0 using Earth as the gravitating body with
a falling sphere from �in�nite� distance to a perigee of r = 12742000 m

positional variation of mass (static speed) always yields ratio values above unity. The transition to below
unity values by the equation for the composite speed is due to the accrual of mass in excess of the positional
loss. We used the conventional equation between kinetic and potential energy, so that for any �xed potential
energy between two points, an increase of mass would result in a reduction of the end speed. The increase of
mass by use of 358 is determined by the applied conjecture of Eq. 303, but the increase of mass would be a
lot less if we had used Eq. 304 with n = 4 as seen by Fig. 48. In the latter case, the composite speed would
be considerably higher and closer but always below the static speed. There is an interplay between the two
speeds, which we hope it to be such that to bring the theory in agreement with reality. The problem would
still be that the e�ects would remain undetectable for falling bodies from a height of 10 (or similar) meters,
but they might become detectable from an interplanetary �height� fall.

There are additional parameters requiring adjustment and determination, such as the true value of g0

that is to be used in our work. We can see this by plotting the �nal falling velocity from 10 m height υ10c−Pb
of the lead sphere, the same υ10c−Be of the beryllium sphere and their di�erence ∆υ = υ10c−Pb − υ10c−Be
against a wide range of g0 values in Fig. 56c. This is done for the middle radius R1 = 0.01m, but similar
(almost inversely proportional) is the situation for the other radii too. Therefore, there is ample room for
adjustment of the theoretical parameters to meet reality. This is an important conclusion con�rming an early
corollary of Section 14.3 that �All bodies fall at equal rates... if and only if they have the same contraction
factor q�, which relates to the same absorptivity. The problem is that the classical experiments of measuring
velocity involve bodies all having practically equal absorptivities and thus not measurable by our equipment.
If we had a body with an unusually high density for comparison, then we would have detected the di�erence.

It might also be said that meteors and comets provide data that do not (presumably) support any
deviation of speed from that worked out by applying Newtonian mechanics. However, the question here is
about their mass, not just speed and trajectory. How do we measure their mass? Is it measured by reliable
independent means or is it deduced by applying/relying on the Newtonian laws of motion? How do we know
if their e�ective mass thus deduced is not a composite type of mass as introduced herewith? The question of
mass is a key question in modern physics and applies to all moving bodies in astronomy and elsewhere. We
have introduced a new conception of mass that can be put to the test by numerous proposals throughout
this report. The di�erent kinds of mass in Table 30 might be explained by and correspond to di�erent
material structures. We continue with modeling of the electron and positron in a following Section 25 with
some interesting possibilities. The role of kinetic mass might be connected with to propulsion of a body to
motion with some degree of contribution to the ideas of inertia, action-reaction, etc; i.e., it might have a
dual function. It might play a role in o�setting the gravion �drag�. So far, the theory is incomplete pending
further development but mainly pending experimental research like the newly proposed next.

23.2.4 Interplanetary testing of falling speeds: E�ect of shape, direction and contraction
factor

The preceding �ndings lend themselves for another possible veri�cation of PG theory involving tests during
interplanetary spacecraft trajectories. A recent �space test of the equivalence principle� (STEP) with orbiting
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Figure 55: Ratio of speeds (a) against absorptivity at �xed �nal distances and (b) against distance at �xed
absorptivities of the falling body

satellite measurements failed to establish any deviation from the Equivalence Principle (Touboul et al., 2019).
However, this negative outcome is consistent with our PG theory: We found that the real and e�ective mass
of an orbiting object remains constant for all spherical objects and densities, whereby the associated speed
and acceleration should be invariable for all objects. However, we should expect a continuous net variation of
mass during fall in an interplanetary trajectory with an associated variation of speed, which can be subjected
to the test by an experiment. Even the incomplete solution of Eq. 358 predicts di�erent falling speeds. Also,
even if the there is no connection between speed and mass, the �rst Eq. 352 completed with the absorptivity
of both bodies in a future correction predicts di�erent speeds with a measurable e�ect over a long falling
trajectory.

In fact, we have found that not only di�erent density bodies fall with di�erent speeds, but di�erent size
objects of the same material would also fall at di�erent speeds, because they present di�erent absorptivities
(per Fig. 56a&b). We note that the e�ect of radius may be even greater than the e�ect of material nature,
per (a).

Based on the above �nding, we could perform a variety of experiments involving di�erent combinations
of body shapes, sizes and materials. Indicatively, we have illustrated some examples in Fig. 57. We show a
pair of two equal radius spheres (#3 and #4) of lead and beryllium per preceding analysis, but also added
two identical �attened bodies (#1 and #2) with one oriented parallel and the other perpendicular to the
direction of fall. The experiment is supposed to take place between two rocket �rings for correcting the
trajectory, so that the fall is always free of disturbance by rocket force. We should choose this trajectory, if
possible, to be the last leg of fall in an inbound trajectory with the longest possible pause of rocket engine
activity.

The pair of �at bodies shown could have the shape of disk or any other convenient shape. However, this
is a di�erent case than the spherical geometry we have worked with so far. We would need to repeat the same
PG computations by replacing the sphere with an another desirable shape. One candidate shape is that of an
oblate spheroid as depicted in Fig. 57 by #1 and #2 . It is not immediately obvious if those two bodies would
deviate or not during fall. We might initially think that the �rst (#1) with its major axis parallel to the
direction of acceleration would fall faster, if it is associated with higher absorptivity. However, the subtended
angle is smaller than the second body (#2), so that the combination of solid angle and absorptivity might
cancel each other out. Both of these identical bodies (#1) and (#2) have equal lone absorptivities very far
away from a planet, so that it is not obvious if they would retain equal absorptivities in di�erent direction
inside the gravitational �eld. The variation of static e�ective mass at di�erent proximity locations from a
planet need to be worked out using the methods presented in the Appendices by replacing the spherical
geometry with spheroidal one. The non-obviousness of the e�ect of falling orientation can be appreciated
by considering the overall picture of macroscopic and microscopic structure of any given geometry body:
Fig. 58 conveys an idea for the case of a �rod� in continuation of the con�gurations of prior Fig. 34. The
shielding (depicted by shading) of the absorption centers is greatly exaggerated for demonstration only of
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Figure 56: Comparison of �nal speeds for beryllium (Be) and lead (Pb) spheres falling from in�nity to
r = 12742000 m against falling sphere radius in the form of (a) Speed-ratio υrPGc/υrN and (b) absolute
composite speed υrPGc. (c) Final falling speed from 10 m height of beryllium and lead spheres with R1 = 0.01
m together with their di�erence ∆υ plotted against universal acceleration g0.
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Figure 57: Inter-planetary spacecraft experiment with four (1, 2, 3, 4) free falling bodies in pairs of (a)
identical oblate spheroid masses with di�erent orientation, (b) equal masses with di�erent shapes and (c)
equal sphere size but di�erent materials.

the envisaged e�ects on absorptivity in the three situations involving the same amount of particles; the dark
(gray) shading illustrates the amount of black matter created when the rod moves from in�nite distance to
a given approach inside the gravitational �eld of a planet. The e�ect is shown approximately and grossly
exaggerated to demonstrate the change of black mass (and absorptivity) with a change in con�guration
or rod direction relative to the direction of the surrounding gravitational �eld. Actually, a single-stranded
rod of MACs would have an in�nitesimally di�erent absorptivity at di�erent orientation (the solid angle
being in�nitesimally small), but as we add stands to build a a macroscopic rod, the di�erence may become
measurable. At any rate, the study of relative orientation could be included in the experiment to con�rm or
disprove in advance theoretical computations.

Judging from the �STEP� experiment, the complexity of practical details involved is appreciated. These
details might be the same, simpler or even more complex in the proposed test here. For example, spinning
the disks might be an option for maintaining orientation, but it might complicate an as yet unknown e�ect
on the mass-energy relationship during fall. This and other parameters require prior, during, or a post
experiment assessment.

The in�uence of orientation during free fall, if real, would have important theoretical rami�cations but
may also have important practical applications. We suggested in Section 14.3 that changing the orientation
between the inbound and outbound leg of the trajectory during a �yby mission could result in a di�erence
of speed at corresponding points of the two legs. That was based on the assumption that the spacecraft is
made to exhibit a greater e�ective mass in one part of the orbit than in the other, but this remains both
theoretically and in practice unproven. Another possibility was to vary the mass con�guration by way of an
opening or folding fan-like system.

Yet another conceivable mechanism for performing such a test is shown by the collapsible sphere of a
toy shown in Fig. 59. The e�ective mass is greater in the expanded form (a) than in the collapsed form
(b). The transformation between the two forms (collapsed and expanded) involves the supply (or release)
of some energy commensurable with the associated gravitational �eld of the toy sphere itself. The amount
of this energy must be extremely minute in comparison with the energy involved during fall of the same
toy sphere towards a planet. The preceding �ndings that the falling speed is a function of absorptivity (or
contraction factor) implies that if we can somehow vary the absorptivity during �ight, then we should also
vary the speed, if we are to preserve the energy of the body. That means that we can brake or accelerate
the body accordingly. The e�ect may be very small if we can vary the absorptivity only by a very small
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Figure 58: Absorption centers (MACs or particles) �xed in a rod con�guration directed along the gravity
direction (i.e. vertical), or perpendicular to it (i.e. horizontal); same particles re-distributed in a spherical
con�guration

amount, but over a long �ight, the cumulative e�ect should be measurable. Furthermore, �This would result
in incremental accretion of energy until it can reach escape velocity and then repeat the same process around
a bigger planet (e.g. Jupiter), or the Sun�, per early statement of Section 14.3. We understand that if two
spheres like that, one expanded and the other collapsed, start together at the apogee, they should both return
at the apogee simultaneously, but they would pass around the perigee at di�erent times: The contracted one
would pass before the expanded one, but then the faster one would decelerate faster during the outbound
leg so that the expanded one will catch up and arrive at the same time at the apogee. Now, if we consider
one only sphere to start in the expanded con�guration at the apogee all the way to the perigee, whereupon
it contracts, it should reach and surpass the apogee where it started from. This is because it would have
a lesser potential energy than it started with, so that it can continue the �ascend� to a new apogee before
it starts a new descend. However, around the new apogee, it could expand again to increase its e�ective
mass. This will be done at the cost of only a practically negligible energy. Doing so is like �inhaling� mass
via gravion absorption, which results in an increased potential energy at the new apogee at negligible cost.

We can build on the preceding description as with reference to Fig. 60. We initially spend energy
to establish an elliptical orbit, say around Earth, by a spacecraft equipped with a mechanism to vary its
absorptivity in a manner analogous to the toy sphere. The initial (innermost) elliptical orbit (in red) is
established in the expanded con�guration at the cost of given rocket energy. Then we can initiate and repeat
a series of the previously described sequence of maneuvers: At the perigee, it collapses and travels all the way
to a new greater apogee, whereupon it expands again to travel to the perigee, whereupon it collapses, and so
on. This is repeated a number of times, resulting in a cascade gain of apogee distance. We have likened the
actions at the apogee and perigee to �inhaling� and �exhaling� mass, in and out. We have suggested it to be
an equivalent process taking place like with a heat pump, whereby an electrical motor pumps heat (energy)
�out of thin air� at a small cost. Our analog is pumping mass out of the gravion gas. There are more details
around the orbit to contend with, but they all cancel out in the overall scheme. For example, we can ignore
the gain or loss of kinetic energy from the tangential component of velocity at the apogee, because it is
generally less from the corresponding tangential kinetic energy at the perigee. Now, the trajectories drawn
in the �gure are simpli�ed to demonstrate the principle and the intended e�ect, but the �ight engineer can
later draw the correct ones. We have not accounted for possible precession and distortion from symmetrical
shapes due to the variation of velocity at the corresponding points.

The presence or not of a concurrent variation of kinetic mass would not change the overall outcomes of
the above proposed scheme.

To avoid disappointment for a forthcoming (anticipated) �free� space travel, we must warn that the above
described e�ect may be so small that it might take 100 years to achieve some moderate increase of apogee
with current technology for shape transformation. However, if we could �nd means to e�ectively vary the
density (to contract and expand) of an orbiting spacecraft, then the promise could become rewarding. In the
meantime, the practical bene�t of PG speed variation might be in controlling trajectories over a long haul
accordingly by accelerating or braking a spacecraft with minimal (negligible) energy expenditure, provided
the total e�ect is signi�cant. The latter is to be quanti�ed in later PG theory and engineering. Also it could
furnish direct explanation for the �yby anomaly and perhaps for the Pioneer anomaly as well. We should
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Figure 59: Toy sphere in (a) expanded form and (b) collapsed form

Figure 60: Schematic of principle: Cascade �yby acceleration and escape velocity obtained with the �toy
sphere� falling towards the perigee in the expanded con�guration while ascending towards the apogee in the
contracted con�guration (simpli�ed and exaggerated trajectories)
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investigate if it can also explain, at least in part, the Mercurian precession. Above all, the immediate bene�t
would be to validate our PG theory, which would place us in an advantageous position to progress in many
other areas of scienti�c and technical endeavor.

23.3 Speed addition

If our theory is veri�ed, then we have e�ectively arrived at a novel way to compose speeds according to Eq.
309. This supplies an alternative solution to the speed transformation in special relativity.

The actual speed of a body depends on and is limited by the composite absorptivity possible. The upper
limit of absorptivity is unity, which imposes an upper limit to the e�ective mass and the associated speed,
since the two are one-to-one connected. With given intrinsic absorptivity AR, the kinetic absorptivity ARκ
can only be in the range:

0≤ARκ < 1−AR (360)

which provides also a limited range for the real speed:

0≤υ
2

c2
< 1− υ2

0

c2
or 0 ≤ υ2 < c2 − υ2

0 (361)

In other words, the intrinsic speed υ0 takes on a real meaning in the sense that it sets a handicap for
the real speed of any given body: A heavy (dense) body cannot go as fast as a light body. In all this, it is
implied that zero real speed is with reference to the gravion medium. A passenger in a train with real speed
υ1 has already committed a composite value of speed over and above the intrinsic one before boarding the
train. The passenger moving forward (or shooting a bullet) with additional speed speed ∆υ will �nd it more
di�cult to acquire that additional speed than prior to boarding the train (provided any subtle di�erences
could be measured no matter how small they would be). The additional speed will result in a real speed
υ2 = υ1 + ∆υ to computed with reference to the stationary gravion system, giving:

υ2
1

c2
= ARκ1 = ARc1 −AR1 (362)

υ2
2

c2
= ARκ2 = ARc2 −AR2 (363)

∆υ = υ2 − υ1 = c
√
ARκ2 − c

√
ARκ1 = c

√
ARc2 −AR2 − c

√
ARc1 −AR1 (364)

which is the speed seen by the moving train reference. This gives the �transformation� (better the real speed)
of υ2 relative to the stationary (absolute) system and ∆υ relative to the moving (train) system. The addition
of speeds is straightforward with the provision that they cannot acquire arbitrary values other than those
constrained by the absolute stationary medium.

When we establish another suitable equation to relate speed with absorptivity (and e�ective mass) in
lieu of the conjectured Eq. 303, then we can adjust and expand the above equations accordingly.

23.4 Review and discussion

The present Section 23 is e�ectively a �rst attempt to usher some dynamics in PG theory initially developed
only for stationary bodies. It is sort of an introductory rehearsal for the deferred Section 14 towards a
dynamic push gravity theory. It is only a trial attempt based on a conjectured relationship between speed
and mass, which we hope to approach from more fundamental principles in later development. In any
case, the attempt remains to be completed with further work using more detailed mathematical analysis
and accompanying computations. The preceding presentation contains some simplifying assumptions and
relationships that we discuss below by way of alerting to remaining issues.

The absorptivity formula used in Eq. 304 was derived for a stationary lone sphere under omnidirec-
tional gravion �ux with spherical symmetry. Gravions are being absorbed with radial depth of penetration
converting �neutral� (inactive) real mass to e�ective mass. By the introduction of speed of a sphere, we
may not assume that the spherical symmetry of the distribution of e�ective mass is maintained. Intuitively,
we may expect a distribution of the total e�ective mass towards axial symmetry around the direction of
velocity, but this is not clear (for now) how it takes place. It is not clear whether the intrinsic e�ective
mass of the lone sphere is redistributed lumped together with the kinetic mass accrued at any given speed,
or the kinetic mass accrued is superimposed to the lone mass. We accept that the kinetic mass must be
reversible (added or subtracted) as a function of speed, which is the reason why we introduced the term
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�kinetic� mass to separate it out from the �intrinsic� mass. The kinetic mass must also be such that it
counteracts (neutralizes or bypasses) the drag expected to appear from classical considerations. Possibilities
for this to happen are canvassed in Section 25. It is di�cult to envisage such mechanisms operating on
amorphous matter. This prompts us to hypothesize the existence of some suitable structures around (or by)
the minimal absorption-and-emission centers (MACs-MECs). One candidate structure is the vortex, which
we also attempt to introduce for modeling the electron and positron in the following section. Vortices are
built around axial symmetry, which we need during the introduction of kinetic mass.

In considering the free fall acceleration vis-à-vis the rocket acceleration, we have an overlap of common
issues, but we also have unique issues with each of these situations. In rocket acceleration, we can under-
stand the accrual during acceleration and radiation (release) of mass during deceleration. The addition and
subtraction of mass takes place via an electrical �eld by the rocket. However, in free fall acceleration, the
graphs show a net radiation (release) of mass, which is surprising. We can understand that the e�ective
mass decreases with position and concurrently increases with falling speed, but any variation of total mass
begs further questions and investigation. In fact, this is another opportunity to see the di�erence between
rocket acceleration and falling acceleration, contrary to the Equivalence Principle.

To address the above concerns, it has been necessary to further study the mass-matter relationship by
expanding our PG in the following Section 24. Before that, we need to spell out the details of how various
parameters have been calculated and graphed for the falling body in the current section. We do so even if
all the equations have been known and often applied in preceding work.

From given k and R for each sphere, we obtain the intrinsic (lone) values at in�nite separation distance
r =∞ for AR1

and AR2
from the general equation:

AR = 1− 1

2k2R2
+

exp(−2kR) � (2kR+ 1)

2k2R2

The corresponding contraction factors q1 and q2 from the general equation:

q =
3AR
4kR

The corresponding e�ective masses me ≡ me1 and Me ≡ me2 similarly from:

me =
g0ARR

2

G

The corresponding real masses m = m1 and M = m2 from:

m =
me

q

After that, we need to decide what speed to use during fall, like Newtonian speed υrN , PG static speed
υrPGs, or PG composite speed υrPGc, so that we can calculate the kinetic absorptivity ARrκ at distance r
from:

ARrκ =
(υr
c

)2

where we adopt Eq. 304 with n = 2.
The corresponding kinetic (e�ective) mass merκ from:

merκ =
g0ARrκR

2

G
(365)

The total (composite) e�ective mass from:

merc = mer +merκ

where mer is the static e�ective mass at r computed per Appendix E. From the latter, we �nd a static
absorptivity ARr:

ARr =
Gmer

g0R2
(366)

and a composite ARrc at r from:

ARrc = ARr +ARrκ (367)

Then we can �nd the product kcR for the composite absorptivity by solving the equation:
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ARrc = 1− 1

2k2
cR

2
+

exp(−2kcR) � (2kcR+ 1)

2k2
cR

2

from which we �nd the contraction factor for the composite mass:

qrc =
3ARrc
4kcR

The latter is used to �nd the real mass at r mrc from:

mrc =
merc

qrc

Then the total black mass in motion at this distance r mbrc is:

mbrc = mrc −merc

and the loss of real mass mrcloss from:

mrcloss = m−mrc

For the static parameters, we correspondingly �nd �rst the static product krR by solving the equation:

ARr = 1− 1

2k2
rR

2
+

exp(−2krR) � (2krR+ 1)

2k2
rR

2

and then we get the static contraction factor qr at that distance:

qr =
3ARr
4krR

The static real mass mr:

mr =
mer

qr

The static black mass mbr:

mbr = mr −mer

Finally, the loss of static real mass mrloss is obtained from:

mrloss = m−mr

The provision of exactly all the equations used in producing the graphs in this section may now help the
reader to better stay in tune with what they mean. Our main concern above regards both Eqs. 366 and 367,
whereby we insert the equation of absorptivity as it applies for lone bodies with e�ective masses distributed
around a spherical symmetry. This is not the case for a falling sphere, where mer must be axially distributed
around the axis of fall, and merκ is a new unknown type of mass with probably also a distribution around
the same axis of fall. Therefore, the derivation of a composite absorptivity ARrc based on the equation for
a lone body is only simplifying but arbitrary. Therefore, some of the graphs in this section (e.g. the total
real mass) should be treated with caution until we can �nd an alternative approach for a dynamic PG. It
is ascertained that mer is correctly computed as a total mass following an integration, but we could also
establish its distribution during the integration in future work. These concerns prompt us to undertake
further work in the following section and return to them afterwards.

24 Mass-matter relationship

This theory has continually evolved from simple absorption relationships producing parameters with new
understanding and without a priori knowledge. For example, the concept and parameter of �real mass� was
necessitated as a substrate to facilitate the absorption of gravions. This led us to distinguish it from the
�e�ective mass�, which is the activated component bearing the classical inertia as opposed to the remainder
component that must be inertia-less and thus termed as �black mass�. This then has necessitated the
understanding of black mass and its association with the assumed substrate; by the same token, we need to
understand the association of all forms of mass with a presumed common substrate. In order to achieve this,
we need to further develop the meaning and relationships of these and other parameters inside a material
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Figure 61: Internal vs. external spherical parameters and gravitational �elds.

sphere including their connection to corresponding equations outside the sphere �in vacuum�; then we can
attempt to �nd the desired association with the said (presumed) substrate (or matter).

We have already produced the variation of internal acceleration of a sphere in Section 8. We did the
same in Section 14.6 with emphasis on the outermost layer of a very dense spherical body, after which we
introduced (arrived at) the concept of black mass. It is now pertinent to review, refresh and generalize those
relationships including others inside a material sphere. Since the intensity of radiant �ux of gravions remains
unknown, we have to theoretically continue on varying this parameter and �nd how all else vary with this.
Equivalently, we can vary any other interdependent parameter that may be more suitable to understand or
experiment with and deduce all others therefrom. In this Section, we opt to maintain a constant (�xed) real
density ρ inside a �xed radius R of sphere as a more �tangible� approach in deriving the other parameters.
For example, Eq. 113:

k =
πGρ

g0
(368)

yields an inverse relationship between k and g0 so that by choosing a series of values for k, we can �nd
or imply a corresponding series of values for g0 in a region of the universe with constant G and given ρ.
Alternatively, for a given g0, we can choose a set of �xed values of k to which correspond a set of �xed values
of ρ. We establish fundamental equations and theorems as an introduction to later analysis of more complex
systems. The main purpose is to consolidate our understanding of the physical meaning of novel parameters
that will reappear in future developments; it will be appreciated below that the physical meaning becomes
convoluted and sometimes confusing as we move from external (vacuum) to internal condition with a given
material density.

We reproduce the schematic representation of a massive star from Fig. 33 now in Fig. 61 with the aim
of quantifying the schematic color shading of the internal properties. This �gure illustrates three situations:

� (i) The variation of various parameters (properties) at any internal point Xi inside the sphere such as
radius RXi, e�ective mass meXi, ΛXi, etc. in contrast to the external ones R, me, Λ, etc.; we introduce
the subscript (i) for the internal parameters.

� (ii) The creation of a new �external� partial sphere from the internal partial sphere with the same
radius, namely, with RX = RXi, in order to �nd the relationship of the parameters between these
two spheres; we compare various internal parameters with corresponding ones for spheres of the same
radius and real density but without the outer shell, i.e. for spheres exposed to the in�uence of the
�vacuum� g0 as opposed to the internal spheres exposed to an internal g0Xi.

� (iii) The removal of the material of the internal sphere leaving a hollow space (�vacuum�) with corre-
sponding parameters characterizing a new internal �universe� surrounded by a material shell absorbing
(shielding) in part the external gravion �ux.

The subscript (i) helps avoid ambiguity and is used even if it may be redundant (obvious that something
is internal), the absence of which refers to a sphere exposed to external �vacuum�. Thus, RXi replaces the

174



a b

c d

Figure 62: Internal and external mass factors, internal e�ective mass and ratio of external/internal mass.
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RX in Fig. 7, and the fractional radius becomes RXi/R, where we always have RXi ≤ R; RX is herewith
reserved for a free to vacuum sphere like in (ii) but with RX = RXi.

We should note that the �internal� realm regards not only solid or liquid bodies but also gaseous bodies
including the heliosphere, all of which are considered non-vacuum, whilst some allow the motion of other
material bodies like planets. For the present purposes, we do not include the interior of subatomic particles
(electrons, protons, neutrons, etc); we consider all bodies with a given distribution of matter that is �xed
either by their chemistry or by �xed statistical processes like in gases and the heliosphere.

24.1 Internal vs. external parameters (constant real density)

For the internal spherical �eld in (i) of the above �gure, we derived the variation of a few parameters against
fractional internal radius (RX/R) per Fig. 8, which we now complement by deriving also the distribution of
other parameters for a general case, starting with the e�ective mass and density.

Mass We examine the distribution of e�ective mass with radius. The computed characteristic absorption
area Sa for any sphere continues to mean SaR for the external total sphere (with R) to be distinguished from
SaRX

for the external partial sphere (with RX) and SaRXi
for the internal partial sphere (with RXi). In

Appendix D.2.2, point O always refers to an internal point de�ning an internal radius over which we integrate;
that is, RO now strictly refers to an integration variable in the range 0 ≤ RO ≤ R, or 0 ≤ RO ≤ RXi, or
0 ≤ RO ≤ RX .

Eq. 535 used for the total (external) sphere is now re-written for the external partial sphere as :

SaX =

RX�

0

MaO· 4πkR2
OdRO (369)

and for the corresponding internal partial sphere as:

SaXi =

RXi�

0

MaO· 4πkR2
OdRO (370)

which multiplied by
1

4πΛ
yields the internal e�ective mass meXi at radius RXi.

It must be noted that this (meXi) partial mass is di�erent from the (total) e�ective mass me uniformly
apportioned to the same internal radius, and stated by the expression:

meXi−apportioned = me
R3
Xi

R3
6= meXi (371)

whereby meXi is an actual e�ective mass by an actual internal absorption process, whereas meXi−apportioned
is a deemed e�ective mass from the outer (total) e�ective mass mathematically allocated; this distinction
is needed during later derivations. The above notation is temporary and may later be replaced by a more
consistent and more meaningful one after we take stock of the needs of this continually evolving theory.

For this and other parameters it will help our theoretical development to normalize them over their
characteristic value at the outer surface. Thus, the normalized internal e�ective mass is:

meXinorm =
meXi

me
=
SaXi

SaR
(372)

We apply the above de�nitions and derivations to obtain the e�ective mass inside a sphere for a set of
�xed absorption coe�cients k (and real density ρ): Thus, Fig. 62(a) shows the variation of factor SaXi
(being proportional to e�ective mass) and (b) the variation of the normalized factor over its maximum value
at RXi = R (being equal to the normalized e�ective mass). For this and all other parameters, we choose �ve
indicative values for k = 0.01, 0.1, 1, 10, 100 m−1. By setting the outer radius equal to unity (R = 1 m),
the internal radius RXi at any point X is normalized over the outer sphere radius. At the lowest of values
of k the variation is very small becoming negligible as we approach the Newtonian condition, whereas at the
highest values the internal e�ective mass is concentrated very close to the outer radius with close to zero
value elsewhere.

Unlike meXi, the real mass mXi at any internal radius is governed simply by a geometrical factor that
uniformly apportions the total real mass:

mXi = mXi−apportioned =
R3
Xi

R3
m
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Figure 63: (a) E�ective point density factor, (b) normalized e�ective point density, (c) e�ective density
factor and (d) normalized e�ective density.

177



and the normalized internal real mass is:

mXinorm =
mXi

m
=
R3
Xi

R3
(373)

Now, with reference to Fig. 61 again, the extracted sphere (ii) has a di�erent e�ective mass in the vacuum
medium according to Eq. 369 as shown in Fig. 62c. The di�erence is more obvious by plotting the ratio
SaX/SaXi in (d) of this �gure. The acquisition of mass is negligible in the Newtonian regime, but it becomes
increasingly signi�cant to at high values for the higher and highest density spheres.

The real density ρ (and associated absorption factor k) used in the derivations herewith is (are) unknown
in the �rst place. We obtain this from the well known equation:

g0AR − gR = 0

with the known (best if measured) acceleration gR at the surface establishing the equation:

g0

(
1− 1

2k2R2
+

exp(−2kR) � (2kR+ 1)

2k2R2

)
− 4πGRρe

3
= 0

that is solved for the unknown k provided that we have establish the actual value of g0. In conventional
physics, we assume that the measured density ρe is invariant with radius. However, we have shown that the
e�ective density measured should vary with radius while it is the real density that is invariant. A variable
measured density with radius may be thought to be contrary with experience, but we allege that this is due
only to our inability to measure extremely small density variations with su�cient accuracy for Newtonian
bodies. If we could know the true e�ective density of a given spherical material with di�erent radii, then
the above equation would yield a constant absorption factor k and a constant real density for the given
material. In all this, we also assume that there is no phase transformation (transition) and that the given
material nature is invariant with radius. The latter assumption would be true over a certain radius range.
In other words, we need only one good (su�cient) measurement of the density at a given radius with which
we �nd the real density (and k) of a material, after which we can calculate the e�ective density with any
other radius at constant k according to Fig. 63. All this necessitates that we have previously established
the actual prevailing value for g0 by some independent means once and for all. We should use a special
notation for the actual g0 to distinguish it from all its hypothetical values in a certain range that we often
used throughout this report only because it is as yet unknown. The latter practice could easily lead to some
confusion between assumed (variable) g0 and an actual g0 when it enters in our equations. Here, we use a
bold faced g0 for the actual one as typed in the last equation above (as often stated, we need to rationalize a new

set of terminology and notations for PG theory as soon as we obtain su�cient data for its requirements). For experiments
with ordinary falling bodies (like in Figs. 56 and 57), the possible e�ect of variable density with radius is by
far much smaller than the other issues �rst needed to be addressed in Section 23.2.3. In any case, the fact
there remains that the falling speed depends on the absorptivity per Eq. 358 so that care must be ultimately
taken to include all possible e�ects with correct formulations.

Density A corresponding derivation is provided in Appendix D.2.2, where the e�ective density at an
internal point X is found from Eq. 536 to be:

ρe−point = kMaO ·
1

4πΛ
(374)

It must be noted again that ρe 6= ρe−point, since the e�ective density ρe was introduced as an average density
of an e�ective mass me, in lieu of the Newtonian mass, uniformly distributed inside a spherical body. We
should have denoted it by the usual average symbolism ρe and should have reserved ρe for the e�ective
point density; this can be done during a later re-write of this report, but for practical (convenience) interim
purposes, we now introduce the temporary symbol ρa ≡ ρe−point; it should be appreciated that this work is
an exploratory project yielding new physics with variables not anticipated from the outset. The subscript
(a) here denotes an activated density at a point resulting from the absorption of gravions at that point,
whilst ρ continues to denote the "real density" at the same point and ρe the e�ective density throughout
the entire sphere with radius R.

Then for internal point Xi we rewrite the above as:

ρaXi = kMaO ·
1

4πΛ
≡ fρaXi ·

1

4πΛ
=
MaO

4π
ρ (375)

The point density at the surface is given by setting RO = R (or RXi = R) in Eq. 536 to yield the value
of the surface Ma factor as
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Ma =

π/2�

0

exp

(
−kR

√
1− (sinϕ)

2

)
[exp (+kR cosϕ) + exp (−kR cosϕ)] · 2π sinϕdϕ (376)

by which we obtain the normalized point density ρaXinorm as:

ρaXinorm =
ρaXi
ρa

=
MaO

Ma
(377)

We can see the variation of the e�ective point density in Fig. 63(a) by plotting the proportional factor
kMaO (fρaXi) and the normalized e�ective point density in (b) for the same set of �xed values of k. The
trend is similar to the variation of e�ective mass, but we can now display a quantitative representation for
each parameter. We thus reproduce the general picture of what we already found for a speci�c numerical
example in Section 14.6.1 with Fig. 19 and schematically shown with Fig. 33. This was our conception and
description of what happens in very dense bodies, like white dwarfs, neutron stars and black holes, for which
we established an e�ect resembling to the conventionally described as an �event horizon�.

We can further distinguish the corresponding derivations for the e�ective density: From e�ective mass,
we obtain the e�ective density ρeXi and normalized e�ective density ρeXinorm by:

ρeXi =
SaXi
VXi

· 1

4πΛ
=

3SaXi
4πR3

Xi

· 1

4πΛ
≡ fρeXi ·

1

4πΛ
(378)

ρeXinorm =
ρeXi
ρe

=
SaXiR

3

SaRR3
Xi

(379)

We plot the e�ective density factor fρeXi and the normalized e�ective density ρeXinorm in Fig. 63c&d.
The di�erence between point e�ective density and e�ective density is readily seen.

The above outcomes are inline with what we have already found previously, namely, that the e�ective
mass is concentrated towards the outer surface, a negligible e�ect for Newtonian masses but becoming
increasingly signi�cant and important for heavy (dense) bodies.

Acceleration and contraction factor By our new notation, the internal PG acceleration gXi given by
Eq. 91 is now written as:

gXiPG ≡ gXi =
g0

π
fgXi (380)

while the acceleration at the surface is:

gR = g0AR (381)

whereby we can normalize the internal acceleration by:

gXinorm =
gXi
gR

=
fgXi
πAR

(382)

This is plotted in Fig. 64a. Close to Newtonian regime, we have a linear relationship against radius, as
expected, but greatly diverging for denser bodies.

The contraction factor q was �rst introduced as the ratio of PG-acceleration over Newton-acceleration,
whereby the �rst (PG) yields the actual force by an e�ective mass and the second the force that would be
exerted by the real mass acting under Newton's gravitational law (as if e�ective). It was then found that the
same factor is produced by the ratio of e�ective over real mass like also for a series of other variables. We
want here to investigate how the contraction factor behaves as an internal parameter. We may start with
the internal contraction factor as the ratio of the internal masses by:

qXi =
meXi

mXi
=
SaXi
4πΛ

3Λ

4πR3
Xik

=
3SaXi

16π2R3
Xik

(383)

We can normalize the internal contraction factor over its value q at the outer surface (i.e. at RXi = R):

qXinorm =
qRXi

q
=

meXi

mXi
me

m

=

meXi

me
mXi

m

=
meXinorm

mXinorm
=
SaXi

SaR

R3

R3
Xi

(384)

Let us now return to the original formulation of contraction factor from accelerations:
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Figure 64: Internal acceleration and contraction parameters.
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qXi =
gXiPG
gXiN

=

g0

π
fgXi

GmXi

R2
Xi

=

g0

π
fgXi

G
4

3
πρRXi

(385)

where we treated the real mass acting under Newton to yield an acceleration gXiN .
However, in Section 8 we used Eqs. 91 and 93 in the ratio, namely:

PG−gXi
Newton−gXi

=

g0

π
fgXi

GmeXi−apportioned

R2
Xi

=

g0

π
fgXi

4

3
πGρeRX

(386)

where for good reason we used the apportioned e�ective mass meXi−apportioned per Eq. 371. The purpose
was then to �nd the di�erence between expected Newton-acceleration and PG-acceleration at various depths
for prospective measurements on Earth. As a result, we have corresponding Eqs. 385 and 386 di�ering
only in the densities ρ and ρe. As we now attempt to formalize the relationships for the internal and
external regimes, we need to see the needed adjustment in the terminology used in preceding Section 8. The
signi�cance of this adjustment is found by taking the ratio of the two derivations in Eqs. 385 and 386 above:

qXi
PG−gXi

Newton−gXi

=
meXi−apportioned

mXi
=
meXi−apportioned

mXi−apportioned
=
me

m
= q (387)

Therefore,

PG−gXi
Newton−gXi

=
qXi
q

= qXinorm (388)

In other words, the ratio of accelerations provided in Section 8 with Fig. 8 must be understood to be the
normalized contraction factor according to the generalized de�nitions in the present Section; the contraction
factor continues to comply with its original formulation. The same observation applies also to Fig. 19 using
the same ratio of Eq. 386, where we have now changed prior qX to qXinorm; that was plotted speci�cally
close to the outer surface of a very dense sphere (as example) to demonstrate the extreme concentration
of e�ective mass very close to the surface. We have now elucidated the exact meaning of internal versus
external properties for these cases. The variation of internal contraction factor and the normalized one are
plotted in Fig. 64c&d. The internal accelerations ratio per Eq. 386 is also plotted in Fig. 64b yielding
identical graphs with (d) as expected above.

The numerical di�erence of accelerations with depth presented in Table 1 remains correct, while we
further investigate again the same di�erence for the current set of k coe�cients here. The internal Newtonian
acceleration as given above is proportional to the internal radius, whilst at the surface is given by g0AR; this
is linearly distributed with radius expressed also as:

Newton−gXi = g0AR
RXi
R

from which we subtract the PG−gXi to obtain the di�erence as a function of radius (and depth):

∆gXi = Newton−gXi − PG−gXi = g0AR
RXi
R
− g0

π
fgXi (389)

We used the above equation to plot the said di�erence in Fig. 8 and Table 1 for Earth with g0 = 1000
ms−2. It is useful to generalize this function by dividing by g0, as a special (only here) normalization for
this particular quantity, namely, by:

∆gΧιnorm =
∆gXi
g0

= AR
RXi
R
− fgXi

π
(390)

which we plot in Fig. 64e. From this, we can readily reproduce the graph in Fig. 8 for the values of k, R
and g0 applied in the example there.

Finally, we can complement the formulas of e�ective density at Xi by:

ρeXi = qXiρ

and the normalized e�ective density:
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ρeXinorm =
ρeXi
ρe

=
qXiρ

qρ
= qXinorm

which is also con�rmed by the provided graphs for these parameters.

Absorptivity and absorption coe�cient For a given g0, the absorptivity AR of the outer sphere (i) in
Fig. 61 is known in connection with absorption coe�cient k and radius R and by:

AR = 1− 1

2k2R2
+

exp(−2kR) � (2kR+ 1)

2k2R2

so that for the sphere (ii) it is

ARX
= 1− 1

2k2R2
X

+
exp(−2kRX) � (2kRX + 1)

2k2R2
X

because k is the same for the same real density ρ. For consistency, the internal sphere in (i) having radius
RXi must be characterized by an internal absorptivity ARXi

in connection with an internal g0Xi and internal
absorption coe�cient kXi by:

ARXi
= 1− 1

2k2
XiR

2
Xi

+
exp(−2kXiRXi) � (2kXiRXi + 1)

2k2
XiR

2
Xi

The outer material shell depicted by (iii) in the above �gure reduces the outermost �ux intensity from
Jo to JoXi and the maximum acceleration from g0 to g0Xi. We can derive ARXi

and kXi by solving the
equation

qXi =
3ARXi

4kXiRXi
(391)

�rst for the product kXiRXi and then deduce ARXi
and kXi from the given radius RXi.

Again, we can normalize these internal quantities over their values at the surface by:

ARXinorm =
ARXi

AR
(392)

kXinorm =
kXi
k

(393)

with which the contraction factor relates by

qXinorm =
ARXinorm

kXinormRXinorm
(394)

as can also be readily con�rmed from Eq. 391. We show the above internal absorption coe�cients and
absorptivities in graphical form in Fig. 65a,b,c&d. For comparison, in Fig. 65e&f we also show the absorp-
tivity of external partial sphere (ii) of Fig. 61 as well as the ratio of absorptivities of internal-over-external
partial spheres. Interestingly, we note that the normalized absorptivity in (d) is greater than unity within a
limited range of values; also the ratio in (f) is also within a particular range. We should later examine what
the signi�cance of those limiting values might be.

