Journal of High Energy Physics, Gravitation and Cosmology, 2025, 11(2), 331-355

X/
X4

"’: gglseer::'gﬁ https://www.scirp.org/.]ournal/ihepgc
94% Publishing ISSN Online: 2380-4335

o,

ISSN Print: 2380-4327

Gravitoelectromagnetism and
Electromagnetism Unified by
the Theory of Informatons

Antoine Acke

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

Email: ant.acke@skynet.be

How to cite this paper: Acke, A. (2025)
Gravitoelectromagnetism and Electromag-
netism Unified by the Theory of Informa-
tons. Journal of High Energy Physics, Grav-
itation and Cosmology, 11, 331-355.

https://doi.org/10.4236/jhepgc.2025.112029

Received: February 10, 2025
Accepted: April 12, 2025
Published: April 15, 2025

Copyright © 2025 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/

(oRon]

Abstract

The theory of informatons starts from the idea that any material object at rest
in an inertial reference frame is the source and the center of an expanding
cloud of informatons: mass- and energy-less granular entities that are emitted
by that object at a rate proportional to its rest mass and that rush away with
the speed of light carrying information regarding its position (“g-infor-
mation”) and if this is the case, regarding its electric charge (“e-information”).
Depending on the nature of the substance (g- or e-information) on which we
focus, we identify that cloud as the “gravitational” or as the “electric field” of
the object. In this article, we deduce from the kinematics of the informatons
both the gravitoelectromagnetic description of the gravitational phenomena
and laws and the classical description of electromagnetism.

Keywords

Gravity, Gravitoelectromagnetism (GEM), Electromagnetism (EM),
Informatons

1. Introduction

The classical field theory considers the gravitational field as the entity that medi-
ates in the gravitational interactions and the electromagnetic field as the entity
that plays the same role in the electromagnetic ones.

In contemporary textbooks, the gravitational field of a whether or not moving
mass particle is fully characterized by the vectoral quantity E; and in the same
context the electric field of an electrically charged mass particle at rest is fully
characterized by the vectoral quantity E. E; and E have a value at every

point of space and time and are thus relative to an inertial reference frame (IRF)
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O, regarded as functions of space and time coordinates. But the electromagnetic
field (EM-field) of a moving electrically charged mass particle is characterized as
a dual entity always having a field- and an induction-component (E and B)
simultaneously created by their common source: the moving particle.

Oliver Heaviside [1], Henri Poincaré [2], Oleg Jefimenko [3] e.o. made funda-
mental contributions to the gravitoelectromagnetic description of the gravita-
tional phenomena and laws. In that context (“gravitoelectromagnetism”, GEM)
the kinematics of the gravitating objects are taken into account what implies that
the gravitational field of a moving mass particle, just like the electromagnetic field
of a moving electrically charged particle, is a dual entity always having a field- and
an induction-component (E; and B, ). Because the role of the kinematics of
the gravitating objects is not relevant when the speed of the objects is small relative
to the speed of light, this phenomenon is overlooked in the “classical” description
of gravity. It should be noted that, from the point of view of GRT, the gravitoelec-
tromagnetic description of the gravitational phenomena and laws is valid only in
the weak field approximation.

The “theory of informatons” is starting from the idea that a mass particle at rest
relative to an IRF O manifests its presence in space and time 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 that are carrying information regarding
the position (“g-information”) and if this is the case, regarding the electric charge
of their emitter (“e-information”). Because they transport nothing else than infor-
mation, we call these entities “informatons”.

In the context of the mentioned theory, the gravitational as well as the electro-
magnetic field of a material object is understood as an expanding cloud of in-
formatons that forms an indivisible whole with that object. The g-information
stored in that cloud is the substance of the gravitational field and if this is the case,
the e-information stored in it is the substance of the electromagnetic field. That
means that “information” can be identified as the substance of gravitational and
electromagnetic fields and “informatons” as the constituent elements of that sub-

stance.

2. Preliminary Definitions

» «

We refer to §2 of reference [4] for the definitions of the concepts “mass”, “charge”,

“mass particle”, “space”, “time” and “inertial reference frame” as they are under-

stood in the context of the theory of informatons.

