4

X/
*

Scientific
Research
Publishing

()

<
X8

%

Journal of High Energy Physics, Gravitation and Cosmology, 2024, 10, 918-929
https://www.scirp.org/journal/ihepgc

ISSN Online: 2380-4335

ISSN Print: 2380-4327

Newton’s Law of Universal Gravitation
Explained by the Theory of Informatons

Antoine Acke

Retired Professor Kaho Sint-Lieven, Now Faculty of Engineering Technology, KU Leuven, Ghent Campus, Gent, Belgium

Email: ant.acke@skynet.be

How to cite this paper: Acke, A. (2024)
Newton’s Law of Universal Gravitation
Explained by the Theory of Informatons.
Journal of High Energy Physics, Gravita-
tion and Cosmology, 10, 918-929.

https://doi.org/10.4236/jhepgc.2024.103056

Received: March 19, 2024
Accepted: June 25, 2024
Published: June 28, 2024

Copyright © 2024 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

(ORORN o s

Abstract

In the context of classical physics, Newton’s law of universal gravitation de-
scribes the attraction between two mass particles separated in space. In the
same context a vector field E_, that is not associated with anything substan-

tial, has been introduced as the entity that mediates in the gravitational inte-
ractions. In this article, we will show that E, is the mathematical quantity

that—at the macroscopic level—fully characterizes the medium that makes
the interaction between particles at rest possible. We identify that medium as
“the gravitational field”. To define the nature of the gravitational field, we will
start from the hypothesis that a material object manifests itself in space by the
emission—at a rate proportional to its rest mass—of mass and energy less
granular entities that—relative to an inertial reference frame—are rushing
away with the speed of light and that are carriers of information referring to
the position of their emitter (“g-information”). Because they transport noth-
ing else than information, we call these entities “informatons”. We will show
that the expanding cloud of g-information created by the continuous emis-
sion of informatons by a mass particle at rest can be fully characterized by the
vector field E_, which implies that that cloud can be identified as the gravi-

tational field of the particle. We will also show that the gravitational interac-
tion between mass particles can be explained as the response of a particle to
the disturbance of the symmetry of its “proper” gravitational field by the field
that, in its direct vicinity, is created and maintained by other mass particles.
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1. Introduction

Daily contact with the things on hand confronts us with their substantiality. An
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object is not just form, it is also matter. It takes space, it eliminates emptiness.
The amount of matter within the contours of a physical body is called its mass.
The mass of an object manifests itself when it interacts with other objects. A
fundamental form of interaction between objects is “gravitation”. Material ob-
jects (“masses”) attract each other and, if they are free, they move to each other.

In the framework of the classical theory of fields (“Newtonian gravity”), the
gravitational interactions are described by introducing the field concept. Each
material object manifests its substantiality by creating and maintaining a vector
field, characterized by the vectoral quantity E, that has a value at every point
of space and time and is thus—relative to an inertial reference frame (IRF)
O—regarded as a function of space and time coordinates. And each object in
that field experiences a tendency to accelerate. The field theory considers E, as
the mathematical entity that mediates in the gravitational interactions.

Although the classical theory of fields describes the gravitational phenomena
in a correct and coherent manner, it doesn’t create clarity about the physical na-
ture of gravity: the gravitational field is considered as a purely mathematical
construction.

In what follows we develop the idea that, if masses can influence each other
“at a distance”, they must in one way or another exchange data. We assume that
each mass emits information regarding its magnitude and its position, and that
it is able to “interpret” the information emitted by its neighbors. In this way we
propose a physical foundation of Newtonian gravity by introducing information
as the substance of a gravitational field.

We start from the idea that a material object at rest relative to an IRF O ma-
nifests itself in space by the emission—at a rate proportional to its rest mass—of
mass and energy less granular entities that are rushing away with the speed of
light and are carrying information regarding the position (“g-information”) of
their emitter. Because they transport nothing else than information, we call these
entities “informatons”. In that context, the gravitational field of a material object
will be understood as an expanding cloud of informatons, that forms an indivis-
ible whole with that object.