There are subtle di�erences in some expressions that we need to spell out if to avoid errors easily taking
place. The internal acceleration factor can be written by alternative equations as:

fgXi = gXinormπAR = g0XinormπARXi
(395)

based on Eqs. 91 and 382.
It is worth noting that if the absorptivity of the external partial sphere shown in Fig. 65e is re-plotted

against the product kRX (reduced radius), we obtain the familiar sigmoid shape for external absorptivity as
seen in Fig. 66a, but not the same for the internal absorptivity as seen in (b) of the same �gure.
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Figure 65: Absorptivity and absorption coe�cients.
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Figure 66: Absorptivities against reduced radius.

g0, ΛXi, J0 and G We have already established the connection between external g0 and internal g0Xi

(see Eqs. 91 and 92), so that the normalized g0Xinorm is:

g0Xinorm =
g0Xi

g0
=

gXi
g0ARXi

=
fgXi
πARXi

(396)

[Note: The g0Xi = g0Xinormg0 has now been corrected in the preceding Fig. 8 for g0 = 1000 ms2, whereby we inadvertently

used the ratio given by Eq. 382 in previous versions of this report, i.e. we used AR instead of ARXi
]. We can now see the

variation of this generalized parameter in Fig. 67a.
For consistency in the formulation for the internal acceleration gXi, we replace the external universal

constant G by GXi in

gXi =
GXimeXi

R2
Xi

(397)

The external Λ constant becomes internally ΛXi, so that from the corresponding Eqs. 73 like:

Λ =
πG

g0
and ΛXi =

πGXi
g0Xi

we deduce the normalized constant ΛXinorm:

ΛXinorm =
ΛXi
Λ

=

πGXi
g0Xi

πG

g0

=
GXinorm
g0Xinorm

(398)

where we have also introduced the normalized universal constant GXinorm by:

GXnorm =
GXi
G

(399)

We can further process this per Eq. 397 as:

GXnorm =
g0XiARXi

R2
Xime

g0ARR2meXi
=
g0XiΛXi
g0Λ

=
g0XikXi
g0k

= g0XnormΛXinorm = g0XnormkXinorm (400)

We connect the internal �ux intensity J0Xi via the known Eqs. 33 below:

G =
J0

c
Λ2 and GXi =

J0Xi

c
Λ2
Xi
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J0 =
cg2

0

π2G

J0Xi =
cg2

0Xi

π2GXi
The normalized internal �ux intensity then is:

J0norm =
g2

0XiG

g2
0GXi

= g2
0XinormGXinorm

From Eq. 400 we deduce:

kXinorm = ΛXnorm (401)

Also:

gXi =
g0fgXi
π

=
GXimeXi

R2
Xi

=
GXiSaXi
4πΛR2

Xi

=
GXig0SaXi
4π2GR2

Xi

fgXi =
SaXi

4πR2
Xi

GXi
G

(402)

which relates the integrals in the factors fgXi and SaXi.
For convenience in further processing the above formulas, we transfer some useful equations below:

Λ =
πA

me
=
πR2AR
me

=
πG

g0
=
k

ρ
=
cg0

πJ0
(403)

and together with Eqs. 368 and 396 we transform the normalized universal constant as:

GXnorm =
g0Xi

g0

kXi
k

=
gXi

g0ARXi

kXi
k

=
gXi

πGARXi

kXi
ρ

=
gXi

πGARXi

ΛXi =
gXiπRXi
πGmeXi

=
gXi

G
meXi

R2
Xi

=
gXi
gXi

= 1

(404)
which we highlight below:

GXinorm = 1 or GXi = G (405)

As a result we can also simplify other parameters as:

ΛXinorm =
1

g0Xnorm
(406)

J0norm = g2
0Xnorm (407)

fgXi =
SaXi

4πR2
Xi

(408)

We can see the variation of the generalized internal parameters ΛXinorm and JXinorm in Fig. 67b&c.
The constancy of the internal universal gravitational constant per Eq. 405 has also been veri�ed compu-

tationally via Eq 400 to always give:

g0XnormΛXinorm = 1 (409)

which we show by the graph in Fig. 67e. There is an oscillation for k = 100 m−1 of extremely small magnitude
around unity. This arises from �round o�� errors produced by the integration routine in the python program
used. We can set an arbitrary precision for all other computations except for the integration routine that
is governed by its own precision limits: As soon as we exceed some set level of precision, an error warning
is issued. We purposefully present this limitation to warn potential users that high precision algorithms are
often required to avoid misleading results. It may be that a devoted integrator must be developed to take
on special requirements of PG theory.
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Figure 67: Internal parameters of g0Xi, ΛXi, J0Xi, GXi.
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Miscellaneous discussion. The penultimate step of:

gXi = G
meXi

R2
Xi

in Eq. 404 is justi�ed by the fact thatmeXi is the actual e�ective mass inside the sphere with radius RXi and
not the apportioned Newtonian e�ective mass per Eq. 371; this meXi must produce the same acceleration
whether it is derived from the action of the external g0 (or J0) as above or the action of the internal g0Xi

(or J0Xi) as below:

gXi = GXi
meXi

R2
Xi

which can only happen if and only if GXi = G.
This outcome was not directly obvious at the outset of our formulations, while we had to introduce the

general possibility of an unknown GXi in the equation above. In fact, having regard to the dependence of G
via Eq. 34, we have already contemplated that the universal gravitational is a di�erent �constant� at various
remote locations in the cosmos. That understanding still remains valid whilst the new �nding of GXi = G
concerns, so far, only the internal gravitational �eld inside a material body. We only need to adjust our
speculated variation of G inside the heliosphere in Section 13 or elsewhere as regards internal situations.
However, we still have a deviation from Newton's gravitational law inside matter now not on account of a
variable G but rather on account of variable meXi over and above the variation of mass on account of the
two sphere interaction, in vacuum), established in Section 16. The two-sphere mass variation is ultimately
consistent with Newton's law, but we now have an extra variation of mass due to the internal �eld in the
heliosphere presumed to consist of a very dilute matter that allows the motion of planets. Presumably, the
density of heliosphere increases signi�cantly as we approach the Sun, so that planet Mercury experiences the
most of a variable mass arising from the variation of internal properties. Similarly, among various solutions
for the Pioneer anomaly (a slowing slightly more than expected) o�ered so far, we can also propose that it
is due to a slight continuous increase of e�ective mass as it approaches the outer reaches of the heliosphere;
this should result in a deceleration of the spacecraft. The nature and physics of the presumed very dilute
matter in the heliosphere is a separate issue to focus on later.

The above �nding is most important for a deeper understanding of the universe. We have now learned
that the big_G must remain constant throughout an extended region comprising the heliosphere and beyond.

How far beyond is a matter of conjecture and speculation. Since G =
J0

c
Λ2 and considering that Λ remains

constant as an external (vacuum) parameter at constant J0 (or Φ0), then G will change only when J0 changes.
If gravions behave like a gas, then it is their mean free path (mfp) that could determine the size of the region
beyond which the intensity of J0 may change. It may remain constant for a much wider region well far
greater than the mean free path of gravions, i.e. for a far too expansive region, until and unless there are
events that can generate the said intensity variation. The suggestion of a mfp for gravions may appear
incompatible with our understanding of the behavior of photons, but we have proposed that gravions and
photons are di�erent entities. This idea is further elaborated in Section 25.

We initially restricted Fig. 61 to �ordinary� bodies, not necessarily Newtonian, but we could include very
dense systems, in which case we should involve the corresponding parameters of other �elds, like the electric
�eld in Section 21; this would involve a change of G to G2−electric. We can extend a similar analysis for the
electric �eld in later developments aiming to unify the two �elds.

The process of normalization of various internal quantities (parameters) over their value at the surface
has simpli�ed their equations like 406 and 407. The �nding that the normalized universal constant GXinorm
is unity raises the question whether this constant might be redundant after all and that the use of bigG
in conventional equations is the result of the way that the problem of gravitation was formulated. It is
a constant of proportionality in an equation obtained by experiment and observation. Actually, bigG is
already absent in our Eq. 86. Furthermore, there are no masses involved but only absorptivities, Λ and
g0. We replace Newton's gravitational law by another equation (law) that involves no mass and no bigG.
Any godly attributes to these parameters may not be well deserved after all, while our reverence can now
be directed to gravion �ux and hyle (see next Section). It is now PG parameters that we need to consider
and understand. We may have more to say on this in later development of PG.

Furthermore, the internal properties seem to be dependent on their value at the surface. The surface
appears to be a reference boundary. Depending on the density of mass, variation of internal properties may
be very small in the Newtonian regime, but variation increases with depth (distance from the surface) faster
with increasing density (see �total absorption layer (TAL)� in Section 18.2). The sharpest variation occurs
in neutron stars and �nally in black holes whereby the �surface� has a �nite thickness with spatially fastest
transition from an external to internal regime having lost total communication from the outside. We may
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generalize this description by saying that the surface of any material sphere is a boundary through which
�information� is transferred from the outside to the inside, or that the inside properties start with those
from the outside at the surface and then are modi�ed in conjunction with the density of the material sphere.
We might like to call this surface an �event horizon� under a new generalized meaning as opposed to the
conventional meaning of the event horizon of black holes. Our di�erence then is a matter of quantity, i.e.
our event-horizon may be very extended (in thickness) well beyond the size of the material sphere itself, or
shorter than the radius of the sphere. Black holes create the shortest possible transition of the event horizon,
which is real and tangible, in distinction from a mysterious mathematical surface, beyond which numerous
claims and hypotheses have been made on what actually happens.

The above qualitative description has by now been quantitatively expressed via equations among various
parameters. In particular, the acceleration factor fg by Eq. 38 for an external point O at distance r from
the center of a sphere is fg = πA/r2 all the way to the surface where it becomes a characteristic fgR = πAR,
after which it becomes fgXi = g0XinormπARXi

per Eq. 396; the latter contains (expresses) a transition from
external (vacuum) g0 regime to an internal g0Xi regime of matter.

Throughout the above derivations we attempted to introduce notations in a way that would prevent
confusion. When this is not fully achieved, we should make appropriate amends. Speci�cally, we need to
do so for the factors SaXi and fgXi as already applied, We note that they are both �internal� parameters,
however, both involving the external k in the integrals; they are internal factors �seen� or created from the
outside. For good measure, we re-state them below:

SaXi =

RXi�

0

MaO· 4πkR2
OdRO

which in the limiting case at the outer surface of the sphere yields:

SaR =

R�

0

MaO· 4πkR2
OdRO = 4π2R2AR

Looking from the inside, we might feel inclined to use the internal absorption coe�cient kXi in an
analogous formulation by:

SaXi−internal =

RXi�

0

MaO· 4πkXiR2
OdRO = 4π2R2

XiARXi

which is numerically di�erent from the prior SaXi on account of k 6= kXi, i.e. these two absorption area
factor are:

SaXi 6= SaXi−internal (410)

In any case both of the above parameters should yield an identical internal e�ective mass meXi when
multiplied by the corresponding factors like:

SaXi ·
1

4πΛ
= meXi

SaXi−internal ·
1

4πΛXi
=

4π2R2
XiARXi

4πΛXi
=
πR2

XiARXi

ΛXi
= meXi

with the last member of the second equation obtained by use Eq. 403 internally. The two factors relate via
the equations:

SaXi
Λ

=
SaXi−internal

ΛXi

SaXi =
SaXi−internal
ΛXinorm

= g0XnormSaXi−internal (411)

Similarly, the internal acceleration factor fgXi is computed based on the external k, but if we feel inclined
to use the internal kXi, then we would obtain a numerically di�erent factor:

fgXi−internal = πARXi
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which is not the same as that obtained by Eq. 90, namely:

fgXi 6= fgXi−internal

In any case both of the above parameters should yield an identical internal acceleration gXi when mul-
tiplied by the corresponding factors like:

fgXi ·
g0

π
= gXi

fgXi−internal ·
g0Xi

π
= πARXi

g0Xi

π
= gXi

where the product g0XiARXi
(internally) corresponds to the product g0AR (externally). The two factors

relate via the equations:

fgXig0 = fgXi−internalg0Xi

fgXi = g0XinormfgXi−internal = g0XinormπARXi
(412)

The above subtle details, if unnoticed, can result in signi�cant errors. This helps us also understand the
di�erent e�ect between between k and kXi. In setting up computation equations, we use a constant k for
all and through all bodies having the same real density, but it can vary when the density varies according
to the constant ratio Λ = k/ρ. We do all this from an external point of view. Nonetheless, we can obtain
equivalent outcomes also from an internal point of view according to the experience of gravion �ux at an
inside point of a material; the latter depends on the internal distribution of density, which attenuates the
external gravion �ux. In that case we can use the kXi at that point. The latter is variable with variable
radial position in a spherical body. Therefore, this clari�cation should dispel possible misconceptions about
the constancy or not of the absorption coe�cient. Our computations have been set up correctly so far.

In this Section we have initiated an understanding of internal versus external parameters (properties)
that can be appended to Part 1 of this report later. More investigation and formulations may continue in
future work, its current form of which remains incomplete for the time being. Many important topics remain
open. Furthermore, many details need to be worked out as, for example, the limiting values on the graphs
in Fig 65d may (or may not) be important. Also, we have often established mathematical derivations based
on the physics (physical considerations) but the same derivations should result from pure mathematical
manipulations as well. PG has ushered a bonanza for mathematicians to make important contributions and
help further expand the new physics. Archimedes is reported to be the �rst to have used physics to prove
mathematical theorems in his codex Netz (2007).

24.2 Mass and hyle

We have demonstrated once more that mass is not a sacrosanct entity by being invariant and conserved. It
is rather a property of a substrate along with other properties (parameters) entering inter-relationships that
describe a mode of existence of the substrate. This substrate has been also described as �stu�� or matter that
is generally something vague or unknown. It may be that the word mass has been subliminally implied to
mean matter (stu�) with an attached force or acceleration that we can experience and measure. In fact, mass
in English means a body of matter, which must have been the initial intention of the meaning of this word
in early physics too. However, the word means a constant of proportionality between force and acceleration
in established physics. The ordinary meaning of the word mass is divorced from its meaning in physics. It
remains a question if and what relationship exists between the ordinary meaning of mass (as matter) and its
meaning in physics. If they are separate entities, we must say so or introduce another word for mass. Even
the word �matter� is divorced from �ant-matter�, so that we have no word for the possibility of describing
the �stu�� that may underlie both matter and anti-matter. We are prejudiced to accept that the cosmos
exists in the form of matter or anti-matter. If we want to break away from this prejudice, then we need
to clearly de�ne mass, matter, anti-matter and the possible underlying substrate (or stu�) of everything.
The easiest or practical way is to introduce a new term for this (so far hypothetical) substrate and continue
investigating the true physical meaning of the existing terms of mass. matter and anti-matter.

We propose that an underlying entity exists universally and it is measurable. For this, we need an
unambiguous word (term). The words mass and matter seem too worn out and confusing. Short of adopting
the word stu� for this purpose as being too colloquial in the English language, we might want to resurrect
the ancient Greek term of �hyle� per Wikipedia contributors (2022). Historically, the term hyle (υλη) �ts in
perfectly well with our purposes. Let its symbol then be the letter upsilon Υ .
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Figure 68: Macroscopic body: E�ective mass as red circles, black mass as black circles and hyle (or matter)
as black grains; arriving gravions combine their hyle with black hyle to create e�ective mass in various
proportions per (b), (c) and (d) but have no hyle in (a).
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Figure 69: Fundamental body: E�ective mass as red circles, black mass as black circles and hyle (or matter)
as black grains; arriving gravions combine their hyle with black hyle to create e�ective mass in various
proportions per (b), (c) and (d) but have no hyle in (a).
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Whether we can identify the entity of hyle with one of the known quantities like energy, or the radiant
�ux of gravions Φ0, or some other remains to be seen. We don't aim to solve this fundamental question
here, other than make an attempt to conceptualize a connection or relationship with mass as used in physics
and in PG theory in particular. This is needed especially because we have often stated that real-mass is
the substrate upon which gravions act (or being absorbed and released). It might be questionable that
we allowed the word �mass� to be included in our terminology in the �rst place. This took place at the
outset of our inquiry whereby we needed an absorbing substrate that lay dormant until it was activated by
gravions to produce an e�ective-mass. It was clear that we referred to or implied a dormant mass waiting
to be activated, so that it had to be a �mass-in-waiting� and we coined the term �real-mass�. Afterwards,
we saw that it was the e�ective mass that had inertia, not the real-mass by itself. With that background
and followup developments, we are in a better position now to make appropriate adjustments, which can
maintain consistency with all our preceding PG �ndings.

To ease possible objections to our approach, we can say that the concept of hyle is not inconsistent with
current theories. For example, one can continue stating that photons do not have a rest mass but at the
same time we can also state that photons contain or are made of hyle. Photons is a mode of existence of
hyle, like electrons are and so on and so forth. Energy is also a form of (or mode of existence) of hyle but
we do not predispose ourselves on how to understand the connection between form and hyle yet. We have
found that mass is proportional to the rate of absorption of energy or better, for a spherical body, according
to Eqs. 189, 197 and 199

Me =
W

4cg0
=

Sa
4πΛ

(413)

it is the rate of energy absorption/desorption per unit gravion-speed per unit of maximum-acceleration. This
remotely resembles the original intention of the meaning of mass as matter, it is only a process riding on the
back of hyle. We feel more certain to consider hyle as the underlying medium of that process and all other
processes. This then may be the only way to strive towards a theory of everything. Hylism (= materialism)
is set apart from dualism and idealism. If a theory of everything strives also to unify the cosmos, this can
be conceivably achieved on the basis of monism as provided by a dynamic materialism. We consider this to
be a sound basis of physics science.

We attempt to conceptualize and quantify the above approach via a series of diagrams. We assume that
hyle can be quanti�ed and quantized. In Fig. 68, we depict hyle with small black spheres (grains) each
representing a single quantum or �xed multiples of quanta of hyle. The circles surrounding them depict the
corresponding property of mass, which is either e�ective mass drawn in red color or black mass drawn in
black color. Mass and hyle are thus separate entities but are interconnected via some process. This process
for black mass is a deemed one, it does not exist yet, it is a potential or latent process in waiting until
gravions are absorbed. The hyle with its red circle may be the minimum absorption (emission) center (MAC
or MEC). For ordinary macroscopic bodies, these centers are distributed throughout and kept apart via the
chemical structure of the body; hence they are shown at �xed separations uniformly. The MACs/MECs
exist at subatomic level withing �elementary� particles. By �elementary�, we do not mean structure-less
particles, in fact, we have proposed that conventional elementary particles are more likely to have structure
(e.g. see our further electron modeling). We only wish to ensure that in this �gure MACs do not migrate
around the macroscopic body but kept apart via a given phase of hyle. They may migrate and redistribute
themselves within each elementary particle. The e�ective mass is more concentrated toward the surface of
the macroscopic body in the direction of incoming gravions; the representation is grossly exaggerated where
black mass appears to be the only population after a certain depth. This is not the case with ordinary matter
before some phase transition is triggered, say, to plasma phase. In ordinary matter the relative concentration
of e�ective and black mass is not great enough as to induce a phase transition. This is a question to be taken
up for what happens in stars and their cores, in white dwarfs and so on. We consider that the depiction
of hyle in Fig. 68 is consistent with experience of ordinary matter up to the size of planets. At subatomic
level, the situation is di�erent as we will discuss in the next Fig. 69, with which we need to intermittently
alternate to be able to convey our thinking.

Gravions travel in all directions but we have singled out only a net amount of them in a particular
direction over an elementary depth ∆x; this fraction of gravions is responsible for the force exerted on the
layer of hyle. If we wanted to calculate the total gravion absorption over the same layer, then we should have
shown all gravions absorbed by the layer (energy is in the sum but force is in the net di�erence of gravions).

Referring speci�cally to the �rst diagram of Fig. 68a, we associate the same proportional amount of
hyle to both e�ective and black mass, e.g four (arbitrarily) quanta (or multiples thereof) per MEC (in
e�ective mass) or latent MEC (in black mass). The real-mass density is uniform throughout the body and
corresponds also to a uniform hyle density. The real-mass is composed of the two fractions of e�ective and
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black mass, each having their own speci�c distributions across ∆x, for example, as they were determined
in the preceding analysis for a sphere. For this case, the gravions absorbed do not alter the content of hyle
but they somehow manage to activate the hyle hidden in black mass to hyle presenting as e�ective mass. in
this case, the constancy (invariance) of hyle necessitates that the absorbed gravions have no hyle themselves.
One might rush to suggest that they are �only energy without mass�, but such a statement is inconsistent
with our initiated approach above. With our approach, we should state that gravions, in this case, must
be of an entirely di�erent entity of an entirely di�erent nature without hyle; it is inconceivable (to us) that
such an entirely di�erent entity can interact with hyle, unless gravions and hyle have a common denominator
via which they can interact. The situation of Fig. 68a is tantamount to dualism, which we have rejected.
Further debate on this is left for general philosophy, or to other physicists who may like to take it up too.

As a result, the following three diagrams in Fig. 68b,c&d are the accepted classes of possibilities for our
purposes. They all show accrual of hyle by the incoming gravions in di�erent proportions, like 1:3, 2:2 and
3:1, i.e. all fractions greater than zero. The relative numbers of e�ective and black masses are all exactly the
same as in (a) under the same uniform real-mass density. Each gravion conveys one quantum of hyle, which
may combine with a certain number of body-hyle quanta, or one body-hyle quantum may combine with a
certain number of gravion-hyle quanta to produce an activated center of mass; note that the arrowheads
contain black color to indicate the conveyance of hyle, unlike the arrowheads in full red for case (a). It is
unknown in what proportions of gravion-hyle to body-hyle the interaction forms activated mass. It is the
task of particle physics to reconcile these proportions with existing data. We only propound the basis on
which to proceed with PG when considering gravion absorption.

By the above scheme, we have the possibility (a mechanism) of maintaining the real-density ρ of a
macroscopic body constant along with variable e�ective mass as that when we vary the distance between
two material spheres per Section 16. The computations there were conducted under a constant k (hence
ρ) and radius R for macroscopic spheres. We did not have re-arrangement of the �xed atoms, but we
had a decrease of e�ective mass with a decrease of distance by way of radiation (or absorption) of hyle
from within subatomic structures; by �radiation� we mean desorption of hyle and not necessarily radiation
of electromagnetic waves. This variation of hyle might be experienced as radiation of mass or energy if
our instruments were made to detect such signals and if they were sensitive enough. In any case, during
this process, the real-mass remains constant but not the total hyle contained in the moving bodies. This
understanding provides a great relief on possible physical processes involving the notion of constancy or
variability of mass and hyle; real-mass enters as a parameter in our measurements during processes riding
on hyle.

The situation is di�erent at the subatomic (�fundamental� or elementary) particle level, as we try to
depict in Fig. 69. MACs/MECs are created and redistributed inside a given particle with concomitant
variation of the radius of the particle. We have used the same proportions of gravion-hyle combining with
body-hyle in four cases corresponding to the four cases in the diagram for the macroscopic body. Case (aa)
does not accrue hyle from gravions, it represents dualism and is not considered further. The remaining three
cases (bb), (cc) and (dd) are possibilities to be taken into account. However, now both hyle-density and
mass-densities are variable as they are free to re-arrange and re-distribute themselves within a variable radius
particle while they are squashed close together as much as possible. This was the case when we attempted
to build a proton from an electron in a series of exercises in Section 19.3.

We need to clarify that black mass (and its hyle) is not a �dead� entity. Only because it is shielded from
gravions we call it �black� or inert relative to gravions. For example, see proposed modeling of electron in
preceding and following sections. Black mass exists in its own world, it is just another mode of existence of
hyle. The latter is necessary for the above modeling of mass and hyle. Black mass must be structured in self
contained units and not in an amorphous agglomeration of hyle grains. In an amorphous black mass, gravions
could be added or subtracted arbitrarily without any sensible outcome. To illustrate this point, black mass
may consist of self contained vortices initially randomly oriented in a sphere. While they happen to absorb
gravions, they could be oriented in the direction of incoming gravions, which makes them activated. As all
the activated vortices are directed towards the center of a sphere, they exert a pressure keeping the sphere
as a uni�ed (integral) body. A vortex reverts back to the inactive state (black mass) as soon as it emits the
extra absorbed gravions. That is why we have included �one� black mass circle at the surface in Fig. 68 to
indicate the statistical nature of MACs and MECs and the dynamics of e�ective vs black mass throughout
the entire body. We discuss in more detail the possible presence of vortices in the following section, but we
need to move back-and-forth in our presentation to be able to convey our thinking. The hypothesis of vortex
structures is not binding or limiting the PG theory, as other, more suitable, structures may be proposed later.
However, the presence of some structure at the fundamental level seems inevitable for a consistent theory
of PG. The conjecture of speed-mass relationship is thought of on the basis of a connection between speed
and structure. It would be best if we could derive this relationship from �rst principles, from a synthesis
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of acceptable relationships; the failure or success of our conjecture is only an initial tentative attempt and
should not bear on the overall theory of PG (see also clari�cation at the outset of Part 2).

A distinction between macroscopic and microscopic (fundamental) level of hyle is critical in the devel-
opment of PG. Failing to do this has led prior attempts on PG to failure or criticism and rejection. An
initial step in connecting the two levels was made in Section 19.2 followed by various ensuing developments.
Certain changes at the fundamental level leave the macroscopic body apparently �intact�, in the sense, for
example, that its chemistry is conserved. It is analogous (not the same) with isotopes. The very high
�thermal� energy absorption in PG that is feared to �melt� the planet instantly takes place within particles
that are decoupled from the macroscopic observable properties. They do not melt. As explained in Section
15.8, the second thermodynamics law need not be violated either. The absorption takes place at the MAC
level passing through �all� states over a very short time during which there is a favorable state capable of
emitting the absorbed energy via another non-gravitational particle. This is allowed (or expected) by the
�uctuation theorem. The second thermodynamics law is complemented by the �uctuation theorem law. This
consideration is not more untenable than similar prevailing theories of �vacuum �uctuations�, etc. These are
steady-state processes at the microscopic level of a stable macroscopic body. The above description explains
the main possible process, which may not be the only (100%) one. There may be a statistical smaller amount
of emissions that couples with the macroscopic body and result to a certain degree of heating, which may
be exactly the internal heating of planets (in part also of stars, etc.). An analogy may be seen with elec-
tromagnetic radiation of a given wavelength being re�ected by a body at a di�erent wavelength with some
remnant amount of heating. With gravions, the analogy di�ers by way of quantity (intensity) and quality
(type), i.e. by way of one �eld converting to another as described in preceding sections.

The distinction between macroscopic and microscopic levels applies not only to ordinary bodies (planets,
etc.) but also to stars, white dwarfs, neutron stars, etc. Only at the stage (phase) of black holes macroscopic
and microscopic levels may coalesce, but can only vaguely be described at present. We need �rmly develop
a sound and consistent PG theory for most of the other phases before we venture into the ultimate structure
of fundamental particles and black holes (likely to be similar). We cannot do this here.

The above convey only a minor part of the big picture, because the electrical mass (charge) is not
sacrosanct either. We should draw similar diagrams for the electric �eld and electrions. Therefore, based on
the materialist approach, we should associate hyle to the electrical mass too. This should be many orders
of magnitude more than the amount of hyle associated with gravitational mass. We say the same for other
types of mass (if any) corresponding to other force �elds. On this basis, we now better understand that
the decrease of e�ective mass towards the center of a macroscopic sphere is accompanied (or complemented)
with an adjustment of electrical mass in the fashion envisaged by prior Fig. 44. The variations due to
gravion �ux may be negligible in comparison with the levels of electrion �ux. In other words, the variation
of gravitational mass is negligible relative to the absolute levels of electrical mass on which the said particle
or body is structured. That is, we should not be misled by the exaggeration depicted by the provided
qualitative diagrams. We need to combine both gravitational and electrical masses to convey the full picture
of hyle, which is impractical to perform by gross diagrams. We need a rigorous mathematical description of
both electric and gravitational �elds individually and in combination as the best way to unify them. Clearly,
this can be done in future work, while we only attempt here to lay the basis for further developments.

In unity, all types of mass ride on the substrate of the entire (total) hyle. In working out various
relationships for the gravitational �eld, we may have, at some point, to consider concurrently also the
presence of electric �eld while we introduce and quantify the total hyle involved. It is often said that �only
about 5% of objects is stu� while the rest is energy�. However, the issue of stu� is sidelined, or muted,
nothing is said about it, it is left to subliminal conceptions of the reader. This may be because the theory
is based on mathematical deductions with no substance ever coming into play. Physics has been reduced to
subjective mathematical idealism. It is well overdue to restore physics to its objective basis. PG provides
this opportunity. In any closed system, the total hyle is conserved. Hyle must be the �rst and foremost
entity that is conserved in the universe. Hyle exists in motion. The conservation of momentum and energy
are di�erent expressions in the form of measurable parameters (quantities) of the conservation of hyle. Hyle
is the common quanti�able thread unifying our mathematical descriptions of the universe. This is how we
envisage the possibility of arriving at a theory of everything.

We may establish a relationship between real mass and hyle following an analogous approach to the
exercises for building a proton from an electron in Section 19.3.3. We always have the equationm = me+mb.
With the help of the diagrams in Figs. 68 and 69, we note that the number of the total circles (red and
black) represent the total (real) mass. The total of the contents of these circles represents the total amount
of hyle Υ , which depends on the mixing parts of gravion-hyle x and parts of black-mass-hyle y producing
x + y parts of e�ective-mass-hyle. The ratio (x + y)/y is the factor by which the e�ective mass apportions
hyle over and above the hyle apportioned by the black mass. If we denote by CΥ the amount of hyle per
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unit of black-mass, then the black-hyle Υb = CΥmb, the e�ective-hyle Υe = CΥme(x + y)/y and the total
hyle Υ is:

Υ = Υe + Υb = CΥ
x+ y

y
me + CΥmb (414)

Referring to Figs. 68 and 69, cases (a) and (aa) have x = 0, y = 4; cases (b) and (bb) have x = 1, y = 3;
cases (c) and (cc) have 2, y = 2; and cases (d) and (dd) have x = 3, y = 1. For cases (a) and (aa), the above
equation reduces to:

Υ = CΥ (me +mb) = CΥm (415)

stating that hyle is simply proportional to the real mass. At the outset we suggested that real mass may be
the substrate or matter by which gravions are absorbed to create the e�ective mass portion of the total real
mass. It was implied (intuitively) that CΥ = 1. All our hitherto equations involving the various types of
mass are valid. We now extend the meaning of mass as corresponding to a certain proportion of hyle being
the actual substrate upon which the gravions act. That is, we now shift the substrate to be a separate entity,
of which mass is one property. That is, if we want to accept and adopt the materialist basis of cosmos,
then we need to introduce hyle and liaise it to real mass in accordance with the Eq. 414, where the fraction
(x+ y)/y remains to be found; it must comply with experimental data from various �elds of physics.

����������
The meaning of mass has been deciphered by the "Novel quantitative push gravity/electricity theory

poised for veri�cation". The gravitational constant G is redundant. Thus, "stu�" and mass are not the
same thing, nor are they proportional to each other. This theory seems consistent with Higgs's ideas in some
respects. We can establish some correspondence between the two: Stu� (now termed "hyle") by itself has
no inertia or mass until it is activated by gravions, the underlying (creator of) �eld stu� (hyle); compare
this idea with the contemporary idea that �the �eld gives mass� (we now say that the gravions give mass to
hyle). We now have a tangible understanding of mass, �eld, and hyle.

In the light of these developments, it would be necessary, when we will re-write the PG theory, to take
care to maintain consistency of terminology both within the theory and as much as possible with established
terms in physics. For example, to avoid a re-write of the term �mass� in established literature, we can identify
it with �e�ective mass� in PG, and so on, namely,

mass ≡ e�ective mass
real mass ≡ hyle
hyle minus mass ≡ inert mass ≡ black mass.
����������
Note to be added to our response to criticisms in Section 15: The above ideas and analysis are all

consistent with current theories on the coupling of energy to all forms of matter. In other words, our
PG theory is not refuted by current theories as is claimed by Wikipedia contributors (2018a), namely, that:
�Based on observational evidence, it is now known that gravity interacts with all forms of energy, and not just
with mass. The electrostatic binding energy of the nucleus, the energy of weak interactions in the nucleus,
and the kinetic energy of electrons in atoms, all contribute to the gravitational mass of an atom, as has
been con�rmed to high precision in Eötvös type experiments.[50] This means, for example, that when the
atoms of a quantity of gas are moving more rapidly, the gravitation of that gas increases. Moreover, Lunar
Laser Ranging experiments have shown that even gravitational binding energy itself also gravitates, with a
strength consistent with the equivalence principle to high precision � which furthermore demonstrates that
any successful theory of gravitation must be nonlinear and self-coupling.[51] [52] Le Sage's theory does not
predict any of these aforementioned e�ects, nor do any of the known variants of Le Sage's theory.� Our
variant of PG theory is not refuted by the above quotation. It seems that the objection should now be
withdrawn. However, Wikipedia editors resist to provide even a mere reference to (without adopting) the
present variant of PG by invalid reasons for breach of Wikipedia rules. In fact, Lunar Laser Ranging (LLR)
should be used during solar eclipses to investigate the predicted PG e�ect formulated in Section 12.4 and
not for the falling rates of Moon and Earth in general, which are not expected to di�er according to our
PG theory too (see Section 23). Our stance on the equivalence principle has been discussed and explained
on many occasions throughout this report, but LLR is still awaiting application for a possible gravitational
anomaly.

24.3 Continuation from Section 23.4

Equipped with the lessons above, we can now supplement the discussion in Section 23.4. In the case of
acceleration during free fall (i.e. not involving an electric �eld as in rocket acceleration), we have computed
the variation of e�ective mass mer with distance r between two spheres. As one sphere is shielded by the
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other, it is like being an internal sphere but only in part; there is only a partial directional shielding of the
gravion �ux, not a complete shielding around a full 4π solid angle as in Fig. 61a&c. The computation of
static mer was correctly performed under a �xed external k for a �xed real density ρ. Static mer decreases
according to the �nding for a two sphere system with concomitant increase of black mass so that their sum
mr = mer + mbr = m remains constant in the static situation. However, the corresponding (static) total
hyle varies in accordance with Eq. 414. As the falling sphere acquires a speed, kinetic e�ective mass is added
according to a conjectured relationship per Eq. 304, by which we have to make further assumptions about
how this happens. If the kinetic e�ective mass is created by absorption of extra gravions from the direction
of fall activating black mass, then the total (composite) real mass must remain also constant:

mrc = merc +mbrc = m (416)

It remains to be found about how hyle varies during fall. In contrast, during rocket acceleration, the accrued
kinetic e�ective mass could originate from absorption of electrions, which themselves may be agglomerations
of organized gravions, such as vortices (see next section); then we may have a net accrual of real mass via
the electrion absorption and an absolute accrual of hyle during rocket acceleration.

Returning to the case of falling acceleration per above equation, an adjustment of the variation of masses
is required in related �gures, e.g. Fig. 49 and others. Still, a di�culty (or question) arises from the use of
a kinetic mass formula per Eq. 365 pertaining to spherical symmetry of absorption, which seems not to be
the case for a falling sphere. It may be that our conjectured mass-speed relationship should be based on
the absorptivity of a material-line per Eq. 177 or a thin-rod aligned in the direction of velocity. This would
require a repetition of computations to establish all related parameters for a thin-rod in lieu of a sphere
in future work. Until then, we draw attention to certain de�ciencies of some of the preceding results. The
variation of real mass was intriguing for some time leading to the current valuable investigation of internal
parameters and the introduction of hyle. The variation of mer as plotted is correct and a variation of merc

is subject to a re-appraisal of the mass-speed relationship. From these variations there exists an emission of
hyle instead of real mass, which yields an equivalent outcome to what we subliminally perceived via a loss
of mass. The distinction between mass and hyle is a key issue. Pending proper recti�cation, we leave those
graphs unchanged as they may also help a discussion and a deeper understanding of all the issues involving
mass and now hyle.

24.4 Internal vs. external parameters (variable real density)

Work to formulate the problem of external acceleration from two concentric spheres with di�erent densities
was presented in Section 10. We should examine the variation of internal properties for that case too, as well
as for the general case of a sphere with spherically variable density (i.e. as a function of radius). We need to
establish a set of theorems governing all parameters involved. This investigation is left for later work due to
other work constraints by this author. Other workers are welcome to make a contribution in this or related
area too.

The heliosphere would be a practical application of that study. We have speculated on the in�uence
on elliptical orbits of planets and Mercury above based on the �nding for a uniform density of the sphere.
With some reservation (until rigorously proven), we might qualitatively accept the same consideration for a
variable density heliosphere. We might consider that the hyle above the aphelion and below the perihelion
would have some equivalent e�ect of some equivalent uniform distribution, so that only the variation in
the layer between aphelion-perihelion would make a quantitative di�erence; the latter is thought to be very
small, but it could become conclusive when this is computed rigorously.

25 Further electron/positron modeling

In view of the preceding sections and analysis, we can discuss various possibilities and draw some important
corollaries below. The accrual or diminution of real mass during acceleration and deceleration may not be
properly explained without a concomitant understanding of the structure of material particles. The latter
can be achieved by progressive modeling in continuation from the general proposal in Fig. 43.

First, we outline the general background on which all such modeling may be constructed. If accrued
real mass (e�ective plus black mass) is a function of speed and vice-versa, then we can have a tangible
interpretation of the kinetic mass concept. We have learned that e�ective mass is proportional to the energy
rate of absorption that is proportional to the rate of gravion absorption. Furthermore, if gravions are thought
of as particles of a gas (or aether), then we have two distinct possibilities regarding the distribution of gravion
speeds:
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(a) They all have the same constant speed as opposed to a Maxwell�Boltzmann distribution of molecular
speeds in a ideal (classical) gas. That is, we consider gravions belonging to a �monochromatic� gas, for which
we may derive corresponding relationships between the gravion speed and the propagation of a disturbance
(or excitation) speed (like sound speed or light speed). In that case, we expect the (individual) gravion speed
to be greater than the propagation speed (presumably c) by some factor to be worked out later. For example,
this factor is 5/3 for monatomic gases using classical mechanics but relativistic e�ects, if applicable, may also
be taken into account. The important idea here is that each gravion has a dual nature of �body� and �speed�.
The body-and-speed are integrated in a single entity to what makes a gravion. That is body-and-speed are
objectively inseparable.

(b) They have some characteristic distribution of speeds (not necessarily Maxwell�Boltzmann). Such a
possibility means that gravions are entities capable of exchanging and/or transferring speeds during interac-
tion between them. If the �body� is invariable, then the speed must be variable. The variable speed might be
continuous or discontinuous (quantized). The speed is some sort of a separate entity that can be exchanged
and/or transferred from gravion to gravion. Hence, we have to accept a dual nature of matter but with
separable entities of speed and body, each having its own �nature�.

The combination of having a variable body with invariable speed refers back to the �rst possibility by
�sticking� the two gravions together (somehow) or getting them to move parallel and very close to each
other. Otherwise, we would have fractional gravion bodies sticking together, a combination that we will not
be dealing with here. The combination of having both a variable body and a variable speed refers back to
the second possibility, because if the two gravions stick together to vary the mass but have a di�erent speed,
it means that the speed is a separable entity. We think that we could adopt either (a) or (b) of the above
possibilities among other combinations that might also be proposed.

Those two possibilities lead to the dilemma about the deeper meaning of �body� and �speed�. We prefer
to adopt initially the �rst case (a) and investigate the consequences. If not satis�ed, we can always return
to case (b) accordingly. The reason for opting to examine the (a) case �rst is because it o�ers a common
denominator of the smallest quantum of matter, namely, the moving-gravion with an overall (integrated)
invariable identity. A moving gravion then represents a quantum of momentum (impulse). In other words,
momentum is quantized and the minimum amount is that of the moving gravion. The duality of its nature
is inherent in the gravion from the outset of the theory. Then, we are left with the task of modeling the
gravions in building other push particles, conventional particles and material bodies (forms of matter) in
general and ultimately the cosmos. This is the subject/task of subsequent developments in PG. We only
initiate some preliminary ideas.

Based on the above choice, we can arrive at a better understanding of the nature of e�ective and black
mass. We have said that e�ective mass is the activated part of real mass and black mass is the inactive
(inertia-less) part with �true� zero classical inertia and zero energy. This might seem to demand that we
choose the second possibility (b) rather than the �rst (a) per above, because only then could we achieve
gravions with zero speed (at rest), presumably packed with maximum density inside a black hole. In contrast,
(a) demands that we would have highly packed gravions incessantly moving/colliding with each other at an
extremely high density. The latter density could never reach the theoretically limiting density of gravions at
rest. Essentially, we would have a medium of moving gravions with an extremely high density �ux J0black

of black matter. In the case of a black hole, this would be enveloped by an e�ective mass layer (the event
horizon) separating it from the surrounding �eld created by push particles of type-x, with a density �ux J0x.
To maintain the black mass core stable, it would require that J0x > J0black, which is overall inconsistent
with black mass having the highest possible density. However, the latter inconsistency can be resolved as
follows:

Two gravions may be considered at rest relative to each other if they happen to move in parallel with the
same velocity, the presumed �xed gravion velocity. Similarly, we may consider a swarm of gravions moving
parallel with each other in a stream inside the surrounding chaotically moving gravions of a generally static,
on average, gas. In this situation, we can invoke the classical gas dynamics laws. A static gas is characterized
by a static pressure, whereas a gaseous stream is characterized generally by both a static and a dynamic
pressure. For example, a gas �owing through an aperture from a region of high pressure to region of low
pressure generates a jet (stream) whereby the chaotic molecular movement is converted to orderly stream
movement. The static pressure converts to dynamic pressure during expansion. If the low pressure region
is a vacuum, the gaseous stream passes from subsonic to supersonic velocity and �nally to hypersonic and
beyond velocity when all static pressure is converted to dynamic pressure. This is how a molecular beam
is formed. Linear streams of gravions inside a surrounding static gas of gravions must be enveloped by a
layered transition zone of gravions �owing with increasing order (uniformity of velocity) towards the axis of
the stream.

Linear particle beams having a �nite length would be rare and cannot contribute to building stable
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Figure 70: Pairs of MEC (MAC) at �xed distance and spinning in opposite directions emit outwardly either
left-handed or right-handed helical toroidal vortices as negative or positive electrions; minimal structure for
the electron and positron.
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structures. However, with certain conditions present, it is possible to form circular streams of particles in
the form of a vortex. Thereby, gravions in such a vortex are drawn from the periphery towards the axis
and �ow out along the axis in two opposite directions, like a double cyclone, back-to-back, in space. This
provides a good scheme of a structure acting both as absorber and emitter, with which to simulate our MAC
and MEC concepts. By such means, we can also describe the behavior of a rotating black hole in the shape
of a disk, ellipsoid, sphere or shaft. In principle, we can have gravions at uniform (constant) velocity with
increasing angular velocity inversely proportional to the radius from the axis of rotation. That would be
the state of black mass, namely, a �uid with nearly all (or mostly) dynamic pressure and only a vanishing
static pressure towards the axis. This is then the black mass that is enveloped with a layer characterized
by a fast transition between dynamic and static pressure. This layer constitutes the event horizon that
should be amenable to quantitative analysis to �t the best observations available by astrophysics. In such
a model, the interior of black holes may then look like laminar �ow but with vanishing low friction towards
the axis. Because it is completely isolated from the outside push particles of various types, it presents no
inertia to the outside world but maintains a huge amount of dynamic (latent) energy stored until it can be
released during a black hole disintegration (explosion). In other words, black mass is still thought to be
classically inertia-less but with �zero-point-energy� being the zero static energy (pressure) coexisting with
latent dynamic energy due to the dynamic pressure of the rotating gravions. The latter description may
bring PG close to current understanding of super-�uidity based on QED theory. Questions about the shape
of a black hole, like spherical, ellipsoid or disk, should also �t available data. This in principle description of
a black hole may also explain the accrual of real mass from equatorial periphery and emission via the polar
regions in the form of hydrodynamic jets.

By similar means we may be able to describe also the structure of some elementary particles like electrons
and positrons. They do not necessarily have to be exactly like the above hypothetical structure of a black
hole. What we need is the application of Bernouli law in analogous situations of gas and liquid �ows of
ordinary matter. In fact, there is a variety of forms of �ows, from which we may use those that yield
structures and properties consistent with particle physics data. Lord Kelvin (1867) already attempted to
describe the structure of atoms with toroidal vortices. In fact, this trend continued for decades culminating
to a description of chemistry (atoms and molecules) based on vortices until 1915 (Parson, 1915) before
modern ideas prevailed to date. We do not propose to revert back to Parson's chemistry, but we can attempt
to follow a similar path for the modeling of elementary particles, which are considered to be structure-less
by prevailing theory. Such an approach is particularly promising under our platform of PG theory. Key to
those old theories was a conceived stability of toroidal vortices to the extent that they could form permanent
structures of matter, like atoms and molecules. On these principles, Papathanasiou & Papathanasiou (2020)
have proposed a theory of everything based exclusively on �stable ring-shaped cyclones within the pressure
�eld of a universal ideal gas�.

For our purposes, we need not restrict ourselves to the use only of Kelvin's vortices, but also consider a
great many variations of similar structures based on dynamic �ows. For example, Consa (2018) has proposed
a new semi-classical model of the electron charge with helical solenoid geometry. In lieu of such a charge
distribution, we may assume real matter distributions of the same or similar form. Thus, in PG we may
consider the �ring electron model� and the �helical solenoid model� combining toroidal and poloidal currents
of gravions or other push particles in fractal layers. The number of fractal layers will be determined by the
needs of a PG model replacing the Standard Model but consistent with existing data.