3. Preliminary Concepts

3.1. The Concept of Gravitational or g-Information

Newton’s law of universal gravitation [5] may be expressed as follows:
The gravitational force F between any two particles having masses n and nn
separated by a distance r is an attraction working along the line joining the parti-

cles and has a magnitude
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m, -m,

r.2

F=G-

where G =6.6732x10""N-m® kg™ 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 in-
teracting “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 4, with mass
m,, on a particle B, with mass m, is pointing to the position of A and has a

magnitude:
F, - (G ﬂj m
r

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

3.2. The Concept of Electrical or e-Information

Two-point charges at rest relative to an IRF in vacuum exert an electric force F
on one another. Between charges of like sign, this force is repulsive and between
charges of unlike sign it is attractive. The precise value of the electric force that
one charged particle exerts on another is given by Coulomb’s law [6]:

The magnitude of the electric force F that a particle with charge q, exerts on
another particle with charge q is directly proportional to the product of their
charges and inversely proportional to the square of the distance r between them.

The direction of the force is along the line joining the particles.

1oy fa,|

Fer—
dng, r

where &, =8.85x10"2F/m is the permittivity constant.

Coulomb’s law expresses the basic fact of electrostatics, namely that two point
charges are interacting “at-a-distance”.

According to Coulomb’s law F, the electric force exerted by a point charge A,
with charge ¢, on a point charge B, with charge ¢, is pointing to the position of A
if the signs of the charges are unlike and in the opposite direction if they are like.

The magnitude of that force is:

(1 ),
FB_[47150 r2J|q|
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The orientation of F, and the fact that it is directly proportional to the charge
of A and inversely proportional to the square of the distance from Bto A, implies
that particle B must receive information from particle A about its electric charge
and about its position. In other words: point charge A must send information to
B about its position and about the magnitude and the sign of its charge.

So, we can posit that: a point charge manifests itself in space by emitting infor-
mation about its charge and about its position. We consider this type of infor-
mation as a substantial element of nature and call it “electrical information” or “e-

information”.

4. The Postulate of the Emission of Informatons

We assume that a material object manifests its presence in space by continuously
emitting granular carriers of g-information and, if it is electrically charged, of e-
information. These information carriers are called “informatons”. The emission
of informatons by a material object anchored in an IRF O, is governed by the
“postulate of the emission of informatons’.

1) The emission of informatons by a mass particle at rest is governed by the
following rules:

a) The emission is uniform in all directions of space, and the informatons di-
verge with the speed of light (c = 3.10° m/s) along radial trajectories relative to the

position of the emitter.
- dN
b) N= o the rate at which a particle emits informatons', is time independ-

ent and proportional to the rest mass my of that particle. So there is a constant K
so that.

N=K-m,

¢) The constant K is equal to the ratio of the square of the speed of light (¢) to

the Planck constant (h):
2

K :%:1.36x1050 kgt-s™

2) 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 quantum of g-information. It is represented by a vectoral quantity
Sg :

a) s, points to the position of the emitter.

b) The elementary quantum of g-information is:

1 h . -
S, = =——=6.18x10""m* s
Kemo  15-C

where 1, = 2 1 G =1.19x10°kg-s®-m™, Gbeing the gravitational constant.
. TE .

3) Informatons emitted by an electrically charged particle at rest in an IRF,

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

ties that characterize the gravitational field. So, N is the average emission rate.
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carry in addition an attribute that refers to the electric charge per unit mass of
their emitter, namely the e-index. e-indices are represented as S, and defined by:

a) The e-indices are radial relative to the position of the emitter. They are cen-
trifugal when the emitter carries a positive charge (q = +Q) and centripetal when
the charge of the emitter is negative (q= —Q).

b) s the magnitude of an e-index depends on Q/my, the charge per unit of rest
mass of the emitter. It is defined by

1

s =t .9 _g32x10%. Lyg.m.st.ct
: g
K-g m, m,

where &,=8.85x10"*F/m is the permittivity constant.

Rule 1.a is the expression of the hypothesis that the space is a homogenous
and isotropic continuum in which the gravitational and electromagnetic phe-
nomena are travelling with the speed of light. Rule 1.b posits that the rate at which
a particle emits informatons is a measure for its rest mass and rule 1.c implies the

fact that, when a particle absorbs (emits) a photon h-v, its rest mass is increasing

(decreasing) with an amount % while its emission rate is increasing (decreas-
ing) with an amount v .