In the postulate of the emission of informatons, we define an informaton by
its attributes and determine the rules that govern the emission by a point mass
that is anchored in an IRF O. A direct consequence of that postulate is that a
mass particle at rest in O, and by extension any material object at rest, is the
source of an expanding cloud of informatons, that—at an arbitrary point P—is
characterised by the density of the flow of g-information at that point. That vec-
toral quantity can be identified with E_, the vector field that—according to
classical physics—mediates in the gravitational interactions, which implies that
we can refer to the cloud of informatons as the gravitational fieldin O.

Finally we explain the gravitational interaction between mass particles at rest
relative to an IRF O (Newton’s law of universal gravitation) as the response of an
object to the disturbance of the symmetry of its “proper” gravitational field by

the field that, in its direct vicinity, is created and maintained by other masses.
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2. Preliminary Definitions

A material body occupies space, its surface encloses matter. The amount of mat-
ter within its contours is called its mass. According to the field theory, any ma-
terial body is the source of a gravitational field that at a sufficiently large distance
is independent of the form of the body. This “far field” can be calculated by re-
ducing the body to a mathematical point in which all the mass is accumulated.
Such a point is called a “mass particle’ or a “point mass” and it will be graphi-
cally represented by a little sphere. If we can calculate the gravitational field gen-
erated by a point mass, integral calculus delivers the methods to calculate the
gravitational field generated by any material body. This justifies the fact that we
in the first instance focus on the emission of informatons by a mass particle.

The phenomena that are the subject of this article are situated in spacetime:
they are located in “space” and dated in “time”.

1) In the context of the theory of informatons space is conceived as a
three-dimensional, homogeneous, isotropic, unlimited and empty continuum.
This continuum is called the “Euclidean space” because what geometrically is
possible in that space, is determined by the Euclidean geometry. By anchoring a
standardized Cartesian coordinate system to a reference body, an observer can—
relative to that reference body—localize each point by three coordinates x; y; z

2) In the same context we define #ime as the monotonically increasing real
quantity ¢ that is generated by a standard clock'. In a Cartesian coordinate sys-
tem a standard clock links to each event a “moment”—this is a specific value of
t—and to each duration a “period” or “time interval”’—this is a specific increase
of t. The introduction of time makes it possible for the observer to express, in an
objective manner, the chronological order of events in a Cartesian coordinate
system.

A Cartesian coordinate system together with a standard clock is called a “ref-
erence frame”. We represent a reference frame as OXYZ7), shortly as O. A ref-
erence frame is called an “inertial reference frame’ if light propagates rectilinear
(in the sense of the Euclidean geometry) with constant speed everywhere in the
empty space linked to that frame. This definition implies that the space linked to
an inertial reference frame is a homogeneous, isotropic, unlimited and empty

continuum in which the Euclidean geometry is valid.

3. The Concept of Gravitational Information

Newton’s law of universal gravitation [1] [2] may be expressed as follows:
The force between any two particles having masses m, and m, separated by a
distance r is an attraction working along the line joining the particles and has a

magnitude

m,-m
F=G- %

r

"The operation of a standard clock is based on the counting of the successive cycles of a periodic
process that is generated by a device inside the clock.
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where G is a universal constant having the same value for all pairs of particles.
This law expresses the basic fact of gravitation, namely that two masses are
interacting “at-a-distance”: they exert forces on one another even though they
are not in contact.
According to Newton’s law F,, the force exerted by a particle A—with mass

ny—on a particle B—with mass m—is pointing to the position of A and has a

FB:(G~ﬂ;j~m
r

The orientation of this force and the fact that it is directly proportional to the

magnitude:

mass of A and inversely proportional to the square of the distance from A to B,
implies that particle B must receive information about the presence in space of
particle A: particle A must send information to Babout its position and about its
mass. This conclusion is independent of the position and the mass of B; so we
can generalize it and posit that

A particle manifests itself in space by emitting information about its mass and
about its position.