Our general proposal here is a combination of (a) uniform forms of �ow of particles with (b) chaotic push
particle �ow inducing gravity and/or electricity. That is, specialized �ows of push particles constitute the
fundamental structures of matter and material �elds, all immersed inside superstructures of matter propelled
by pushing �elds of various types.

We attempt to use these ideas in further modeling the positron and electron shown in Fig. 43. If
Kelvin's vortex atoms did not prevail in the understanding of structure of atoms and molecules, or for being
the panacea for �everything�, similar structures seem plausible and appealing for substructures of elementary
particles on the platform of PG. In particular, they could be the key for subatomic structures and more so
for the structure of the electron and positron, in particular. That is what we propose now in more detail by
Fig. 70. This is an early attempt to take advantage of a helical-toroidal-vortex �ow, which could embody
the presumed positive and negative attributes of electrions. We are not aware of extensive research on such
�ows, but it seems that they can form stable entities behaving like particles. Plain toroidal vortices may
bounce o� each other or merge, and various observations have been made with smoke ring guns. The helical
toroidal vortices are rotating vortex rings around the axis of the ring. All vortices propagate along the ring
axis in the direction of the central �ow of the torus. A helical toroidal vortex can be formed by a rotating
�smoke ring gun�. In our case, we could postulate a spinning body (like a neutron star, black hole or electron)
pumping out material in the form of rotating toroidal vortices from its poles. Discrete vortices would be
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emitted by a pulsating spinning body. Now, the material coming out of an electron could be rotating vortices
of gravions. Such hypothetical entities would �t the requirements of electrions. They can be right-handed
(or positive +) when the vector of velocity points in the same direction as the vector of rotation, and left-
handed (negative -) when these vectors point in opposite directions with each other. Also, we may posit
the existence of at least two MACs acting also as MECs. Somions are absorbed by each spinning MAC
while concurrently acting as MEC emits positive electrions from one pole and negative electrions from the
opposite pole. The pair of MECs (MAC) shown in the �gure are disposed in opposition along their axes,
so that they always emit the same type of electrion outwards from the electron or positron. Now, what
happens to the same type of electrions emitted in-between the oppositely spinning pair of MECs is a matter
of conjecture for now: We suppose that they repel each other if they happen to collide or are re�ected if
they happen to strike the other MEC across. We have said that the mean free path of electrions should
be very long relative to atomic scale, but if the pair of opposing MECs are practically aligned along their
common axis, then the question is reduced to the statistics of this alignment. We can safely assume that
there is a wobble between these axis so that the probability of collisions between electrions in this con�ned
region between MECs may allow a degree (rate) of collisions. Leaving quanti�cation of this question aside
for now, we may qualitatively say that there can be a net repulsion between the pair of MECs due to net
statistical bouncing of electrions imparting a net momentum in an outward sense. However, this outward
force is counter acted by the surrounding somions imparting a gravity-like force in the opposite direction.
We have said that somions may act like the nuclear force in atoms, so that they may also act in a similar
manner in keeping the two MECs together inside an electron or positron. This situation then poses the
question of stability. Do they move like in a binary system or do they require a stabilizing third body or
more bodies to be present? We cannot address this question, until we earnestly attempt to quantify all these
and other processes that may be present. For example, we may not exclude the presence of other particles
contributing to the overall structure and stability of the electron (positron). We may be able to compose a
minimum structure of particles acted upon by somions and gravions, and rotating in conformity according
to classical laws or other laws as needed. By such methodology, we may be able to explain also the proton,
which could be composed like a positron but with additional matter (real mass) of other stabilizing particles.
Likewise we could build the neutron.

25.1 Discussion

The possibility of existence of the above structures for electrons and positrons may be questioned, since we
have not considered detailed mathematical or experimental evidence to support such claims yet. However,
the main purpose now is to initiate thinking in this direction for possible working structures. We have already
discussed some questions above, but others may be equally or more important. For example, it important
to explain why the electron is stable but not the positron on account of their equivalent structures. The
stability of proton might give us a clue. For now, gas and �uid dynamics with emphasis on the above special
�ows seem to constitute important tools for the development of a complete PG theory. Recent work has
applied these tools to quantized super�uid vortex rings in a Fermi gas (Bulgac et al., 2011), and to planetary
atmospheres and vortex movements in the vicinity of active galactic nuclei (Bannikova et al., 2016). Also, a
recent overview has been provided by Falconer (2019). Furthermore, computational simulations of gas �ows
like that by Bird (1995) could become indispensable tools in the study of force �elds.

The possibility of making material structures and particles by way of various forms of circular motion
from the chaotic random motion of particles opens a new way to study and understand cosmology. Early
glimpses of this can be gathered by some direct quotations from Bulgac et al. (2011): ...�A notable property
of super�uids is their ability to sustain quantized vortex lines (3, 4), which, unlike classical hydro-dynamical
vortices, have a quantized velocity circulation.... Abrikosov predicted that many quantized vortices self-
organize into a triangular lattice (6)... In excited super�uids, vortices have a complicated time evolution; they
cross and reconnect, a process extensively studied in Bose super�uids, which leads to quantum turbulence (9)
and which, unlike turbulence in classical hydrodynamics, is realized basically in the absence of dissipation.�....
A spherical projectile �ying along the symmetry axis leaves in its wake two vortex rings.... Moreover, the
system organizes itself in an almost perfect vortex lattice after the stirring is turned o�. Even more surprising
is that the system remains a super�uid, even when stirred at supercritical speeds�...

It seems that we can have a better understanding, or more options in the behavior of an electron.
This particle can easily appear in di�erent modes of existence when free and when it is bound in a atom
or molecule. Consa's deterministic description of the orbital electron is helpful to conceive an upgraded
structure: Whereas he describes the electron as helical toroidal vortex comprising toroidal and poloidal
currents of charge distributed around the nucleus of an atom, we think that this may be the locus of
trajectories of a single electron moving around the nucleus. This would resolve the huge discrepancy in the
size of an electron between the two models, namely, Consa's electron having the size of an atom (i.e. its
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orbital), while we may have a much smaller size between 10−22 − 10−23 m (per preceding �ndings) moving
along Consa's trajectories. Alternatively, we can go along with the quantum mechanical description of the
electron orbital but again as being the probability of locating our PG electron inside such an orbital. In
both cases, we maintain that the electron is a very small particle in motion around the nucleus in one way
or other, but neither a QM continuum (wave cloud) nor a helical solenoid continuum of electrical current.
We do not need to invoke the electrical charge as a distinct entity. Fractalization may also be taken into
account to devise structures at various levels, like �heavy solitons� shown to be vortex rings Bulgac et al.
(2014).

The notion of quarks may be compatible particles per above: Quarks may be combinations of MECs
(MACs) in such a way that we may bridge experimental data with our theory. For this purpose, the electron
model proposed may be a model for each quark existing in stable triplets. or having three pairs of MECs
in some alternative stable con�guration. Furthermore, the display of zitterbewegung at the Compton scale
may also be exhibited by modeling around the proposed scheme in Fig. 70, which may also be consistent
with certain QED aspects.

The proposed electron/positron model may help understand also the connection of accrued mass with the
speed of a moving body. It is challenging to attempt to understand the mass-speed relationships proposed
and to attempt to conceptualize the situations depicted in Figs. 44, 45 and 70. A moving body with constant
speed relative to the gravion frame of reference is acted upon by a null total force, which can take place only
if the rate of gravion �ux from the advancing is the same as from the receding direction of motion in order
to avoid drag. The e�ective mass of the moving body is greater that the e�ective mass at rest, whereby the
extra e�ective mass is accrued during acceleration by the action of the rocket in Fig. 45. This is obtained
by the excess rate of electrions absorbed from the receding direction via a process yielding an increment
of both e�ective and black mass in the accelerated body. As soon as the rocket action ceases, there is a
new steady state equilibrium of gravion absorption with the surrounding �ux density J0. An observer inside
the famous �accelerated elevator� would report a real mass injection apportioned between the e�ective and
black fractions, if the observer could detect push particles and monitor the building grains of matter. The
elevator is integrated with the rocket body-with-fuel (elevator system) while the ejected propellant causes the
excess electrions to accelerate the elevator system. A stationary observer (outside the elevator) with similar
capabilities of detection would observe both the accrual of mass and the displacement of the elevator system.
During deceleration via a rocket system again, the ejected propellant travels in the advancing direction with
additional mass imparted from the stored excess mass in the rocket system. The accreted mass is preserved
at constant speed without a�ecting its chemical constitution but the atoms become more massive in the
form of extra e�ective and black mass.

The above description might spare us from the �twin paradox� and other e�ects now not necessary to
address. However, there may come a point at su�ciently high speed when matter has to transform to
another phase: Atoms may become plasma, then neutrons, then black matter and whatever transpires in
all possible transitions. Our traveler inside the gedanken elevator would see those transformations provided
consciousness survives beyond matter transformation. Such may be the fate of a falling body into a black
hole.

Prior to any presumed phase transition of matter, the moving body must acquire some fundamental
variation of structure at sub-elementary level that distinguishes it from its stationary state structure. If
the chemistry is preserved, then some attribute may vary at the subatomic level over and above a plain
quantitative accumulation of matter, and in a way that is reversible during deceleration. This may involve,
for example, an alignment of the spin of MACs and MECs, in a fashion similar to nuclear magnetic resonance
(NMR). The pushing particles in a particular direction of motion might provide the mechanism of alignment
for a fraction of the total composite mass. The so �aligned� fraction of mass may coincide with the kinetic
mass. By such or similar means, a moving body would be distinguishable from a stationary one by all
observers, i.e. stationary or traveling with the body. Kinetic mass may be the distinguishing feature of a
moving body. Therefore, further examination of the de�nitions in Table 30 may contribute in the modeling
of matter at the fundamental level.

The circular movement of matter at the smallest and higher fractal scales is compatible with black mass,
e�ective mass and push particles of gas-like media, such as gravions, electrions and somions. These is a
continuous interchange of matter between its various forms. It seems that the classical ��ux� of �elds is an
actual physical event of push particle �ow: The magnetic �ux in a solenoid, the electric �ux from positive
and negative charges and the gravitational �ux are all representing a �ow of material particles, all of which
we think can be �nally reduced to gravions.

The equation E = mc2 holds quite well in transforming potential energy to mass, or (better) potential
mass to kinematic mass when applied to very high density mass. Furthermore, PG reveals a wider range of
mass types, the conversion of which via that equation yields outcomes that we may not experience directly
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in conventional physics, like the heat-pump e�ect (principle) applied between force �elds, like electrical and
gravitational �elds. We can now close the energy-mass balance sheet properly. The �invisible� black mass is
part of the total real mass equation that is absent in prior theories and practice.

The connection of motion to structure may be a way to make progress in understanding space-time, the
dynamics of PG and the connection between speed and mass. The vortex structure may be at the basis of
this hypothesis. A minimal e�ective mass may be that of a MAC/MEC. By way of illustration, we might
simulate a moving vortex to a jet engine. In a stationary sphere, the e�ective mass is spherically distributed
with the statistical average of the vortex vectors all pointing towards the center of the sphere with zero net
sum. When the sphere moves, we may have a partial alignment of the vortices along the direction of velocity.
A one-to-one correspondence exists between velocity and kinetic mass, which is composed of aligned vortices.
This is one example of connecting speed to structure. We might �nd alternative and better structures for
this purpose. This approach opens new vistas for experimentation and/or theoretical work. For a deeper
appreciation of this proposal, we may quote from Feyerabend (2010) again: �The consistency condition
which demands that new hypotheses agree with accepted theories is unreasonable because it preserves the
older theory, and not the better theory. Hypotheses contradicting well-con�rmed theories give us evidence
that cannot be obtained in any other way. Proliferation of theories is bene�cial for science, while uniformity
impairs its critical power. Uniformity also endangers the free development of the individual �.

25.1.1 Lord Kelvin's vortex atom

While the proposed model for electrons and positrons is admittedly speculative, its adoption entails a similar
description for related particles like protons, neutrons and photons. This might trigger further ideas with
regard to important unsolved issues in physics. The vortex modeling of electrions composing electrons, if
also used for other particles, may usher a novel perspective for understanding and explaining phenomena
like the slit experiment and quantum entanglement.

Vortex in lieu of �wave packet� is our proposal herewith. It is the constituent building block of �particles�
such as electrons, protons and photons. The particles (excitations) of quantum �eld theory are now thought
to be composed of other real entities. The vortex exists in 3D space and can yield the wave-forms we
experience upon its interaction with (or incidence upon) surfaces. This may also seen as �collapse� of the
vortex upon a �surface�. The latter may correspond to the �collapse� of the wave function of quantum
mechanics upon measurement (detection) of the particle. Lord Kelvin described the atom by way of a
vortex as shown in Fig. 71. This is a copy-paste from his original paper, where we have added an arrow to
indicate the direction of propagation. It is a traveling entity at high speed c, not a stationary atom envisaged
by Kelvin; this is similar to the rings of air shot out of vortex cannons. Atoms and molecules have been
described very well by modern quantum theory, which is by no means challenged and its successes are not
disputed. We only shift the Kelvin model to describe entities many orders of magnitude smaller than the
level of quantum mechanics.

We have (tentatively) identi�ed the electrion to be a single traveling Kelvin vortex. We have further used
a combination of vortices to describe the electron and positron. Appropriate combinations may be devised
to describe the structure of protons, neutrons and photons, some more complex, some rather simpler. We
are only taking one step towards attributing some structure, about which Dehmelt (1989) felt compelled to
surmise.

Kelvin's schematic complements our visualization of a possible reality. The �particle� of an electron or a
photon is not one homogeneous individual �particle� in the customary sense of the word. It is the sum-total
of the synergy of sub-processes involving a huge number of other much smaller entities, like electrions, which
are further made up by even smaller entities (perhaps, the gravions). Vortices form over a relatively extended
space (albeit extremely minute to us). This possibility can readily explain the phenomenon of duality, i.e. of
�particle� and �wave� exhibited by the same �particle�. By such means, we may better envisage the possibility
of an electron or photon going through a double slit �simultaneously�. That is, it is not a single �particle
paradoxically� passing through both slits, but parts of what appears to us to be a single particle. It remains
to explain how these parts of the particle simultaneously �excite� or trigger the slit surfaces to reproduce the
�particle� on the other side of the slits. The waves, in general, that we experience are inherent in or part
of vortices. The wave interference of light that we record on a screen behind the slits are the outcome of
the incidence of more complex entities, such as vortices. We now need to encompass these phenomena in
a wider vortex theory. Vortices are not everyday customary (obvious) experiences, while they possess some
extraordinary properties. Workers in this �eld are called upon to consider research along the lines envisaged
herewith for push gravity.

Quantum entanglement (the ability of separated objects to share a condition or state), may then be given
another perspective in terms of the vortex theory. Vortices provide the spatial expanse of particles (otherwise
apparent points) and hence it may also explain the connection (entanglement) of opposite spin vortices, i.e.
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Figure 71: Schematic of the vortex atom published by Lord Kelvin (1867) now proposed as building unit
(element) for particles like electrons, protons and photons, with corresponding forces (�elds).
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particles at a distance (spooky action at a distance). What is unclear now is whether the said vortices are
traveling objects like in vortex cannons or moving formations like water waves without moving (transferring)
of water at a distance. In addition, we have to ascribe a minimum set of attributes to the gravion enabling
us to construct the vortex. Such attributes, for example, could be a quantum (minimum) vector of space-
time-momentum with a collision (interaction) rule between gravions. This could be the starting entity by
which the universe is made and all out theories must comply with.

In Fig. 71, we have included the schematic of the Kelvin vortex to indicate its relative position in
a multilevel universe. It is placed at scales much smaller than the atom, i.e. much smaller than the
range of validity of quantum mechanics. Quantum electron dynamics may then have to undertake the
appropriate adjustments in describing superstructures above gravion and vortex levels. The current �eld
theories encompass a number of levels, below and above which forces can be explained by alternative means.
At galactic and super-galactic levels, we have proposed that cosmic weather determines what appear to
be problematic phenomena for prevailing gravitational theories. The concept of mean free paths and the
distribution of hyle over these paths becomes a key concept in our theory. The universe is self assembling at
various levels separated by many orders of magnitude under an auto-sorting process of particles and bodies
over a range of mean free paths. A universal medium (hyle) is distributed in a way that may explain our
observations over a wide range of orders of magnitude (see more in Section 32.4).

By no means do we claim veracity of the above proposals and ideas. We only wish to indicate that we
may need to start with a radical new approach to explain our accumulated large amount of data. This
includes certain principles like the speed of light being the ultimate speed of the universe. If our hypothesis
that photons are themselves a superstructure of other much �ner processes, then speed of light is only the
speed observed for this superstructure making it arbitrary to assume the same speed for its components.
The above ideas of �mean free paths� and �collisions� (or interactions) at the levels of gravions and electrions
may provide us with novel means to formulate a novel concept of the universe.

In fact, it seems that we are arriving at some important conclusions that are consistent with contemporary
�ndings elsewhere in physics, albeit not everywhere. For example, we have learned that gravions create or
�give� mass to hyle. This is consistent with the notion �that Higgs �eld gives mass to fundamental particles�.
By the same token, we have further learned here that electrions create, or �give� charge to electrons (charged
particles, another form of hyle). Is this a coincidence, or have we arrived at some fundamental truths about
cosmology via another simpler and perhaps more precise way? This may be answered by those best learned
experts of quantum �eld theory and the Higgs �eld. It may be about time to put aside certain �principles�
that have locked physics in an impasse. It maybe about time to adopt the principle of similitude and fractals
as the basis for understanding the multi-leveled cosmos. It nay be that the gravion de�nes the quantum of
space-time-momentum, whilst the rest of the universe is being built by gravions at di�erent con�gurations
and concentrations. The concept of atom proposed by Democritus has gone through a round about trip
via our established chemistry/atomic/nuclear/quantum theories, all of which will �nally come to rest on the
ultimate �atom� being none other than the gravion.

26 Particle physics

26.1 Moving particles

In view of the new de�nitions and �ndings about speeding material bodies, we need to review the meaning of
various masses previously derived for the proton, electron and positron in Sections 19.3 and 21, and similarly
for other particles to be considered later.

The notion of intrinsic speed for a macroscopic body is connected with the intrinsic mass of a lone-and-
stationary body with respect to the gravion gas (medium). However, this body consists of internally moving
atoms and molecules (moving particles). These particles then have a composite mass each, the sum-total
of which constitutes the intrinsic mass(es) of the macroscopic body. If we could bring all the particles to
rest at the absolute zero temperature, then each particle would be left with an intrinsic mass of its own, the
sum-total of which would constitute a new intrinsic mass for the macroscopic body. The intrinsic mass of
the �frozen� body would clearly be less than the intrinsic mass of the body at �room� (elevated) temperature.

We can apply the same logic to sub-atomic particles even though we may not have the technical means
to �freeze� them. All our measurements and experimental data on those sub-atomic particles refer to moving
particles. We previously used the known masses for the proton, electron and positron under a static PG
theory. However, those masses were actually the composite masses for each of those particles according to
our latest understanding. Thus, the e�ective mass of an electron previously designated as me−electron ≡
me−e actually represents the composite e�ective mass of a moving electron and should be reassigned as
mec−electron ≡ mec−e. Similarly, the proton should be shown as mec−proton ≡ mec−p. Having said that
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these moving particles have a �composite� mass, leaves an open question if they also have an intrinsic mass
of their own too. We need not answer this question here, other than point out this possibility. The latter
depends on their possible internal structure, which we attempted to conceptualize in the previous section.
For consistency, it is reasonable to assume that they do have an intrinsic mass, at least a theoretical one
that would be had if the particle could be captured stationary inside the gravion medium.

The above considerations are important in view of Eqs. 361 and 364 on speed range and speed addition.
The electron was found to be a very dense particle meaning that its absorptivity is very close to unity.
If that absorptivity corresponded to its intrinsic mass, then its intrinsic speed would already be very high
leaving minimal room for additional speed. In other words, we would have great di�culty to speed up the
electron from its rest position, which is contrary to experience. We understand now that this contradiction
does not occur because the masses we used are composite masses at already great speeds. To achieve the
latter situation (already fast moving particle), should they have an intrinsic mass, it must be very small that
allows all the known possible range of speed for the electron.

The above understanding is the counterpart of similar understanding of current theories, whereby material
bodies are said to be composed of about 95% �energy� and 5% �mass�. We may arrive at similar descriptions
but in terms of various forms (types) of mass, all of which are part of real mass. It seems that PG may
�encompass� existing theories, which have missed out on black mass and internal structure of �fundamental�
or �elementary� particles. Therefore, we need to return to these issues after, or better in conjunction with
modeling of the structure of moving particles.

The above are only opening remarks for what may become a chapter of particle physics in later develop-
ments.

26.2 WIMP, WISP and dark matter

It is said that about 85% of the universe consists of dark matter. If this must be the case because of prevailing
theories, then it can be consistent also under the PG platform. The only quali�cation is to say that the
dark matter must also correspond to e�ective mass under PG, which, in turn, is further accompanied by an
appropriate amount of black mass. In short, dark matter and black mass are di�erent notions, not mutually
exclusive and can coexist. The quantitative relationship between e�ective and black mass depends on the
size of dark matter particles.

It is said that the weakly interacting massive particles (WIMPs) are hypothetical particles among various
candidates for dark matter. They are broadly thought to be new �elementary� particles interacting via
gravity and other force(s) as weak or weaker than the weak nuclear force; they are beyond the Standard
Model. Since they do not interact with electromagnetic force, they may have a simpler structure than
the one outlined for electrons/positrons in our preceding model. They may be more �elementary� having
a kind of �amorphous� structure, but still have some structure in the arrangement between e�ective and
black mass. Being more massive than neutrinos, they move slower under our PG relationships between
absorptivity and mass outlined above. They are relatively large spheres (still particles) interacting via push
gravity via gravion absorption. Experts on dark matter research may continue to study various candidates
of particles like neutralino (WIMP) and axion (WISP) under the PG platform. The fundamental issue,
however, remains if the search for dark matter is justi�ed by being based on existing theories, should those
theories need revision. Dark matter is necessitated to explain why rotating galaxies don't tear themselves
apart. However, this is not necessary to be the case under PG, but PG does not exclude dark matter
for whatever other purpose. We have already accounted for black mass expelled in the form of jets from
black holes and other dense bodies. This mass may be �sprayed� in the form of particles being activated by
gravions to form WIMPS, which consist of a black mass core enveloped by activated e�ective mass. They
are minute black holes as particles, like electrons/positrons might be, but without the internal organization
of the latter; i.e. they lack emission of vortex structures and they are �electrically� neutral. If WIMPs exist,
their properties may be unlike those originally predicted. In the latter case, we have to re-appraise the entire
background of our research e�orts.

In the above context, a successful detection of dark matter does not solve the outstanding problems in
physics. Detection of some rare WIMPs in the laboratory does not prove that we found the 85% missing
matter �needed to prevent the galaxies from falling apart�. It does not disprove PG theory either, which
can explain the integrity of galaxies even without dark matter. However, PG can easily accommodate dark
matter, which is likely to exist simply as another component of the cosmos not yet detected.
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27 Literature survey

As stated at the outset of this report, the special circumstances of the author have not allowed extensive
referencing to all and various diverse �elds of science having a direct connection with this development. This
work is mostly self-reliant, but it is natural and welcome that our �ndings overlap and agree in most respects
with prior literature. After all, we should all converge in agreement with experimental data. We seek an
understanding for many omissions in literature references. We intend to study prior literature that comes
to our attention, as also we prefer to make proper and meaningful attributions instead of a mere reference
listing. Historically, works on push gravity are rare and practically non-existent in the �mainstream� scienti�c
literature. Worse than that, PG has been considered a ��nished� or �discredited� theory by several authors
including well known celebrities in physics. Under these circumstances, it requires a lot of courage by
someone to come forward in an attempt to revive, develop and promote this theory. At any rate, we feel
that a substantial body of work has been presented by now warranting due attention; the majority of the
theory, especially its methodology and many important conclusions, is unique.

For a while, we will continue to provide our �ndings as long as this is possible and work on the literature
will be mentioned intermittently under this new section, which for the moment is only a �stub�. We welcome
suggestions to improve on all kinds of omissions.

Just brie�y, it is important to mention that some recent works by ? and Meis (2022) has come to
our attention: It appears that quantum electron dynamics (QED) theory may independently predict the
existence of push gravity, or push electric �eld. It may make it worthy to investigate the radiation pressure
of the electromagnetic quantum vacuum �eld felt by bodies.

Likewise, Fedosin (2021) reporting �on the structure of the force �eld in electro gravitational vacuum�
has clearly adopted the principle of push gravity. Furthermore, Simaciu (2006) has made a contribution to
the development of the theory with absorption of gravitational interaction. We should examine if and to
what extent those theories can interbreed with our approach to PG.

It seems that another perspective of the atomic structure outlined by Hunt (2019) may be compatible
with our �edgling model for nuclear force in Section 21.3.1. Our somion medium may correspond to the
description that �nucleus of every atom is held together by energy in the form of a standing wave originating
from the nucleus and surrounding it� (Hunt, 2019). PG pressure and standing waves are compatible.

A �new perspective on Fatio's �ux� has been reported lately by Zinserling (2021).
It seems also that the ideas of �a super�uid theory of everything� reported by Fedi (2016) are compatible

with our further modeling of the electron and the cosmos in Section 25. This work may deserve special
attention for possible inclusion in the development of our PG theory.

The inclusion of certain works herewith does not imply endorsement or overall agreement with our theory.

28 Elastically back-scattered gravions

Lahres (2023b) recently presented a lecture entitled �What if the basic force "gravity" is basically repulsive? �
and now followed by �E�ects of di�erent interaction mechanisms between hypothetical gravions and matter
on Push Gravity theories� (Lahres, 2023a).

He used the Ansys Speos software to simulate the e�ects of absorption and scattering using a presumed
analogy between optical radiation and gravitational repulsive radiation. The results con�rm that an appar-
ently attractive force is generated between two bodies from the pushing forces (impulses) by a background
radiation of particles. in the following two cases:

(a) When the particles are absorbed and
(b) When the particles undergo anisotropic elastic scattering in the backward direction (elastic back-

scattering) similar to Rayleigh-scattering.
When the particles undergo isotropic elastic scattering, no net force can be generated between the two

bodies. Case (a) is consistent with our #3 principle at the outset Section 3. However, case (b) is a new
theoretical proposal not yet considered in the present work. Our response to it is outlined below.

We can allow this theoretical case by considering Fig. 2 as follows: In lieu of absorption, we may assume
that a gravion undergoes an elastic back-scattering event at 180 degrees angle. This will impart an impulse
twice as strong as the impulse generated by an absorbed gravion. Therefore, we can follow and reproduce
the same equations to �nally arrive at Newton's gravitational law by Eq. 33. We only need to replace the
absorption coe�cient k with an elastic-back-scattered-gravion (ebsg) coe�cient kebsg. In that case, the often
used absorptivity would be replaced by a re�ectivity factor. The latter is thought to be a di�erent function,
perhaps more complex, if it can be an explicit integration formula at all. Meis (2020) and Meis (2022) has
proposed a total (elastic) re�ection of kenons to produce a gravitational �eld probably like elastic gravions
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would do. In any case, this requires considerable work and then to �nd out what modi�cations would be
required to the followup reported work here.

The advantage of this theoretical possibility is that there is no energy absorbed, which is one way
to overcome the main objection to PG theory requiring very high energies and presumably resulting in
destruction of planets and bodies. Furthermore, we may allow some energy to be absorbed by near elastic
back-scattering to a degree that would be consistent with the heating of the core of planets, the high heating
of stars, etc.

One disadvantage of this is that, for now, it is initially restricted to weak gravion-planet interaction
leading to Newton's law per given equation, but it is not obvious what would happen for very dense or
large bodies. When the elastic back-scattering is repeated from much greater depths of dense bodies, the
equations derived for the general gravitational law (in PG) by Section 5.2 need to be modi�ed accordingly.
Elastic multiple back-scattering will tend to produce an isotropic end scattering out of a sphere, which does
not generate gravity. Lahres has found (by simulation) that �as multiple scattering becomes more relevant,
it makes the scattering on large scale isotropic again�. However, this needs to be further investigated either
by analytical means or some direct simulation Monte Carlo (DSMC) method (Bird, 1995).

Another disadvantage might be that, in a total elastic scattering regime with no energy transfer at all,
we may not hope for a uni�cation of di�erent �elds (e.g. gravitational-electric), because these �elds would
be compartmentalized with no possible �communication� or coupling between them.

The possibility of elastic gravion scattering does not refute or invalidate our theoretical considerations
and derivations based on a gravion absorption regime together with re-emission of energy in another form
of particles. However, all this needs to be born in mind along with further advances of PG theory.

Part Three (3)

In this new Part, we attempt to synthesize and extend some of the �ndings, ideas and theses in the preceding
Part 1 and 2. The main reason for separating this part out of the preceding ones is to allow even more freedom
in putting on record a series of proposals and theories that, in the event of invalidity, should not diminish the
importance or validity of what has preceded this. Thus, Part 1 is thought to be at least a valid mathematical
derivation of gravity, whilst Part 2 is an extension based on theoretical proposals in direct connection with
Part 1. Part 3 presents also assumptions intimately connected with the previous parts, but with an increased
risk of invalidity. Nevertheless and while speculative to a great extent, it is not necessarily less likely to be
correct; it can, in e�ect, provide a least a road-map for other more signi�cant developments ahead.

We apply again the approach of �what if� without being bound by conventional constraints in certain
situations, but always ready to recant. We start with some further considerations of the energy-mass rela-
tionship. We plan to follow with some attempts in understanding possible details of the gravion properties in
conjunction with hyle organization and with a further elaboration of the electron/positron model proposed
in Section 25. We feel that there is a boundless potential for reappraising physics and intend to record out
thoughts in the ensuing versions of this work.

29 The energy-mass equation in PG

We attempt to establish a relationship between energy and mass in PG analogous or the same with the
conventional E = mc2. Actually, this Section may contain fundamental material in the development of PG
theory and may qualify to extend Parts 1 and 2 with it during a later re-write of the report. We work by
steps in the following subsections.

29.1 Gravion momentum vs maximum acceleration g0

We endeavor to �nd �rst a relationship between gravion momentum vs. maximum acceleration g0 to be used
in following derivations. Based on early derivations in Part 1, we �nd that the factor fg in Eq. 38 given by:

fg =
πA

r2
=
πR2AR
r2

(417)

provides a coe�cient for the component of gravion momenta (impulses) contributing to the generation of
acceleration gr towards the center of a sphere illustrated in Fig. 2. The proportionality for the acceleration

is provided by Eq. 41, namely, by the product
J0

c
Λ. This means that, if there is some e�ective mass Mer

acted upon by a force Fr at point O set at distance r, the acceleration gr is
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gr =
Fr
Mer

=
J0

c
Λfg

Now, we move the point O on the surface (r = R) and make the sphere to have a totally absorbing
material with unity absorptivity (AR = 1). This situation is schematically depicted in Fig. 72(b) with a
black sphere having a red surface representing the entire e�ective mass. We choose an in�nitesimal surface
area dS on the sphere with e�ective mass dMe around point O, and the acceleration now symbolized by gR
is

gR =
dFR
dMeR

= g0

where dFR is the force normal to the di�erential surface area exerted on dMeR by the incident gravions.
Because the absorptivity is unity, the �eld acceleration at the surface is the maximum possible g0.

We can assume that the surface element may be small enough so that only one gravion is incident during
the entire gravion interaction time tg. The elementary e�ective mass becomes the mass Meg created at
the body by the single gravion, i.e. dMeR = Meg. Each gravion is absorbed over interaction time tg with
(an average) deceleration c/tg transmitting its momentum to Meg with a force Fg at a random direction.
This may appear to be a gross assumption, but we may use a mechanical analogue, for example, of a rope
(string) impinging longitudinally on a body in free space, at constant speed c; there is a continuous accrual
of momentum for the duration of this interaction. In reality, the "rope" can be replaced by a very thin line
of distributed momentum by some medium or entity. We can describe the transfer of momentum via some
speci�ed function of time, like a vibration, which, however may prove to be redundant even incorrect; an
arbitrary transfer of the waveform of photon transmission might be counterproductive to the understanding
of gravions. In any case, we wish to �nd the outcomes of this assumption �rst, while we are always free to
revoke it later and return to this point with a re�ned type of interaction.

The di�culty is that we do not know the details about the nature and attributes of the gravion yet,
beyond the initial principles, and speci�cally that it caries a momentum pg imparting an impulse on the
body. However, momentum by conventional mechanics requires velocity and mass. If the gravion is giving
mass to other bodies, what might give mass to itself? We would have to accept that there is another level
of �ner push particles to give mass to it, and so on. To end this impasse, we adopt the classical mechanics
of momentum transfer to apply to the single gravion for the present purposes. That is, we initially assume
that a gravion does have an e�ective mass of its own, which is intrinsic to it and is one of its attributes;
the quantum mass of the gravion, designated by Mig, is invariant and indivisible. We have dropped the
subscript e and replaced it by i, because we adopt an �intrinsic� property of mass with conventional inertia
in a conventional meaning of momentum. Then, its momentum pg = Migc produces a force Fg = Migc/tg
during deceleration, while it is pushing the corresponding body mass Meg with equal force at some random
direction at point O. To obtain the normal force FgR on massMeg, we must multiply by the factor fgR given
above:

FgR = π
Migc

tg

where we have used fg = π on the surface (from Eq. 417 and AR = 1) by averaging over a large number of
gravions. The above force is equal to the force by the gravitational �eld g0 = gR:

g0Meg = π
Migc

tg
(418)

which �nally yields the desired maximum acceleration to be:

g0 = π
Mig

Meg

c

tg
(419)

The above equation is a general �nding, which may be used as a guide to various possible outcomes. We
know nothing about any of the factors in the right hand side of the equation, except, perhaps, for Meg by
knowing the total e�ective mass Me of a spherical body and hypothesizing a total number N of individual
quantum absorbing centers yielding Meg = Me/N .

A given g0 can be produced in various ways according to the above equation. One way might be by
inversely proportional pairs ofMig and c. However, it is not appealing to assume superluminal or subluminal
speeds, but more appealing to set the gravion speed equal to the speed of photons c = cp. Another way is
to assume proportionality between Mig and tg in a constant ratio Mig/tg in the above formula. This means
that the gravion mass can be extremely small with a corresponding extremely short interaction time. The
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latter is a fundamental question similar to that arising from established theories that a photon has zero rest
mass but non-zero energy and momentum. In our simple (even simplistic) formula, we cannot have zero
gravion mass, because it would require an instantaneous (zero) interaction time. However, we can think that
neither the gravion mass nor the interaction time are zero, but their ratio is �xed albeit with some very
small values of each. This can provide some insight by the ensuing analysis about what may be happening.

There is also the theoretical possibility that the product Megtg is �xed, so that for shorter interaction
time, the generated e�ective mass is bigger. Hence, the interaction time remains to be determined.

Last but not least, we also have the possibility of both the gravion mass and induced quantum e�ective
mass in the absorbing body to be exceedingly small. By �exceedingly small� we mean relative to hitherto
known �particles� or minimal known entities (structures) in nature. In the latter case, we could set both
masses to be equal without much concern. This is not a trivial excuse for the assumptions made about
an intrinsic (as opposed to relativistic) mass of a gravion moving presumably with the speed of light. It
would be in violation of special relativity (SR) and the initially assumed relativistic nature of the gravion
per principle #5 at the outset. However, only by going around a prevailing theory (per �what if� method),
can we achieve some new insights in the current section that can retrospectively justify the hypothesis (*).

To move forward, we can get some valuable insights even with setting some arbitrary values in the above
equation. We can trial �rst the conjecture that the intrinsic gravion mass is equal with the emerging e�ective
mass in the body, namely, Mig = Meg getting the simpler form:

g0 = π
c

tg
(420)

We will use the above equation together with PG equations already derived between energy and mass.
However, care must be taken not to introduce the factor fg = π twice in deriving various expressions, in
which we already choose the component of acceleration or �ux density in the axial direction for spherical
bodies (normal to the surface). If the �ux component along the axial direction has already been taken into

account, then we should drop π and use only the equation g0 =
c

tg
, as we may do sometimes without warning.

�������
(*) The introduction of an intrinsic mass for the gravion is done for the speci�c purposes of this section,

while only e�ective mass is used elsewhere and throughout this report. The retention or not of intrinsic mass
for the gravion is deferred until later developments of PG theory.

It is important to note that gravion and photon are di�erent entities (at this stage). Light (photon) theory
and SR may not be applicable to gravions. We have already proposed that electrions (mediators of the electric
�eld) are superstructures of gravions, whilst photons may also be some superstructure of gravions. At this
stage, we see at least a correspondence (similar attributes) between gravions and photons with a relationship
remaining to be established. The relationship may be the same or similar to that proposed by Meis (2020)
between kenons and photons. However, we think that this similarity exists as a fractal similarity and that
kenons and gravions may di�er by many orders of magnitudes. Kenons operate at quantum-mechanical level,
while the gravions presumably operate at sub-quantum-mechanical level. For example, they may di�er by
the numerical quotient (see Eq. 294), so that it is plausible that kenons may be identi�ed with electrions.
For these reasons, we have taken the liberty to assign an �intrinsic� mass to gravions with no implications
to photons. We are not making a judgment about the zero rest mass of photons per quantum �eld theory.
Nevertheless, we could accept the same for gravions too as follows: With a gravion momentum pg, the force
exerted on the receiving body is dpg/dt and Eq. 418 can be re-written as:

g0Meg = π
dpg
dt

= π
pg
tg

assuming uniform interaction over time and resulting in the following equation:

g0 = π
pg

Megtg
(421)

for g0 to have as general equation in lieu of Eq. 419. We can stop at the above and move no further, but
we are entitled also to apply the conjecture that pg/Meg = c . This conjecture attributes no rest mass to
the gravion itself, but it uses an e�ective mass created by the incident gravion on the resting body. In the
latter case, we return to Eq. 420, which we intent to use in the subsequent analysis. All this is done on the
stated basis of this part, in order to see what the outcomes are.

29.2 Macroscopic sphere

We wish to reproduce and carefully trace the steps used in the derivation of what can constitute fundamental
issues in physics, but have probably escaped due attention in a multifaceted and multilevel exposition of
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novel developments throughout this report. We start with derivations using a macroscopic sphere below.

29.2.1 Absorptivity AR < 1

We continue further with the investigation of the relationship between energy and mass originally developed
in Sections 15.7 and 16 and speci�cally by Eq. 186. The latter equation relates the e�ective mass �given�
(emerging, or appearing) to a spherical body by the incoming radiation of gravions in the form of power
(energy per unit time) absorbed by the body. It was worked out for a spherical geometry body and involves
the totality of gravions crossing the sphere from all possible directions along all chords and diameters of the
sphere for any absorptivity of a given material. The general case with AR < 1 is depicted in Fig. 72(a).

We retrace the steps back to a starting point now with Eq. 183

JaR = πJ0AR (422)

which provides the absorbed density �ux per unit surface area of the sphere from all directions inside a
hemispherical solid angle, i.e by integrating from 0 to π/2. We should note that this is (was) generally
absorbed gravions in the bulk of the sphere passing through an elementary surface area dS of the sphere.
The fraction of gravions absorbed inside the sphere depends on the absorptivity AR value; for ordinary
bodies this is a very small fraction of unity. Then, we multiply by the total surface area of the sphere (4πR2)
to obtain the total absorbed density �ux, i.e. the total energy per unit time, or power W as:

W =
dE

dt
= 4π2J0ARR

2 (423)

By replacing J0 from Eqs. 68 and 73, we �nally obtain:

dE

dt
= 4cg0Me (424)

For later consideration, we need to note that the e�ective mass appeared from the referenced PG equations
and not from the starting equation (point) above. The concept of e�ective mass was �rst introduced by PG
in Section 6.2. It is the necessary mass to account for the measured acceleration of a spherical body. This
was an important development in PG needing another �bigger� more �inclusive� mass, namely, the existence
of a �real mass� for any body, over which gravion absorption takes place.

We can understand the above derivation better by comparing it with another form to be derived later, if
we convert it again back to the per unit surface area form like:

∂2E

∂t∂S
=

4cg0Me

4πR2
= 4cg0

dMe

dS

providing the absorbed power per surface unit area as a function of the e�ective mass in the bulk of the
sphere per corresponding surface unit area through which the power passes. We keep the energy and mass
di�erentials di�erential below:

d2E

dt
= 4cg0dMe

By choosing dS small enough to allow (presumably) the creation of only the minimum possible e�ective
mass Meg at a time, we can set dMe = Meg. Furthermore, we can designate the corresponding (required)
energy absorbed by Eg with dE = Eg and re-write the above as

dEg
dt

= 4cg0Meg

We substitute g0 from Eq. 420 without π, as we already applied fg = π for the axial component of the
density �ux in Eq. 422, and obtain

dEg
dt

= 4c
c

tg
Meg

where tg is the interaction time, over which we integrate to get

�
dEg =

�
4
c2

tg
Megdt

Eg = 4c2Meg (425)
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Figure 72: Energy-mass relationship in PG for: (a) macroscopic ordinary sphere, (b) macroscopic sphere
with unity absorptivity and e�ective mass (in red) over the surface, (c) minimal (microscopic) sphere at P
with unity absorptivity, and elementary solid angle dΩ integrated up to Ωg for a single gravion,

Lumping together all concurrent incident gravions (from all directions for the entire spherical surface),
we can obtain an almost (formally) identical energy-mass relationship with the familiar conventional one:

E = 4Mec
2 (426)

except for the factor 4 and the unknown gravion speed. If this is equivalent (identical) with the conventional
equation, then must have 4c2 = c2p giving a gravion speed half of the photon speed cp. Such an outcome has
been of some concern, but we may be able to resolve the seeming discrepancy by the subsequent analysis.

29.2.2 Absorptivity Ar = 1

The preceding case is general and is applicable for all values of AR. The single quantum mass of Meg is
located somewhere in the bulk of the sphere. However, in deriving the substitution for g0 by Eq. 420, we
used AR = 1 with having �pure� e�ective mass at the surface of a sphere in Fig. 72(b). It is worthwhile for
this exploratory work to repeat the derivation procedure again speci�cally for this case too. Dealing with a
surface mass alone capturing all incident gravions may be easier to understand.