Rule 2.a and rule 2.b identify an informaton as the carrier of the constituent
element of gravitational information.

Rule 3.a and rule 3.b identify an informaton emitted by an electrically charged
mass particle as the carrier of the constituent element of electrical information
linked to that particle.

To summarize, each material object manifests itself in space by the emission of
informatons. Informatons are carriers of the elementary quantum of g-infor-
mation and as such the constituent elements of gravitational fields. If their emitter
is electrically charged, they are also carriers of the elementary quantity of e-infor-
mation that depends on the charge/unit of mass of their emitter and they are as
such the constituent elements of electric fields.

We will represent an informaton as a quasi-infinitely small sphere, moving with
velocity c always carryinga vector s; and if it is emitted by a charged particle

in addition carrying a vector s, .

5. The Emission of Informatons by a Particle at Rest

In Figure 1, we consider a particle, with rest mass m, and (positive) charge g, that
is anchored at the origin of an IRF O.

From article 1 of the “postulate of the emission on informatons” it follows that
that particle is the source and the center of a, with the speed of light, expanding
spherical cloud of informatons. It is evident that the rate at which that particle
emits informatons is also the rate at which it sends informatons through any
closed surface surrounding it. So, the postulate of the emission of informatons
implies that the intensity of the flow of informatons through any closed surface

that encloses the particle is:
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Figure 1. The emission of an informaton by an electrically charged particle.

If the closed surface is a sphere with radius r, the intensity of the flow of in-

formatons per unit area is given by:
o 1)

This is, at any point P at a distance r from their source the “density of the flow
of informatons”, i.e. the rate per unit area at which these informatons cross an
elementary surface perpendicular to the direction in which they move.

Because for each spatial region, the inflow of informatons equals the outflow
each spatial region contains an unchanging number of informatons and thus a
constant quantity of g-information and a constant quantity of e-information.
Moreover, the orientation of the g- and e-indices of the informatons passing near
an arbitrary point is time-independent. And in addition, each spatial region con-
tains a very large number of informatons, which makes that the cloud of informa-
tons can be considered as a continuum. If we focus on the g-information as its
substance that continuum is called the “gravitational field’ of the particle and if

we focus on the e-information it is referred to as its” electric field’.

6. The g-Field and the e-Field of a Particle at Rest

According to articles 1 and 2 of the postulate of the emission of informatons, the

informatons that in Figure 1 with velocity

C=C-—=C-g
r
pass near point 2, defined by the position vector I , have two attributes: their g-

index s; and their e-index s,:

e @)

g 4. - T_4, e (3)
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The densities (Z.e. the rates per unit area perpendicular to ¢ ) of the flows of g-
and e-information at P are respectively the product of the density of the flow of
informatons with s, the elementary g-information quantum, and with s,, the ele-
mentary e-information quantity.

So, combining (1) and (2) with (3) we become the following expressions for
respectively the density of the flow of g-information and the flow of e-information
at P

K-m, 1 m,
4omr? K-, - 4~TE’770~I’2

Km, q 1 q
4-rr*my, K-g, 4-mg,-r?

These quantities are, together with the orientation of the g- and e-indices of the
informatons that are passing near P, characteristic for the gravitational field and
for the electric field at that point. Thus, at a point 2, the gravitational field of a
particle with mass 2 and electric charge ¢gis unambiguously characterized by the

vectoral quantity E; defined as:
N m, m,

E, = 5, =— e =
2 9 4.n.770.r2 r

4.n.]70.r3

And its electric field by the vectoral quantity E defined as:

N
E= 2-Se: q Z.erz q 3.[’
4-m-r 4-m-gy-r 4-m-gy-r

These quantities are the gravitational field strength or shortly the “g-field” and
the electric field strength or shortly the “e-field’.

We conclude:

1) E,, the magnitude of E characterizes the density of the flow of g-infor-
mation at an arbitrary point P (i.e. the rate per unit area at which g-information
crosses an elementary surface perpendicular to the direction in which the in-
formatons move at P). And E, the magnitude of E characterizes at P the density
of the flow of e-information (ie. the rate per unit area at which e-information
crosses an elementary surface perpendicular to the direction in which the in-
formatons move).