We consider that type of information as a substantial element of nature and
call it “gravitational information” or “g-information”. We assume that
g-information is transported by mass and energy less granular entities that rush
through space with the speed of light (¢). These grains of g-information are
called informatons.

4. The Postulate of the Emission of Informatons

A material object manifests its presence in space by continuously emitting in-
formatons. The emission of informatons by a material object anchored in an IRF
O, is governed by the “postulate of the emission of informatons’.

A. The emission of informatons by a particle at rest is governed by the fol-
lowing rules:

1) The emission is uniform in all directions of space, and the informatons di-
verge with the speed of light (c =3 x 10° m/s) along radial trajectories relative to

the position of the emitter.

2) N= % , the rate at which a particle emits informatons’, is time indepen-
dent and proportional to the rest mass m, of the emitter. So there is a constant
K so that.

N=K-m,
3) The constant K is equal to the ratio of the square of the speed of light (¢c) to

the Planck constant (h):
2

K:%:1.36x105° kg s

*We neglect the possible stochastic nature of the emission, that is responsible for noise on the quan-

tities that characterize the gravitational field. So, N is the average emission rate.
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B. We call the essential attribute of an informaton its g-index. The g-index of
an informaton refers to information about the position of its emitter and equals
the elementary quantity of g-information. It is represented by a vectoral quantity
S,

1) s, points to the position of the emiltter.

2) The elementary quantity of g-information Iis.

1 h

Se = =——=6.18x10" m’ s
K-ny -

=1.19x10’ kg s’ -m™, Gbeing the gravitational constant.

where 77, = 2

Rule A.1 is the expression of the hypothesis that the space is a homogenous
and isotropic continuum in which the gravitational phenomena are travelling
with the speed of light. Rule A.2 posits that the rate at which a particle emits in-
formatons is a measure for its rest mass and rule A.3 implies the fact that, when

a particle absorbs (emits) a photon /v, its rest mass is increasing (decreasing)

with an amount

-— while its emission rate is increasing (decreasing) with an
c

amount v.

Rule B.1 and rule B.2 respectively express the facts that the gravitational field
of a particle always points to the position of the source of that field and that the
gravitational force between any two particles depends on a universal constant G.

To summarize, each material object manifests itself in space by the emission
of informatons, it is a source of informatons. Informatons are grains of
g-information and, as such, the constituent elements of gravitational fields. In
the context of the postulate informatons are completely defined by their g-index
s, - We will represent an informaton as a quasi-infinitely small sphere, moving

with velocity ¢ and carrying a vector s, .
5. The Gravitational Field of a Particle at Rest

1

X

Figure 1. The emission of an informaton by a particle.
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In Figure 1 we consider a mass particle with rest mass m, that is anchored at the
origin of an inertial reference frame O. According to the postulate it conti-
nuously emits informatons in all directions of space.
The informatons that with velocity
r
c=c-—=c-e,

r
pass near a fixed point P, defined by the position vector r, are characterised by
their g-index s, :

I r 1

s, =— —=— ‘e,
¢ K-n, r K-n,

The rate at which the point mass emits g-information is the product of the

rate at which it emits informatons with the elementary g-information quantity:
o

Of course, this is also the rate at which it sends g-information through any
closed surface that surrounds ma: it is the intensity of the g-information-flow
through any closed surface that encloses m,,.

The emission of informatons fills the space around m, with an expanding
cloud of g-information. This cloud has the shape of a sphere whose surface
moves away from the center O—the position of the point mass—with the speed
of light.

1) Within that cloud there is a stationary state. Because for each spatial region
the inflow of g-information equals the outflow, each spatial region contains an un-
changing number of informatons and thus a constant quantity of g-information.
Moreover, the orientation of the g-indices of the informatons passing near a
fixed point is always the same.