AR = 1 means that all gravions are absorbed at the surface and none in the bulk any more (mathemat-
ically, it means that the limiting case of AR actually approaches extremely close to unity). Then we have
from Eq. 422:

JaR = πJ0

from which we arrive again at the:

∂2E

∂S∂t
= 4cg0

dMe

dS
(427)

except now dMe is at the surface element dS. We reduce the latter until a single gravion impinges in order
to set again dMe = Meg, with dE = Eg. Following the same steps, we reproduce the same outcomes:

Eg =

�
4cg0Megdt = 4cg0Megtg

Replacing g0 from Eq. 420, we �nally obtain again:

Eg = 4c2Meg (428)

Lumping together all concurrent incident gravions:

E = 4c2Me (429)
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29.3 Minimal sphere

We supplement and further con�rm the same outcome by a new approach (case), which, in addition, can
reveal the potential mechanism responsible for the said factor of 4. We reduce the size of the general
case sphere to an extremely small radius having the e�ect that only a few gravions cross it. The sphere
practically becomes point-like located at the center P of the previous sphere in Fig. 2. Also, the previous
point O coincides now with the center P as is shown in Fig. 72(c). This point maybe thought of as the
minimum absorption center (MAC) being activated (designated by red color), when a minimum number
of gravions are absorbed, or being turned o� converted to black matter. We juxtapose the quantitative
transition from macroscopic to microscopic case and stress that the transition becomes also qualitative:
Whereas in (a) gravions crossing along random chords and diameters are absorbed anywhere in the bulk
of the macroscopic sphere, now, in minimal sphere (c) all these o�-center traces are eliminated practically
leaving only those gravions arriving in the vicinity of P. The exact trajectory inside the point-like minimal
sphere is irrelevant. Now, the minimal sphere is located at the apex of a cone with a given solid angle dΩ.
This sphere randomly and relatively rarely receives gravions from all possible directions inside the full 4π
solid angle. By this arrangement, we can choose a su�ciently small angle dΩ so that only one gravion strikes
during the entire interaction time tg. All incident gravions inside this cone are absorbed by the minimal
sphere, for which the absorptivity is unity (AR = 1) and the acceleration of the gravitational �eld at this
point is equal to the maximum possible acceleration g0. Eq. 186 can now be used to describe the per unit
solid angle gravions if we divide by 4π giving:

∂2Eg
∂Ω∂t

=
1

π
cg0Meg (430)

where Eg is the energy rate carried by presumably a single gravion and Meg is the corresponding e�ective
mass given to the minimal sphere traveling inside the elementary solid angle ∂Ω. The energy rate per
steradian is proportional to mass via the product cg0. We substitute g0 from Eq. 420 again without π
(already included in deriving the whole sphere):

∂2Eg
∂Ω∂t

=
1

π
cg
c

tg
Meg =

c2

πtg
Meg (431)

Eg =

� �
c2

πtg
Meg∂Ω∂t =

c2

πtg
MegΩgtg = c2Meg

Ωg
π

(432)

where we have integrated over time in the interval 0 → tg and over solid angle in the interval 0 → Ωg,
where Ωg remains su�ciently small to ensure that no other gravion is concurrently incident during the entire
gravion interaction time tg. Lumping together all minimal spheres in a macroscopic body, we arrive at an
energy-mass relationship similar with the conventional one, except for the factor Ωg/π and gravion speed:

E =
Ωg
π
Mec

2 (433)

If we set Ωg = π steradian and c = cp, we arrive exactly at the conventional energy-mass equation:

E = c2pMe (434)

However, if we had integrated up to 4π in the minimal sphere in Eq. 432, we revert back to the same
result as we did for macroscopic spheres:

E = 4c2Me (435)

The persistence of the factor 4 seems to be unavoidable and correct. This requires an explanation, which
may come about by the minimal sphere derivation as analyzed and discussed in the following section.

�������
NOTE: In fact, the starting equations of PG, namely, of radiance Eq. 1 and �ux density Eq. 2 are

at the core of the above results. These equations describe mathematically a �owing energy either as a
continuous medium or as a discrete particle medium. In the continuum case, the minimal sphere can be
arbitrarily small and still (always) receive some radiance, but in the discrete particle case, we can have a
prolonged vacuum state, i.e. without any gravions (see also NOTE 29.4.6); actually, this has a philosophical
connotation, undertone or feeling about empty or not space to be invoked later. In both cases, we need to
consider a spherical space, inside which we can still �nd radiance. This allows us to calculate the amount of
�ux density that traverses the sphere. In the Appendix, we have used two approaches to compute the total
�ux density in a sphere, namely, the �bulk� method integrating all events inside the sphere, or the �surface�
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method computing exactly the same outcome (both methods are equivalent). The surface method is more
direct and equally obvious. We have applied the surface method in this Section. We conclude that the factor
of 4 is a consequence of the mathematical processing of the starting equations leading to the power-mass
relationship, for which we seek a physical explanation next.

29.4 Corollaries and discussion

29.4.1 The 3+1 mass scheme

If we choose to match PG with conventional physics regarding the energy-mass equation, then Ωg = π and

c = cp, otherwise we need an explanation for the discrepancy appearing by the factors
Ωg
π

and 4 in Eqs.

426 and 433. Hopefully, the discrepancy is legitimate caused by some physical process under PG, while we
accept the veracity of the conventional equation.

The derivation based on macroscopic spheres involves the entire body �activated� from all directions
simultaneously, i.e. from the full 4π solid angle. This is exactly 4 times the possible solid angle Ωg proposed
(used) for a single gravion interacting alone and unimpeded by any other gravion in the minimal sphere.
This leaves �room� of 3xΩg solid angle for interaction by another 3 gravions concurrently. Because Eqs.
426 and 429 refer to the total absorbed energy, the appearing factor 4 includes all the absorbed gravions.
Therefore, the attribution of a corresponding energy Eg to a single gravion instead of four gravions was
not warranted. We should have written (denoted) it by a better symbol like E4g = 4Eg, in which case the
macroscopic sphere derivations need to be amended by

4Eg = 4c2Meg

producing

Eg = c2Meg (436)

from which, lumping together all concurrent incident gravions in the sphere, we obtain an energy-mass
relationship identical with the conventional one but with a gravion speed, instead:

E = c2Me (437)

In other words, reduction of a macroscopic sphere to the hypothetical minimal sphere can be made by allowing
not only a single but four independent gravions to interact with it. This is consistent with omnidirectional
absorption of macroscopic spheres involving the factor 4 in their equation. However, the 4 concurrent gravions
interacting with the minimal sphere explain only the fourfold amount of absorbed energy. However, this
is still inconsistent with the production (emergence) of only 1 Meg that is required for a given (measured)
gravitational �eld with intensity g. A fourfold amount of absorbed energy should be associated with a
fourfold amount of e�ective mass and a fourfold intensity of the associated gravitational �eld. A contradiction
emerges.

The above contradiction can be resolved by understanding the way, by which we de�ned and introduced
the �e�ective� mass at the outset. The term �e�ective� for mass and other parameters was �rst necessitated
and introduced in Section 6.2, to which the reader must refer. It is only the e�ective mass that is associated
with a given gravitational �eld. The e�ective mass is required to be present by a certain amount to generate
the measured acceleration (and force) by a spherical body. It is correct to state that 1Meg is required to
generate a maximum acceleration of g0 at the minimal sphere in Fig. 72(c), only if the other three gravions
combined together do not generate a net force (acceleration). In that case, we can have the energy of 4
gravions being absorbed but only one creating the associated gravitational �eld. The possibility of this
happening is explained in Fig. 73, reference to which is made below.

It is possible to construct an equilateral triangular prism, such that each triangular face subtends exactly
π/2 sr (steradian) at the center of the prism, while each of the three rectangular lateral faces subtends exactly
π sr. We can only have one gravion falling inside the π/2 solid angle with nothing falling from the opposite
direction in the opposite π/2 solid angle as a necessary and su�cient condition for a gravion to impart an

impulse. The said two halves make up the required Ωg =
π

2
+
π

2
= π during integration of Eq. 432. It is only

this gravion that is responsible for the 1Meg associated with g0. The remaining three separate Ωg valued at π
sr each accept only one gravion each and generate three co-planar impulses adding to zero resultant impulse.
The zero force produces no gravitational �eld around, while gravions and energy are absorbed. Thus, in this
and previous derivations, when we reduced the total e�ective massMe to that of a single gravion, we implied
that the incident gravion had a corresponding energy Eg, but the starting formula does not guarantee this.
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Figure 73: 3+1 mass scheme: Equilateral triangular prism with 3 lateral rectangular faces subtending π
steradian each and 2 triangular faces subtending π/2 steradian each. (a) opaque faces, (b) transparent faces
(c) minimal absorption center (MAC) with e�ective mass in red and black masses in black.

The formula correctly provides a quadruple amount of energy, but we did not suspect that 3/4 of it was
consumed by a physical process without producing gravitational �eld. Now, the 3+1 gravions explanation
theoretically resolves the issue. Only 1/4 of gravions generate e�ective mass and acceleration, while 3/4
�lateral� gravions do not contribute to a net force (or gravity), but they are responsible for the additional
energy density �ux and an associated non-e�ective mass. We have previously called this non-e�ective mass
�black mass�. Black mass has already been introduced in consequence of gravion shadowing, in general, in
spherical bodies as already described throughout this work. See, for example Fig. 33. Thus the 3+1 scheme
now accounts for 3/4 of black mass at the �elementary� level, but does not account for all the black mass
in a given sphere. There is another amount of black mass arising from the value of the absorptivity AR.
Hence, we can expect much more black mass in the universe from all the sources put together. Black mass
is our answer to �dark matter� albeit being very di�erent with di�erent origin and notions.

The above 3+1 mass scheme may appear extraordinary in the sense that it is possible to happen especially
with randomly traveling �corpuscles� like gravions. However, there can be an organic connection between
bodies and gravion radiation as we shall see below. Also, the solid angles are only schematically drawn in
Fig. 73 to demonstrate only the possibility (principle), while in reality the shape of the same size solid angles
may be adjusted to the particular structure of the absorbing unit of hyle.

In all above, it is implied that the entire mass scheme proposed involves statistical averages of large
numbers of gravions over time. Furthermore, we need structural stability of the absorbing entity independent
of the gravitational �eld. These and other issues will be dealt with separately later.

Therefore, Eqs. 433 and 426 di�er by the factors
Ωg
π

and 4, only because we integrate partially up to

π in one case and up to 4π in the other case. We now have a better way to express the actual relationship
of an actual process relating power to e�ective mass and to mass in general. The proportionality between
total power absorbed and e�ective mass is always given by the universal product 4cg0. Conventional physics
seems to miss out on the full energy-mass process, as we further analyze the classical (e�ective) mass and its
equivalent energy in the continued discussion. This �missing� part is not an error, while it may be explained
subsequently.

While the PG power-mass Eq. 186 has been derived since the early stages of this report, it was only after
�pedantic� examination of the same result by various approaches as in Fig. 72 (and others) that we seem to
have understood the intriguing factor of 4. In particular, it was the minimal sphere in (c) that set us on a
productive course to realize that the full spheres in (a) and (b) can yield an error free equation if they are
hiding a fundamental physical process.
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29.4.2 Intrinsic versus e�ective mass

The introduction of an �intrinsic� mass for gravions was necessitated above in attempting to derive the
conventional energy-mass equation. Otherwise, we have derived the more general Eq. 424 providing a
power-mass equation with the two quantities connected via the product of cg0. The e�ective mass is a
derivative quantity entering after the initial Eq. 423 of power absorption leading to the �nal power-mass
Eq. 424 without any prior assumptions about an intrinsic mass of the gravion. Now, having attributed
an intrinsic mass to the gravion in Eq. 419, we can repeat the same procedure from Eq. 423 without the
intermediate step introducing the e�ective mass, i.e. without PG. In other words, the gravion �ux density
J0 already possessing classical mass literally gives mass to absorbing bodies. For this, we still assume that
bodies behave like sink holes with an absorption time constant (or time interaction delay tg) to incoming
massive gravions from the outside around collecting them under a steady-state at equilibrium. With these
provisos, we proceed as follows:

We consider again a spherical body with total absorption for simplicity, although an AR factor could be
written along. Let us denote by N0 the number �ux density of gravions (number of gravions per unit time
per unit area) in any particular direction. For a di�erential surface area ∂S on the sphere, the integrated
total incident number �ux (from all directions in 2π) is given again by

NaR = πN0 =
∂2N

∂S∂t

with corresponding intrinsic mass Mi �ux

MiaR = πMi0 =
∂2Mi

∂S∂t
=

∂2N

∂S∂t
Mig

By denoting again the single gravion energy by Eg, the �ux density is J0 = N0Eg. For a di�erential
surface area ∂S on the sphere, the integrated total incident �ux is given again by

JaR = πJ0 = πEgN0 =
∂2E

∂S∂t

The density �ux is also given by the product J0 = Pc where P is the pressure on a surface element
normal to the direction of J0 (this pressure has been denoted by pg elsewhere, but pg is used for gravion
momentum in this section). The component normal to a spherical surface element ∂S is

JaR = πPc

The pressure being force per unit area, or time rate of momentum per unit area (in any direction) can
be obtained by

P =
∂2N

π∂S∂t
Migc =

∂2Mi

π∂S∂t
c

from which we obtain

JaR =
∂2E

∂S∂t
= πPc =

∂2Mi

∂S∂t
c2

We integrate the above �rst with respect of time to obtain a per surface element energy-mass relationship:

∂E

∂S
=
∂Mi

∂S
c2

and then integrate over the entire sphere surface getting

E =

�
∂Mi

∂S
c2∂S =

∂Mi

∂S
c2 · 4πR2 = Mic

2

having set Mi =
∂Mi

∂S
· 4πR2. Thus, we have obtained the famous equation without further ado.

To compare the above outcome with our PG corresponding power-mass derivations, we revert back to:

∂2E

∂S∂t
=
∂2Mi

∂S∂t
c2 =

∂2Mi

∂S∂t
cg0tg =

∂Mi

∂S
cg0

where we have used Eq. 420 without π (already applied) and taken ∂t = tg. We then integrate with respect
to surface and obtain the total power for the spherical body as:

215



∂E

∂t
=

�
∂Mi

∂S
cg0dS =

∂Mi

∂S
cg0 · 4πR2 = cg0Mi

This intrinsic mass Mi is the aggregate mass simply accrued from the gravion intrinsic masses and has
not been imposed (or necessitated) by any requirement arising from the associated (measured) accelerating
�eld. We have used Eq. 420 generating push acceleration but this acceleration is not yet connected to (or
emanating from) any body mass (e�ective or not) and is not connected with prior PG equations. However,
the power absorbed is the same both in prior PG derivation and intrinsic mass derivation setting an equality
by identity:

dE

dt
= 4cg0Me = cg0Mi

yielding a relation between the two kinds of mass as:

Me =
Mi

4

The di�erence is important. The e�ective mass was previously introduced in the corresponding PG Eq.
424 as a necessary mass (imposed) to reproduce the measured (existing) gravitational �eld around a given
material sphere. Here, the intrinsic mass is simply accrued from surrounding gravion carriers of mass. The
di�erence is subtle, but fundamental, because the factor 4 in PG derivation quadruples the absorbed energy
(not the e�ective mass). The di�erence between the two theories (methods, or approaches) is that for the
same energy absorbed, PG produces only 1/4 equivalent to classical (intrinsic) mass. Conversely, classical
mass would produce a fourfold stronger gravitational �eld, which is invalid, because the existing �eld is
explained only by 1Me.

Thus,Me =
Mi

4
stating that only 1/4 of the intrinsic mass of the sphere is used while 3/4 of it is somehow

unseen. Notwithstanding this, the conventional equation still yields a correct amount of energy but it misses
an energy that would be produced from a hidden mass should that hidden mass be also converted to a
detectable form of radiation (say during an atomic bomb explosion). Later, we suggest that this �missing�
energy may escape in some other form that could be detected if we were properly looking for it.

For good measure, we can �nally verify explicitly the above derivations by a backwards substitution of
equations and draw a �nal conclusion. Let us see if it is correct that the e�ective mass is indeed 1/4 of the
intrinsic mass. If it is, then the following equation must be an identity:

Me ≡
1

4

∂Mi

∂S
· 4πR2

We substitute the left hand e�ective mass from PG equations, while maintaining the intrinsic mass in the
right hand member of the equation during the following steps:

πR2

Λ
=
∂Mi

∂S
· πR2

1

Λ
=
∂Mi

∂S

Λ =
1

∂Midx

∂Sdx

=
1

dMi/dV

1

dx
=

k

ρi
(438)

Above, we have multiplied numerator and denominator by an in�nitesimal thickness dx over which a gravion
is absorbed. For total absorption, the coe�cient k must be k = 1 #events over the depth dx, so that
1/dx = k. We further recognize that the intrinsic density is ρi = dMi/dV �nally yielding the ratio k/ρi
corresponding to the original de�nition of the universal constant Λ = k/ρ in terms of real density in PG. If
we now set the real density to be identical with the intrinsic density, then we have shown the veracity of the
equations used. This means that the e�ective mass is indeed 1/4 of the intrinsic mass. There remains to
interpret the meaning of identifying the intrinsic mass with real mass.

The above derivations follow the conjecture of setting Mig = Meg at the outset of 419. Thus, we could
temporarily challenge the above analysis as follows: Alternatively, we could eliminate the 4 factor in PG
equations by setting 4Mig = Meg at the outset conjecture. Then, the theoretical landscape would be di�erent.
Then, four concurrent gravions would be creating 1 Meg, but they should all impinge simultaneously normal
to the surface, otherwise they would result in a de�cient gravitational �eld. In other words, they should
all four act as one fourfold-massive gravion without any other concurrent gravions falling from any other
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direction. In that case, the special hyle con�guration in Fig. 73 would be redundant. By following the same
steps, the relationship between real-mass and intrinsic-mass would replace Eq. 438 with the following �nal
one:

Λ =
k

4ρi
(439)

which would imply that the real density is fourfold the intrinsic density:

ρ = 4ρi

The above outcome is di�cult to comprehend or to model. It dictates that all gravions create e�ective
mass but only in groups of 4 from the same direction concurrently and with no other gravion from any other
direction. This is most unlikely to happen statistically. It seems rather an impossibility when creation of
e�ective mass should be a most frequent and continuous event to occur all the time.

Therefore, the 3+1 mass scheme devised by Fig. 73 seems much more likely to occur as it also appears
to re�ect a physical structure at the fundamental level of gravitational mass. We may have to take it into
account towards building the natural world from a gravion basis; we give it an initial preference in the
following discussion, without prejudicing other possibilities if they exist. In the meantime, it remains to �nd
if intrinsic mass is needed after all. In any case, we have made a further contribution towards understanding
the meaning of mass in general.

29.4.3 Electrical mass-energy equation

The above �ndings and analysis further enforce our con�dence in PG theory and compel us to expand the
energy-mass relationship by Eq. 433 to apply universally to any e�ective mass and not only to gravitational
e�ective mass. We now propose to apply it to other types of e�ective mass, like the electrical mass introduced
for charged particles, e.g. for the electron and positron in Section 21 ushering the push electricity theory.
By our symbol convention introduced there, the e�ective electrical mass m2e−e for an electron should now
be equivalent to an energy correspondingly given by:

E2e−e = c2em2e−e
Ωe
π

(440)

where E2e−e is the equivalent electron energy stored in the electrical mass of the electron and ce is the electrion
speed (electrion being the push particle for the electric �eld). If this is true, then we have introduced the
concept that an electron (or positron) encapsulates far more energy than its ordinary e�ective (classical,
gravitational) mass. The extra energy can be calculated by the numerical quotient given by Eq. 294, i.e.
by about 11 orders of magnitude more than ordinary (gravitational) mass. The idea of �splitting the atom�
in atomic physics, may have its counterpart in PG theory of electricity by the idea of splitting the electron!
This might sound extraordinary, but one never knows, until PG theory is put to the test. �Splitting the
electron� might be seen in (and better explain) the enormous amount of energy observed in astrophysical
explosions, in particular, during the end phase of neutron stars forming black holes. We may assume that
�charge� (electron and positron) collapses in a black hole. Using the terminology of the electrical mass and
electric �eld of an electron, we can correspondingly write the power-mass equation as:

dE

dt
= 4ceg02m2e−e (441)

If ce = cp, then we should have for an electron with electrical mass m2e−e an equivalence equation like:

E2e−e = 4c2pm2e−e

The main thrust of the ideas herewith suggest that conventional �energy� and �mass� have been introduced
by a historical evolution of physics without adequately being explained (or understood). Thus, mass was
introduced either as a proportionality constant between an applied force and acceleration of a body, or as
proportionality constants for two bodies attracting each other (after Newton). This was followed by the
equivalence principle for the said constant(s) of mass, and �mass� has been consequently involved in our
physics equations ever since as a fundamental (intrinsic/invariant) constant. Had we followed the Fatio idea
about gravity being �pushing� and not �pulling� in nature, physics might or could have followed a di�erent
path without a misconceived parameter of mass. Mass is not sacrosanct and is not conserved. It is only the
property of momentous-hyle that is conserved. The equations of motion can be re-written by novel equations
containing yet alternative quantities, such as gravion radiation intensity, universal constant Λ, absorptivity,
maximum acceleration and force. If electrical charge is also mass, and if other types of force are connected
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to other types of mass, then we are on a correct path to unifying all types of force; they are all generated
by push particles via momentum transfer, the di�erence among them being only a matter of degree.

Important for now is the question: Could the 3+1 mass scheme devised by Fig. 73 provide a hint for the
structure of the electron? If this scheme is also applicable to the electron, it appears to re�ect a physical
structure at the fundamental level of electrical mass also, i.e. of conventional charge. It seems to correspond
to the three-quark-electron-concept, except that our structural units could be distributed inside an electron
(positron) in su�cient numbers (quantities). They maybe distributed to form a superstructure according
to the electron model presented by Fig. 70 in Section 25. Consistent with current theories (presumably),
the quark having e/3 charge is not a single independent sub-particle (substructure) of the electron, but 1/3
of components of distributed entities within another structure of the electron. In that case, it would be
impossible to separate the �quarks� without ruining the �charge� structure, a fact consistent with current
theories and experiments, but it provides some explanation. Certainly, these new ideas are speculative, but
they can at least trigger the interest of particle physicists to consider PG as a basis towards building the
natural world.

29.4.4 Gravion ray length and interaction time

Beyond the above outcomes, we can independently derive some further corollaries also from the other im-
portant (or critical) Eq. 419. Again, we assume that it is a valid equation, even in a gross approach, because
there may be �ne details of interaction, but we have them evened out for now. This can provide by itself
some preliminary and useful outcomes below, even in gross terms. Among the various possibilities of varying
the factors involved (already outlined), we start by considering the conjecture of Eq. 420. That is, we
equate an assumed �intrinsic� gravion mass with the elementary body e�ective mass without prejudicing
other remaining possibilities, to which we may return later, if needed. Assuming also that gravion speed is
equal to the speed of photons (c = cp), we can get a feel of the order of magnitude among the interdependent
quantities g0 and tg. Having initially simpli�ed the interaction process to be continuous, homogeneous and
steady, like a �rope�, or momentum string impinging longitudinally on a free body, the gravion must be
associated with a �length� given by sg = ctg. As a consequence, we can consider the following situations.

For the speculated (in Part 1) approximate value of g0 ≈ 4 · 104m/s2, we derive tg = cp/g0 ≈ 7.5 · 103s.
This means that the gravion has a length of sg = cptg ≈ 2.25 · 1012m, which maybe like the length of a wave
packet, if it has photon-like properties and if the photon can be correctly described by a �wave packet�. This
gravion length would be of the order of 15 astronomical units. These values of interaction time and length
are an extraordinary outcome, for which we need to seriously ponder over. In any case, it seems to be both
an interesting and important �nding.

If g0 is greater than the above value, as it is likely to be, then the gravion length would be proportionally
shorter. Therefore, we may have found an approximate upper limit for the longest gravion length, say,
around 15 a.u. Even a few orders of magnitude less than that still represent an important �nding to consider
seriously. In fact, such an outcome is consistent with Meis theory (Meis, 2020). He has independently forecast
the existence of push radiation at extremely low photon frequency, as it is clearly stated (on page 8) that: �...
it is worthy investigating whether gravitation originates from the radiation pressure of the electromagnetic
quantum vacuum �eld (Push Gravity) felt by the bodies in their own frame depending on their charge densities
[16]. ... Therein, it is important to mention that a well-elaborated model of Push Gravity has been developed
recently [23] and the similarity of �gravions� to the electromagnetic vacuum �uctuations would be of great
interest to be investigated in detail.� See also Meis (2022) page 963. Therefore, our �nding (very long gravion
lengths) on its own adds a good incentive to consider it properly and to undertake relevant experimental
work to test its validity.

The prospect of gravions having a length measured in astronomical units and engaging over a relatively
long time interval is consistent with the idea expressed at the outset of our theory that bodies are �bound�
to gravity like via some kind of a �lattice�. For convenience, we quote from Section 14.5 that �Yet, by further
iterative thinking, we can make the inventive step that, instead of the gravion-lattice activating the e�ective
mass to resist, it is the lattice itself that resists the movement of the body (matter) by engaging via the
e�ective (active) part of the mass. The e�ective mass is passive by itself, except that it is somehow tied to
the activating gravions. In consequence then, we can safely state that the entire mass is actually passive and
hence it has no inertia; what appears as inertia of the mass (or part thereof), it is actually the resistance of
the gravions opposing the mass to change its kinetic state.�

The above interpretation of our equations is still valid even with much shorter interaction times of tg, in
which case g0 may assume extremely high values practically putting them well outside the detection limits
of our contemporary instruments.

Thus, to complete our investigation, we need to consider cases of much higher values for g0, like g0 ≈
1012m/s2 for black holes. While we have proposed that such very high values maybe explained by di�erent
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types of push particles, we have not yet excluded the possibility of the black hole gravitational �eld being
due to only type-I (gravions) push particles or, equivalently, that all other proposed types of push particles
have degenerated to gravions in a compressed cloud initially at maximum density, but later expanding with
a density decay over relatively long astronomical time. Regardless of the actual situation, we can use the
above equation to obtain the corresponding values tg ≈ 3 · 10−4s and sg ≈ 9 · 104m for g0 ≈ 1012m/s2. Even
in this case, the interaction time and gravion length seem to be relatively long in comparison with life times
usually encountered in particle physics.

We can go also to the extreme case by assuming that the gravion length is of the order of Planck length,
namely, sg ≈ 10−35m. In this case, we obtain tg ≈ 3 · 10−44s and g0 ≈ 1052 m/s2. In the case where g0

is so high, we will have to abandon any hope for terrestrial experiments to verify PG; we will only be left
to investigate, understand and interpret astrophysical observations based on PG, as indirect means for its
veri�cation.

As can be seen, our theory can initially accommodate a wide range of values for its variables including
interaction times, lengths and masses. It is a matter of matching the available data from particle physics and
astrophysics with PG general �ndings. It would be better to match PG with observations and experiments
rather than with existing invalid theories.

The life time tg (interaction time) and length sg of gravion rays may have far greater signi�cance than
mere common place �lives� have in particle physics. They provide an excellent clue about the meaning of mass,
which has remained a key issue in physics. According to our understanding, e�ective mass is a rate process
of energy absorption. To maintain mass as a stable entity entering our equations in physics, a �practical� life
time of gravions is necessary to have. If the life time is exceedingly short, we would need an exceedingly large
amount of �ux density. If we were to take the numerical example of sg ≈ 9·104m with g0 ≈ 1012m/s2 in black
holes as an extreme limit, we would still have a gravion length of 90 km, which appears to be relatively still
very long. If lengths of astronomical units are also possible with lower values of g0, then we can understand
how the (humanly apparent) stability of e�ective mass is maintained. Bodies are �tied up� with �zillions� of
concurrent gravion rays from all directions extending far out in space. When a gravion is interacting with a
MAC, it commits the MAC to this interaction for a considerable time in human experience and would resist
a change in status. A MAC must be structured with �receptor� sites to allow absorption of gravions. For
example, we have proposed a 3+1 mass scheme for such receptor sites. We can then envisage a legitimate
resistance to any �external� force to change the connection (binding) between bodies and gravions, which
could explain classical �inertia� (=resistance). Philosophically, why should bodies present any resistance to
their state of motion for no reason whatsoever? That has been a mystery and accepted only as an axiom.
However, we have now proposed a reason: Matter (hyle) is initially inert and presents no resistance unless
and until it is activated by gravions to acquire e�ective mass thereby becoming bound. From the outset, we
arrived at the idea of �real mass� having no classical inertia, while only a part of it, the e�ective mass, has
classical inertia. We pointed out also that �inertia� is a misnomer if the word originates from the word �inert�.
In any case, it seems now that gravity and �matter� are interconnected in an unexpected way via pushing
gravion rays interconnecting the wider �space� with structural units of bodies at the most elementary level
possible. Gravity is exogenous to bodies but in union with them. The latter union then constitutes a sound
basis for the long awaited uni�cation of particle physics with macrocosm, it constitutes a basis of hyle for a
uni�cation theory of the cosmos.

We will return to the �gravion ray length� concept following a �rst attempt to connect the gravion with
an actual physical property: See the following section, with more in Section 30.1.

29.4.5 Planck-constant versus gravion-constant and theoretical g0

As noted before, there seems to be a similarity or correspondence in certain attributes between gravions and
photons, but this should be treated with caution, until we can probably establish the relationship. Thus, we
note the correspondence between gravion ray length sg and light wavelength λ, gravion interaction time tg
and light wave period T along with photon frequency ν and gravion frequency νg = 1/tg. Concomitant with
all this, we can further note a correspondence between Planck constant h and gravion energy Eg. Since we
have E = hν meaning that there is a characteristic energy numerically equal to h at 1 Hz, we can have, in
summary, the following correspondence:

sg → λ

tg → T
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νg =
1

tg
→ ν

sgνg = c→ cph

Eg → Eph = h · 1Hz

The above distinction is made to clarify that there should be no misinterpretation of various gravion
relationships presented in this work with existing light (photon) equations and theories. There remains to
be found what exactly the above correspondence is, without excluding also an identity between them. This
issue is investigated in subsequent Section 30 with some preliminary considerations also given below.

The photon energy Ehν is given by the well known energy equation Ehν = hν, with h being the Planck
constant and ν the frequency of the photon. This energy is transmitted (emitted or absorbed) in a time
interval thν , so that its power is

W =
dEhν
dt

=
hν

thν

Speci�cally, a photon with energy at ν = 1 Hz contains a �unitary� photon energy Euph = h · 1Hz. We
apply Eq. 424 with c = cph and without the factor 4 subject to the interpretation of 3+1 mass scheme in
Section 29.4, but we can do an adjustment for this factor if and where needed. To this photon, we have a
unitary e�ective mass by:

Euph = muphc
2
ph

muph =
h · 1Hz
c2ph

(442)

We substitute the values cph = 299792458 m/s and h = 6.62607015 × 10−34 J·Hz−1 at ν = 1 Hz and
obtain a unitary Planck photon mass muph = 7.37249732 × 10−51 kg. This means that every �sine-wave�
(over a period of oscillation T , between two consecutive peaks) in a continuous photon wave-train has a
small but �xed (invariable) �mass�. This small mass multiplied by the frequency with wave-length equal to
the Planck length yields the known �Planck mass�, which is di�erent from the above muph. We will later set
(or assume) the gravion energy to be:

Eg = Euph = h · 1Hz (443)

The transmitted power by a photon with frequency ν = 1 Hz, if applied to the PG power-mass equation,
would �create� an e�ective mass Meg by

dE

dt
=
h · 1Hz
tg

= cphg0Meg (444)

We multiply the above Eqs. 442 and 444:

h · 1Hz
tg

muph = cphg0Meg
h · 1Hz
c2ph

to obtain a derivation for g0

g0 =
muph

Meg

cph
tg

(445)

which is the same as Eq. 419, With muph = Meg both being the same per their introduction, we also
reproduce.

220



g0 ≈
cph
tg

(446)

We intend to investigate further and utilize the above derivations in later work.
����������
For good measure and understanding of the above derivation, let us use a similar derivation from rocket

technology: The acceleration a of a rocket is given by textbook derivation as

a =
υe
m

Δm

Δt
=g

where υe is the exhaust velocity, m the total mass of the rocket at time t with ∆m the amount of exhaust
mass in time interval ∆t inside the Earth's deceleration g. The same acceleration would be achieved by a
body with the same mass as the rocket, if the body is impinged by the same amount and rate of material by
an external source. If this external source is exactly one gravion with mass muph impinging in time interval
tg on a massless body, which happens to acquire a mass Meg during the interaction, then we produce Eq.
445 by setting also υe = cph and g = 0. This case provides a familiar experience to consider whether it
can be transferred under the assumed gravion-hyle interaction. There may be some repercussions of this
consideration towards understanding the nature of the gravion itself and the nature of its interaction during
absorption by hyle in subsequent theoretical development. The concept of �mass� being delivered by a
gravion and the concept of �mass� emerging inside the impacted body should be thoroughly thought out
once and for all. In that case, if a gravion is somehow re-emitted following an elastic interaction (if any),
then this process should be accompanied by a reverse loss/emission of an equivalent gravion mass. Is �mass�
something that we have arti�cially introduced by early theories that needs to be discarded altogether, or is it
something that has a physical signi�cance to carry forward with our new theory? In any case, we currently
understand that mass is accompanied by hyle and vice versa, but the two entities are not equivalent or the
same. Hyle is permanent and invariant, but not the emerging mass in a macroscopic (composite) body (see
Section 24.2).

����������
We substitute the above value of g0 (Eq. 446) in our general power-mass equation below:

dE

dt
= cph

cph
tg
Me

from which we obtain a general expression for the e�ective mass Me:

Me =

dE

dt
tg

c2ph
(447)

This equation states that the mass of any body depends on the energy absorption rate (power)
dE

dt
multiplied

by the gravion interaction time tg. We can better understand the signi�cance of this important equation,
if we start thinking about a macroscopic body like a planet. The energy absorption rate depends on the
absorption coe�cient k, which is the number of absorption events per unit length in the body. It is all
those events that take place in time tg, which add up to produce the numerator of the fraction in the
above equation. It is the synergy of concurrent absorption events adding up to produce an e�ective mass,
the absorptivity and the associated acceleration g of the given planet. This understanding applies to any
absorbing body, including a single photon, for which we initiate a new study in the following Section 30 and
onward. The idea of synergy and concurrency applies all the way down to MAC/MEC size structures �rst
described by the 3+1 mass scheme in Fig 73.

As a corollary of PG theory, we derive that the (classical) �energy� E in a given body is:

E =
dE

dt
tg (448)

which corresponding to its (classical) �mass� M now better explains the well known equation of mass-energy:

M =
E

c2ph

except that we should better use PG notation for an e�ective mass Me, but also for an e�ective energy Ee
(not yet explicitly mentioned up to now), that is:
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Me =
Ee
c2ph

(449)

This is important, because the well known energy-mass equation does not involve or say anything about a
coexisting or collateral matter (hyle) in any given body. The hitherto conventional �mass� and �energy� have
left out of consideration the bigger picture of the universe containing hyle (real mass) and not simply �mass�.
�Mass� has been a key issue in physics for a very long time, actually since Newton. It is quite possible that
the true meaning of mass has been uncovered for the �rst time by our novel PG theory. The importance of
this analysis has been already re�ected in cosmology, the expanding universe and the Big Bang explained
in Sections 18.2 and 18.3. There, it is pointed out that the astronomical and astrophysical measurements
correspond only to visible phenomena leaving out of consideration the real mass (matter, or hyle), real size
and real distance. The missing part of the universe as interpreted by PG could be a much better description
than the missing �dark matter� and �dark energy� necessitated by established physics. PG provides a greater
framework to describe the cosmos, whereas prevailing theories describe only a subset of it. PG could be the
New Physics to describe the universe and overcome the ever emerging impasses by prevailing theories.

Therefore, it is critical to �nd the value for tg. It might range starting from as short as the Planck
time up to an upper limit remaining to be found. All this depends on whether the gravion acts singly,
or cooperatively with multiple units of itself, like in a continuous ray of gravion units. We have already
speculated gravion-rays in the preceding Section. We need to determine if we should use a gravion-ray
interaction time tg−ray in lieu of tg in Eq. 446.

���������
Note 1: The below text is deleted, because it was based on a probably premature idea about gravion-rays

and photons that was intended to explore in a later development of the theory.
If the general energy-mass equation E = mc2 is valid, which we also derived by PG means in Section 29,

then we must have that tg = 1 s in above Eq. 446, giving:

g0 =
cph
1s

(450)

The physical signi�cance of this potential �nding remains to be decided, because it depends on other PG
parameters like the absorption factor k. This is further investigated in necessary subsequent work following
Section 30. The experimental measurements of g0 proposed in Section 12, or other equivalent parameters
like k, J0, n0, Λ etc., would greatly facilitate the theoretical endeavors to establish a theoretical g0 herewith.
This depends on values of those other parameters in a way that makes it imperative to break out of a cyclical
conundrum. We need to �rmly establish one PG parameter either experimentally or theoretically to free us
from many diverse theoretical combinations and speculations, and help us move forward fast.

Note 2: The above presentation raises several issues (like the relation between gravion tg and photon
period T , and much more, which will be addressed in a subsequent version of the report in Section 31
currently under development.

29.4.6 Drag and miscellaneous issues

It is understood that the equation E = mc2 has been veri�ed by various experimental measurements quan-
titatively with negligible error. This raises the question again if the factor of 4 in our derivations is due to
some subtle mistake in the procedures adopted. If not, could the experimental measurement be missing a
form of energy not easily detected, like, for example, in the form of gravitational waves or particles slipping
through our detectors? Perhaps, measurements during an atomic bomb explosion could provide maximum
intensity of fugitive forms of energy to look for. This author is not aware if the entire energy released during
an atomic explosion is accounted for, i.e. if it has been measured and found to agree with the mass-energy
equivalence equation. E�ective mass is responsible for the energy released and detected in an atom bomb,
while black mass released presumably goes undetected; it might contribute to the addition of gravions that
could increase gravity by a relatively small amount around the point of explosion and could be detected if
we were were looking for it (like a weak gravity burst, a gravity wave). Gravity waves are released from
massive astrophysical explosions, which presumably free also our hidden black mass in the form of gravions
and other components, i.e. the component in the 3+1 mass scheme plus the component associated with the
absorptivity factor AR. The type of hyle components released in astrophysical explosions in all forms is a
matter for future research. Ghost particles already detected, neutrinos and other particles identi�ed or not
(known or not) are likely to be the remnants of such explosions along with gravion rays. The mass-hyle
relationship outlined in Section 24.2 becomes more relevant here.

Like e�ective mass, classical energy is not sacrosanct either, if we have correctly deciphered its place in
the universe: The classical energy is only that part of it �owing around that is absorbed by a given body

222



to generate the corresponding classical mass (now e�ective) of the body surrounded by a gravitational �eld.
The energy-mass equivalence has described only those two quantities that are in continuous interdependence
under a steady state dynamic equilibrium with gravion �ux. There is much more gravion energy radiating
in the universe, as there is much more latent �mass� inside all bodies and much more in stars, white dwarfs,
neutron stars and black holes. Energy and mass are not intrinsic to a body, they are not generated by the
body itself alone, but they rather have an exogenous source in the universe.

In consequence of the above understanding, we propose to conduct new measurements during an atomic
bomb explosion. We should attempt to measure subtle gravity variation with good gravimeters in an under-
ground bunker at su�cient depth to separate all other types of radiation arriving from the bomb at su�cient
distance. Gravity and other radiation generally precede the mechanical disturbances by seismic and heat
waves. If possible, we might look for subtle di�erences in the speed between gravity rays and photon radia-
tion. Similar measurement can be conducted from the distance of an international space station (instead of a
bunker), if we are lucky to collect enough gravity waves to trigger a gravimeter. A more extreme experiment
could be based on an atomic explosion in space. In any case, this proposal is added to our list of possible
ways to verify PG theory. Clearly, this proposal would succeed if and only if there are independent (free)
gravions released and if they are in su�cient numbers.

�Curvature� or �bending of space� may turn out to be only a corollary of mathematical idealism in lieu
of the existence of force as fundamental and measurable property of nature. Force, distance, time and
acceleration are our �rst call for understanding nature. Energy is (force)x(distance), so that when e�ective
mass is converted to energy during an atomic bomb explosion, it is the destructive forces that we evidently
experience. By PG theory, another type of mass, if converted to anything at the same time, remains to be
tested.

We should note that the mathematical di�erentials for solid angle and time have been replaced by �nite
quantities. We may wonder about the real physical signi�cance of the quantities Ωg and tg, to which
we also surmise a �nite length sg = ctg. The length sg may be the length of a continuous �ray� that is
continuously interacting over a time interval tg inside a solid angle Ωg=π sr. Over and above the present
considerations, the various possibilities for the distribution of Ωg can later help us in modeling the minimum
absorption center (MAC) de�ned in Section 19.1. This may mean that a MAC can interact with up to 4
gravions at a time. This may have to do with the structural order of the MAC permitting only one gravion
interaction inside each quarter Ωg sr. The co-existence of tiny MAC entities supposed constituents of known
particles (like electrons), together with rays of possibly astronomical lengths could provide an entirely novel
basis for understanding hyle (matter) in physics. It might help decipher the �spooky action at a distance�
(entanglement) and much more. This and other properties may be used towards proposing models for the
gravion and the MAC (concurrently being also a MEC = minimum-emission-center). The continuity of
interaction in time is a necessary condition for the existence of e�ective mass. If the time interval tg is
shorter due to a higher value of g0, then we get an increased rate of gravion incidence on average resulting
in the same given e�ective mass. It seems that a �durable� interaction (via tg) is a necessary condition for
the presence of e�ective mass and structure, for only during this time hyle can be engaged in organized
patterns with gravions. Two gravions may not occupy the same site, hence the idea of Ωg being a property
of MAC. Conceptually, the gravions operate on material bodies like viruses operate on living cells. They
occupy speci�c sites and are part and parcel of bodies and surrounding space together.

�������
NOTE: When we integrate over the solid angle up to π limit presumably for a single gravion, mathe-

matically, it is implied that �energy� �ux is a continuous quantity over which we integrate (see also NOTE:
29.3). This may not seem consistent with the presence of a single gravion. However, the signi�cance may
be that the structure of a MAC is such that it allows only one event of interaction at a time. Once the
gravion-MAC interaction ensues, there is an unbroken �bond� between them so that no other gravion inside
the associated π solid angle can engage with the given MAC. Otherwise, we would have to have a �continuous
energy� converging within that angle. We tend to accept more that the gravion is a �corpuscle� but with
certain attributes (like length) to be found out, not a 3D �lling continuum. These considerations may sound
too detailed and too far fetched, probably wrong at this early development, but there is no harm to make
a record of these thoughts for future reference. In the meantime, we may apply them towards modeling of
various systems.