2) At any point of the gravitational field of a particle with rest mass m, (whether
or not electrically charged), the orientation of E corresponds to the orientation
of the g-indices of the informatons that are passing near that point. So E 1Is
pointing to the position of the source of the field. That applies also to E in the
case of the electric field of a particle with negative charge, but in the case of a
particle with a positive charge E is pointing in the opposite direction.

Let us note that the role played by the factor (—ﬂ) in the definition of E; is
o

taken over by the factor (i) in het definition of E .
&
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7. The Laws of Conservation of g- and e-Information

Let us consider a surface-element dS at P (Figure 2(a)). Its orientation and its
magnitude are completely determined by the surface-vector dS (Figure 2(b)).
By —d®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®; defined as

do, =E,-dS=E;-dS-coscx

the elementary g-flux through dS.

Figure 2. The flux through a surface element.

For an arbitrary closed surface S that surrounds a particle with rest mass 1,
the outward g-flux @, (that we obtain by integrating the elementary contribu-
tions dd; over $) must be equal to the rate at which the particle emits g-infor-

mation. Thus:
o, =fpE, -ds=-"0 4)
o

In an analogous manner it can be shown that for an arbitrary closed surface that
surrounds a particle with charge g, the outward e-flux @ is equal to the rate at

which the particle emits e-information. Thus:

q
O, =qpE-dS=— 5

e =¢p o (5)
(4) and (5) (Gauss’s laws) express the laws of the conservation of g- and of e-

information.

8. The Gravitational Field and the Electric Field of a Set of
Particles at Rest

We consider a set of particles with rest masses m,,---,m,,---,m_ thatareanchored

in an IRF O. At an arbitrary point 7, the flows of g-information that are emitted
by the distinct masses are defined by the gravitational fields
Eg Egioos Egy-

face-element dSat Pin the sense of the positive normal, is the sum of the contri-

g1’ —-d®, the rate at which g-information flows through a sur-

butions of the distinct masses:

—~ddy =Zn:—(Egi -dS)=—(Zn: Egij-ds =-E,-dS
i=1

i=1
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So, the effective density of the flow of g-information at P (the effective g-field)
is completely defined by:

n
E,= le Eq
If the particles are electrically charged with charges ¢,,---,0;,-:-,0, theywillin
addition create an e-field that at an arbitrary point is determined by:

E-YE
i=1

We conclude: At a point in space, the g-field (e-field) of a set of (electrically
charged) particles at rest is completely defined by the vectoral sum of the g-fields
(e-fields) caused by the distinct particles.

It’s easy to show that the conservations laws (4) and (5) in the case of a set of

particles take the following form:

GJG:@Eg-dS:—mi” and CDE=<ﬁ>E~dS=qi

o &o

where m;, and g, are respectively the surrounded mass and the surrounded charge.

9. The g-Field and the e-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 Qin such a continuum, the accumulation of mass is characterized
by the (iass) density pg . To define this scalar quantity one considers the mass
dm of a volume element d V that contains Q. The accumulation of mass in the
vicinity of Qis defined by the mass density pj :

_dm
Ps = av

If the mass continuum is electrically charged, in addition, it is characterized by
the charge density pg . This scalar quantity is defined by considering the charge
dgin the volume element d 1

dq
Pe = d_V

A mass (charge) continuum, anchored in an IRF, is equivalent to a set of infi-
nitely many infinitesimal small mass (charge) elements dm (dg). The contribution
of each of them to the g- (e-)field at an arbitrary point Pis dE, (dE). E; (E),
the effective g- (e-)field at P, is the result of the integration over the volume of the
continuum of all these contributions.

It is evident that the outward g- (e-)flux through a closed surface Sonly depends
on the mass (charge) enclosed by that surface (the enclosed volume is V ):

5., 05 = pc-av and ff, €05 = ([] pe-ov

&o

This is Gauss’s law in the case of a mass (electrically charged) continuum. /¢ is
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the expression of the conservation of g- (e-)information.