2) That cloud can be identified with a continuum. Each spatial region contains
a very large number of informatons: the g-information is like continuously
spread over the volume of the region.

The cloud of g-information surrounding O can be identified as the gravita-
tional field or the g-field of the point mass m,.

Without interruption “countless” informatons are rushing through any—even
a very small—surface in the gravitational field: we can describe the motion of
g-information through a surface as a continuous flow of g-information.

We know already that the intensity of the flow of g-information through a
closed surface that surrounds O is expressed as:

o

If the closed surface is a sphere with radius r, the intensity of the flow per unit
area is given by:

My

4-n-r2~770
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This is the density of the flow of g-information at any point P at a distance r
from m, (Figure 1).

This quantity is, together with the orientation of the g-indices of the informa-
tons that are passing near P, characteristic for the gravitational field at that
point. Thus, at a point P, the gravitational field of the point mass m, is unambi-

guously defined by the vectoral quantity E_:
N m, m,

E =——-5s,=- e, =— -r
£ 4.omp? f 4~Tt~770~r2 4-7|:-770-r3

This quantity is the gravitational field strength or the g-field strength or the
g-field (m-s™®). At any point of the gravitational field of the point mass m,, the
orientation of E, corresponds to the orientation of the g-indices of the infor-
matons which are passing near that point. And the magnitude of E, is the
density of the g-information flow at that point (the rate per unit area at which
g-information at P flows through an elementary surface perpendicular to the di-
rection of E,_ ). Let us note that, in the case under consideration, E, is oppo-
site to the direction of movement of the informatons.

Finally, let us consider a surface-element dSat P (Figure 2(a)). Its orientation
and magnitude are completely determined by the surface-vector dS (Figure
2(b)).

By —d®,, we represent the rate at which g-information flows through dSin
the sense of the positive normal e, and we call the scalar quantity d®, de-

fined as

d®; =E, -dS=E, -dS -cosa

the elementary g-flux through dS. (m*s™).

- -2 -
én ds =dsS.e,

bn‘ll
bn'll

(a) (b)

Figure 2. The elementary g-flux through a surface-element.

For an arbitrary closed surface S that surrounds m,, the outward flux (which
we obtain by integrating the elementary contributions d®, over $) must be

equal to the rate at which the mass emits g-information. Thus:

m,
O, =JpE, dS=——2
o
This is Gauss’s law [1] [2] in the case of a mass particle at rest. Gausse’s law is

the expression of the conservation of g-information.
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6. The Gravitational Field of a Set of Particles at Rest

We consider a set of particles with rest masses m,,---,m,,---,m, that are anc-
hored in an inertial reference frame O. At an arbitrary point P, the flows of
g-information who are emitted by the distinct masses are defined by the gravita-
tional fields E,,---,E,," -, E,,.

through a surface-element dSat Pin the sense of the positive normal, is the sum

—d®, , the rate at which g-information flows

of the contributions of the distinct masses:

~dd, =Y ~(E, -dS):—(ZEgi)-dS =-E, -dS
i=1 i=1
So, the effective density of the flow of g-information at P (the effective g-field)
is completely defined by:

We conclude:

At a point in space, the g-field of a set of point masses at rest is completely de-
fined by the vectoral sum of the g-fields caused by the distinct masses.

Let us remark that the orientation of the effective g-field has no longer a rela-
tion with the direction in which the passing informatons are moving.

One easily shows that the outward g-flux through a closed surface in the
g-field of a set of anchored point masses only depends on the surrounded masses

m;.;:

B s~ M
(ﬂ) ¢ o

This is Gauss’s law [1] [2] in the case of a set of mass particles at rest. It is the

expression of the conservation of g-information.