�������
Before we learn about the quantitative interplay of these parameters, we should at least verify PG in

principle in order to recruit many workers in this �eld. This is a key stage in science, so that we may
re-assess and re-appraise all relevant data from all related branches of physics. Pending this, we can only
proceed theoretically: The above advances provide good ground for thinking about the nature of gravions
and attempting to provide some modeling next.
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The present idea (proposal) of a triangular prism playing a role in the structure of MAC/MAC gives fur-
ther support to an earlier suspicion (proposal) that electrons and protons may contain geometrical structures
such as cuboctahedron (See 19.3.3). It is logical to think that at the extreme fundamental level of nature
there is not much left by way of diversity, other than geometrical diversity with di�erent shapes made out
of gravions (gravion packing order).

We have envisaged that a MAC is ON or OFF every time and during interaction with a single gravion,
or (now) quadruples of gravions. The accrual of gravions continues until it reaches a critical state when
it emits another type of particles, like electrions. When we introduced the idea of MAC, we made no
commitments about the number of gravions interacting concurrently. Furthermore, the distribution of the
said characteristic solid angles may be favored towards the equator and away from the poles of an oblate
MAC, while the same entity acting as MEC emits inside speci�ed solid angles distributed more towards the
poles. The MAC and MEC is one entity embodying a steady-state equilibrium of hyle �ow.

An oblate MAC/MEC is more absorbent in the directions towards the equator and less towards the
poles. This idea is consistent with a mechanism proposed in Section 25 to account for the critical �problem
of drag� in moving bodies through gravions. For convenience, we copy the same as follows: �The connection
of motion to structure may be a way to make progress in understanding space-time, the dynamics of PG
and the connection between speed and mass. The vortex structure may be at the basis of this hypothesis. A
minimal e�ective mass may be that of a MAC/MEC. By way of illustration, we might simulate a moving
vortex to a jet engine. In a stationary sphere, the e�ective mass is spherically distributed with the statistical
average of the vortex vectors all pointing towards the center of the sphere with zero net sum. When the
sphere moves, we may have a partial alignment of the vortices along the direction of velocity. A one-to-one
correspondence exists between velocity and kinetic mass, which is composed of aligned vortices. This is one
example of connecting speed to structure.�

Furthermore, in complement or in lieu of the above explanation, we may also propose a scheme like
the �Pauli exclusive principle� introduced to reconcile the then new requirements for electron orbitals. The
interaction of gravions with bodies may be governed by an exclusive rule stating that an established �bond�
between gravion and body-receptor cannot be broken by another incident gravion, unless an external force
(acceleration/deceleration) is applied to change the kinetic status (and mass) of the body. Upon release of
the said force, the body maintains its new acquired kinetic status with a new steady state of gravion-body-
bonds, meaning that the body moves with constant velocity without experiencing the drag expected from
classical mechanical corpuscles.

The above arguments clearly indicate that we have to free ourselves from established preconceptions
and misconceptions about mass, energy and drag. While PG is by no means a proven theory yet, we have
to resist objections like when PG is described as �an example of a failed theory... that does not work,
because of the drag it predicts would be experienced by moving bodies, so that is the end of that theory�
(Wikipedia contributors, 2019b)(*). Proclaiming the end of PG theory is rather an example of a failed prior
PG implementation method, that is holding back further progress in science for too long.

�������
(*) Quotation in full: In 1965 Richard Feynman examined the Fatio/Lesage mechanism, primarily as

an example of an attempt to explain a "complicated" physical law (in this case, Newton's inverse-square law
of gravity) in terms of simpler primitive operations without the use of complex mathematics, and also as
an example of a failed theory. He notes that the mechanism of "bouncing particles" reproduces the inverse-
square force law and that "the strangeness of the mathematical relation will be very much reduced", but then
remarks that the scheme "does not work", because of the drag it predicts would be experienced by moving
bodies, "so that is the end of that theory"

While Wikipedia is an invaluable source of information, unfortunately, it can be abused by cooperating
editors with speci�c agendas. Sometimes, roaming groups misinterpret and misapply the Wikipedia rules as
they see �t, but with detrimental outcomes. Nevertheless, it retains a great potential to be and become a
free domain with uncensored facts for all.

30 Gravion as fundamental unit and its attributes

This section and subsections below are currently under development with various issues pending further
work. The idea of a gravion ray length in Section 29.4.4 and the unitary photon wavelength in Section 29.4.5
may be underpinned by a common cause. That gravion may have both astronomical dimensions and yet
interact with matter at sub-quantum mechanical level is an outcome (corollary) to be explained. We have
already discussed the possibility that a gravion represents a unit of length, time, momentum and possibly
an intrinsic mass (or better, unit of hyle). By a �unit�, we mean that this is an �ultimate� quantity, or an
absolute quantum, i.e. an indivisible unit (entity) from which all else can be built. The latter possibility
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would be a major advance, if con�rmed. For this, we need to know (or de�ne) its behavior to everything
external to it, leaving the description of the internal nature of this unit for future work. The next level up
from this unit is an absorbing body (center) with a possible geometric structure. The latter may coincide
with a known �particle� so far considered an indivisible quantum, except that we may now �nd, or say, that
that this �quantum� is made up by other true indivisible quanta. To do this, we need a way to introduce
(create) circular motion and spin emanating from the properties of the absolute quantum unit. We need to
synthesize these and other possibilities and reconcile them with existing experimental data. We are presently
attempting some initial modeling of the gravion and its interactions with other gravions, but also with some
minimum absorption and emission centers themselves made up of gravion con�gurations. Prior to that,
we attempt to formulate an approach departing from long established conceptions about photons without
contradicting established experiments. As we �rst digest our new proposals, we will be in a better position
to develop speci�c models of the gravion and its interactions subsequently.

We have developed our PG theory based on the understanding that gravions of su�cient mean free path
(mfp) are responsible for the gravitational �eld without proposing any speci�c mechanism, via which the
accruing gravions are re-emitted, but which is postulated at the outset of the theory. The emission should
take the form of some other type of particles (composed by gravions) not pertaining to gravity. Working out
an emission mechanism is deferred until we can propose models of material structures of hyle that conform
with observed forms of nature. This approach for gravity was extended to explain and apply to all other
force �elds that are created by corresponding other types of �heavier� (composite) push particles, the accrual
of which is balanced out by a corresponding emission of yet di�erent types of particles. We proceed to
propose the types of push particles that are consistent with the hitherto developed theory of PG along with
emitted di�erent types of particles in conjunction with appropriate modeling of structures for known and
new particles and entities. We hope that this method of theoretical development will yield (or contribute
towards) the long awaited �theory of everything�. We start with a proposed connection between gravion and
photon.

Here, we continue on from Section 29.4.5, in particular, by attempting to relate the gravion to the photon.
There is a vast literature on theories of the photon, only part of which we have been able to access. To
this extent, we are cognizant of the diversity of these theories to which we wish to add our own under the
framework of PG. Readers who adhere to existing theories are bound to disagree with our presentation,
so the decision to proceed with this report is not done lightheartedly. Our aim is to add an alternative
position based on the extensive novel ideas already presented in this report. Readers can decide if there are
at least some aspects worthy of integrating with their own conceptions about photons and quantum �eld
theory. This would be especially useful if some workers can adopt the PG framework and wish to modify or
add their own proposals to help the aims of PG. An attempt is made to correlate the quantum mechanical
wave packet to push particles, but the diversity of published ideas is enough justi�cation that entitles us to
proceed with our own work. In the search for new physics and for solutions on the impasses of the Standard
Model (Wikipedia contributors, 2023), we are well placed to proceed as in the following sections. [Note: For
the diversity of opinion, one can �nd some literature in discussion fora here, here, here, here and here.]

30.1 Gravion as the Planck unit of photon

Note: The below presentation raises several issues, which will be addressed in subsequent versions of the
report in Section 31 under development.

���������
Again, emanating from the analysis in Sections 29.4.4 and 29.4.5, we are led to think that the �di�erent

types of push particles� referenced there may simply correspond to a di�erent rate of incidence by gravion
quanta traveling at the speed of light. We arrive at this conclusion as follows: In the �unitary� quantum at
f = 1 Hertz, the unitary energy (Euph = h · 1Hz) and unitary momentum (puph = muphcph = h · 1Hz/cph)
properties were spread out (distributed) over a distance numerically equal to cph, but the same energy and
momentum is also distributed over a distance inversely proportional to the frequency of any given photon.
Should we then (or can we) rede�ne the Planck units with an alternative system of more natural units,
whereby 1 (unity) describes a single wave period at any frequency and always contains the same amount of
energy and momentum (and mass, better, hyle by PG)? Could a quantum with the unitary quantum energy
of Euph = h · 1Hz at the Planck length constitute the ultimate building block of the universe, and this
block be (coincide with) the gravion? An a�rmative answer would mean that a photon with frequency ν is
composed by ν gravions, whereby they are separate entities but con�gured in a special formation making up
what we know as photon. This was assumed to be the case in attempting to �nd the value of g0 by Eq. 457.

In a reference system traveling along with this quantum, its internal properties appear invariable re-
gardless of the observed (external) frequency. It is only for an external reference frame that time and
space are �created� (observed) as we compare the di�erent frequencies (and wavelengths) of photons. The
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�smallest� wavelength (e.g. the known Planck length and Planck time) can be used as a measure of all
others, time-wise and space-wise. Corresponding to these, we have derived the smallest unitary mass
muph = 7.37249732 × 10−51 kg, as opposed to the established (published) Planck mass 2.176434Ö10−8

kg bearing no relevance to our proposal here. Similarly, the other established (published) Plank units of
mass, energy and momentum are set aside and replaced for our purposes with what we term �unitary� quanta
of these properties as they characterize the gravion just de�ned.

We can now think of the possible connection among the proposed di�erent types of push particles for
di�erent force �elds, like plain gravions, electrions, somions, neutrions, etc., all of which were introduced
independently of photons for each case in attempting to develop a general PG quantum �eld theory. The
derivation of g0 by Eqs. 457 and 446 based on photons is similar with Eq. 419 and 420 based on gravions,
lending to the idea of connecting the gravion to the photon, speci�cally via the Planck constant introduced
to explain the black body radiation over a century ago. We move forward per above by adopting that
photons are composed by initially independent entities with energy Euph = h ·1Hz, to which we may refer as
�universal-gravions� serving for other �elds in �packages� at corresponding di�erent frequencies, or rates of
emission, incidence and absorption. However, for simplicity of terminology and to avoid editing the hitherto
presented theory, we can retain the term �gravion� without qualifying adjectives (or a new term). The
originally introduced gravion for gravity can be con�gured in packages or groups to generate composite push
particles that mediate all other force �elds per prior proposals about di�erent types of push particles. Thus
consistency of terms is retained.

Per above, a photon with frequency ν is a group of ν gravions. If all of them are lined in a straight
line, they would be apart from each other with a distance equal to the photon wavelength λ. To start with,
we can set this distance to be the required mean free path (mfp) in PG, i.e. mfp = λ. A photon in this
con�guration would have a length equal to the velocity of light, i.e. c = λν. We understand, that this is not
the case, as we will also see from the very short interaction times in the photoelectric e�ect. However, in lieu
of a straight line gravion sequence, we can have (theoretically) much shorter gravion sequences in parallel to
make up a total of ν gravions while preserving the observed wavelength and hence the required mean free
path for PG. In consequence, we propose that photons of all possible "sizes" (i.e. frequencies) constitute a
gas like medium. They may be likened to �molecules� composed of ν gravion �atoms�. In that gas, we have
mean free paths of all sizes according to the expected wavelengths of all photons. There are gravions with
very long (enough) mfp (wavelengths) as required to produce gravitational �elds. Likewise, there is a range
of mfp (wavelengths) to produce the much stronger electric �elds, and so on for various other force �elds of
much greater strength. All these coincide with the various types of push particles often mentioned in the
preceding PG theory. Of course, the said types of push particles need not only be in the form of photons,
but they can be in more (or less) composite forms as we will analyze further below. In short, photons are
continuous sequences of gravions at a given mean free path, which appears as wavelength, and which are
woven in spatial con�gurations (packets or groups) to be worked out later. In any case, photons are divisible
down to their constituent gravions.

Thus, push particles need not be a continuous ray with a distributed energy and momentum as discussed
in Section 29.4.4 in order to produce a gravitational �eld, but the mathematical analysis undertaken there
remains valid. The only continuous �ray� that may exist is that of the unitary gravion de�ned above over
its own Planck length, which we will consider in subsequent models of the gravion itself. The same applies
for all other �eld �rays� now to be replaced with groups or sequences of gravions at certain inter-gravion
distance (i.e. mfp, or wavelength). The main departure from prior theories we make here about the photon
is that wave-length pertains to a regular (repeated) distribution of gravions in space, where gravions are
de�ned by and relate to the said unitary photon above.

We could readily derive the distribution of gravions over frequency and mean free path from Planck's
distribution law, if that law contained (described) the entirety of hyle inside the black body cavity at a given
temperature. It is already said that the law breaks down above a certain temperature, to which we add that
it also breaks down at very low temperatures (maybe already accepted), and so on. Nevertheless, we use
this law below only as an aid to convey our proposed theory on linking gravions with photons and all forms
of hyle. We pretend it is valid, after which we can propose the need to be completed by later theoretical and
experimental work. Planck's law for the energy density distribution is:

uν(ν, T ) =
8πhν3

c3
1

exp

(
hν

kT

)
− 1

(451)

By dividing the above by the Planck constant h. we obtain the number density distribution nν(ν, T ) of
gravions along the frequency by:
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nν(ν, T ) =
8πν3

c3
1

exp

(
hν

kT

)
− 1

(452)

This is plotted in Fig. 74(top) for the typical temperatures T = 3000, 5000 K. In addition, we plot for
T = 10000, 100000, 100000000 K. The latter two temperatures are those presumably prevailing on white
dwarfs and neutron stars respectively.

Although it is said that the above law is not valid above some very high temperature, it is interesting to
note that the maximum occurs at νpeak = 5.88 × 1018 Hz for neutron stars and at νpeak ≈ 5.88 × 1015 Hz
for white dwarfs, as can be seen from the graphs, or more precisely calculated from Wien's displacement law
using b = 5.099× 10−3 mK when parameterized by frequency.

The corresponding gravion number density distribution nλ(λ, T ) over �wavelength� λ now replaced with
mean free path (λ ≡ mfp sparing one symbol for the other in the formula) is given by:

nλ(λ, T ) =
8πc

λ5

1

exp

(
hc

λkT

)
− 1

(453)

and plotted in Fig. 75(top). The maximum for neutron stars occurs at mfp = λpeak = 2.89× 10−11 m and
for white dwarfs at mfp = λpeak = 2.89 × 10−8 m, or more precisely calculated from Wien's displacement
law using b = 2.89× 10−3 mK when parameterized by wavelength.

The above �nding is consistent with the requirements of push particles like somions, etc. For example,
the value of mfp ≈ 2.56× 10−11 m is about four orders of magnitude greater than the size of hadrons, and
the value of mfp ≈ 2.62 × 10−8 m is consistent with keeping the nucleons pushed (bound) together, as is
required in the plasma phase of white dwarfs and in the nucleus inside the atoms of ordinary matter phase.

We will also need the distribution of photon number density against frequency (nphν) and against mean
free path (nphλ), as they are juxtaposed in the corresponding Figs. 74(bottom) and 75(bottom). These are
used towards the derivation of the equations that unify all force �elds according to Section 30.5. The photon
number densities are obtained by dividing the Planck law by each photon energy hν yielding a modi�ed law
over frequency distribution as:

nphν(ν, T ) =
8πν2

c3
1

exp

(
hν

kT

)
− 1

(454)

with νpeak ≈ 3.8× 1015 Hz for neutron stars and νpeak ≈ 3.8× 1018 Hz for white dwarfs, which are close to
the peaks of gravion distributions.

The photon number density over mean free path becomes:

nphλ(λ, T ) =
8πc

λ4

1

exp

(
hc

λkT

)
− 1

(455)

with mfp = λpeak ≈ 3.8 × 10−11 m for neutron stars and mfp = λpeak ≈ 3.8 × 10−8 m for white dwarfs,
which are close to the peaks of gravion distributions.

We need to work out a temperature for interplanetary space and plot the corresponding Planck distri-
bution curve over mean free path. The integral of that curve above a certain mfp should yield the gravion
density over the mfp range used, from which we can obtain the prevailing g0 for the given space range.
Unfortunately, this was tried and failed, when we used Planck's law as is. For example, Pluto is a little less
than 40 AU distance from the Sun. A photon wavelength that long (or more), i.e. λ = mfp ≈ 5.9× 1012 m,
corresponds to a frequency of ν ≈ 5×10−5 Hz, or a period of tg = 2×104 s. When we attempted to integrate
the Planck curves in the range of mfp greater than this low limit of integration using a Python program
integrator, we could not get it to converge. This is logical, because photons with solar-system wavelengths
are presumably unknown. If neutrinos pass through our planets undetectable, we shouldn't expect to detect
gravions (the �nest of all particles), let alone gravions to be readily described by Planck's law. At any rate,
we mention all this as a guide for what to expect from a law used only as an aid to promote the hypothesis
of a possible connection between photons and gravions.

Now, we know that photons have momentum and exercise pressure upon incidence. This pressure is very
small for visible light and ordinary macroscopic bodies. However, the pressure can be signi�cant at the right
scale and the right concentration of photons with respect to the size of impacted bodies. For example, take
atomic nuclei and their constituent nucleons. They can behave in a similar manner to the way macroscopic
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Figure 74: (top) Gravion number density distribution vs. frequency, (bottom) photon number density vs .
frequency
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Figure 75: (top) Gravion number density distribution vs. mean free path (mfp), (bottom) photon number
density vs. mfp
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bodies behave when impacted by gravions. Matter is compacted to form (near) spherical planets. Nucleons
and nuclei can be compacted, say, by x-rays and gamma rays, as they meet the requirements of mfp (being
comparatively very long) and body size. Actually, all photons with greater mfp act cumulatively, including
our gravions at the outset of the theory, all in addition to the main compacting push particles for the
respective nucleon. We know that photons have �weight� and gravitational (or relativistic) mass. The same
applies to particles, including electrons and positrons, as well other particles of veri�ed existence, all of
which are acted upon by gravity. Even photons have �weight�, as it is known that the trajectory of photons
is bent by stars. That is, we can say that all photons with �wavelength� (mfp) less than a certain limit
create a force �eld around them. That limit presumably assures enough material to behave like gravitational
body. The strength of the associated �eld is relative to the particle size (by �mass�, or frequency) and the
total impacting push particles. Under this scheme, we are left with the task of �nding the quantitative
relationships among all these variables, when we attempt to create a model of particle physics.

Gravions are responsible for maintaining the integrity of bodies, like planets, by exerting compression
forces. We have used the hypothetical �somions� for this purpose on atomic scale particles, to which gravions
are superimposed only by a relative �ux density. Their corresponding �elds are always �attractive�, which
alone may not be su�cient to explain the long term stability of the ordinary universe.

Furthermore, we also need to explain repulsive forces as those by electrical charges but also by nucleons
at very short range. There are secondary push particles like electrions composed of primary gravions (or
photons). They may be like the modeled electrions in Section 25 with the attributes of spin and rotation.
They have the capability of creating both attractive and repulsive forces. They are emitted to balance out
the absorption of the �attractive� particles (like somions and gravions). The repulsive action (�elds) of the
secondary push particles counteracts the attractive action of primary push particles resulting in the stability
of nuclei (consisting of nucleons) and atoms (consisting of nuclei and electrons). The proposed electron
and electrion models serve only to illustrate one possible way to explain repulsive �elds like by same sign
�charges� and similarly by hadrons at very short range; it is likely that more re�ned models (push particle
con�gurations) will be devised to account for and unify all observed particle properties. The presented
models are based on the possibility of vortex formations and in the ability of gravions to create circular
motion and spin. PG has been based initially on linear motion, but less has been said about rotary motion,
in general. We previously relied on rotary motion coming into existence only by chance, but we now propose
that circular motion comes about by the intrinsic properties of the gravion (see following sections).

The above explanation of various �elds, however, raises some important issues, especially with regard
to energy balance, distribution and the cosmological constant. It is not possible to immediately address
these issues, other than outline them with some initial thoughts. A high density of photons around nucleons
and inside atoms would presumably result in a blowout of the atoms, if there is no equal pressure by other
photons from the outside surrounding �vacuum�. The photon gas would have the same average concentration
everywhere in the universe with a distribution of mean free paths corresponding to various �elds. That would
mean that we are surrounded by a photon gas at its highest temperature all the time, which is contrary
to experience. However, we said that the Planck law is consistent with experiment, whereby the only
contribution to the energy density arises from the detected photons (alone) accounted for in Figs. 74 and
75 at the given temperatures. Random �single� gravions permeate the universe creating gravity as the only
trace for us to experience.

The above problem is circumvented in QFT by the de�nition or by properties attributed to the multiplicity
of �elds spread out everywhere, but there seems not to be a consensus as to what these �elds are, or they
are understood di�erently by di�erent workers. It is said that everything is vibrations in a vast web of
quantum �elds. A �eld is a region where every point has a physical quantity associated with it. Some say
that they are more than mere mathematical maps, as they are physical objects that �ll otherwise empty
space. Others say that nothing is made of �elds, which are only mathematical probes of what may happen if
a material object is put into it; or �elds are typical potential energy but not energy. This is the cosmological
problem arising generally. This problem may be obfuscated by theorizing that �elds are mere mathematical
properties and particles come into existence only upon excitation of the underlying �elds. This seems like
the universe arises out of mathematical ideas without the heat catastrophe problem we surmised for PG. It
is said that things appear via �uctuations from �vacuum�. Can we also claim that a �pure� free gravion gas
corresponds to �vacuum� out of which arise organized forms of gravions like photons, electrons and particles
in general?

Our ultimate aim is to condense the rules of any theory and to make everything using just one rule.
When a wave is transmitted through a medium, it is an energy that is transmitted while the medium is

�stationary� (i.e not propagating, or transferred, along a direction) . However, if energy consists of particles
(quanta) and if energy is ultimately hyle (matter), then in a continuous propagation of a wave emanating
from a source, it must be hyle (matter) that is transmitted in the wave-train. The source must be emitting
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matter (particles) that displace the medium particles in such a way that a net �ow of matter from the
source to the receiver takes place. If the particle is seen only as a disturbance of the medium (energy), then
we introduce a duality whereby the disturbance is a state of the medium and the state itself is a distinct
entity from the medium. The duality of wave-particle thus arises. However, we propose a di�erent approach,
namely, that medium and particles are of the same substance (hyle) at the ultimate fundamental level of
nature, at the level of gravions.

The above issues (radiation catastrophe, duality, etc.) can be overcome by assuming that the distribu-
tion of photons varies from one region of the universe to the other and from within atoms and nuclei to
the surrounding regions (or �vacuum�) accordingly as to create the observed �elds in accordance with the
distribution of mean free paths. The stability of atoms is owed to the stability of the structure of their con-
stituents, which is the ultimate result of both rectilinear and curvilinear motion starting at the gravion level.
The seeds of this proposal can be found also in Section 25 and elsewhere in this report. While it was argued
there that circular motion could arise by way of chance, we can model to gravion in a way that promotes
circular (rotational and spin) motion spontaneously during gravion-gravion interactions (collisions). By such
means, we have inter-conversion and co-existence of the two kinds of motion from the ground level of the
gravion to all higher levels upwards of hyle organization. These and other issues will be addressed as we
develop the theory by stages. While the theory remains incomplete, there should be no reason to abandon
it. Below, we proceed with supporting arguments to be used as basis in subsequent modeling of the gravion.

The Second Law of Thermodynamics (SLoT) is counter-acted by the Fluctuation Theorem (FT) as
discussed in early Section 15.8. A closed system goes through a very large number of states, the majority of
which is randomness, but every now and then it achieves some degree of order de�ning structures. It may
take relatively very long time to alternate between disorder and order depending on the size of the system
and the internal speed of the units composing the system. Molecular gases is an example. Atmospheric
storms form out of the chaotic molecular movement every now and then. In a �nite system composed of
entities moving at the speed of light or close to it (like gravions), we may envisage the formation of structures
appearing with high frequency in our time scale. These structures are �uctuations undoing the randomizing
power of the SLoT. Thus, a given entity may be accruing gravions (or other particles), but every now and
then it may also be emitting larger structures so that there is a steady state equilibrium that stabilizes the
entity in existence. The �every now and then� can be extremely short times at atomic and fundamental
particle levels relative to human level. With this background in mind, we can proceed in modeling structures
without fear of violating some law of nature, provided that we can show a working organic synthesis of the
modeled parts of the universe. We continue to apply the trial-and-error method as the only way to deal with
a completely novel theory like PG.

The above �ow of alternating states between order/disorder may be favored by certain attributes of
the unit components of the system. For example, if the units have dipole-like characteristics of some kind
(mechanical, or whatever) as opposed to spherical characteristics, then formation of vortices and vortex
stripes can take place (Klaus et al., 2022). Su�ce it to quote the opening paragraph from that work: �Since
the �rst experiments on gaseous Bose�Einstein condensates (BECs), the observation of quantized vortices has
been considered the most fundamental and de�ning signature of the super�uid nature of such systems. Their
very existence sets a unifying concept encompassing a variety of quantum �uids from liquid helium (Donnelly,
1991) to the core of neutron stars (Pines & Alpar, 1985) and from superconductors (Gallemí et al., 2020)
to quantum �uids of light (Lagoudakis et al., 2008). Their classical counterparts have as well fascinated
scientists from di�erent epochs and �elds as vortices are found in many scales of physical systems, from
tornadoes in the atmosphere to ferrohydrodynamics�. We contend that the SLoT should not be presented for
an outright rejection of models in attempting to unify the �ows of hyle among and between various levels of
organization, starting from the smallest entities (sub-nuclear particles) to the largest (galaxies). We should
be free to theorize and trial various models until the models can explain all the observed systems. This is a
big task and should not be thwarted at the �rst di�culty, if the road-map set out by PG can be maintained
for su�cient time by su�cient sections of the scienti�c community.

30.1.1 Divisibility of the photon and the double slit experiment

Below is a compilation of thought-notes to reinforce and illustrate the above ideas without harm if some
overlap or repetition is allowed. They further outline the core ideas that could form a basis for subsequent
modeling of various entities.

Miscellaneous: Photons are organized in a particular way by some emitting source, e.g. by electrons
moving between orbitals in an atom. Similarly, they are emitted by nucleons and so on. By the same token,
they are also capable of being absorbed by a receiver atom (or entity). We can continue to interpret the
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known light phenomena (black body radiation, photoelectric e�ect, etc.) under our proposals. The pro-
posed divisibility of photons now introduced, allows more degrees of freedom that can interpret outstanding
phenomena like the dual nature of photons, the double slit experiment, various experiments with interferom-
eters and much more. Photons are creations by certain mechanisms in atoms, electrons and nuclear particles.
These mechanisms may be seen as �zipping� gravions together to make photons. This is a pending task of
modeling the known particles (as photon emitters) with structures that allow the emission and absorption
of photons. The electron orbitals and particle energy levels in atoms and nuclei can be imposed by some
kind of resonance between mfp (re �wavelength�) for any given size of particle. In short, we can say that
waves are nothing more than regular (periodic) spatial patterns of gravions. Under the apparent duality
of wave-particle, there is actually a manifestation of regularity in the density (wave) of gravions (particles)
embodied by a photon.

In other words, photons with the longest wavelength are the hitherto perceived by PG single gravions
with the longest mfp and statistically distributed in a long wave-like pattern; they can serve the postulates
set at the outset of PG and, hence, they can be responsible for gravitational �elds. Similarly, shorter and
shortest wavelengths are responsible for much stronger force �elds. All this means that what we referred
to as �gravion ray length� and possible g0 values in Section 29.4.4, should now be seen to correspond to
the di�erent values g01 (≡ g0), g02, g03 of the di�erent types of push particles theorized towards a general
quantum push �eld theory in Section 19 and elsewhere in this report. The universe is self organized by
entity-size in relation to corresponding mfp (re �wavelength�) in a photon gas.

Let us examine the consequences of the above ideas with regard to prevailing theory and established
experiments. It is customary to consider the photon as a wave-packet constructed by interference of waves in
a certain wave-number range k −∆k < k < k + ∆k (momentum space) corresponding to a frequency range
f−∆f < f < f+∆f along the propagation line in the range x−∆x < x < x+∆x (position space) governed
by the uncertainty principle of ∆p∆x ≥ h/4π. Let's replace the notion of the mathematical wave packet
made by superposition of waves in a range of frequencies with an equivalent packet of coexistence of real
particles (gravions) with corresponding apparent mfp (wavelengths). We replace the mathematical quantum
wavepacket with a structured photon made out of real fundamental quanta, the gravions. In other words, the
phrase that a wave-packet is a group of frequencies is consistent with a reality that a particle (like a photon)
is a group of other particles (gravions) coexisting over a region of space-time. When the group strikes an
object, it �collapses� producing all the experimental observations on record. We now think that photons are
emitted �ready made� formations by an electron prior to the photon's emission and propagation. We need
not think in terms of a mathematical interference of waves of an in�nite length along the propagation line,
but better to think as an organization of real entities (gravions) �rst organized and then exited as soon as
the conditions are correct among the various statistical �uctuations inside the electron. The photons exhibit
their presence only in a particular organization of gravions, otherwise the gravions would not be detected as
light (if they existed free and randomly at the given mfp, or like neutrinos). For example, neutrinos are just
another form of gravion groupings (photons) of various sizes that generally go undetected, either as particles
or waves on account of their very long �wave� lengths. Neutrinos are thought to be light particles with sizes
between single gravity-gravions and the longest wavelength detectable photons. These are not seen in black
body radiation experiments. Could they be deduced theoretically by extending (applying) the Planck law
at the appropriate temperatures? We proposed doing the same for gravitational gravions above.

Our description of photons may explain interference phenomena requiring the wave nature of photons.
Given now that the photon is concurrently composed of individual real quanta (gravions), half (or part) of
them can pass through each the double slits and recombine behind the slits on the receiving interference
screen. They may not recombine exactly to form the same photon but they yield the same observed e�ect like
the original photon becoming split and then regenerating at the screen, This may be achieved via mechanisms
at the surface of the slit edges acting like a mechanical analog of the Huygen's principle in wave propagation
(that every point on the current wavefront acts as a source of secondary spherical waves). The experimental
observation now seems logical if the photon is no more an indivisible quantum, but an agglomeration of
a huge number of other indivisible particles. There is no paradox any more, since the photon is naturally
divisible consisting of, say, 1015 true quanta in a corresponding frequency photon. This large number of
quanta lend themselves to be organized to what we call a photon and with such an organization capable of
explaining all observations. We defer a determination of the exact structure of photons, but we may initially
theorize it to be a multi-stranded helix, or some form of a vortex. �Wavepackets� composed of discrete
sine-waves in a narrow range of frequencies need not �annihilate� themselves by interference everywhere
along the propagation line except in the region of the packet itself, as is generally believed. All the required
corresponding real components may spiral around each other in a particular way over the group length during
propagation but �collapse� upon arrival at a particular material surface with the appearance of wave patterns.
The �length� of the traveling packet needs to be small enough to explain the �instantaneous� emission of
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photo-electrons. Actually, �instantaneous� in reality is a �nite time interval, say, <10−9 s corresponding
to a distance of s = 10−9cph ≈ 0.3 m, over which its structure is �woven� from strands of gravions in a
corresponding range of frequencies (= rates of transmission). If a photon at ν = 1015 Hz is made by a
single strand (train) of gravions, it would need an interaction time of 1 second, so that if its interaction
time is actually much shorter, like 10−9 s , we should have 10−9/10−15 = 106 parallel strands of gravions to
explain the interaction time, or the strands woven in a helical con�guration taking even shorter time to eject
a photoelectron. In this scheme, we view the gravions a �sprays of bullets� shot out from a multiple-barrel
machine gun (metaphorically speaking). They all hit the target electron cooperatively. A single strand
capable of �lift-o�� would take a long time to free the target photoelectron, while one million �sprays of
gravions� acting in unison (parallel) would free the photoelectron correspondingly faster. Rocket science can
provide the quantitative relationships needed between rates of parallel gravions for an electron to overcome
potential energy between orbitals. In conclusion, we can replace the wave-packet notion of QM with an
actual gravion-group in making up a photon.

The interaction time used above implies that the photon exhibits a length during its collision with a
photoelectron. Xu (2021) has reported on the �the size and shape� of a single photon as being a property of
a photon shown in its collision with a charged particle. This approach is consistent with our proposals, while
the workings of that report may be a more general consideration without the speci�c notion of �splitting�
the photon, as we do here. Furthermore, Aidelsburger et al. (2010) have reported on ultra-fast interaction
times by single-electron emission. They studied ultra-fast di�raction of photons to generate electron pulses
shorter than 100 fs. This means that we should replace the 10−9 s factor with at least 10−13 s resulting in a
much shorter photon length with a much greater number of �parallel� gravion sprays pointing towards rather
a vortex type of formation than a long multi-stranded helix. Pertinent to all this is also the two-photon
photoelectric e�ect reported by Richard (1962). Although the two-photon electron extraction is rare, it
shows that if photons cooperate simultaneously, they can produce a photoelectron (PE), which then shows
that it is not the frequency alone that is a necessary condition, but the combined cooperative total power
and energy that is critical. If 3 or 4 photons could cooperate with a total energy not less than that required
to extract the electron, we should have a PE liberated, except that such an event is statistically extremely
rare to take place and be observed. We may consider the electron struck by several bullet sprays belonging
to independent photons �red and received in parallel, but this does not happen in practice to produce a
measurable e�ect. It is only the single photon that can supply parallel gravion sprays with the required
energy and frequency that is capable of yielding a PE. By proper experimental measurements, we may be
able to measure the exact interaction times and determine the number of �parallel� gravions as means towards
deciphering the photon structure.

As said above, the divisibility of a photon can better (perhaps completely) explain light interference by
the particle nature of photon with a wave appearance being only a distribution of its constituent gravions
along the propagation line. An interferometer using the splitting of a laser beam via mirrors, and �lters to
reduce the intensity of the beam, produces results that need not be a paradox. A regular intensity laser
demonstrates the usual electromagnetic intensity (amplitude) that can be reduced down to a single photon.
Interference patterns are still observed with single photons, even if the di�erence of the travel length of
the split beam is very high (say 1 m). This can be now explained by assuming that even a single photon
is splittable to two components that can recombine and interfere to produce the observed experimental
outcomes. If this is possible and true for a photon, then it should also be possible for an electron displaying
wave characteristics. After all, an electron is a higher organization of gravions where a superposition of
splitability applies. If this is possible for an electron, it should also be possible for a nucleon, as well as for
a nucleus. By the same token, it should be possible for molecules too. This means that all these particles
could be split and pass through a double slit by sequentially decomposing and re-emerging at the other side
as waves of its components. It is not known to this author how exactly the latter experiments are performed
and if atoms and molecules re-emerge whole on the other side, or only the individual particles-constituents
form wave-like patterns. We present all this as a logical consequence of the push particle principles that we
have embraced, even if this hypothesis might seem far fetched and extraordinary, away from the established
conceptions about photons and particles. The jury should wait for judgment and allow the proposed method
to conclude all necessary investigations.

The above proposed scheme (or guide) for structuring the photon in subsequent PG theory can be sub-
jected to the test and re�nement in explaining the hitherto experimental data by various scienti�c disciplines.
For example, the �strands� of gravions that compose a photon can vary in frequency (gravion rate) within a
particular range of frequencies as to explain the �nite width of spectral lines. By numerous other observa-
tions, we hope to be able to apply �reverse engineering� to determine the structure of photons. Likewise, in
fact concurrently, we should be able to determine the structure of electrons and all other known particles in
physics.
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The Standard Model having multiple elementary (fundamental) particles seems unlikely to be correct.
Deconstructing this model and replacing it with another one based on a single invariant unit, like the gravion,
seems more appealing. For example, it is plausible that we can replace gluons, pions and mesons of all kinds
with push particles of the appropriate kind to obtain traction. We should be able to rebuild an alternative
PG Model with a single gravion (fundamental) particle. Gravions can maintain the integrity of electrons,
protons and neutrons and many of the other particles of the Standard model as their nature requires. There
is a photon structure function in QFT, which may be re-considered in conjunction with above proposals
leading to a synthesis of a better understanding of the photon. The QFT function is de�ned by the process
e + γ � e + hadrons, which may be integrated with above analysis and check if all these characteristics are
borne out by experiment.

Not least, we should mention that in Table 30 we summarized the various types of mass and speeds in
PG theory, while we have just initiated a PG particle theory in Section 26. For a photon, if we initially
assume that its �composite� speed υphc is equal to its actual speed υphc = cph, then all its mass is kinetic mκ

with zero real and e�ective mass at rest; the latter would be consistent with relativity. However, we need not
maintain such a consistency, if PG extends beyond the realm of relativity. It may be that the overwhelming
mass of a photon is a composite mass mc containing a composite e�ective mass mec plus a composite black
mass mb, starting with �tiny� rest real-mass containing �tiny� rest e�ective and black components of mass.
The composite e�ective mass (of a moving photon) mec contains kinetic and starting e�ective components
of mass. All in all, a photon (per PG) has a composite speed υphc, an actual speed cph and a composite mass
mc. It should be noted that black mass has no classical inertia (to an external of a given body force) and
can travel/accelerate without resistance to/at any speed. Black mass is part of the real mass needed to act
as substrate for the activated (e�ective) mass being created by absorbed gravions at the MAC/MEC level.
In other words, a photon has structure with at least one or more MAC/MEC sub-units. Our PG mass (mec)
need not be (or attached to) either a relativistic mass, or a rest mass. It can be thought of as a de�nition of
a general e�ective mass that can be reduced to a �rest� and/or �relativistic� mass under certain assumptions.
Should we do that, then the adherence to relativity is not breached by re-writing the relativistic equation as

Eph = mecc
2
ph

In other words, relativity is a subset of (or contained by) PG, whilst assigning a mass to photons (mec) is
an entitlement by PG theory.

The Ehrenfest theorem might help explain or bridge QM probability distributions with actual distribu-
tions of a deconstructed photon to gravions. It might turn out that QM is a macroscopic description of a
much �ner world governed by its own rules of gravion interactions. Often in modern physics, mathematics
describe one type of macroscopic metaphor (particles) and also can describe another macroscopic metaphor
(visible waves), but di�cult to be properly imagined by humans so far. We hope that our scheme of a
photon-gravion relationship can demystify those di�cult to understand experiments. We have presented
plausible arguments that point us to a particular direction. Experiments, old and new, may verify or not
the proposed ideas. We need to go beyond existing theories with new general postulates to arrive at a new
general theory.

The photon is a convoluted sequence of gravion quanta created and emitted by some particle (electron,
nucleon). At this point, we propose that the gravions inside the photon may interact (or not) among
themselves with a mean free path equal to the observed wavelength of the photon. If the inter-gravion
distance is not statistically variable with an average value, then a �xed free path (distance) should be
explained with appropriate modeling of the photon.

In conclusion, the photon is not a physically indivisible quantum particle. �Splitting the photon� is now
a realistic option to use and apply, like �splitting the electron� was previously proposed. It is the Planck
constant that belongs to a true quantum unit, namely, the gravion. Max Planck's monumental work was
not brought to its logical conclusion and has not been applied to its full potential by all hitherto theories.

We have re-appraised the nature of photons in a way that continues to explain various experimental
e�ects like the Compton and photoelectric e�ects. We next attempt to model the gravion in a way that
could help in the building of particles including photons.

Literature survey on photon divisibility: We did not resort to �nding prior experiments or prior
theoretical works in support of our proposed divisibility of the photon, because we could initially arrived at
it independently. Nevertheless, this is now brie�y undertaken below. While PG �eld theory is not contingent
upon direct experimental (physical) photon division, the latter would provide prima facie support, if shown
possible. It seems that we need to reappraise all possible factors contributing to the observed interference
experiments. Thus, it seems that only (relatively) lately the question �Do we count indivisible photons or
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discrete quantum events experienced by detectors? � has been rightly asked by Roychoudhuri & Tirfessa
(2006). We have also queried what exactly comes out and behind the double slits in the context of wave
interference observed with electrons, atoms and molecules. Those authors state the inability of highly
successful quantum formalism to provide �the microscopic picture of the processes undergoing during QM
interactions; that is left to human imaginations allowing for sustained controversies and misinterpretations�,
while they underscore �the paradoxes that arise with the assumption that photons are indivisible elementary
particles based on the obvious but generally ignored fact that EM �elds do not operate on (interfere with)
each other.� They also �suggest experiments to validate that the amplitude of a photon wave packet can be
split and combined by classical optical components using the speci�c example of an N-slit grating�. Thus, the
divisibility proposed refers to classical (continuous) waves, which, however, supports our proposal, provided
that the �wave� be exchanged with our mean free path notion of gravions. After all, it seems that �Planck
never accepted that the photons themselves, containing quantized energy at emission, were indivisible packets
as they propagate out�.

It is relevant to also consider a claim by Panarella (2005) that no single photons have been detected,
while he has proposed a �photon clump� theory to explain his observation. It is inside this clump that �the
individual photons are arranged in a geometrical wave pattern, much like a wave distribution. In this sense,
therefore, the photon clump is both a particle and a wave and the model thus reconciles two concepts which
are normally a source of some debate, namely the Dirac's notion that a photon interferes only with itself,
and the pilot wave concept of de Broglie. In fact, as far as the interference of a single photon with itself is
concerned, such statement can now be reinterpreted as meaning that a photon clump contains all the elements
of interference in itself, namely maxima and minima, because in the clump there are maxima and minima
of photon number density distribution. As far as the pilot wave of de Broglie is concerned, its reality and its
real meaning are readily retrieved from this model. It is, in fact, the interaction among photons responsible
for guiding them on a wave distribution within a clump. Rather than being separate entities, the particles
and their wave geometrical distribution are coexisting and inseparable properties of what should now be said
an element or an �atom� of light� (quotation from Panarella (1987)).

In e�ect, we have proposed an analogous description of the photon like Panarella does for the photon
�clump� or �atom of light�. We are proposing that photons being divisible, are di�ractively (by Huygens
principle) spreading �classical� wave packets from the edges of the slits, immediately after which they come
together and interfere in discrete directions; by blocking one of the two slits, we simply prevent the interfer-
ence, and so there is no paradox any more.

The �atom� of light may correspond to the 3+1 scheme we proposed previously. The photons being push-
particles in the electric �eld, may then require 3+1 photons to register an elementary electric force unit, like
the corresponding single gravion in the gravitational �eld. In that case, Panarella's light atom is an arti�cial
one, while the single photon is by itself an �atom� of light, a push particle with an as yet structure to be
speci�ed. Our generalized �eld theory (See Section 30.5) seems to be consistent with a tweaked Panarella's
account for photons. Furthermore, Dirac's notion that a photon interferes only with itself is contained in
(consistent with) our proposal that a photon consists of gravions that can interfere with themselves by being
parts of the same photon.