7. The Gravitational Field of a Mass Continuum at Rest

We call an object in which the matter in a time independent manner is spread
over the occupied volume, a mass continuum. At each point Q in such a conti-
nuum, the accumulation of mass is defined by the (mmass) density p, . To define
this scalar quantity one considers the mass dm of a volume element dV that
contains Q. The accumulation of mass in the vicinity of Qs defined by:
_dm
Pe = ar

A mass continuum—anchored in an inertial reference frame—is equivalent to
a set of infinitely many infinitesimal small mass elements dm. The contribution
of each of them to the field strength at an arbitrary point Pis dE,. E,, the ef-
fective g-field at P, is the result of the integration over the volume of the conti-
nuum of all these contributions.

It is evident that the outward g-flux through a closed surface S only depends

on the mass enclosed by that surface (the enclosed volume is V):

DOI: 10.4236/jhepgc.2024.103056

925 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2024.103056

A. Acke

1
_q'-:.ﬁSEg 'dSZU_O'HIVpG v

This is Gauss’s law [1] [2] in the case of a mass continuum. /¢ is the expression
of the conservation of g-information.

That relation is equivalent with (theorem of Ostrogradsky [3]):

divE, =-£¢
o
Furthermore, one can show that in any matter free point [3] rotE . =0, what

implies the existence of a gravitational potential function V, for which:

E, =-gradV,

8. The Gravitational Field of Objects at Rest

A mass particle at rest, a set of mass particles at rest and a mass continuum at
rest are the sources of gravitational fields that are completely characterized by
the time independent vectoral quantity E,. The magnitude of this quantity is
the rate per unit area at which g-information at an arbitrary point flows through
an elementary surface perpendicular to the direction of E,.

The constituent element of these fields is the “informaton” and their sub-
stance is “g-information”.

This implies that gravitational fields are granular, that they continuously re-
generate, that they show fluctuations, that they expand with the speed of light,
that gravitational phenomena propagate with that speed and that there is con-

servation of g-information.

9, The Gravitational Interaction between Mass Particles at
Rest

We consider a set of mass particles anchored in an IRF O. They create and
maintain a gravitational field that at each point of the space linked to O is com-
pletely determined by the vector E, . Each particle is “immersed” in a cloud of
g-information. At every point, except at its own position, each particle contri-
butes to the construction of that cloud.

Let us consider the particle with rest mass 3, anchored at 2. If the other par-
ticles were not there, then 13, would be at the center of a perfectly spherical
cloud of g-information. In reality this is not the case: the emission of
g-information by the other particles is responsible for the disturbance of that
“characteristic symmetry” of the proper g-field of m, Because E, at P
represents the intensity of the flow of g-information send to P by the other par-
ticles, the extent of disturbance of the characteristic symmetry in the immediate
vicinity of m, is determined by E, at P.

If it was free to move, particle m, could restore the characteristic symmetry of
the g-information cloud in its immediate vicinity by accelerating with an

amount a = E, . Indeed, accelerating this way has the effect that the extern field
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disappears in the origin of the reference frame anchored to m,. If it accelerates
with an amount a = E,, m, would become “blind” for the g-information send
to its immediate vicinity by the other particles, it would “see” only its proper
spherical g-information cloud.

So, from the point of view of a particle at rest at a point P in a gravitational
field E,, the characteristic symmetry of the g-information cloud in its imme-
diate vicinity is conserved if it accelerates with an amount a=E,. A particle
that is anchored in a gravitational field cannot accelerate. In that case it fends to
move.

This insight is expressed in the following postulate:

A particle anchored at a point in a gravitational field is subjected to a tenden-
cy to move in the direction defined by E,, the g-field at that point. Once the
anchorage is broken, the mass acquires a vectoral acceleration a that equals
E, .

4

10. The Gravitational Force—The Force Concept

A particle m,, anchored at a point Pin a gravitational field, experiences an action
because of that field, an action that is compensated by the anchorage.

1) That action is proportional to the extent to which the characteristic sym-
metry of the proper gravitational field of m, in the immediate vicinity of P is
disturbed by the extern g-field, thus to the value of E, at P.