Considerations reported by Grangier et al. (1986) should not a�ect our proposed photon divisibility, while
we support a continued exploration along the lines by Prasad & Roychoudhuri (2009).

Liu (2010) and Liu (2011) have reported a direct experimental observation of the divisibility with a
modi�ed double slit experiment. However, it seems that little or no attention Liu's work has received to date,
even a negative or critical response on the validity or not of that work. It may be that it is not considered a
properly reviewed paper and that the English text needed a better presentation. Nevertheless, it potentially
contains important experimental �ndings for consideration. The interpretations of the experiment calling
for direct challenge of existing theories might also contribute to apparent lack of due interest. However, a
modi�ed double slit experiment of light is presented with a spatial shape �lter to manipulate the shape of
cross section of the laser beam used. The laser light is directed to pass through only one or two slits, so the
�which-way information� is predetermined before the photons pass through the slits.

The Principle of Complementarity is tested and the relationship of Englert�Greenberger duality veri�ed
(per Liu). It seems that the experiment shows that each photon passes both slits. In that case, the photon
is divisible. Liu proposes that the photon has a �bright spot� and �extended part (EP)� around the spot.
The bright spot is the observable part, while the EP part has been unknown before. �The interaction of
EP governs the motion of the bright spot in free space. Without the EP from the other slit, the interference
pattern was changed to di�raction pattern magically� according to Liu. We need more of this type of sustained
experimental e�ort, if we desire genuine progress even in opposition to established theories of the photon.

The probability wave of QM is just an abstract way of looking at what is actually happening in reality
underneath the apparent wave. The photons appear to determine in which direction (trajectory) to go
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immediately after they leave the double slits as soon as the interference condition is met for the �rst time. In
other words, we should seek proof that photons exist before they interfere in the dark fringes of the spectrum
on the screen, otherwise could these regions have been determined shortly behind the double slits? Again,
how do we get canceling of waves in the dark fringes? The pilot wave theory (de Broglie � Bohm theory)
may better apply in explaining Liu's experiment. The �EP part� may correspond to the pilot wave that
contains the �bright spot�.

30.2 Gravion modeling

Note: The below presentation raises several issues, which will be addressed in subsequent versions of the
report in Section 31 under development.

���������
We present some mechanical models of the gravion in a way to help us conceptualize an entity that initially

transcends common experience. This necessitates the introduction of imaginary elements to construct what
at �rst appears to be �ctional, even in a naive manner. However, this is done with an aim to sequentially
(iteratively) �nally synthesize the entity of the gravion and its nature, and then its interaction with other
gravions. The endeavor is evolving.

We start our inquiry by using some imaginary materials together with conventional (classical mechanics)
concepts about distance, time, velocity, mass and momentum and, initially, without regard to some �ndings
in our preceding theory, to which we will return later. We create a mechanical model as depicted in Fig.
76. It consists of two identical spheres with classical mass mg each (i.e. without regards to the concepts of
�e�ective�, �real� and �black� mass ushered by PG), one moving (in red) and one stationary (in black). They
are made with totally elastic materials (arbitrary property), so that they exchange energy and momentum
by classical considerations, when they collide. The spheres are constrained to slide along a frictionless rod
(in yellow) piercing diametrically both spheres. The rod has stoppers at its ends to prevent the spheres from
moving more than a distance sg apart. Furthermore, the rod hypothetically exhibits no classical inertia, i.e.
by being massless (also arbitrary property).

Having set the initial condition as above, we can follow what happens subsequently: The red sphere
moves for a internal distance sg in time tg/2, i.e. with internal velocity vg = 2sg/tg during steps 1 and 2,
after which it collides with and pushes the stationary sphere by exchanging momentum pg = mgvg (and
velocities) as indicated by the exchange of red and black colors in step 3. After that, the now second moving
sphere travels again for an equal distance sg and time tg/2 (in step 4), after which the constraining yellow rod
pulls the lagging behind stationary sphere again exchanging velocities (step 5). The latter action completes
a cycle of spheres movement restoring the system to its starting con�guration, so that the cycle can repeat
itself again inde�nitely. This is a composite system with one of its halves moving while the other half being
stationary. It is a push-pull system undergoing contraction between steps 1-3 and expansion between steps
3-5. The system advances with an overall (integrated) velocity cg = sg/tg, but with a kind of a jerky stop-go
motion observed from an outside reference system. Observed from inside in a reference system moving (a)
with one or the other sphere at velocity vg or 0, the observer sees the other sphere approaching, colliding
and departing repeatedly with abrupt (discontinuous) reversal of direction of velocity of the other sphere
and (b) with the average two-sphere system velocity cg = vg/2, the observer sees both spheres approaching
each other, colliding and departing from each other simultaneously repeating the same pattern and position
inde�nitely. It would be unlike an ordinary (spring) oscillator with �smooth� displacement and reversal under
some continuously variable force.

We have not de�ned the radius of the spheres, which clearly determine the magnitude of expansion/contraction
via the length sg. Should these magnitudes be needed to allow the model to yield certain outcomes compat-
ible with experience, they are left open to work out accordingly.

Now, we recognize that ordinary experience presents no materials with exactly 100% elastic collisions and
nowhere with a massless rod, so that the described model is admittedly imaginary. Moreover, the classical
idea of mass has been found to be an emergent quantity described by Eq. 424. E�ective mass is generated
by the absorption of gravions, so that the two massive spheres inside our gravion model make so sense, if it is
the gravion that creates mass. If we were to follow a similar (PG) generation of mass for those two spheres,
we would require yet some other type of �push� particle at a smaller scale and repeat the same process for
mass creation. However, the latter requirement would only shift the problem to yet a lower (deeper) level
of the universe and so on ad in�nitum. The same applies to the classical concept of energy. Therefore,
our �trespass� on considering a �massless� rod and �totally elastic� material spheres by classical standards is
already �forbidden� by our push gravity theory by way of inconsistency. These di�culties would have been
compounded if we had used a conventional elastic spring in lieu of a sti� rod as is shown in Fig. 77(a),
because that would imply a variable potential energy in the spring, for which we have no explanation either
at this lowest level of the universe. A gravitational potential is generated by gravions around planets (and
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Figure 76: Gravion model principle: Elastically colliding spheres, moving (red) with stationary (black) by
sliding along a frictionless/inertia-less rod with end stoppers (yellow) in steps 1 to 5.
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Figure 77: Gravion model - conceptualizations: Spheres with strings and caterpillar
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particles) because of absorption of gravions from a given density �ux of gravions around the given body, i.e.
�potential� is an after e�ect of PG and not a preexisting attribute of the push particle itself. If that potential
is inherent in the gravion and in the spring, that would require again a lower level of push particles and
so on. Then (there), fractions of energy smaller than the total energy of the gravion would be exchanged
between the spring and the spheres. The latter requirement would be inconsistent with our hitherto PG
theory, whereby energy is composed by the (discrete) absorption of gravions without resorting to a lesser
entity within the gravion itself, unless we wish to shift the problem to deeper levels of the universe, again.
In other words, the arbitrary mechanical model lays bare the cyclical problems inherent in our conventional
concepts of mass and energy, potential and kinetic energy. No less, it exposes the problems we have with
length and time, which we may take for granted (classically) but are presumably sorted out by the general
theory of relativity (GR). We have now come to a critical point to say or do something about it with our PG
theory too. As with the Standard Model (SM) and GR arriving to certain concepts with some of them being
beyond ordinary experience, beyond �human� conceptions and capabilities, so with PG, we may demand the
acceptance of the gravions behaving in a similar way to the way our imaginary model does. We demand that
we disregard the presented internal details of it, but accept its overall external appearance and behavior,
namely, as an entity existing and propagating with a momentum property continuously but discontinuously,
or continuously discontinuously, as one (initial) attribute of the gravions. As another (second) attribute, we
will consider what happens when two gravions interact. Before we undertake the latter step of interactions,
let us reinforce the attempted description with some similar variants of the model.

Equivalent models can be constructed in di�erent ways. For example, the rod and the second sphere
can be replaced with a sheath having a mass equal to the mass of the �rst sphere, which is enclosed by
the sheath as is shown in Fig. 77(b). The initial condition starts with a stationary sheath and the sphere
moving again with internal velocity vg = 2sg/tg, where sg traveled before it collides with sheath in time tg/2.
Subsequently, the sheath travels the same distance in the same time until it pushes the stationed sphere,
in order to start a new cycle of motion that continues inde�nitely. This is a more realistic model that can
be done provided we can eliminate friction between sphere and sheath. It could be realized and tested to
a good extend in a space station. It will appear moving intermittently, like the previous push-pull system
with a discontinuous-continuous motion along a straight line.

The above gravion models (in principle) could be even more crudely but lively be likened with the motion
of a type of a caterpillar moving on a tree branch as shown in Fig. 77(c), or a jelly �sh in water. However,
these living examples require a medium, like a branch and water, to move along. The purpose of the
caterpillar (or jelly-�sh) is only to show that we require our gravion model to constitute one and indivisible
unity as seen from an outside reference system. Like a caterpillar is an indivisible entity with a seemingly
(roughly) discontinuous-continuous motion, we assign such an attribute to our principal gravion model but
without an external medium as an initial attempt. Our aim is �rst to investigate what we may do with
such an entity towards building higher levels of organization. Should that possibility be established with
consistency for higher structures of hyle, we may return to investigate the inside nature of our model once
more at a future stage. Since both the caterpillar and jelly-�sh require an external medium to move along,
we may require a QFT �eld for this purpose, the excitation of which is the caterpillar or jelly �sh. However,
we can bear this notion in mind and retract to it if only we have to resort to it later. Our representation is
only to stress that a gravion is an organism behaving as it does for all external reference systems, without
having to inquire about its internal workings at this stage.

30.2.1 Planck units in PG

The above is a general description of the gravion model without commitment to actual values of sg, tg
and pg along with accompanying components of mg, Eg and vg. Per preceding Section, we can start by
setting sg = `P , tg = tP (Planck units) and pg = puph along with accompanying components of mg = muph,
Eg = Euph, cg = cph and vg = 2cph.

We should note that the internal energy is equal to the external energy in the presented models. That
is, if we may consider the model to be similar to a diatomic molecule with two degrees of freedom having
an internal vibration and an external translation, then the equipartition of energy theorem already holds
intrinsically for this system. There remains to see what happens to the rotational movement, if present, in
a gas consisting of interacting gravions.

It will be useful to spell out the Planck units especially the ones to be used here: In the following
analysis. it will be helpful to deal with Planck units. as they allow us to easily see and compare the relative
magnitudes of the various parameters we examine. We do this by tweaking around various established
designations (symbols) along with our already used symbols, in an e�ort to establish consistency and avoid
confusion in subsequent derivations and analysis. If we alternate between various symbols, we can resort
back to this summary for con�rmation of what we mean. We designate the known Planck length to de�ne
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property symbol PG units symbol SI equivalent units

Planck length `P= `g 1 P` 1.616255Ö10=35 m
Planck time tP= tg 1 Pt 5.391247Ö10=44 s
Planck mass mP= muph = mg 1 Pm 7.372497× 10−51 kg
Planck velocity cP = c = cph 1 Pc 299792458 m/s

Planck momentum pP= mP c = mgc 1 PP 2.210219× 10−42 kg m/s
Planck energy EP= Eg = h · 1Hz 1 PE 6.62607015Ö10=34 J
Planck force FP= EP /`P = Eg/`g 1 PF 40.996438 N

Planck acceleration aP= c/tP = c/tg 1 Pa 5.5607Ö1051 m/s2

other 1 P

Table 39: Adopted Planck units for PG

the Planck unit of length as 1 P` ≡ 1 `P . For example, we write for a length x that it is x = 5 P` to
mean �ve Planck units, which converted to SI units is x = 5 × 1.616255Ö10=35 = 8.081275Ö10=35 m.
Similarly, the unit of time is written as 1 Pt ≡ 1 tP = 5.391247Ö10=44 s. Hence the unit of velocity is

1 Pc = 1
P`
Pt

= cg ≡ c = cph and of momentum is written as 1 Pp, from which we obtain the derived units

of mass as 1 Pm = 1
Pp

P`/Pt
≡ mP = mg = muph. We think that momentum is a fundamental quantity, in

which space, time and mass are incorporated and coexist, i.e. a gravion does not exist without exhibiting
any one of these properties. Mass is only a mode of existence of the gravion and of hyle (matter). Space
and time are components of spacetime in relativity, to which we add mass as to compose hyle.

Our Planck units are summarized in Table 39. The units in bold face are di�erent from those provided
(established) by Wikipedia contributors (2024d).

30.3 Gravion-gravion interaction

A single gravion described by Figs. 76 and 77 �moves in space� on a �straight line� as seen by an external
�stationary� observer, and shown in Fig. 78(a) . We have placed words in quotes to indicate that we apply
our preconceptions about the meaning of those words. One may rightly argue that all those words are
arbitrary and meaningless in a universe composed by a single gravion. This is overcome by proceeding to
enrich the universe with multitudes of such gravions while allowing them to interact with each other. The
concept of interaction between separate entities is taken from every day experience, whereby we distinguish
the pre-interaction and post-interaction state of a pair of gravions.

With reference to the given model, we are faced with various choices about the process of interaction and
the �rules� that may govern this process. One case is that the moving sphere of one gravion �collides� with the
stationary sphere of the other gravion. Another case is that the moving spheres from both gravions �collide�.
In both cases and by strictly classical mechanics, momentum and energy transfer between individual spheres
(components of gravion) would result in the modi�cation of the momentum and energy of each gravion
separately, while conserving the total energy and momentum in the system of the two interacting gravions.
Furthermore, any of those collisions would generally result in a rotation of each gravion. They would generally
result in a chaotic movement of tumbling and rotating and �oscillating� gravions similar to a diatomic gas
in classical statistical mechanics. However, such an outcome would ruin our presumed invariability and
stability of the modeled individual gravions. For this reason, we purposefully stipulate that the interaction
obeys some rule that preserves the invariability of the modeled gravion. This means that the energy and
linear momentum along with their internal structure are preserved. This leaves only the possibility of change
of orientation of the two colliding mechanical dipoles relative to each other. The otherwise chaotic post-
interaction movements will now be restricted only to circular paths for each gravion after collision. The
simultaneous tumbling superimposed with push-pull gravion motion will be converted to a circular path of
equal radii and opposite sense of rotation. They both move along the circumference of equal circles. An
internal observer would not notice any di�erence before and after �collision�, while an external observer
would notice only a movement along the circumference of circles with the gravion axes always tangential to
the circumference. The pre-interaction linear paths as depicted in Fig. 78(a) are transformed to circular
paths (c) after interaction (b). This rule generally holds for all subsequent interactions. except for �head-on�
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Figure 78: Gravion-gravion interaction: (a) linear path, (b) gravion collision with angle ϕ and (c) resulting
circular paths in opposite directions.
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Figure 79: Gravion circular path radius r vs. collision angle ϕ

Figure 80: Gravion number/radius distribution in arbitrary units post collision over collision angle: An
arbitrary gravion distribution for discussion purposes to be adjusted as needed.
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collisions resulting in linear post-collision paths. All linear paths are, of course, limiting curvilinear paths
with very large radius (or very small curvature). This collision behavior is yet incomplete to be worked out
by further details that will �nally endow the gravion-gravion interaction �rule�.

We can describe the gravion interaction rule by surmising some quantitative relationship between the
radius of the ensuing circular path and the collision angle ϕ as depicted in Fig. 79. For any given collision
path angle, there is a component of momentum (pii) along the bisector of the angle and a component (pi)
normal to it. The gravions exchange these components of momenta leading to a radius commensurate to
(a function of) the longitudinal component with a curvature commensurate to (a function of) the lateral
component. Thus, near-head-on and near-tail-on gravion collisions lead to high radius circular paths in
opposite directions for each case. Collisions at (close to) right angles lead to the highest curvature and
smallest radius. The smallest radius is taken to be 1/2 P`, whilst we have chosen an arbitrary maximum of
radius in the range up to 50 orders of magnitude on a logarithmic scale. The gravion statistics determines
the distribution of mean free paths and radii (or curvatures) at corresponding densities of hyle throughout
the universe.

We may paraphrase the above description of gravion interaction only to consolidate the concept of the
proposed rule: The gravions behave internally always the same, namely, they continue moving along the line
of their connecting rod simultaneously as the said rod rotates around along the circumference of a circle. The
latter compels us to think that we do not need to (or should not yet) investigate the internal details �during�
the gravion-gravion interaction, except to impose the said rule that preserves the integrity of each gravion
after each interaction. Each gravion is invariant for an internal observer who is oblivious about its external
trajectory. Trajectory is perceived only by an external observer who notices generally circular paths. In
other words, each gravion follows the push-pull pattern except not on a straight line any more but on the
circumference of a circle de�ning equal length chords on the said circumference. By prejudice and symmetry,
we make the rule to say that the two gravions move on circles of equal radius and opposite direction of
rotation, after the interaction. By such means, we do not violate classical conservation of momentum for
the whole of each gravion (as an integral entity) in readiness to build higher level of organization and in
consistency with human observations.

The above rule may be endowed with further attributes to obtain consistency with anticipated quantum
mechanics. The gravion itself is a sub-quantum-mechanical entity de�ning a quantized path. We may then
impose the condition that the length of the circumference of a circular path be an integral multiple of the
gravion arc length subtended by the length of the gravion (as arc chord). If we take the length of the gravion
to be `P , then the smallest circumference would be π`P with the gravion �ipping back and forth along the
diameter of the circle, or spinning by discrete π radians. The next �allowed� circular path contains 3 gravion
chords with a quantized rotational angle of 2π/3 radians, the next with an angle of π/2 radians and so on.
In general, the rotational angle may be quantized. At the same time, with �xed linear speed, a gravion
completes a rotation with faster time at smaller radius, reaching extraordinary angular velocities (oscillation
like motion) at unitary diameter (1 P`). The provision of such or other details to the interaction rule is
discussed now provisionally subject to the needs of later building of higher hyle structures. Accordingly,
we may endow additional �sub-rules� whereby the function (relation) of radius may depend not only on the
collision angle ϕ but also on the relative position of the impact point along the length of each gravion, all
this pending an investigation of the outcomes starting with the simplest of rules; the impact point is shown
at x distance in Fig. 78(a) and being x1 and x2 during collision of gravion-1 and gravion-2, but we may not
need to know this detail (actual or not) until and unless it is required for building known particles.

It would be interesting to set up a computer simulation of gravion interactions based on the above set
of rules to �nd out the statistical outcomes in a gravion gas, like formation and dissolution of patterns of
gravion concentrations. In particular, the scheme in Fig. 77(b) is amenable to computer simulation, as it
might be also to an experimental investigation in a space station.

The main thrust of the gravion-gravion interaction is that circular paths are spontaneously created
without the need of a centripetal force being present. There is no force �eld present at the gravion level.
Motion and patterns of motion in a large population of gravions are determined by the inherent properties
of the gravions themselves. If we can achieve circular motion this way, we have made a big leap towards
building all higher forms of hyle, which is then the subsequent task of PG.

The formation of circular paths is accompanied by a rotation of the gravion around a midpoint of the
dipole vector of the gravion. This represents a certain amount of energy, which must be provided from
somewhere. If the energy of the gravion is invariant, then no energy can be converted to rotational energy,
and circular motion would be impossible. This issue is addressed next.

First, we deal with the energy of the rotational motion of the gravion with a relatively large radius r in
Planck units. Applying classical mechanics, the energy of rotation Erot is
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Erot = mgω
2r2 = mgc

2 = Eg = 1 PE

The angular velocity ω is equal to the angular velocity of the gravion rotating (spinning) around its length
mid-point with radius `p/2 (=1/2 P`) with a spinning energy Espin given by

Espin = mgω
2 (`p/2)

2

The ratio of the two energies is

Espin
Erot

=
`2P
4r2

If the rotation radius r is of the order of known particle sizes, such as neutrons, a numerical outcome
of the above ratio yields extraordinary values. We can see this with some numerical examples. Let's take
the neutron radius of 8Ö10−16 m to be the radius r of the rotation circle of the gravion. In Planck units,
this is r = 8Ö10−16/1.616255Ö10=35 = 4.9497Ö1019 P`, which gives for the above energy ratio a value of
1.02Ö10−40, which is an exceedingly small fraction of the unitary gravion energy.

According to a tentative electron radius value of×10−23 m (see Section 21.1.2), it becomes r = 10−23/(1.616255Ö10=35) =
6.187142× 1011 P` (Planck units). The above ratio of energies for this electron radius becomes 6.53Ö10−25,
which is still an extremely low value. There is a lot of range left to reduce the rotation radius for other par-
ticles (entities), say, down to r ∼ Ö102 P` yielding an energy ratio of ∼ 0.25Ö10−4. For example, structures
like MAC/MEC can be that small and still have a negligible amount of spin energy for possible circulating
gravions in these structures.

The question remains about how to account for the gravion spin energy, if the gravion cannot share its
own energy (being invariant). For the greatest range of possible rotational radii, we might resign with the
�fact� that the extremely low fraction of energy required can be allowed for the largest range of collision
angles corresponding to su�ciently large radii. In other words, the gravion-gravion interaction results in a
very slight nudging of the gravion vector starting to rotate at an extremely low rate thus forcing the gravion
to continue its near �translational� motion around the circumference of a relatively large circle.

Nevertheless, the above leaves a remaining small range of the shortest radii not allowed for the proposed
rotation at all. The alternative option for this is to allow conversion of all the translational energy to local spin
energy, so that both gravions oscillate-and-spin only, without translation. This amounts to only two degrees
of freedom between spin and rotation with equal energy each. Prior to collision we had also two degrees
of freedom, namely, translation and �oscillation� with equal energy each. In other words, at near normal
collisions, both gravions spin around the mid-point of their vector, actually �ipping back-and-forth between
0 and 180 degrees in a simultaneous �oscillation� and spin. In the �nal analysis, the gravion gas intrinsically
creates (or obeys) the equipartition theorem, but with only two degrees of freedom in two separate classes
(groups) of gravions: One class is characterized with curvilinear motion containing �oscillation� + translation
and the other class with rotational motion containing spin + oscillation superimposed; both classes are
characterized by an invariant gravion energy being equal to 1 PE .

To reconcile the above requirements, we may combine them in a special distribution law of the number
of gravions per degree of angle (or per rotation radius) at a given collision as qualitatively depicted by the
distribution graph in Fig. 80. This graph should be read in conjunction with the previous one in Fig. 79
establishing the corresponding number of gravions with a given radius, so that the distribution of gravions
over gravion radius is qualitatively represented by the same graph. For a relatively wide range from just
below 900 and from just above 900 collision angle, there should be only scarce occurrences of resulting radii,
if any, but with two maxima, namely, one far away from normal incidence angle and another close-and-
around 900. The relative intensities of the two maxima and the actual distribution graph is left for future
investigation in order to obtain consistency with existing experimental data. It may be that the occurrence
of spinning (�ipping back-and-forth) gravions by far outweighs the population of gravions with large radii,
i.e. contrary to the peaks shown in the graphical example. This is connected with the cosmological constant.
We discussed the cosmological constant by Eqs. 300 and 301 in Section 21.4, but we need a more developed
theory to proceed on this.

The total angular momentum before and after interaction is zero, meaning that the two gravions rotate
and spin in opposite directions.

Should the interaction rule described (qualitatively) by Figs. 79 and 80 be valid, we would have obtained
some fundamental ground for building all sorts of higher structures.
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30.3.1 Synthesis

We summarize the status of the attempt to model the gravion. We have used our macroscopic experience in
attributing various properties to the gravion. These properties are momentum, energy, distance, time, mass
and velocity. We lump them in four properties, namely, time rate of energy (W ), time rate of distance (c),
acceleration (g0) and mass (m) in our fundamental PG equation

W = 4cg0m

This equation is more fundamental (general) than E = mc2, as we have already presented. It applies in
an external reference frame on an assembly of interacting gravions. We have elaborated how force and
acceleration emerge from gravion absorption and gravion momentum transfer from the outset of PG. These
properties lose meaning from inside a single gravion. Externally, we perceive a concept of energy, which we
may identify with the number of gravions taking part in a particular external process. Likewise, velocity,
acceleration and mass are external attributes, all of which are inter-dependent via a common denominator,
namely, the gravion. Gravion is what it is. From what it is, we experience all its external behavior. This is
a philosophical issue to bear in mind, while we endeavor to use it successfully in building up the universe.
Our approach should be dialectic, a back-and-forth process.

Therefore, the qualitative graphs in Figs. 79 and 80 need not have a justi�cation based on the classical
mechanics of our experience. They can be both qualitatively and quantitatively what they have to be
in order to explain all higher level structures. In lieu of starting with a set of �fundamental� particles
(Standard Model), we propose to start with a single fundamental �particle� (entity) endowed with a set
of fundamental properties such that all other particles, bodies or entities are emergent but all having the
common denominator of the single fundamental particle. Only then we can explain, for example, the proton-
electron mass ratio, and so on.

Hence, all criticisms about our model are welcome on condition that better ideas can be o�ered to achieve
the above goal in the framework of PG.

30.4 Gravion absorption/desorption and hyle organization

The gravion-gravion interaction resulting in circular and spin motion is a critical qualitative advance for the
theory of PG. The circular trajectories and spin can be fundamental in the organization of the universe.
In Section 25, we needed the existence of circular motion to construct a model of the electron/positron
along with the minimum absorption and emission centers (MAC and MEC) long speculated from the outset
and throughout this work. The possibility of circular gravion motion was attributed to a rare but possible
chance event maintained by some continual tangential collision, whereas this is now based on a fundamental
property of gravions in a most frequent occurrence. The latter provides a more plausible hypothesis on which
to evolve our PG theory. Circular motion is now the rule when the said interaction occurs. This does not
negate our #1 principle of PG requiring the existence of su�ciently long mean free paths in the gravion-
gravion interactions. The existence of a fraction of gravions in the universe ful�lling this condition continues
to apply. This is not inconsistent with the simultaneous presence of relatively dense structures composed
of gravions organized by circular motion. In fact, this is needed for the long mean free path gravions to be
absorbed by some dense and stable structures distributed over and composing ordinary bodies acted upon
by gravitational forces, i.e by long mfp gravions.

Structures with circular motion are common throughout the universe. Apart from long scale circular
motion of planetary systems and galaxies, corresponding micro-structures have been widely reported. As
mentioned before, this is supported in the reports by Klaus et al. (2022), Donnelly (1991), Pines & Alpar
(1985), Gallemí et al. (2020) and Lagoudakis et al. (2008). These reports are consistent with our assumption
that gravions can also be organized to form the required structures in modeling the electron and positron.
Those structures require circular motion. We require some minimum organization of gravions to form the
basic (stable) MAC/MEC, which we have redrawn from Section 25 in Fig. 81. The absorbing-and-emitting
centers are presumably rotating-and-spinning structures (spherical or ellipsoid). Gravions uniformly imping-
ing from all directions on a MAC are absorbed by being re-ordered and entrained into the circular motions
of the system and gradually transferred from the outer layers towards the inner layers. As they approach the
axis of the rotating system, they may form helical toroidal vortices exiting the MEC from and near its poles.
Internal gravion collisions in a MAC would tend to randomize, while gravitational pressure might tend to
re-order the overall structure by pressing towards the axis. While the exact operating mechanism of internal
organization of a MAC/MEC remains unknown and any description is for now speculative or even naive, we
hope that similar mechanisms operating in the given reports provide a good basis for further thinking.
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Consideration of stable vortex structures self-forming from �dipolar� (vector) gravions frees us from the
requirement of the push principle to operate at the smallest scale of such structures, i.e. these structures to
be formed only by push particle action. Otherwise, that requirement would occur ad in�nitum leading to an
impasse in PG theory. Our gravion model might be su�cient by way of generating the primary (fundamental)
circular paths presumably necessary for building vortices and higher structures. Thus, we may assume that a
MAC/MEC is a minimal self-sustained structure (let's call it �particle�, too, for convenience) that occasionally
absorbs gravions on account of its relative size to the surrounding gravion density. The absorbed gravion
interacts with the structured internal gravions of the particle per assigned interaction rule, but it is overall
overcome and entrained by the particle via a combined pressure force and vortex stability mechanism. The
absorbed gravions reach a steady-state by simultaneously exiting in organized clusters from the polar regions
of the particle.

Now, it is important to note that the absorption of gravions by a rotating/spinning MAC constitutes a
purely elastic event as seen from within the MAC. It is only a gravion-gravion interaction within the MAC.
It is a re-orientation of a linear (or near linear) external motion to a short range circular internal motion
of a required curvature. An outside observer sees a pure absorption of gravions. The outside observer sees
also an emission of di�erent type of particles, much bulkier like the helical toroidal vortices emanating from
the poles (or thereby) of the MEC. The MAC operates simultaneously as MEC. The di�erentiation between
MAC and MEC as described by the model satis�es the requirements for gravity generation, as they are truly
absorbed from all directions transferring their momentum to the structure. The emission of other type of
particles does not outdo the gravity e�ect, as they only create the basis of another higher level force �eld,
namely, the envisaged (or other) electric �eld. Needles to say that there may be some continuous distribution
of the exiting particles from the poles towards the equator, which could result in a oblate spheroid shape of
the particle. These and other details and possibilities are left for future work, while they are mentioned only
tentatively and are not binding on the theory of PG, in general.

We should point out that the terms elastic and inelastic are used with their conventional meaning. A
particle is said to be elastically scattered by a body when the same particle emerges out of the body without
any loss of energy, whereby �body� can be a star, planet, atom, nucleus or sub-nucleus entity. When this
particle emerges out with some loss of energy, it has undergone an inelastic interaction (collision). When
an inelastic scattering has taken place, the missing energy is taken up by the body at some level of its
organization. If the energy is taken up at the atomic or molecular level, then it appears as heat in the
body with a concomitant increase of temperature. We have claimed that the gravions are absorbed at
sub-atomic levels of organization, whereby the energy is decoupled from the thermal energy level of the
body. The deposited energy reaches a steady-state at sub-atomic level as it is eventually re-emitted in some
other form of particles. Having now introduced the idea that the gravion is invariant, including the non-
absorption of �energy� or hyle in any form, we have necessarily reached an absolutely elastic level of the
universe. The theoretical possibility also exists that a gravion can create gravity by elastic scattering out of
a given body on condition of anisotropic scattering per Lahres (2023a), or better by 1800 back-scattering.
In any case, classical energy would be fractioned and parted within any given gravion, if it ever underwent
inelastic collisions, but this possibility has been excluded. By this realization, we can say that the universe
as a whole is ultimately, or fundamentally, �elastic�. �Inelastic� processes concern only the above gravion
organized structures. where �absorption� is possible and relative. The universe eventually �bottoms out� at
the gravion level. It re-bounces without any loss of/for anything. Hence, we need to reappraise the concepts
of energy and mass, elasticity and friction. The universe is overall (ultimately) frictionless. It is in perpetual
motion and there is nothing strange about it. Strange appear now some misconceptions that we need to
revise.

One such misconception, as already pointed out elsewhere, is that of mass. We learn very early in physics
courses that �mass is conserved�, where mass is loosely understood and mostly thought to be �an amount
of matter or substance� (�mass� being a misnomer). We have now come to learn that it is hyle with its
momentum that is conserved (see Section 24.2 and Eq. 414), whereby hyle is not a mere word replacement
for mass. Hyle and mass are entirely di�erent entities with di�erent equations and relationships. Energy
goes along the same way. We may now understand that E = mclassicalc

2
ph should mean E = mec

2
ph, which,

in turn, raises the question what might be meant by E = mrealc
2
ph, or perhaps E = mrealc

2
g. All this leads

to thinking that the primary conservation in the universe is that of gravions, or better stated, of the moving
(�owing) hyle.

It is generally accepted that mass and matter (hyle) are di�erent things, but we often subconsciously
identify mass with matter, so that when we �nd via PG that two objects lose mass as they approach each
other, it is considered unacceptable (intrinsic mass being invariant). Our understanding of mass is that it
is a measure of the rate of energy (i.e. power) absorption at a steady state, which varies with variation
of distance between objects. In fact, not only mass varies but also matter (hyle) varies, which appears
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as emission or absorption by each body as they transit from one steady state to another steady state.
The emission/absorption of photons by electrons changing orbitals is the same phenomenon. Electricity
and gravity are both force �elds di�ering only quantitatively by many orders of magnitude in strength
and resulting in measurable radiation in electricity but not in gravity. The mass of a free electron has been
measured to be 9.1×10−31 kg , which is many orders of magnitude greater than the mass of emitted/absorbed
photons: A photon mass, at ν ≈ 1015 Hz, is mph = hν/c2ph = 6.62607015 × 10=34 × 1015/(3 × 108)2 =

7.36 × 10−36 kg, i.e. 5 orders of magnitude less, so that a variation of mass in the electron is plausible
to occur in its bound states, where its mass is not directly measurable (presumably); like in gravity, a
�lone� (free) electron is not the same as the bound electron. The e�ective masses of two macroscopic bodies
decreases with distance (albeit not measurable), but the e�ective electrical masses between a proton and an
electron also decrease but by a measurable amount being the emitted photon. This is more pronounced and
directly measurable at the nucleus level, which is known as the �mass e�ect�: The mass of a nucleus is less
than the sum total of the individual masses of the protons and neutrons.

In applying the above ideas, let us consider some numerical examples. We note that the circumference
length of neutron is 2πr = 3.11Ö1020 P`. A sequence of gravions that long corresponds to the order of
magnitude of frequencies of gamma rays emitted out of nucleus.

For the said electron 2πr = 3.887Ö1012 P`, the corresponding gravion sequence length provides low
frequencies beyond the infrared limit. The mid-range visible light frequency is around 6Ö1014 Hz. If the
latter is the length of a photon (gravion) sequence (in Planck units) enveloping the electron, then the radius
to it should be 6 × 1014/2π = 9.55Ö1013 P`, which in SI units yields 1.543Ö10−21 m. The values of the
electron radius were tentative, so that this one here is plausible, and the method used could provide reverse
engineering for the determination of the size and structure of the electron.

The as yet unexplained �xed proton/electron mass ratio is indicative that they both should have a
structure with multiple sub-units common to both. When we can construct the proton and the electron out
of gravions, then we should also be able to derive this ratio.

All above numerical examples are indicative only to spur us forward for more detailed investigation of
hyle structures. If our approach could explain the emission of photons by nucleons and electrons, we might
use similar methods to build all the known particles and their properties. However, this task would require
the greater contribution by the scienti�c community in particle physics and elsewhere.

30.5 Field uni�cation - General

Based on the preceding analysis, we can now attempt to summarize all those ideas in a general form of
interconnecting various force �elds. If each photon hν acts as a push particle in a corresponding �eld with
maximum acceleration g0ν , the corresponding power-mass equation would be

W =
dE

dt
= cphg0νMνe (456)

where now c = cph and Mνe is the corresponding �eld mass type (like electrical, etc.). For a single photon
(push particle) the above becomes

dE

dt
=
hν

thν
= cphg0νMhνe (457)

where thν is the time interval of the energy Ehν = hν being transmitted (absorbed) and Mhνe is the per
photon e�ective mass generated in that �eld denoted by the subscript ν. The latter mass is a multiple [ν]
of the gravion mass Meg created by each gravion contained in the photon:

Mhνe = [ν]Meg

where [ν] is a pure (dimensionless) number de�ned by

[ν] ≡ ν

1Hz

For the photon energy, we can also write in terms of gravion energy:

hν = Ehν = [ν]Eg

Having proposed in Section 30.1 that all photons can act as push particles at correspondingly stronger
force �elds, Eq. 457 essentially becomes the single photon power-mass equation, which is connected with
the gravitational �eld via the gravion generated e�ective mass as:
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hν

thν
= cphg0νMhνe = cg0ν [ν]Meg (458)

For a macroscopic body, the given �eld mass generated is denoted with Mνe in Eq. 456 and is a multiple
of Mehν in proportion to the power W .

As an example of a �stronger� �eld being the electric �eld, we can replace the above symbols for accelera-
tion and e�ective electric mass with those used in Section 21.1. Thus, with the electron being the absorbing
body, we would write for its e�ective electrical mass Mνe ≡ m2e−e for consistency of terms with Section
21.1, Of course, there we proposed the electrion as being the push particle for the electric �eld, in particular,
and not a plain hν photon. Still, the electrion is also composed by a special con�guration of [ν] gravions, so
that the PG power-mass equation can be applied as above. Therefore, this is the way forward, from where
we left o� the initiation of push electricity (PE) theory in Section 21.

Likewise, we can continue, from where we left o� the attempt to unify gravitational with electric �eld
in Section 21.3 together with the nuclear �elds in Section 21.3.1. By such means, we can derive the long
awaited grand �eld uni�cation theory in a quantitative way.

In preceding versions of this report, we used the notation g01 ≡ g0 for gravitational �eld, g02 for electric
�eld, g03 for nuclear or other �eld and so on. Now, the subscript ν in g0ν denotes the maximum acceleration
created by a given density of hν photons with mfp = λ. It should be appreciated that some inconsistency
of notation and symbols has been unavoidable due to novel developments that were not anticipated, when
early notations were introduced. This will be sorted out in a �nal review of this report.

Here, ν is a relatively large number with many orders of magnitude. We have to determine the range
of corresponding wavelengths (mfp) from a minimum value λmin to a maximum value λmax, all of which
contribute to the generation of a given �eld. Correspondingly, there is a range of frequencies from a maximum
value νmax to a minimum value νmin, all of which contribute to the generation of the same �eld. In principle,
the integration of curves by Eqs. 455 and 454 in Figs. 74(bottom) and 75(bottom) and in the said ranges
would provide the total number density n0ν (or n0λ) of gravions photons for the given �eld now indexed
with subscript 0ν or 0λ. We formalize this as:

n0ν =

� νmax

νmin

nphν(ν, T )dν = n0λ =

� λmax

λmin

nphλ(λ, T )dλ

In practice, this may not be possible for all �elds to derive from the existing Planck law curves, like
the gravitational �eld as mentioned before. In fact, it may not be possible for any �eld, unless we can
ascertain that Planck's law accounts for all push particles for a given �eld. In any case, we can continue
with formalizing some immediate governing equations: The total number density n0ν relates to the energy
density by u0ν = n0ν 〈Ehν〉 ,where 〈Ehν〉 is the average photon energy hν in the above range of integration..
We derive the energy �ux density (intensity) by

J0ν =
c

4π
u0ν

From the �ux density and using Eq. 82, we derive the maximum acceleration �rst for a gravitational �eld
by:

g0 =
πJ0

c
Λ =

π2J0

cg0
G

g2
0 =

π2J0

c
G =

π

4
u0G

g0 =
1

2

√
πGu0 =

1

2

√
πGn0Eg (459)

Then, the corresponding generalized equation for a �eld indexed as g0ν is:

g0ν =
1

2

√
πGνn0ν 〈Ehν〉 =

1

2

√
πGνn0ν [ν]Eg (460)

to be used in the corresponding power-mass equation for the given �eld. An example of Gν ≡ G2 has been
trialed for the electric �eld in Section 21.1.2. Finally, we can re-write the power-mass equation using the
notation with the integrated total number density/energy of push particles for a given �eld as:
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W =
dE

dt
= cg0νMνe (461)

We have tentatively used some numerical values in the above equation and arrived at some important
results to be discussed during later reporting. The matters raised relate to the cosmological constant and
cosmology in general. This is a major topic that cannot be sensibly touched upon here and now.

Following the above procedures, we can work out all higher �elds above the gravitational one, all of which
are based on the common denominator gravion. In the process, we might establish that there are more types
of force �eld including a gradation of �elds not yet envisaged by current theories of hyle structure. That is,
the integration ranges yielding the n0ν (or n0λ) can be adjusted accordingly: In that case, we might have
to reconsider and re-appraise even the atomic structure and much more. For example, the electrical mass
of the electron (tentatively, equated numerically with �charge�) may concern only the free electron, whereas
the bound electron could have a variable electrical mass. Similarly with hadrons, which are presumably
measured in a free state, while we know that they have a de�cit of mass in the bound state. The new
understanding is that the hadrons variant mass is intimately implicated with the hadrons structure, which
we propose now to relate and unify across various particles with a common denominator being the gravion.

However, the above work requires the contribution by workers from all relevant �elds holding all the
relevant experimental data. All this data should be mapped out in the framework according to the push
particle principles of the series of this report.

In short, it seems that we have in principle worked out the road map for a uni�cation of all force �elds.
We have derived the most general fundamental quantitative relationships needed with further detailing by
continuing work.

����
It is said that the gluons are carriers of the strong force binding quarks together to form composite

particles like protons, neutrons and electrons. The bosons are carriers of the weak force. The photon is
the force carrier of the electromagnetic �eld. According to PG, it may be that the gravion is the carrier of
the force in gravity. Gluons, bosons and photons may be formations of gravions, each class acting as push
particles in their corresponding �elds.

Can a photon be split into two virtual components that can readily be recombined to a photon like the
original one? This may occur in the double slit experiment and in half silvered mirrors. A photon could
temporarily dissociate in two �virtual� components that recombine behind the slit without violating the rules
for spin, and that applies for other particles like electrons, atoms and molecules, with transient splitting and
superposition at the sub-photon level of their structures.

In the end, we may �nd that a photon is not an elementary particle (with no further division) and is
not a particle of the fundamental force, because electromagnetic force is not fundamental; we have proposed
that this force is a higher order gravitational like force (see Section 21).

���������
The above presentation raises several issues, which are worked out and will be presented in subsequent

versions of the report in Section 31 under development.

30.6 Interim remarks

We have made the point that investigating deeper into the gravion itself may only lead to shifting the
original cosmological problem. Should the provided attributes of gravions be compatible with (i.e. produce)
the higher known levels of organization of the universe observed by humans, it would be a great advance
towards the long awaited uni�cation theory of the cosmos. The inner workings of the gravion itself could
be deferred for later work, while the bulk of the science would have entered on a new productive path. We
may overcome the �ctional parts of the gravion models if the overall gravion attributes may be su�cient to
explain all the higher level structures. Our approach is teleological, namely, we assign such properties or
attributes to gravions for a particular purpose, i.e. for producing known particle and bodies at higher levels
in the universe.

By logical deduction, we have arrived at a fundamental unit of time and a unit of distance yielding the
unit of velocity and momentum as attributes of the unit of hyle, which is the gravion. By allowing gravion-
gravion interactions governed by a given set of rules, we arrive at 2D and 3D dimensional space structures
that can be measured in the fundamental units of hyle. Gravions are organized in higher level stable units
for whatever reasons to be established as we advance our PG theory.

From the very �rst version of this work in Section 18, we proposed that the maximum force �eld in white
dwarfs, neutron stars and black holes was determined by corresponding di�erent types of push particles
leading to the highest order of magnitude for black holes. We have further allowed the possibility that g0
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is itself of the highest intensity required in the universe for black holes having the highest absorptivity; the
relatively very low values of g measured for planets and stars may be only due to their very low density, with
intermediate values of white dwarfs and neutron stars. Therefore, this is an open question for PG to make a
determination on how to go about the distribution of hyle given now the possibility that MACS/MECS may
constitute the densest units already distributed throughout the universe. The di�erent types of push particles
for electric and other �elds can still apply, but their range and intensity interplay with the distribution of hyle
in the cosmos. We had rather hoped that g0 has the lowest value that would be accessible to our measuring
instruments, but nature is not based on human wishes or preferences. This serves yet as another reminder for
the urgency of conducting the appropriate tests, but now also of the tenacity required in pursuing this theory
to its logical conclusions, even if the tests initially fail to show positive outcomes in gravity measurements.

Vortices make sense as auto-existing systems in the cosmos at its smallest scale; PG takes over above
those minimal levels in the �intermediary� scales (say, inside galaxies), while cosmic weather predominates
at the highest scales. Whereas Papathanasiou & Papathanasiou (2020) propose the �cyclone� model of the
universe at all scales, we propose that rotational motion is prevalent at the smallest scale, whilst it is the
push particle �elds that take over at the higher scales, in fact, both processes coexisting at all scales but
with an inverse kind quantitative relationship. There is nothing strange with self-organizing vortex type
structures, as are already reported to exist at very low temperatures. Super�uidity/superconductance are
now commonly accepted modes of existence of nature. MAC/MEC structures need not be much di�erent
and hence no more strange than some experimental realities. If we have di�culty in comprehending them
because they surpass ordinary experience, they should not be less acceptable for PG purposes than a similar
situation already arising for the Standard Model and GR theories.

Given the novel outlook of mass and energy provided by PG, the classical objection that �planets would
melt down in a short time� by the required gravion absorption seems to become redundant and of no further
concern. The other �main� objection of the �drag problem on planets� that would allegedly be caused by
the random movement of the gravion �corpuscles� was in a way incorporated in possible equations relating
absorptivity with velocity in Section 23. A similar drag has been referred to in the literature as "radiation
friction" in consequence of light pressure, which opposes the movement of matter. The forces of light pressure
exerted on the two sides of a moving body would be unequal as more radiation will be re�ected on the surface
at the front of the motion than on the back surface. This problem for photons and presumably for gravions
may be explained by the new considerations of circular gravion motion as follows:

The drag on planets, not slowing them down, may be explained by an assumed concomitant circular
motion of gravions with enough intensity to compensate for the unwanted drag. Since we now readily
anticipate that circular motion of gravions is commonplace in the universe, and since they can obtain all
possible radii, circulating gravions around stars could be present. Circular gravion motion accompanying
the orbit of planets may have been established since primordial times during formation of planets and stars.
The orbital rotation of planets is still governed primarily by centripetal gravitational forces with only very
slightly (imperceptibly) assisted by orbital gravions as well. The intensity of this assisting force in the forward
direction may be orders of magnitude smaller than the centripetal gravitational force and only close to, if not
equal, to the drag force anticipated (allegedly) by the randomly moving background gravions. While such a
hypothesis might explain the drag away on orbiting planets, it would still have a drag on bodies moving on
a straight or near straight line eventually bringing them to a halt. The latter is contrary to our expectation,
or more precisely, to our assumed expectation. We have actually never followed (observed, or experimented
with) any body traveling on a straight line ad in�nitum! We have never witnesses such a body coming to an
eventual stop (due to drag), which might actually happen if we could follow it. That is, the drag problem by
gravions is as arbitrary as the lack of the required evidence to prove it, while it is only based on established
theoretical preconceptions that can themselves be wrong. In conclusion, all hitherto presented objections to
the primitive Fatio theory of push gravity should be removed and allow freedom for science to move forward.

In appreciation for Planck's law re-drawn in Fig. 75, we seem to be staring at the secret code of the
entire cosmos (if our preceding �eld theory is correct). In the �middle� range of the spectrum of light lies
the code for all visible things to humans. In broad terms, to the �right� of this range lies the code of the
invisible electrical and gravitational phenomena, which humans experience but have not fully come to grips
with. To the �left� lies the code of radiation e�ects (x-rays, gamma rays, etc.) along with formation of
�material� bodies from the smallest to the largest (particles, atoms, planets, stars and more). In all of its
manifestations, the code consists of a common denominator, namely, the gravion, which uni�es the entire
cosmos as we experience it. All this is a hypothesis for further investigation.

However, to consolidate the above vision, it would be helpful, in the meantime, to see other workers
making contributions in this direction. Therefore, the world scienti�c endeavor should diversify its search
on new frontiers. We have added more reasons and possibilities now like: The speed-mass relationships,
energy-mass equivalence derivation, spacecraft trajectory engineering, explanations for known anomalies,
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testing of the push-force principle, the gravion being a Planck unit, �eld uni�cation theory grasped and
much more for a fully �edged PG theory. This is poised for veri�cation by a number of feasible experiments
and potential data available within the reach of many laboratories and organizations around the world (e.g.
see Section 12). Particle physics is a major source of already existing experimental data that may �t in and
be readily explainable by PG. Only experiment will determine, which of the canvassed ideas in this report is
the best suitable for a correct PG theory; some tentative proposals failing this test should be replaced with
better ones. Theoretical expansion of the theory is also promising with a hope to attract commensurable
interest.

In conclusion, PG must be incorporated in the body of o�cial and mainstream science and must remain
on the table as an active candidate for possible explanations of existing data and theories for su�cient time
before it may ever be abandoned again.

31 Grand PG synthesis of gravions in gravion-rays and photons

There are several issues arising from preceding Sections of Part 3 of this Report, which are initially addressed
below (pending) by a synthesis of prior proposals with new ones to be presented.

Part Four (4)

This �nal Part was originally meant to discuss matters pertaining to all preceding parts. However, this has
not been practical to do in full yet, while pending much re-arrangement of discussion on various topics among
all Parts. Also, the theory is continually evolving, which makes it also necessary to re-arrange the content of
each part, and transfer of Sections. We now realize that any attempt to e�ect those re-arrangements would
be futile, or even detrimental. This is because we learn new things, so that editing the entire work before
some �nal conclusions are reached, or before some experimental veri�cation of the theory, could become
not only burdensome but also problematic. It seems that it is more instructive for new readers to follow
the various versions as they have appeared in chronological order rather than reading the latest version by
itself not fully organized. Luckily, this is possible to do, because new material of each version is typed in a
di�erent color font.

32 General discussion

CAVEAT: Throughout this report, no claim is made or implied that PG theory will ultimately prevail, other
than the assertive wish to be put to the test by objective means and not by means of another incomplete or
erroneous theory. It does not speci�cally state that the theory of relativity is invalid other than it may be
expanded and improved, although later advances indicate that GR itself is an approximate theory and may
need re-appraisal. The report is supplied as an open source publication with no �nancial or employment
strings attached prior, during or after publication. It is motivated purely by a scienti�c urge of the author
to overcome his ignorance on outstanding questions in physics during his free time outside life's mundane
tasks. By obtaining a new set of derivations for a hitherto ostracized push gravity, it was felt compelling
to share the novel �ndings publicly. It would be a great personal satisfaction, if the scienti�c community
could engage in some way towards veri�cation (i.e. testing) and further elaboration of PG. In particular,
should the veracity of PG become proven, it would be to the greatest bene�t of science, whilst, otherwise,
the author will be content to feel that it was at least �a good try with some novel work �, but without the
need for exorcisms.

By the same token, we expect a reciprocal caveat to apply from the scienti�c community with respect
to our �ndings. What would happen if, in the course of this development, it is found or deduced that some
fundamental tenets of mainstream science are broken? For example, we already found that the equivalence
principle is an approximation in a certain realm of the universe and generally invalid elsewhere. We found that
it is invalid with very dense bodies both at macroscopic and elementary particle levels; Kajari et al. (2010)
have reported on this possibility on the inertial and gravitational mass in quantum mechanics. Likewise, we
have proposed that we be free from the uncertainty principle at sub-quantummechanical level, as the only way
to progress with our push particle theory. We think that we have gained good ground there. We fully accept,
endorse and adopt the great achievements of QM but only in its speci�c range of applicability. In fact, we have
recently come across a report on possible violation of the uncertainty principle with experimentally direct
observation of deterministic macroscopic entanglement (Kotler et al., 2021). Furthermore, the Standard
Model seems inadequate, whilst a general �eld uni�cation theory seems to have founded in Section 30.5.
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Therefore, we anticipate reciprocal respect and attention from those who may have built a professional
career on the validity established theories. We welcome constructive criticism of our �ndings from an
objective and independent point of view, not based on authority alone.

�������
Subject to the above caveats, it is now (as of version 4, after the �rst publication) decided to release

some discussion in relation to important topics such as the gravitational law, expanding universe, galaxies,
perpetual motion universe and philosophy, which were omitted from the �rst version. They could constitute
topics for further advances in PG later, but are provided only brie�y on a tentative basis at present. This
may at least help avoid unwarranted criticism based on some issues not yet addressed, even brie�y, with the
understanding that the following discussion does not re�ect on the validity of a working PG per se. Even so,
it is with some trepidation that the ideas are presented below. Some speci�c technical proposals may prove
to be totally incorrect, whilst existing or new controversies can be dealt with by the relevant experts.

An interesting exposition of push gravity is presented by Thomas (2014). This provides a good philo-
sophical basis of the concept of push/shadow gravity and a motive for further investigation. However, the
positive aspects of PG should not be diminished by possible failure of certain speci�c interpretations of
important issues. For example, the referenced gravitons are thought to be a kind of strings as proposed
therein, which may or may not be proven correct, so that PG should not be bound by such speci�c technical
claims. The Allais e�ect is attributed to some sort of �lensing� mechanism of the gravitons around the Moon,
but we have showed that the e�ect can be readily interpreted and even measured by the PG derivations in
Part 1. These and other speculative technical interpretations, if found incorrect, should by no means re�ect
on PG in general. We have now tried to create an alternative paradigm of PG by building the mathematics
on a set of postulates in order to arrive at the established laws of physics and beyond. One fundamental
di�erence from all prior PG theories is that the gravion absorption need not be weak and linear, but must
be exponential in accordance with established laws of absorption theory.

The present author's main expertise lies outside the �elds directly pertaining to this report. As a result,
Part 2, in particular, may not be as authoritative as it should be, whilst Part 1 could be seen as an attempt
to produce and report new data and evidence in support of a long standing hypothesis to explain gravity.
It is hoped that others may use and apply the latter �ndings in a better way, or as they see �t. In this
context, the primary aim would have been achieved, namely, to place PG within the mainstream of physics.
For the latter, it would be an even greater achievement, if work is undertaken to test the veracity of the
present �ndings within the programs of various institutions and organizations. Should an a�rmative �nding
be achieved, then PG could immediately �nd its rightful place in science. At any rate, the present author
should be excused for possible �collateral� errors, whilst attention to the novel disclosures may not diminish.
It is in this context that we discuss some ideas necessitated for expanding the general PG theory.

After initially writing the above introductory discussion, there has been a long development with nu-
merous examples of application, proposed experiments and tentative explanations of outstanding issues in
physics, and much more. Whether some or most of them are correct or not, valid or not, they all together
strongly indicate that PG is not just Fatio's idea already discarded a long time ago. It is a novel basis on
which physics can be written in several of its diverse disciplines and contends to be included by contemporary
science.

32.1 Expanding universe

We already canvassed the various possibilities of mean free path (m.f.p.) of gravions in Part 1. The case of
an in�nite m.f.p. would result in a universal �attractive� force regardless of distance, pretty much the same
as would be expected by Newton's gravitational law. However, such a system would beg to explain how
gravions interact with matter but never between themselves, i.e. how they have an a�nity with matter but
not with each other. As a result, it is more plausible to accept and consider a �nite mfp, which also implies
that gravions would behave like a gas in the vast universe.

The idea of push gravity occurred to this author during work on gas �ows in an environmental scanning
electron microscope (ESEM) (Danilatos, 1997) using the direct simulation Monte Carlo (DSMC) method
(Bird, 1995). The latter method made possible the study of gaseous �ows under speci�c conditions (e.g.
novel di�erential pumping stages by Danilatos (2012)). It was tested and con�rmed the idea of two spherical
bodies being �attracted� to each other, when the mean free path of gaseous molecules was much greater
than the diameter of the spheres, while absorption to any degree was also present. It was then thought
that the same might happen, if planets and stars are immersed in a medium with particles having mean
free paths much greater than the size of the celestial bodies. That would then be the cause of gravitational
acceleration and force to start with. For distances much greater than the mean free path, no �attraction�
force is generated, while the celestial bodies will �oat around.
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The implication of this would go much further, if we can consider the analogy between a real (familiar)
gas and the universe gas (gravion gas): Dust particles in a real gas under the above condition of mean free
path would appear to attract each other (at close range), while also, if the overall gas is set free to expand,
the dust particles would also expand in unison with the surrounding gas. Likewise, the stars, planets and
celestial bodies are like dust particles attracting each other at relatively short distances but move apart
from each other as a whole, when the distances become far greater than the mean free path of the gravions
behaving like an expanding gas. We may then say that PG is consistent with an expanding universe and
consistent with the conclusions of the theory of a big bounce or bang, but not with the theory itself (based
on di�erent premises). The visual picture of a starry night through a high resolution telescope conveys the
impression of a dusty space, which might be more than a coincidence to treat it like an expanding dusty gas.
In proposing such a model, the observed accelerated expansion rate of the universe might correspond to the
initial accelerated rate of expansion of a gas, which, however, eventually reaches supersonic and hypersonic
speeds, after which it expands at a constant rate. Therefore, if this model is correct, our universe exists
still at an initial expanding rate state. Finally, if this model were to be accepted, dark energy (repulsion)
of current theories might have a tangible explanation too via PG. Terminology is again important to avoid
confusion. If the expanding gravion gas is responsible for pushing stars and galaxies apart (not �attracting�
them), then we might as well call this type of �eld �negative push gravity� (NPG), consistent with �dark
energy�.

Prior to all this, we take for granted that redshift can only be explained by an expanding universe and that
we understand the nature of light and its propagation: We take for granted also that the Michelson-Morley
experiment can only be interpreted by the exclusion of aether, while we are unclear about the wave�particle
duality principle and the double slit paradox. It seems that we may have to revisit all these experiments
and phenomena anew under PG.

None of the above should be less plausible than various other hypotheses already on record to explain
the observed expanding rate of the universe, like: A dark energy inherent in the fabric of space itself, or the
quintessence �eld that expands space at changing rates, or a phantom energy and so and so forth. In any
event, the said applications of PG in this area are only on a tentative basis, which should be adjusted as
new data and information are compiled on any of these controversial topics.

32.2 Galaxies

Let us next consider the case where the mean free path is, say, several times the size of our heliosphere. The
gravitational law derived in Part One will gradually degenerate and cease to apply at longer distances. The
generated �eld will continue to generate a push for a signi�cant transition region, after which stars will �oat
around as previously described. Thus, there is a transition region corresponding to the transition region
from free molecule �ow to continuum �ow in gas dynamics.

The galactic spiral shapes resemble closely to the spirals of weather storm clouds on Earth seen from space.
This might be more than a coincidence, as it might provide a classically intuitive explanation for galaxies.
The spiral storm formations are caused by pressure gradients in the Earth's atmosphere in conjunction
with Coriolis forces. They belong to an atmospheric barometric low (bad weather), but a similar weather
pattern is formed with a barometric high (good weather) circling in the opposite direction. We should then
examine the possibility of galactic formations created by the gravion pressure gradients (barometric high)
in conjunction with an as yet unknown cause for circular motion. The gravion gas beyond the galaxy in
the greater universe may have its own �weather� patterns. The stars in galaxies may correspond to the
condensed water droplets in clouds. They are stormy regions of a more general cosmic weather system.
Galaxies have high concentrations of gravions at their center creating gravion pressure gradients toward
the periphery. Macroscopic gravion pressure may play a major part in galaxy formation. This suggestion
could be consistent with a "mock-gravity"-like of the creation not only of the chemical elements but also
of the condensation of matter into galaxies (Gamow, 1949; Hogan, 1989; Wang & Field, 1989; Field, 1971).
Gamow proposed that such a "mock gravity" could have played a role in galaxy formation after the Big Bang.
Although there has been much controversy over such theories, it is envisaged now that the new PG could
help re-appraise all these theories by incorporating them under a bigger framework for a new understanding
of cosmic motion beyond the �local� gravitational �elds.

PG then might provide a good explanation why galaxies rotate faster than the existing laws of physics
predict, and the motion of vast clusters of galaxies in the universe. We are presented with an opportunity
to consider ideas that are still possible and rule out others completely. Thus, one more anomaly may be
readily accounted for by PG.

Furthermore, PG very nicely removes the singularities (in�nities) of current theories, as the maximum
force that can be generated is limited by the upper boundary of push gravion �ux density. There is an
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asymptotic approach to this limit by an increase in mass or density of mass. The forces transmit at the
speed of gravions, which can be the speed of light.

Galaxies are generally considered to date to be gravitationaly bound systems of stars and not weather-like
systems, as we propose now, so that the above ideas are totally out of established beliefs. Dark matter has
been used to explain the galaxy rotational anomaly. However, if dark matter and dark energy have been
invented to �ll the shortcomings of other theories, PG may also be entitled for expansion (development) at
long distances as well. For it might be ultimately easier to comprehend and apply weather-like systems in
the cosmos than imaginary forces acting at vast distances.

Modi�ed Newtonian dynamics (MOND) has been promoted to account for observed properties of galaxies.
It is an alternative to the hypothesis of dark matter, but it still seems insu�cient to account for all observable
data. All of these theories are based on the idea that gravity is inherently generated by mass, whereas PG
is a theory of an emerging gravity by an external source surrounding massive bodies (i.e. the gravions), like
mass is also an emerging property of hyle but not the source of gravity.

These and other anomalies reported, like by extra massive hydrogen clouds and extra energetic photons,
should be also re-examined in the light of a general PG theory for possible explanations.

32.3 Perpetual motion of universe

The biggest challenge of PG is to understand and explain the recycling of the gravions in the universe overall.
Our proposed model suggests that they are transformed successively to various types of push particles with a
correspondingly smaller mean free path until they di�use out back into space without an obvious direct trace
to us yet, but somehow �nding their way by accretion back into exploding massive stars, dwarfs, neutron
stars and black holes. By such means, the universe must be regenerated and overall frictionless in contrast
to a forecast thermodynamic thermal death of the cosmos. The idea of a static universe recycling itself has
been advocated before among others by Edwards (2007), who adopts yet another approach to PG. His model
seems much more complex in an attempt to base it on (or use) existing theories, whereas our model of PG
is being built from simple principles in the simplest possible terms. Then we try to see if it is consistent
with existing data and theories. However, his central thesis might apply at least in some aspect. The central
thesis of his model is an inter-conversion of photon and graviton energy, whereby the gravitons cumulatively
establish a quantum lattice connecting all masses. �Photons incident on the �laments of this lattice impart
energy to the gravitons, while at the same time losing a portion of their original energy. This loss of energy
corresponds in the model to the cosmological redshift in a static universe�. Whilst the perpetual motion
machine is readily rejected by thermodynamics, we may not say the same for the universe overall or parts
thereof. Otherwise, the universe would come to a grinding halt, from which we would still require an exit
without resorting to god; the Big Bang is only shifting the perpetual motion to a more distant past. Nothing
should prevent the existence of frictionless regions in the universe, albeit extremely small and �invisible� to
our instruments as yet.

If the entire universe existed in the form of a gravion gas only, we might say that the second law of
thermodynamics has had its sway (has prevailed), i.e. to which everything has succumbed. However, the
�uctuation theorem is also universally applicable and operates by way of another law for undoing the second
law in no uncertain terms. This fact is often, or mostly overlooked in science. Fluctuation results in order
and creation, whilst the second law results in disorder and destruction. It may be that quantitatively the
amount of gravions constitutes an overwhelming majority of mass over and above the visible mass of the
universe. Nevertheless, both laws coexist intent on undoing each other's work. This is exactly a manifestation
of another overriding universal law, namely, that of the coexistence of opposites. A one-sided view of things
can lead to error and impasse, whereupon we should be spurred on to �nd the missing (overlooked) side of
things.

The above is consistent with the thinking of the universe as continuously and continually recycling itself
and appearing in di�erent forms of matter and energy, all of which is spun from a common entity that
pervades all that we can experience.

32.4 Philosophy of physics and theory of everything

To say that the human mind cannot conceive the most intricate workings of nature (when a particular
theory becomes complex and unintelligible), may also be a cowardice preventing us from moving forward.
Skepticism inevitably leads to religion and to the end of science. This author subscribes to the school of
thought that humans can and will ultimately comprehend nature and in the simplest of terms.

There is now an opportunity and a need to disassemble certain ideas about rest mass, gravitational mass,
inertial mass and relativistic mass under existing theories and re-assemble them under the platform of PG
and the newly found concepts of e�ective and real mass.
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Could the limiting speed of light for all material bodies be explained and not postulated? Could it be
that, by matter organization from gravion level up, nothing can be pushed faster than gravions?

If there is a unifying theory of everything, would there be a unifying common denominator? What is
it that would unify them? A common particle? Some common entity and what is its nature? If mass and
energy are equivalent, and if energy can appear in di�erent forms but always conserved, we should be able
to reduce all those forms to a common denominator. That common denominator may be the gravions at
di�erent levels of organization. The latter possibility has been investigated in Section 30.

Overall, nothing is invariable in the cosmos, but universal constants appear under �local� provisos and
conditions, which are only recurring over the entire cosmos.

The universe consists of particles distributed over a wide range of mean free paths that allow auto-sorting
of particles and bodies with the end result of a self-assembling universe like a DNA. Self-assembly and self-
organization are general prevailing processes triggered by random �uctuations. In support of the above ex-
position, Nobel Prize winner Prigogine (1977) has described a theory of self-organization in non-equilibrium
systems from dissipative structures to order through �uctuations. Furthermore, �it has been argued by some
that all emergent order in the universe from galaxies, solar systems, planets, weather, complex chemistry,
evolutionary biology to even consciousness, technology and civilizations are themselves examples of thermody-
namic dissipative systems; nature having naturally selected these structures to accelerate entropy �ow within
the universe to an ever-increasing degree� (Gleick, 1998; Wikipedia contributors, 2021). Allahverdyan &
Nieuwenhuizen (2000) showed the feasibility of extracting zero-point energy for useful work from a single
bath, without contradicting the laws of thermodynamics. Even before quantum theory, Nikola Tesla claimed
that useful energy could be obtained from an all-pervasive aether. Last, we have also proposed an expla-
nation of the �y-by acceleration, which can now be seen also as extraction of energy from the surrounding
gravions (see Section 14.3). �The Big Bang never happened � according to Lerner (Wikipedia contributors,
2024c), who also adopts an eternal universe. Order emerges from chaos, as we also see that the second law
of thermodynamics is no obstacle to PG. As we move away from equilibrium (per �uctuation theorem) order
can spontaneously emerge.

Ordinary matter is the decomposition of black holes and re-assembly to form elementary and/or other
particles, which may still incorporate tiny black matter (holes) with their layered TALs. Conversely, black
holes may also be the decomposition and �precipitation� or �distillation� of ordinary matter to corresponding
massive bodies with black mass.

We now put forward the hypothesis that all particles are held together by the pressure of push particles.
Di�erent particles may be formed by di�erent types or fractions of push particles, a topic that has been taken
up in recent versions of this report. Rotational and spin motion has now been introduced as a consequence
of the gravion properties (see Section 30, and which dominates at the fundamental level of hyle organization.

In attempting to conceptualize the deeper meaning and application of the second law of thermodynamics
together with the re-emission of gravion energy, we may have come to a better understanding of quantum
mechanics too. In quantum mechanics, anything that is possible to happen can happen governed by the
probabilities of that situation. The latter provides a probabilistic relational description of the states of
particles but not the origin or an explanation why quantum particles move about incessantly in certain
patterns (e.g. electron orbitals). By analogy, general relativity provides an accurate relational explanation
of various parameters but it does not provide a hint about how and why gravity exists, or why the spacetime
around a mass is bent and warped. PG via an incessant gravion �ow may provide the basis for understanding
both quantum mechanics and relativity at the same time. The ever �owing gravions pass through various
levels of material organizations via quantitative accumulations leading to qualitative transformations from
level to level. The universal relationship between quantity and quality can be seen at all levels of organization
of matter, starting from the smallest quantum mechanical states, to chemical and mechanical systems of
ordinary sizes, and all the way up to white dwarfs, neutron stars and black holes. Actually, the smallest of
entities may not even be subject to quantum mechanical rules, if quantum mechanics has so far described an
�intermediate� level of the universe. Quantum mechanics may be simply a macroscopic description of other
underlying processes, like pressure and temperature are macroscopic statistical properties of a gas. Likewise,
those other underlying of quantum mechanics processes may be ultimately the simplest ones waiting for us
to discover.

A perpetual motion of matter/energy can rightfully belong to the universe as a whole, a principle which
has been attributed to Heraclitus (Wikipedia contributors, 2019a). All these ideas eventually lead to the
need to understand the nature of gravions and its interactions with matter and with themselves.
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33 Conclusion

An attempt has been made to modify and advance the old principle of push gravity theory to a stage where
gravity may be seen from a totally novel perspective. It constitutes a daring step, because it challenges and
potentially provokes a re-consideration of long standing ideas and principles. This has already required a
daunting determination especially as it comes from a non-established expert in the �eld of gravity.

The basic new element is the use of a gravity particle absorption coe�cient that is not limited only to
very low values as in prior PG theories. The consequences of that can be dramatic.

The theory of PG has now been brought to a stage ready for veri�cation with several proposed tests and
methods. Should these tests yield a positive outcome, they could provide explanation to many outstand-
ing issues in science. Otherwise, the test may prove insu�cient pending further instrument re�nements.
Alternatively, if one produces su�cient evidence to reject PG once and for all, that would compel science
to concentrate on other pathways, as it does, even more. At any rate, it should be appreciated that the
proposed tests are inexpensive at least in relative terms for many organization to engage.

In summary, new work provides su�cient evidence for a genuine re-appraisal of push gravity. A novel
quantitative theory has been advanced on the basis of a set of primary principles (postulates), from which
the derivation of classical acceleration and force by stationary massive bodies in the steady state is possible.
In contrast to prior conceptions, it is shown that the absorption of gravity particles by matter need not be
extremely weak and linear, in order to derive and explain the observed classical laws of gravity. Any value
of the absorption coe�cient by a uniform spherical mass produces a gravitational �eld obeying the inverse
square of distance law. The gravitational constant (big G), is itself a function of the ratio of the absorption
coe�cient over the density of matter. The latter ratio now becomes the new universal constant of the cosmos,
whilst G can vary in di�erent regions of the universe. The measured mass of planets and stars is only an
e�ective or apparent mass actually smaller than the real mass due to a self-shadowing or shielding e�ect of
the absorption of gravitational particles. Any given body has an e�ective mass that appears quantitatively
di�erent depending on its spatial distribution including orientation. We now �nd that Newton's gravitational
law uses only the apparent (or e�ective) masses with a potentially variant G, but the inverse square distance
relationship is preserved in the cosmos. The radiant �ux of energetic particles being uniform over a region
of space creates a maximum acceleration of gravity for all material bodies in that region, so that any further
mass accretion over a certain upper limit does not create additional acceleration; this limit is reached when
practically all gravitational particles are absorbed (saturation state) by the massive body above a saturation
mass. The latter limit should be measurable, for which some tentative situations and experiments are
proposed for prospective experiments and tests. The internal �eld of a spherical mass and the external
�eld of a two layered sphere have been derived. The gravitational parameters inside a hollow spherical shell
and their relationship to the corresponding external properties have also been found. The superposition
principle of gravity �elds has been reformulated and the Allais e�ect explained. The equivalence principle
can now be properly understood and explained in a way that the principle per se becomes redundant. We
can now better understand the meaning of matter (better, hyle), inertia and mass. For moving bodies, the
established relationships from special and general relativity may continue to operate within the gravitational
�elds created by push particles, but may need to be adapted and re-aligned within the greater framework of
push gravity principles operating at any distance.

An attempt is made to overcome the main remaining objection of presumed catastrophic thermal accretion
of absorbed particles. A further attempt is made also for the push-gravity principles to explain the vastly
higher intensity gravitational �elds of white dwarfs, neutron stars and black holes. It is proposed that the
�eld of white dwarf stars is created also by push particles but of a di�erent kind, namely, by those responsible
for mediating the electric �eld. In the same way, the �eld of neutron stars is created by yet a third kind
of push particles, namely, those responsible for mediating the nuclear �eld. In general, various types of
push particles may exist with di�erent energy (or mass) having di�erent mean free paths as they traverse
di�erent concentrations of masses (black holes, neutron stars, dwarfs, stars, planets, ordinary masses, atoms,
nuclei, protons and all the known or unknown sub-nuclear particles). The invariable principle of momentum
transfer (push) by particles directly relating to their absorption rate by the various concentrations (density)
of masses could be the basis and the starting principle for a prospective uni�cation theory of everything.
The �rst part of this report, if verified, should create the basis for new physics across many �elds of physical
science. Pending such a veri�cation, we may also work towards the development of a general PG including
a theory of the dynamics of the observed motion of celestial bodies.

If there is a �theory of everything�, then gravions could provide an underlying mechanism not only in
gravity but also in quantum mechanics. Gravions may be responsible for both the gravitational �elds and
the associated masses being nothing else than e�ective masses. It may be that we can make one step closer
to a better philosophical understanding of the cosmos, if we can grasp the nature of the gravion, perhaps,
as being the embodiment of the coexistence of opposites in a perpetual �ow of the universe.
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The above concepts are consistent with and further supported by the latest developments on energy and
mass in Section 29. Mass is not a static quantity, nor is it an invariant according to prevailing theories.
Mass is the outcome of the energy rate of absorption by material bodies. If this energy rate of absorption
ceased for a while, there would be no mass, but there would be organized hyle. Mass is the manifestation
of the �ow of something else (hyle). Flow is a time rate process. Mass is not an entity to hold and behold.
Power and mass appear concurrently in an equation involving a time derivative of energy (see Eq.424). The
conventional equation E = mc2 is an integral for a hypothetical static situation, it is a human conception.
It is like �lling a bucket of water under a running tap, whereby we have a start and �nish time for �lling
the bucket. However, nature proceeds inexorably at its own rate. Any blocks to its �ow is temporary and
transient often resulting in a change of form of hyle. Learning to think in terms of motion and change seems
the correct method for understanding the cosmos. Static entities, like photographic images, alone can lead
to an impasse.

�����

34 REVIEW

This report has not been submitted to a regular journal for review. This is not to avoid the review process.
The author himself has acted as reviewer in scores of o�cial scienti�c journal publications in the �eld of
his professional career. It has not been submitted to a journal for the following reasons: It is not in a form
suitable for publication in a journal. It is incomplete and would result in many questions not yet addressed,
because the author intends to continue the work, or he is not ready to answer. There is a need for re-write and
re-arrangements of the extended material and topics. It covers a wide variety of �elds in physics stretching
from particle physics, astrophysics. theoretical physics and many more, so that no single journal is deemed
suitable for publication of this type of work. It is not of a regular size paper. It is becoming more of a book
publication. Whilst review and moderation de�nitely make better scienti�c standards for specialist journals,
it could also be a hindrance, if working on the present paper depended on a few only specialist opinions, or
a single endorser.

Zenodo should be gratefully acknowledged for providing an excellent platform to disseminate this special
science report encompassing many di�erent disciplines in physics. The possibility of successive versions is
helpful, whilst the allocation of a unique DOI per version backed by CERN's reputation and strength are
good enough for our purposes.

It can provide a platform for a joint project with collaborating participants from diverse �elds. This may
take place, if other authors may like to write a critique or contribution along the lines of this theory. We
welcome such contributions by eponymous authors that may be included in the form of Addenda. Optionally,
such contributions may �rst appear elsewhere in Zenodo to secure the authorship of contributed ideas, and
may be followed by a request for inclusion in our report herewith. The �nal decision will be left to this
author only to ensure that the content can be easily read and integrated with our terminology while it falls
within the scope of the work. There are many incomplete topics to contribute. Volume may also reach a
limit. The invitation is open for a trial in following versions.

There is a list of publications for readers who may like to query the credentials of the author.

APPENDIX

A Gravitoids

Let us be reminded that a prolate spheroid is a surface of revolution obtained by rotating an ellipse about
its major axis, whereas an oblate spheroid is obtained by rotating about its minor axis. It is well known
that spheroids acting as gravitational bodies would produce precession or regression of the elliptical orbit of
a planet around it. This arises by the gravitational force being slightly greater or lesser than the inverse of
the square of the distance. In other words, it is the distance (not the mass) responsible for these phenomena
(here, we are not referring to the relativistic cause of the extra Mercurial precession). It is interesting to
examine and clarify what happens with PG theory in this connection via the following observations.

Now, by virtue of Eq. 38, the self-shadowing e�ect produces a gravitational force (acceleration) less than
the value expected from simple Newtonian attraction by a sphere. By increasing k with all else constant,
the force increases in proportion to it (or the density) by Newtonian mechanics, but to a lesser degree by
PG theory, on account of the exponential decrease along a chord (straight line) of the sphere in Fig. 2. That
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Figure 82: Real sphere in black, gravitoid (virtual) shape in red for three values of k and r = R = 1.
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Figure 83: Arc length for real sphere in black and gravitoid (virtual) in red for three values of k at nR = 100.
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is, the Newtonian length that would produce an attractive force e�ectively contracts (shrinks) to produce
the correct force. Each elemental component is then equivalent to having a lesser length at a given density,
whilst in reality there is additional mass for the remainder of the length of the chord. This becomes, in
e�ect, a virtual mass distributed inside a spheroid-like shape. It may initially look like an oblate spheroid,
but it has a peculiar shape dependent on the distance OP and k. For a su�ciently long distance OP (i.e. r),
the lines u are nearly parallel (very small angles ϕ), whilst as we approach the surface at point C, the same
lines radiate at large angles ϕ, and the shape becomes more like a compressed egg along its axis while being
in�ated at right angles. We can see these and other e�ects by plotting the corresponding lengths and shapes
quantitatively for two positions of the point O, namely, at the surface of the sphere and at a relatively long
distance of nR = 100.

On the surface of the sphere, we show pairs of the chord lengths and body shapes between Newtonian
and virtual PG cases for three di�erent values of k , in Fig, 82. To clarify, because point O lies on the surface
of the sphere, any distance from the �xed point O to any other point on the surface de�nes the chord length,
via which we also plot the sphere. Thus, these graphs show simultaneously both the chords and volumes of
revolution corresponding to the real sphere and virtual shape yielded by PG. As expected, for k < 0.01, PG
shapes become gradually indistinguishable from Newton. Otherwise, the di�erence increases signi�cantly.

Next, we plot the virtual chord lengths for a sphere with unity radius from a distance r = 100 units.
Planet Mercury approximately has this distance from the Sun at its aphelion. We consider again three values
for k = 0.01, k = 0.1 and k = 1 in Fig. 83 together with the same real chord lengths of the same sphere (in
black). We have used the same Eqs. 12 and 47.

Finally, we can visualize the corresponding virtual shapes of the sphere (here, like the Sun) from the
same distance of 100 sphere radii (as from Mercury) with the same corresponding values of k in Fig. 84.
This is obtained by adding the PG chord length by 47 to the corresponding u1 provided by Eq. 16, i.e. we
use the virtual end points of ue2 in PG given by Eq. 48.

The above spheroid-like shapes are bounded by the red lines together with overlapping black lines on
the left. We note that a shallow dimple appears on the far side, the depth of which increases as we further
increase k, e�ectively producing a dimpled spheroid-like shape.

As previously noted, the real shapes (and sizes) of a sphere e�ectively act as some peculiar virtual shapes,
�ctitious and invisible, for which we may collectively use (coin) the new term gravitoids. Their mass may
be used with linear absorption as in Newton's law to yield the force as predicted by PG.

Below, we also present the analytical expressions already used to plot these gravitoids in Fig. 6 and
discussed in Section 6.4. We follow the steps in �nding the volume of a sphere to illustrate the point of
deviation (departure) between the two approaches:

Vsphere =

ϕ0�

0

u2�

u1

2π sinϕdϕ � u2du =
2π

3

ϕ0�

0

[
sinϕdϕ � u3

]u2

u1

=
2πr3

3

ϕ0�

0

sinϕdϕ

[(
cosϕ+

√
a2 − sin2 ϕ

)3

−
(

cosϕ−
√
a2 − sin2 ϕ

)3
]

(462)

and by using the limits in Eqs. 16 and 17, it �nally yields the expected result:

Vsphere =
2πr3

3

[
−2 cosϕ

(
cos2 ϕ+ a2 − 1

)3/2]ϕ0

0
=

4πR3

3
(463)

Similarly, starting from the same elementary volume equation

Vgravitoid =

ϕ0�

0

u2�

u1

2π sinϕdϕ � u2du =
2π

3

ϕ0�

0

[
sinϕdϕ � u3

]u2

u1
(464)

but using the limits in Eqs. 16 and 48 we obtain:
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Figure 84: Real sphere in black, gravitoids (virtual) shape in red (together with black left of red line) for
three values of k and nR = 100.
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Vgravitoid =
2π

3

ϕ0�

0

sinϕdϕ�

[(
r

(
cosϕ−

√
a2 − sin2 ϕ

)
+

1

k
− 1

k
exp

(
−2kr

√
a2 − sin2 ϕ

))3

−
(
r

(
cosϕ−

√
a2 − sin2 ϕ

))3
]

(465)

by which we �nish up with a di�erent curve shape for the volume of the gravitoid. This shape �lled with
the actual (real) density may be used with Newton's law to reproduce the same force yielded by PG. The
above examples simply illustrate that the initial common integration for a volume diverges on account of
the di�erent integration limits in the corresponding theories of Newton and PG. They illustrate the formal
relationships between the two theories. The above integration has been performed numerically and plotted
against k in Fig. 6 after it is normalized by dividing by the sphere in Eq. 463, as was done for the e�ective
spherical volume de�ned by Eq. 52.

We note that the e�ective volume generally lies above the gravitoid, as it should, because it is further
away from the gravitoid relative to the reference point O. If they both contain the same real density matter,
then both yield the correct value of acceleration by applying Newton's equation. We further note that the
gravitoid volume (e�ective mass) increases, as we move away from the gravitating mass (e.g. compare the
obvious corresponding sizes provided by Figs. 82 and 84). However, this does not a�ect the inverse of r2

dependency, because this e�ective mass increase is compensated by the integration to a lower upper limit of
angle (i.e. over a smaller angle range). For a possible precession to be generated, we need to consider the
time e�ects also in PG as in the corresponding GR theory.

B Field formulations around a single sphere

We have initially derived the absorption fraction of gravions at a point outside a sphere based on its axial
symmetry around the line joining the point with the center of the sphere. However, we can also generally
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derive the same fraction by considering a Cartesian reference frame of x, y, z axes for later use in non-axially
symmetric systems. We integrate the gravion absorption by revolving an elementary solid angle around
each of the x, y, z axes to yield three components of absorption corresponding to the classical vector of
acceleration. For simplicity, here we consider only a sphere intersecting one coordinate plane of symmetry
along its diameter, but the derivation can be expanded for any location of the test point located outside the
sphere; points inside the sphere are considered during the two sphere �bulk� formulation.

With reference to Fig. 85, the plane of symmetry intersecting the sphere is the yOz and we de�ne and
use the following notations of constants and parameters:

y0 = OY = ZP .
z0 = OZ = Y P .
r = OP .
ϕz = ∠ZOB is the zenith angle of rotation around axis z.
θz = is the azimuth angle of rotation around axis z.
ϕ = ∠ZOP , the angle of axis of rotation with OP.

a =
R

r
≡ sinϕ0 with ϕ0 (subtended angle by the sphere) used in the limit of integration.

uA = OA.
uB = OB.
ψ = ∠POB = ψ (ϕz, θz) varies with θz during rotation.
The length (chord) AB is obtained by the intersection of the straight line u with the surface of the sphere,

for which we need to solve the analytical equations for u:

x2 + (y − y0)2 + (z − z0)2 = R2 (466)

y = u sinϕz cos θz x = u sinϕz sin θz z = u cosϕz (467)

yielding:

uA = y0 sinϕz cos θz + z0 cosϕz −
√

(y0 sinϕz cos θz + z0 cosϕz)
2 − (r2 −R2) (468)

uB = y0 sinϕz cos θz + z0 cosϕz +

√
(y0 sinϕz cos θz + z0 cosϕz)

2 − (r2 −R2) (469)

(AB)z = 2

√
(y0 sinϕz cos θz + z0 cosϕz)

2 − (r2 −R2) (470)

(AB)z = 2

√
OM (ϕz, θz)

2 − (r2 −R2) (471)

(AB)z = 2r

√
a2 − sin2 ψ (472)

Now, the operand under the square root must be positive, which sets the limits of azimuth angle as a
function of zenith angle by solving the equation:

(y0 sinϕz cos θz + z0 cosϕz)
2 −

(
r2 −R2

)
= 0 (473)

y0 sinϕz cos θz + z0 cosϕz = ±
√

(r2 −R2) (474)

θz = acos

(
−z0 cosϕz +

√
(r2 −R2)

y0 sinϕz

)
(475)

where we use the positive root sign because OM = y0 sinϕz cos θz + z0 cosϕz must be positive and, when
OM=ON, it becomes tangent at the limits:

θz1 = −acos

(
−z0 cosϕz +

√
(r2 −R2)

y0 sinϕz

)

θz2 = acos

(
−z0 cosϕz +

√
(r2 −R2)

y0 sinϕz

)
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ϕz1 = ϕ− asin(a)

ϕz2 = ϕ+ asin(a)

With the chord length AB found, the absorption fraction for the z-axis is given by the double integral:

fgz =

ϕz2�

ϕz1

θz2�

θz1

(1− exp (−k(AB)z)) sinϕz cosϕzdϕz (476)

Similarly, we follow the same steps for the y axis by interchanging the corresponding parameters and
notations and adding π/2 to ϕz as follows:

(AB)y = 2

√
(z0 sinϕy cos θy + y0 cosϕy)

2 − (r2 −R2) (477)

with limits:

θy1 = −acos

(
−y0 cosϕy +

√
(r2 −R2)

z0 sinϕy

)

θy2 = acos

(
−y0 cosϕy +

√
(r2 −R2)

z0 sinϕy

)

ϕy1 = ϕ− asin(a)

ϕy2 = ϕ+ asin(a)

with which we obtain the integration around y axis for the absorption component fgy, so that the total

absorption fraction is fg =
√
f2
gz + f2

gy. Noted (AB)z = (AB)y = AB. The above equations are valid while

the sphere does not cross any axis. In the case when it crosses one axis (let's say the z axis), there are two
consecutive sub-ranges of the angles with limits:

First:

θz11 = −π

θz21 = π

ϕz11 = 0

ϕz21 = ϕ− asin(a)

Second:

θz12 = −acos

(
−y0 cosϕy +

√
(r2 −R2)

z0 sinϕy

)

θz22 = acos

(
−y0 cosϕy +

√
(r2 −R2)

z0 sinϕy

)

ϕz22 = ϕ− asin(a)

ϕz22 = ϕ+ asin(a)

with which we obtain two sub-components for this axis to be added as fgz = fgz1 + fgz2
We repeat the same when the sphere crosses the other axis. Likewise, when the sphere crosses both axes.
For negative values of −ϕ, we replace with positive ϕ, whilst for ϕ > π/2 we replace ϕ with π − ϕ.
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B.1 Alternative formulation for the normal component

Beyond the general formulations above, the normal component of acceleration can be deduced with an
alternative simpler way: The component of absorption around the normal axis y can be found concurrently
during rotation around z axis inside the same solid angle used for axis z. As we rotate around the �xed
z axis, we can project and �nd the component of the chord AB on the �xed y-axis by multiplying with
azimuth cos θz times zenith sinϕz, so the normal component is:

fgy =

ϕz2�

ϕz1

θz2�

θz1

(1− exp (−kAB)) cos θz sin2 ϕzdϕz (478)

The two components fgz and fgy must subsequently themselves be projected on the line OP to obtain the
required total absorption fraction, namely:

fg = fgz cosϕ+ fgy sinϕ

We can re-write all above in a combined expression as:

fg =

ϕz2�

ϕz1

θz2�

θz1

(1− exp (−kAB))
(
sinϕz cosϕz cosϕ+ cos θz sin2 ϕz sinϕ

)
dϕz (479)

Although we have already described the �eld around the axis of symmetry at the outset of PG theory
with the simplest equations, the above formulations are more than a theoretical exercise, because they are
needed in more complex mass distributions like the two-sphere problem examined later.