2) It depends also on the magnitude of m,. Indeed, the g-information cloud
created and maintained by m, is more compact as m, is greater. That implies
that the disturbing effect on the spherical symmetry around m, by the extern
g-field E, is smaller when m, is greater. Thus, to impose the acceleration
a = E_, the action of the gravitational field on 12, must be greater as m, is greater.

We can conclude that the action that tends to accelerate a particle in a gravita-
tional field must be proportional to E, —the g-field to which the particle is ex-
posed—and to m,—the rest mass of the particle. We represent that action by
F, and we call this vectoral quantity “the force developed by the g-field on the
particle’ or the gravitational force on m,. We define it by the relation:

F,=m,-E

g

A particle anchored at a point P cannot accelerate, which implies that the ef-
fect of the anchorage must compensate the gravitational force. It cannot be oth-
erwise than that the anchorage exerts an action on that particle that is exactly
equal and opposite to the gravitational force. That action is called a reaction
force.

Between the gravitational force on a particle with rest mass m, and the local

field strength exists the following relationship:

So, the acceleration imposed to the mass by the gravitational force is:
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Considering that the gravitational force is nothing but a special force, we can
conclude that this relation can be generalized.
The relation between a force F and the acceleration a  that it imposes to

a free particle with rest mass m, is:

F=my-a

11. Newton’s Law of Universal Gravitation

Figure 3. The gravitational interaction between two particles at rest.

In Figure 3 we consider two particles with (rest) masses m, and m, anchored
at the points 2, and 27, in an inertial reference frame.

1) m, creates and maintains a gravitational field that at 2, is defined by the
g-field:

m
. Tc . ’70 .
If m, was free, according to the postulate of the gravitational interaction it
would accelerate with an amount a:

a=E

g2
So the gravitational field of m, exerts a “gravitational force” on m1,:

m -m
F,=m,-a=m, E,=——1——.¢
g 4-7w-n. -R*

-1,

In a similar manner we find F,,:

m, -m,

Fy=——"T
A 4.1, R

ey =—F),

This is the mathematical expression of “Newton’s law of universal gravitation”
(1] [2]:

The force between any two particles having masses m, and m, separated by a
distance R is an attraction acting along the line joining the particles and has the

magnitude

m -m 1 m-m
F:G‘ 1 22: . 1 22
R 4nm, R
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1
G= 2 is a universal constant having the same value for all pairs of par-
/n

ticles.

12. Conclusions

The phenomenon described by Newton’s law of universal gravitation can per-
fectly be explained by the hypothesis that g-information, i.e. information carried
by informatons, is the substance of the medium that the interaction between
mass particles separated in space makes possible. On the macroscopic level,
that medium, the “gravitational field”, manifests itself as the vector field E,
that—according to classical physics—mediates the gravitational interactions.

Each mass particle is the source of a gravitational field: it creates and main-
tains a cloud of g-information that, when the particle is at rest, at an arbitrary
point Pis completely defined by the vector field E,. E, the magnitude at 7, is
the density of the flow of g-information at that point (the rate per unit area at
which g-information at P flows through an elementary surface perpendicular to
the direction of E B J)

A mass particle with rest mass m, in a gravitational field E, generated by
other particles is subjected to a tendency to accelerate with an amount a=E, .

The gravitational field exerts a force F onit: F=m, -a.

13. Epilogue

What precedes this can be expanded to the interaction between moving particles
[4] [5]. In the follow-up article “The gravitational interaction between moving
mass particles explained by the theory of informatons” we deduce from the
postulate of the emission of informatons that the gravitational field of a moving
mass particle is a dual entity always having a field- and an induction-component
simultaneously created by their common sources: time-variable masses and mass
flows and that the gravitational interaction is the effect of the fact that an object
in a gravitational field tends to become “blind” for that field by accelerating ac-

cording to a Lorentz-like law.
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