Further theoretical processing and analysis of the above derivations can be done separately, but the above
can be used immediately as �raw� material for numerical integration to obtain some early results without
further ado.

C Force between two spherical masses - bulk method

For the formulation of the problem of force between two material spheres, we have used two di�erent methods.
One method involves the points (elements) inside the bulk of one sphere followed by integration over the
entire bulk of the sphere. The other method involves the points (elements) on the surface of one sphere
and integration over the entire surface of the sphere. The outcomes are equivalent (equal) since traces of
gravions passing through any point inside the bulk of a sphere must also cross the surface of the sphere and
vice-versa. The bulk method involves four integrals and takes far longer integration times with numerical
methods. The second method has its own complexity, but it involves three integrals requiring much shorter
integration times.

With reference to Fig. 86, we de�ne and use the following notations of constants and parameters: We
have sphere_1 (sphere1) and sphere_2 (sphere2) with corresponding radii R1 = P1N and R2 = P2M ,
and with uniform material densities and hence uniform absorption coe�cients k1 and k2; the distance
between the centers of the spheres is P1P2 = r. We choose a random point O inside sphere_2 forming
an angle ∠OP1P2 = ϕ2 with corresponding di�erential semi-angle dϕ2 and maximum subtended angle
∠P2P1S = ϕ20. From point O, we de�ne the direction u along OP1, around which we draw a random solid
angle Ω1 with semi-angle ∠P1OB1 = ϕ1 with corresponding di�erential angle dϕ1 and maximum subtended
angle ∠P1ON = ϕ10. The solid angle Ω1 is enveloped by line u′, which crosses sphere_1 at points A1 and
B1, and sphere_2 at points A2 and B2; we will also need the points A and B, at which the axis u crosses the
sphere_2. Normal to the axis u is the axis ν with a third axis y (not shown) normal to the plane of uν, thus
de�ning the coordinate system (νuy). Another coordinate system (xzy′) is rotated around y′ by the angle
ϕ2 with the axis z aligned with the two centers P1 and P2 and y′ normal to the plane xz, i.e. parallel to y.

Point O is at a distance u from the center P1, i.e. OP1 = u, and the usual parameters are:

a1(u) = R1/u = sinϕ10 (480)

a2 = R2/r = sinϕ20 (481)

P1B = u1(ϕ2) = r cosϕ2 − r
√(

a2 − sin2 ϕ2

)
(482)
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Figure 86: Diagram for the derivation of the force exerted between two spherical masses with di�erent
diameters and di�erent but uniform densities
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P1A = u2(ϕ2) = r cosϕ2 + r
√(

a2 − sin2 ϕ2

)
(483)

The normal from P2 to u crosses AB at mid point M, so that we obtain for the segments:

OM(u, ϕ2) = u− r cosϕ2 (484)

MP2(ϕ2) = r sinϕ2 (485)

The length A1B1 is derived per Eq. 12 again as:

A1B1(θ, ϕ1, u) = 2u

√
a2

1 − sin2 ϕ1 (486)

which is independent of (being constant with) the azimuth angle of rotation around axis u; we introduce the
azimuth because we further require to know the chord lengths OB2 and OA2, which vary by rotating the
line u′ around the axis u at constant angle ϕ1; the azimuth angle of rotation θ is not shown for simplicity
of drawing. We derive the latter chords by solving the equations of sphere_2 and line u′ per analytical
geometry as follows:

y2 + (ν −MP2)2 + (u−OM)2 = R2
2 (487)

ν = (OB2) sinϕ1 cos θ y = (OB2) sinϕ1 sin θ u = (OB2) cosϕ1 (488)

The simultaneous solution of above equations gives the required lengths
.

OA2(θ, ϕ1, u, ϕ2) = MP2 sinϕ1 cos θ+OM cosϕ1−
√

(MP2 sinϕ1 cos θ +OM cosϕ1)
2

+R2
2 −OM2 −MP 2

2

(489)

OB2(θ, ϕ1, u, ϕ2) = MP2 sinϕ1 cos θ+OM cosϕ1 +

√
(MP2 sinϕ1 cos θ +OM cosϕ1)

2
+R2

2 −OM2 −MP 2
2

(490)
where it is important to take the absolute value of the above lengths (when they are negative) in the exponent
of the exponential factor used to derive the gravion absorption below.

The general strategy is brie�y as follows: We consider all gravion �ows in all possible directions at every
given point and vectorially sum the �ows (forces) over all points inside the sphere. The components of �ow
in the direction P1P2 are responsible for the force, whilst those perpendicular (normal) to that direction
contribute no force between the spheres. We �rst group all the components of �ow in the direction of axis u
and all the components in the normal direction of axis v, and then project the two outcomes in the direction
of z de�ned by the centers of the two spheres, whilst all components in the normal direction x vanish.
In the latter stage, the useful absorption fraction fg (O) at point O is the absorption fg(O)z in direction
(projection) z derived from the absorption fg(O)u in direction u plus the absorption fg (O)v in direction v
as follows:

fg (O) ≡ fg (O)z = fg (O)u cosϕ2 + fg (O)v sinϕ2 (491)

This will be used in a �nal integration to �nd the force F by:

F = 2π
J

c

ϕ20�

0

 A�

B

fg(O)u2k2du

 sinϕ2 cosϕ2dϕ2 (492)

The above provides only a general idea of what we better explain and clarify with detailed steps next.

C.1 u-axis

There are two components of gravion absorption by integration around this axis, namely, those crossing both
spheres by joint traces and those crossing only sphere_2.
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C.1.1 Joint crossing (variableuj)

Gravions passing through point O and crossing both spheres (�jointly�) along the line B1A1B2OA2 undergo
exponential absorption before they arrive at point O, the di�erence of which multiplied by the usual product
sinϕ1 cosϕ1 yields the absorption component along the u axis:

fg−uj(θ, ϕ1, u, ϕ2) = [exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2)] sinϕ1 cosϕ1 (493)

which we integrate around the axis over the full azimuth angle θ and over the zenith angle ϕ1 within the
subtended solid angle by sphere_1 at the given angle ϕ2 of the axis with P1P2 and the given distance u of
O from P1:

Fuj(u, ϕ2) =

asin(a1(u))�

0

π�

−π

fg−uj(θ, ϕ1, u, ϕ2)dθdϕ1 (494)

The subscripts uj stand for u axis (direction) and �joint� traces. The above integrated gravion component
exerts a pressure J0/c on an elementary thin material segment disposed normal to the axis of rotation (u), so
that the product of the pressure with the area of the element times the absorption coe�cient k2 of material
sphere_2 over the elementary thickness du produces an elementary force at point O. We may omit the
constant factor J0/c from the interim formulations until we obtain the end result for the absorption factor.
Now, we need to multiply by the area u2dΩ2, where dΩ2 is the elementary solid angle subtended by the
surface element at the center P1 times k2du to allow for the absorption along du generating an elementary
force:

d2Suj(u, ϕ2) = Fuj(u, ϕ2)u2k2dudΩ2 (495)

It is noteworthy at this point that the above factor has acquired the dimensions of an area being an elementary
surface (S) after initially being a pure number. From the above, we �nd the total absorption along the length
of chord A2B2

dSuj(ϕ2) =

 u2(ϕ2)�

u1(ϕ2)

Fuj(u, ϕ2)u2k2du

dΩ2 (496)

Here and in following derivations, when we use an elementary solid angle dΩ, we replace it either with
dΩ = sinϕdϕ in an asymmetrical rotation by involving the azimuth angle, or with the elementary annular
solid angle dΩ = 2π sinϕ being the integral around a rotational symmetry without use of the azimuth angle.
We do this without explicitly stating it. Thus, and by projecting the above force on P1P2 by cosϕ2, we
�nally integrate over the entire bulk of sphere 2 by

Suj =

asin(a2)�

0

dSuj(ϕ2) · 2π sinϕ2 cosϕ2dϕ2 (497)

C.1.2 Single crossing (variableus)

For traces of gravions crossing only sphere_2, to which we refer with the term �single� or �lone� (with
subscript s), the corresponding integrand of the innermost integral is a little simpler by:

fg−us(θ, ϕ1, u, ϕ2) = [exp (− |k2OA2|)− exp (−k2OB2)] sinϕ1 cosϕ1 (498)

We repeat the same steps except that we integrate with respect to zenith angle from ϕ10 (i.e. asin(a1(u)))
to π/2, so that by changing the notation of �j� to �s�, we get:

Fus(u, ϕ2) =

π/2�

asin(a1(u))

π�

−π

fg−us(θ, ϕ1, u, ϕ2)dθdϕ1 (499)

and �nally

Sus =

asin(a2)�

0

dSus(ϕ2) · 2π sinϕ2 cosϕ2dϕ2 (500)
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We �nd that the terms for �single� absorption are not needed for the �nal force derivation, because they
cancel out exerting a null force. However, we consider the steps involved not only for completeness, but
also because we need to follow the corresponding steps during derivation of mass or energy in subsequent
sections.

C.2 ν-axis

Again, there are two kinds of components of gravion absorption by integration around this axis, namely,
those crossing both spheres by joint traces and those crossing only sphere_2. The latter �single� crossings
contain two subgroups, namely, those in the complementary angle to the joint zenith angle (i.e. outside the
joint zenith angle up to π/2) and those in the supplementary joint azimuth angle within the joint zenith
angle (i.e. outside the joint azimuth angle 2π−joint−azimuth angle). We explain this in the following three
steps.

C.2.1 joint crossing (variableνj)

The notation of angles (θ, ϕ1) could have been designated as (θu, ϕ1u) for the u-axis and as (θν , ϕ1ν) for the
ν-axis, because the angles with reference to the normal axis ν are di�erent, but there is no ambiguity to
retain the same notation with both axes noting that the range of integration angles are di�erent, for which
special care is required to avoid possible errors; by use of the correct integration limits, we do not need to
change notation of azimuth and zenith angles.

Now, A1B1 is found by a di�erent expression:
If operand = (u sinϕ1 cos θ)

2
+R2

1 − u2 > 0 then

A1B1 ≡ A1B1νj(θ, ϕ1, u) = 2
√
operand (501)

From the condition of a positive operand above, we obtain the range of angles:

θ1 = −acos
(√

u2 −R2
1/(u sinϕ1)

)
θ2 = +acos

(√
u2 −R2

1/(u sinϕ1)
)

ϕ11 = π/2− asin(a1(u))
ϕ12 = π/2 + asin(a1(u))
The above limits ensure that the integration contains only joint traces. Note that ϕ1 must cover the

range on either side from π/2. The lengths OA2 and OB2 are given by the same Eqs. 489 and 490 provided
we apply the above (correct) range of angles. Then, we follow the same steps changing the notation of u
with ν accordingly:

.

fνj(θ, ϕ1, u, ϕ2) = [exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2)] sinϕ1 cosϕ1 (502)

�nally obtaining:

Sνj =

asin(a2)�

0

dSvj(ϕ2) · 2π sinϕ2 cosϕ2dϕ2 (503)

C.2.2 Single (or lone) crossing

There are two terms for �single� (lone) crossing traces to derive in ν-direction:

(i) ν-axis single complementary - (variableνs−c) This term arises in the zenith angle range 0 →
π/2 − asin(a1(u)) (being the complement of the joint zenith angle), with corresponding full azimuth angle
range −π → +π. We follow the same steps leading to the �nal integral:

Sνs−c =

asin(a2)�

0

dSvs−c(ϕ2) · 2π sinϕ2 cosϕ2dϕ2 (504)
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(ii) ν-axis single supplement (variableνs−s) This term arises in half of the joint zenith angle range
ϕ11 → ϕ12 (below) with corresponding partial (i.e. supplementary) azimuth angle range θ1 → θ2 (i.e.
outside the �joint� crossings), where

θ1 = acos
(√

u2 −R2
1/(u sinϕ1)

)
θ2 = 2π − acos

(√
u2 −R2

1/(u sinϕ1)
)

ϕ11 = π/2− asin(a1(u))
ϕ12 = π/2
It should be noted that, while the zenith range is actually between π/2−asin(a1(u))→ π/2+asin(a1(u)),

we use only half of this range to avoid a second pass of the same single crossing in the second semi-range
π/2 + asin(a1(u)) of the zenith angle.

The above limits ensure that the integration contains only �single� chords in the function of absorption
along the given line u′. We follow again the same steps yielding the other additional component now indexed
with �vs−s�

Sνs−s =

asin(a2)�

0

dSvs−s(ϕ2) · 2π sinϕ2 cosϕ2dϕ2 (505)

C.3 Summation of terms

In the general case above, we have formulated �ve terms initially to be summed for the total force between
the two spheres. These terms are all components projected along the line joining the spheres, so that we
must take their algebraic sum. Each derivation provides a positive number for each component. However,
the con�guration of Fig. 86 is such that all terms of the ν-axis are pointing in the negative direction and
hence they must enter with a negative sign in the sum for the total SF :

SF = Suj + Sus − Sνj − Sνs−c − Sνs−s (506)

As already mentioned, the sum of all �single� terms vanishes, because Sus = Sνs−c +Sνs−s, leaving only the
joint components:

SF = Suj − Sνj (507)

The latter is to be �nally multiplied by Jo/c to yield the force.

C.4 Alternative joint ν-axis component along with joint u-axis (combination)
(variableuνj)

Similar to the alternative derivation by Eq. B.1, it is possible also to account for the joint component
arising from the ν-axis. This is facilitated �rst because all �single� components of force contribute a null
e�ect. Therefore, if only the �joint� components are important for the force derivation, then we need to �nd
the ν-axis joint component in the same range of limits of integration along (concurrently) with u-axis joint
component. With this approach, the equations for the lengths A1B1, OA2 and OB2 are all the same in both
cases. To account for the ν-component while revolving around the u-axis, we use the factors cos θ sin2 ϕ1

(corresponding to cos θz sin2 ϕz in Eq. 478) in the �rst double integral followed by the same steps, namely:

fuνj(θ, ϕ1, u, ϕ2) = [exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2)] cos θ sin2 ϕ1 (508)

Fuνj(u, ϕ2) =

asin(a1(u))�

0

π�

−π

fuνj(θ, ϕ1, u, ϕ2)dθdϕ1 (509)

then we form the third integral in the usual way by

d2Suνj(u, ϕ2) = Fuνj(u, ϕ2)u2k2dudΩ2 (510)

dSuνj(ϕ2) =

 u2(ϕ2)�

u1(ϕ2)

Fuνj(u, ϕ2)u2k2du

dΩ2 (511)
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Since dΩ2 = 2π sinϕ2 and projecting on P1P2, however, now by sinϕ2, we �nally integrate over the
entire bulk of sphere 2 by

Suνj =

asin(a2)�

0

dSuvj(ϕ2) · 2π sin2 ϕ2dϕ2 (512)

Thus, we can write as an alternative formulation of the total force factor:

SF = Suj − Suνj (513)

which again multiplied by the pressure J0/c yields the total force between the two spheres.

C.5 Quadruple integral

We have conducted numerical integration of all of the above formulations and have con�rmed the expected
equivalent results with all cases within the set integration tolerance. The starting formulations may be
thought of as the �raw� constituting equations of PG theory. They can be further worked out. They
are amenable to further theoretical analysis and processing, which can be done separately. For now, we
can summarize with a general quadruple integration of all the above by taking advantage of the common
integration limits when using the alternative ν-axis joint component as follows:

SF = 2πk2

ϕ20�

0

{
sinϕ2 cosϕ2

u2�

u1

 ϕ10�

0

π�

−π

fu()dθdϕ1

u2

 du
− sin2 ϕ2

u2�

u1

 ϕ10�

0

π�

−π

fv()dxdy

u2

du}dϕ2 (514)

where

fu() = [exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2)] sinϕ1 cosϕ1 (515)

fv() = [exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2)] cos θ sin2 ϕ1 (516)

By re-writing we get

SF = 2πk2

ϕ20�

0

u2�

u1

ϕ10�

0

π�

−π

[
fu() sinϕ2 cosϕ2 − fv() sin2 ϕ2

]
u2 · dθdϕ1dudϕ2 (517)

or

SF = 2πk2

ϕ20�

0

u2�

u1

ϕ10�

0

π�

−π

f()
[
sinϕ1 cosϕ1 sinϕ2 cosϕ2 − cos θ sin2 ϕ1 sin2 ϕ2

]
u2 · dθdϕ1dudϕ2 (518)

where

f() = exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2) (519)

with integration limits and chord lengths or segments as provided during the preceding detailed derivations.
We have also performed a numerical integration of the above and found consistency with all other other

part term computations. With every computation, we have normalized by the factor (π2A1A2)/r2 where

A1 =

[
R2

1 −
1

2k2
1

+
exp(−2k1R1)(2k1R1 + 1)

2k2
1

]
(520)

A2 =

[
R2

2 −
1

2k2
2

+
exp(−2k2R2)(2k2R2 + 1)

2k2
2

]
(521)
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as used with the original �reverse engineering� derivation by Eq. 85. The normalization has invariably
resulted in unity within the prescribed tolerance of the integrals. Having said that, the original (�raw�)
derivations of the various terms of absorption (like �single� and �joint�) are also needed to study the physics
and underlying mechanisms of force and mass or energy not otherwise directly obvious from the end Eq. 85.
This is done in the theory of the main body of this report in Section 16.

D E�ective Mass or Energy for one and two spherical masses - bulk
method

In this section, we formulate the problem of �nding the gravion absorption rate by one (single) or two
interacting spheres. Since we have also established that we can deduce the corresponding e�ective mass or
energy from the gravion absorption rate per Sections 15.7 and 16 , we can compare the expressions of mass
or energy with the expressions of force.

D.1 General case for two spheres

The mas or energy, being a scalar, can be derived from summing (integrating) the absorption rate of gravions
by the elementary volume around points O inside the bulk of the sphere. This is done �rst by summing,
instead of subtracting, the two terms of Eq. 493 corresponding to the absorption lengths along the direction
u′ on either side of point O, so that the absorption factor fa− is:

fa−uj(θ, ϕ1, u, ϕ2) = [exp (− |k2OA2|) + exp (−k1A1B1 − k2OB2)] sinϕ1 (522)

without the factor cosϕ1, which was necessary to obtain the projection of gravion �ow along the direction
u. We conduct the double integration by setting:

Muj(u, ϕ2) =

asin(a1(u))�

0

π�

−π

fa−uj(θ, ϕ1, u, ϕ2)dθdϕ1 (523)

Then, we come to the third integral and account for the gravions absorbed by the elementary material
slice facing in the direction u. The gravions absorbed by the elementary thickness du = OU (see inset in Fig.
86) is actually proportional to the elementary length OU ′ = du/ cosϕ1, which must also be multiplied by
the same cosϕ1 to account for the cosine law reduction (oblique incidence) of the arriving gravions; the net
result is that the absorption is proportional to the elementary thickness du times k2 times the elementary
area u2dΩ2, as with the force:

d2Sa−uj(u, ϕ2) = Muj(u, ϕ2)u2k2dudΩ2 (524)

from which we correspondingly obtain the absorption along the length of chord A2B2

dSa−uj(ϕ2) =

 u2(ϕ2)�

u1(ϕ2)

Muj(u, ϕ2)u2k2du

 dΩ2 (525)

Now, we again have dΩ2 = 2π sinϕ2, but there is no reason to project the scalar quantity of absorbed
gravions on P1P2 to obtain the last integration over the entire bulk of sphere_2, so that we �nally obtain

Sa−uj =

asin(a2)�

0

dSa−uj(ϕ2) · 2π sinϕ2dϕ2 (526)

We must further add the absorption by the �single� sphere term in the remaining zenith angle from
asin(a1(u)) to π/2. Here, the absorption factor fa− is a simpler expression:

fa−us(x, y, u, ϕ2) = [exp (− |k2OA2|) + exp (−k2OB2)] sinϕ1 (527)

as the gravions trace only the chord A2B2 of sphere_2, and

Mus(u, ϕ2) =

π/2�

asin(a1(u))

π�

−π

fa−us(θ, ϕ1, u, ϕ2)dθdϕ1 (528)
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We do the third and fourth integral in the same way by replacing �j� with �s�, so that �nally we have

Sa−us =

asin(a2)�

0

dSa−us(ϕ2) · 2π sinϕ2dϕ2 (529)

The total gravion absorption rate is then the sum of the above two terms:

Sa = Sa−uj + Sa−us (530)

The latter is again a characteristic area, the product of which with J0, i.e. SaJ0, yields the total gravion

rate of absorption by sphere_2. Equivalently, we also obtain the e�ective mass by
Sa

4πΛ
.

D.2 Single sphere

We have used and con�rmed the following two alternative bulk method formulations for gravion absorption
rate by a single sphere over and above the method already provided in Section 15.7.

D.2.1 Single sphere general

For a single sphere, say sphere_2, we can apply the preceding Eq. 529 by setting asin(a1(u)) = 0 , i.e. by
initially integrating over the entire zenith angle ( 0 < ϕ1 < π/2), i.e. by vanishing sphere_1 with R1 = 0 at
any arbitrary distance r:

Mus−full(u, ϕ2) =

π/2�

0

π�

−π

fa−us(θ, ϕ1, u, ϕ2)dθdϕ1 (531)

Then, we follow with the same third and fourth integrals. The �nal integral is similar to Eq. 529 but for
the full zenith angle (in the above integral):

Sa−us−full =

asin(a2)�

0

dSa−us(ϕ2) · 2π sinϕ2dϕ2 (532)

D.2.2 Single sphere bulk alternative

With reference to Fig. 7 used to �nd the internal acceleration, we can derive a simple formulation for the
gravion absorption rate as follows:

We now add the scalar terms of absorption to obtain the absorption factor at point O (prior RX = RO
here):

faO = 2π sinϕdϕ·
[
exp

(
−k
√
R2 − (RO sinϕ)

2
+ kRO cosϕ

)
+ exp

(
−k
√
R2 − (RO sinϕ)

2 − kRO cosϕ

)]
(533)

We integrate to �nd the absorption from all the traces radiating out from this point:

MaO =

π/2�

0

2π sinϕdϕ·
[
exp

(
−k
√
R2 − (RO sinϕ)

2
+ kRO cosϕ

)
+ exp

(
−k
√
R2 − (RO sinϕ)

2 − kRO cosϕ

)]
(534)

This is the same for all points on the internal spherical surface with radius RO, so that the spherical
shell with thickness dRO absorbs MaO· 4πR2

O · kdRO, from which we sum (integrate) for the total bulk of
the sphere by:

Sa =

R�

0

MaO· 4πkR2
OdRO= 4π2R2AR (535)

Since
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dSa
dRO

= MaO· 4πkR2
O

kMaO =
dSa
dRO

1

4πR2
O

(536)

we can readily recognize that the product kMaO is a per unit volume characteristic area at point O, the

product of which by
1

4πΛ
yields the e�ective mass per unit volume at that point, i.e. the point e�ective

density ρe−point.

D.3 Net loss of absorption rate between two spheres - bulk method

There is an important quantity arising by the di�erence of the absorption rate of one sphere in the presence
of another from the absorption rate it has, when it is alone (without the absence of other bodies in the
neighborhood). In this di�erence, there is a common term fa−us(x, y, u, ϕ2) in the interval from asin(a1(u))
to π/2 of the zenith angle, leaving only the di�erence between the �single� and �joint� terms in the common
zenith interval from 0 to asin(a1(u)):

fa−netloss() = fa−us()− fa−uj() = [exp (− |k2OA2|)− exp (−k1A1B1 − k2OB2)] sinϕ1 (537)

which is identical to the force term in Eq. 493 except for the cosϕ1 that was necessitated to project the
gravion �ow on the axis joining the centers of the two spheres. We use the term �net� loss to distinguish
it from the generally present (current) steady-state absorption in any or both spheres. The net loss is not
�current�, i.e. it represents a loss of gravions that is not present absorption in any of the spheres, but which
was present prior to the interaction between the two spheres and now has gone �missing�. We will return
to this net loss and the common mathematical factor again, when we consider the �surface� derivations of
gravion absorption.

E E�ective Mass or Energy for one and two spherical masses -
surface method

The �bulk� method for the force and e�ective mass appeared to be the logical or standard way to start with.
It provides good insight on the various fractions of gravion absorption and their possible inter-relationships,
whilst it forms a basis for further elaboration. However, it presents a practical disadvantage by the long
computation times, if we opt to follow this method. Fortunately, there is also an alternative method by
expanding the approach used in Section 15.7 for a single sphere. We have thus developed the �surface�
method with one less integration and much faster computation time, but subject to considerable complexity
in de�ning the integration ranges as we move around the surface of one sphere relative to the other. We
explain this method in detail below.

E.1 General case for two spheres

With reference to Fig. 87, we have sphere_1 and sphere_2, for which we designate certain variables and
relationships needed for the intended formulations. The three tangents from the sphere centers, namely, P2D
and P2Wand P1L together with the two mutual tangents IS and KT cross the surface of sphere_2 at points G,
S, L, T , E and F signaling a transition of the angle ω = ∠qP2z from 0→ ωG → ωS → ωL → ωT → ωE → π.
Concomitant with these lines and points, we need the following lengths and relationships:

r = P1P2, r1 = P1N , r2 = P2N , r3 = P2M

R1 = P1K, R2 = P2T ,
R2

r2
=
R1

r1

r1 + r2 = r, r1 =
R1

R1 +R2
r, r2 =

R2

R1 +R2
r, r3 =

R2

R2 −R1
r

ωG = ∠P1P2D = asinϕ01

ωS = acos

(
R2

r2

)
= acos

(
R1 +R2

r

)
ωL = acos

(
R2

r

)
ωT = acos

(
R2

r3

)
= acos

(
R2 −R1

r

)
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Figure 87: Surface method for the formulation of the energy absorption rate.
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We consider all points O on the surface of this sphere and all the traces of gravions through this point
crossing this sphere alone or both spheres. The line from the center of sphere_2 to point O on the surface
constitutes the axis z of revolution, around which we calculate the �rst two integrals with respect to azimuth
angle θ and zenith angle ϕz = ∠zOB. For this moving coordinate system with origin O, we further require
the distance d of center P1and angle ϕ of OP1 with axis z, which are easily found to be:

d = OP1 =
√
r2 +R2

2 − 2rR2 cosω.

ϕ = ∠P1Oz = ω + asin

(
R2

d
sinω

)
.

We further require the usual limiting angles subtended by each sphere as:

a =
R1

d
, a01 =

R1

r
= sinϕ01, a02 =

R2

r
= sinϕ02

Now, with such a con�guration, there is always (at all zenith angles) a chord OC of sphere_2 with every
trace through this point (even with one vanishing length), whilst only within the subtended solid angle by
sphere_1 there are traces crossing sphere_1 along the chords AB. The length of these corresponding chords
are:

OC = 2R2 |cosϕz|, which always enters as a positive number in the exponential factor of absorption and

(AB)z = 2
√

(y0 sinϕz cos θz + z0 cosϕz)
2 − (d2 −R2

1),

where z0 = d cosϕ and y0 = d sinϕ, as we have found in Appendix B.
Next, we proceed to �nd the two fractions of absorption (�single� or �joint�) by this sphere by �rst

establishing the integrand for absorption around axis P2z. Since there is an axis of symmetry de�ned by
the centers of the two spheres (P1P2), the situation must be the same for all points on the surface annulus
around this axis at angle ω. Thus, we can �nd the absorption rate for the elementary surface annulus and
then integrate with respect to ω in the interval 0 < ω < π. For the surface element at point O, we note
that sphere_2 is always located entirely on one side of the plane of the element. However, sphere_1 changes
location relative to the said surface element plane in ways that it can be (i) entirely on one side of the
plane, or the other, i.e. on the same side as, or the alternate side from sphere_2, or (ii) the plane crosses
sphere_1. In the latter case, sphere_1 can be crossed either above or below its �equator�, i.e. sphere_1
lies more than half above the horizon or more than half below the horizon of sphere_2, or (iii) the axis of
rotation P2z crosses sphere_1. The latter is also important to bear in mind, when we obtain the double
integral of gravion absorption with respect to zenith and azimuth angles. During integration, we must either
avoid doubling up the same absorption traces, or we must consistently do so and then divide by 2 (necessary
to avoid dubious errors). Depending on how we decide to formulate the problem, we can �nish up with 4,
5 or 6 absorption terms, the situation also depending on the relative size, con�guration and distance of the
spheres. Thus, for the �joint� absorption we require 4 terms, or 5 terms when the distance is very short,
whilst 6 terms are used for the �single� absorption. The details of this are better explained inside the Python
code used during numerical integration, which is planned for uploading in the near future. For consistency
and to avoid confusion, let us consider sphere_2 the one, for which we wish to �nd its absorption as a�ected
by the other sphere_1.

It is helpful to clarify again that ωG is the semi-angle subtended by sphere_1 with ωG = asin(a01),
when the z−axis becomes tangent to sphere_1; ωS is at the point where the normal axis y (i.e. the horizon
plane of sphere 2) �rst becomes tangent to sphere_1, ωL is at the point where the horizon plane crosses the
center of sphere_1, ωT is at the point where the horizon plane becomes again tangent with sphere_1, ωE
is where the z−axis becomes again tangent with sphere_1 and ωF = π. This subdivision is necessitated in
order to apply the rules and limits of integration for a single sphere (sphere_1) as described in Appendix
B regarding the various positions of sphere_1 relative to the frame of reference with origin at O. However,
sphere_2 always being on one side of (�below� or �above�) the tangent plane, the rule is straightforward
with absorption chords OC always radiating from point O. The need to distinguish the six intervals of angle
ω arises from the changing integration limits of the �rst double integral. Thus, we integrate separately in
each of these intervals and then sum all the results. In summing all the latter integrals, we should note that
each chord is traced twice (once from each of its ends), so that we must divide the �nal result by a factor
2. Alternatively, we can take care to include only those terms (four or �ve terms), which exhaust all chords
once, namely, by avoiding to integrate over the zenith angle below the horizon of sphere 2; then we should
not divide by the factor 2, whilst it saves us dealing with unnecessary terms and speeds up the computation
work. In the latter case, again care should be taken for the �single� traces not to cross the other sphere
either above or below the horizon.

Further, it is important to note that, while the integration ranges of ω are for the most of distance r
as depicted by Fig. 87(a), the situation is di�erent at close enough distance depending on the given set of
radii R1 and R2 and their relative location with regard to which sphere is under examination. For example,
in the �rst diagram 87(a), point G lies between H and S, whilst in the second diagram Fig. 87(b), point S
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lies between points G and H. This cross-over of points S and G occurs as we decrease the distance so that

ωG = ωS = ϕ01. Then acos

(
R1 +R2

r

)
= asin

(
R1

r

)
,
R1 +R2

r
=

√
1−

(
R1

r

)2

and:

rS =

√
(R1 +R2)

2
+R2

1 (538)

It is also possible sometimes to have a cross-over of the corresponding points T and E, when ωT = ωE =

π − ϕ01. Then acos

(
|R1 −R2|

r

)
= asin

R1

r
,
R2 −R1

r
<

√
1−

(
R1

r

)2

and:

rT =

√
(R1 −R2)

2
+R2

1 (539)

No diagram is shown for the latter condition here, but it can be easily envisaged. The latter characteristic
situation can arise only when one of the spheres is su�ciently smaller than the other, whilst the two spheres
do not merge (overlap). In summary, care should be taken to establish when and if the distance r is in the
ranges:

r ≤ rT ≤ r ≤ rS ≤ r (540)

in order to correctly de�ne the corresponding ranges of ω with correct integration limits of the double
integral.

As with the bulk method, we consider the two fractions of absorbed gravions, i.e. (a) along lines jointly
crossing both spheres and (b) along lines singly crossing the sphere under investigation (let's say sphere_2).

For the joint absorption, in all traces of gravions through point O in the �gure, we have 1− exp(−k2OC)
absorbed from the side (direction) of sphere_2 and exp(−k1AB)− exp(−k1AB)exp(−k2OC) from the side
(direction) of sphere_1. Their sum yields the integrand as a function of the azimuth and zenith angle by

fa−zj(θz, ϕz, ω) = (1− exp(−k2OC)) (1 + exp(−k1AB)) sinϕz cosϕz (541)

where the factor cosϕz is again introduced to allow for the oblique incidence of gravions relative to the
sphere surface element. However, it is not canceled out now as it was for the gravions absorbed by the
elementary material slice du = OU (see inset in Fig. 86), because we use the integrated absorption through
the entire chord length OC already containing the same factor in its exponential (not like the elementary
length OU ′ = du/ cosϕ1). The distinction is subtle, but underlies an important mechanism: Both involve an
elementary surface attached to an elementary mass slice in the bulk method but to the entire massive chord
in the surface method. This saves us from the integration along this chord, which is a signi�cant advantage of
the �surface� method. Since the above integrand is not rotationally symmetric around the variable axis z, we
must integrate with respect to the interdependent azimuth and the zenith angle to obtain the intermediate
factor

Ma−zj(ω) =

ϕ2�

ϕ1

θ2�

θ1

fa−zj(θz, ϕz, ω)dθzdϕz (542)

It is important to obtain the limits of integration such that all traces fall inside the subtended solid angle by
sphere_1 (see Appendix B). The above result is rotationally symmetric about the line joining the centers of
the spheres and hence we multiply times the elementary annular surface 2π sinωR2

2dω and integrate within
each of the above de�ned ω intervals between points H, G, S, L, T and E, the limits denoted by ω1 and ω2

in the �nal integration for each term:

Sa−j =

ω2�

ω1

Ma−zj(ω) · 2π sinωR2
2dω (543)

It should be noted that the absorption factor given by Eq. 541 remains the same in all intervals of ω, because
the absorption along chord OC is the same from whichever end we look at (as can be easily veri�ed).

For single absorption, we follow the same steps: The absorption in each direction of the trace through
point O is (1− exp(−k2OC)), and the starting integrand is the simplest by

fa−zs(θz, ϕz, ω) = 2 (1− exp(−k2OC)) sinϕz cosϕz (544)
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so that the �rst double integral gives:

Ma−zs(ω) =

ϕ2�

ϕ1

θ2�

θ1

fa−zs(θz, ϕz, ω)dθzdϕz (545)

Here, the limits of integration are the supplementary angle of the limits used for the azimuth (i.e. 2π−θjoint)
in joint absorption and the complementary angles used for the zenith (0 → ϕ1) and/or (ϕ → π/2) of the
joint absorption (in one or two parts). Extra care should be taken that the gravion trace does not cross
sphere_1 in either direction as we rotate the trace. The �nal integral is similar by:

Sa−s =

ω2�

ω1

Ma−zs(ω) · 2π sinωR2
2dω (546)

While the distance r between the two spheres is �xed and not explicitly seen in the inegrands above, it
is clear that the two absorption fractions are a function of distance, and we could also use the subscript r as
we do in Section 16. The characteristic total surface factor Sa is the sum of the above:

Sa = Sa−j + Sa−s (547)

The gravion absorption rate is the product SaJ0 and the corresponding e�ective mass
Sa

4πΛ

E.2 Net loss of absorption rate between two spheres - surface method

Like in Appendix D.3, we can derive the same net loss of absorption rate fa−netloss using the surface
method. Again, we �nd the di�erence of the absorption rate of one sphere in the presence of another from
the absorption rate it has when it is alone (in the absence of other bodies in the neighborhood). This is
obtained from the di�erence of Eqs. 544 and 541 :

fa−netloss = fa−zs(θz, ϕz, ω)− fa−zj(θz, ϕz, ω) = (1− exp(−k2OC)) (1− exp(−k1AB)) sinϕz cosϕz (548)

in the common integration solid angle subtended by sphere_1, outside of which the terms of single absorption
cancel out. Thus, we form the double integral:

Ma−netloss(ω) =

ϕ2�

ϕ1

θ2�

θ1

fa−netlossdθzdϕz (549)

The �nal integral yields a characteristic net-loss-surface-quantity Sa−netloss

Sa−netloss =

ω2�

ω1

Ma−netloss(ω) · 2π sinωR2
2dω (550)

We repeat the clari�cation as previously: We use the term �net� loss to distinguish it from the generally
current (present) absorption in any or both spheres. This loss is not a �current� absorption loss, i.e. it
represents a loss of gravions that is not present in any of the spheres at the given distance, but which was
present prior to the interaction (at very long distance) between the two spheres but now gone �missing�.

F Force between two spherical masses - surface method

We can derive the total force exerted on sphere_2 by summing (integrating) all the forces exerted along all the
chords traced by gravions in all possible directions through the point O on the surface. The �lone� or �single�
crossings cancel out leaving only the �joint� ones. For any given chord OC, there is a force component from the
direction that is free from (out of the way of) sphere_1 and caused by the absorption fraction 1−exp(−k2OC).
The other component in the opposite direction arises from the arriving diminished intensity of absorption by
a factor exp(−k1AB) after passing through sphere_1, while it traverses chord OC; The gravion absorption by
this second beam of gravions is then exp(−k1AB)−exp(−k1AB)exp(−k2OC). The net force is the di�erence
of the second from the �rst with a net force factor (1− exp(−k2OC)) (1− exp(−k1AB)). To prepare the
integrand for integration around axis z, we should multiply by the usual product of sinϕz(to account for the
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elementary solid angle around the chord) and by cosϕz to account for the per unit area oblique incidence
with regard to absorption per se at that point. However, this is incomplete until we multiply again by cosϕz
to project that absorption �ow on the axis z. Thus, the integrand for this component of force around this
axis is given by:

fg−z(θz, ϕz, ω) = (1− exp(−k2OC)) (1− exp(−k1AB)) sinϕz cos2 ϕz (551)

with �rst double integration around this axis taken inside the solid angle subtended by sphere_1:

Fz(ω) =

ϕ2�

ϕ1

θ2�

θ1

fg−z(θz, ϕz, ω)dθzdϕz (552)

yielding the intermediate force factor per unit area on the surface at this point O. We multiply times the
elementary annular surface at angle ω by 2π sinωR2

2 as preciously, but we must also multiply by cosω to
project this component of force on the line joining the centers of the two spheres. The above yields a
characteristic surface area, which �nally integrated is SF :

SFz =

ω2�

ω1

Fz(ω) · 2π sinω cosωR2
2dω (553)

Last, we must repeat the same steps for the normal component of force around y axis. It is easier (less
complicated) to use the alternative method as per Appendix C.4. That is, we deduce the y component
concurrently with the revolution used for integrating around z axis by using the same (common) limits of
integration (see also Eq. 478). We again need to multiply Eq. 548 by the azimuth and zenith product
cos θz sinϕz as in:

fg−y(θz, ϕz, ω) = (1− exp(−k2OC)) (1− exp(−k1AB)) cos θz sin2 ϕz cosϕz (554)

and follow by the next two steps:

Fy(ω) =

ϕ2�

ϕ1

θ2�

θ1

fg−y(θz, ϕz, ω)dθzdϕz (555)

SFy =

ω2�

ω1

Fy(ω) · 2π sin2 ωR2
2dω (556)

noting that we used sinω to project this component on the line joining the centers, and the usual 2π sinω
for the elementary annular angle.

The algebraic sum SFz + SFy yields a component of the total force for each interval ω1 → ω2 prescribed
for the angle ω, so that the �nal grand total SF is the sum from all these intervals. Again, the total force

acted upon sphere_2 by sphere_1 is given by the product
J0

c
SF . In the steady state considered by this

report, this force is the same for both spheres (see also the symmetry of the force factor above).
Attention is drawn again (like with the bulk method) to the common factor presenting itself in the

corresponding Eqs. 548, 551 and 554 between net loss and net force, which are discussed in the main body
of the report in Section 16.

Whilst further theoretical processing and analysis of all of the above derivations can be done separately,
we have used them to obtain some immediate results with numerical integration with simple Python codes
and a good laptop computer. Computation time can be a practical problem with the �bulk� method,
but this depends on each case. The �surface� method is the fastest that has allowed us to accumulate a
signi�cant amount of results. Computation time has been greatly reduced also by parallel running of codes
in a multi-core CPU computer, i.e. separate codes are executed concurrently for the various terms involved
in the mass and force derivations. Key cases have been run with both �bulk� and �surface� formulations
yielding identical results within the integration tolerances set, which has provided further reassurance that
no errors are involved with the derivation of equations or the computer codes. The �personal� codes used
are now available in the public domain separately. They have been edited with su�cient commentary and
symbols consistent with (matching) the presented theory; this is necessary to make it readily understood and
applicable by the general user. This task can also be better undertaken by expert computer programmers,
who may prefer to develop a dedicated integrator for the fundamental needs of PG. As a reference example,
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the computer speci�cations used at present are: x64based PC, MS Windows 7 Home Premium, Processor:
Intel(R) Core(TM) 3612QM CPU @2.10 GHz up to 3.0 GHz with turbo boost, 4-Core, 8-Logical Processors,
8 GB RAM. The codes can be found in https://doi.org/10.5281/zenodo.7951860 with �le named PYTHON
CODES for PUSH GRAVITY.
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