These relations are equivalent with (theorem of Ostrogradsky [7]):

divE, =—£5 and divE =£&
o &

Furthermore, one can show that in any matter free point rotE, =rotE=0,
what implies the existence of a gravitational (electric) potential function V, (V)
for which:

E,=—gradV, and E =-gradV

Let us note that the role played by the factor (—p—G) in the definition of E
o

is taken over by the factor (& ) in the definition of E .
€o

10. The Emission of Informatons by a Particle Moving with
Constant Velocity

We extend rule 1.b of the postulate of the emission of informatons with the fol-
lowing proposition: N, the rate at which a mass particle emits informatons is
independent of its of motion.

In Figure 3 we consider a particle, with rest mass m and (positive) charge g
moving with constant velocity v along the Z-axis of an IRF O. At the arbitrary
moment ¢ it passes at P. The position of P, an arbitrary fixed point in space, is
defined by the vector r =P,P . Because the position of 2, is continuously chang-

ing, T, justlike the distance rand the angle @, is time dependent.

P9

Py

Figure 3. The emission of an informaton by an electrically charged particle.

The informatons that, with the speed of light, at the moment #are passing near

P, are emitted when the particle was at 2. Bridging the distance PP =r,

I
took the time interval At=-2. During their rush from 7 to P their emitter, the
C
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particle, moved from 2 to P: RB,P, =Vv-At.

1) Rule 1.a of the postulate of the emission of informatons implies that ¢ the
velocity of these informatons, points in the direction of their movement, thus
along the radius AP,

2) Rules 2.a and 3.a of that postulate imply that s, their g-index, points to A,
the position of the (positive) particle at the moment #and that s, their e-index,
points in the opposite direction.

The line carrying the indices s; and s, and those carrying ¢ form anan-
gle AQ .We call this angle, that is characteristic for the speed of the mass particle,
the “characteristic angle’ or the “characteristic deviation” of the informaton. The
quantity S, =S§;-sin (AH) , referring to the speed of the emitter, is called the
“characteristic g-information” or the “f-information ” carried by the informaton
and the quantity S, =S, -Sin (AH) its “characteristic e-information” or “b-infor-
mation”.

We conclude that an informaton emitted by a moving particle, is a carrier of
information referring to the velocity of that particle. This information may be rep-
resented by s, its “gravitational characteristic vector’ or “[f-index” - and if the
particle is electrically charged in addition by s, its “electrical characteristic vec-

tor’ or “b-index”. These vectoral quantities are defined as:

CX% CXS,

S, = and s, =
s P b

1) The S~ (b-)index is perpendicular to the plane formed by the path of the
informaton and the straight line that carries the g- (e-)index, thus it is perpendic-
ular to the plane formed by the point Pand the path of the emitter.

2) Its orientation relative to that plane is defined by the “rule of the corkscrew”.

3) The magnitude of the f-indexis S, =S, -sin (AH) and the magnitude of the
b-indexis s, =S, -Sin(A6).

In the case of Figure 3 the S-index has the orientation of the positive X-axis and
the b-index points in the opposite direction. In the case of a negatively charged

particle both indices would have the same orientation.

11. Generalization: The Gravitational and the Magnetic
Induction

If they are emitted by a moving electrically charged particle, all elements of the
cloud of informatons in the volume element d Vat P (Figure 3) carry, besides g-
and e-information, also f- and b-information that depends on the state of move-
ment of the emitting particle and is represented by the f-indices s, and the b-

indices s, defined as:

CXS CxS
s;=—— and s, =—-=
c

If nis the density at P of the cloud of informatons (number of informatons per

unit volume) at the moment ¢ the densities of the cloud of f/b-information (char-
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acteristic information per unit volume) at Pis determined as:

CXS CXS
& and n-s =—-2¢
c c

n-s,=n-

B

We call these (time dependent) vectoral quantities, that will be represented by
B, and B, respectively the “gravitomagnetic induction” or “p-induction”and
the “magnetic induction” or “b-induction” at P. The magnitude B, /B charac-
terizes the density of the A/b-information cloud at Pand the orientation of B, /B
refers to the orientation of the f/b-indices s, /s, of the informatons passing
near that point.

So, the f- and the b-induction caused at P by an electrically moving particle

with rest mass 11, and charge gare:

CXS c
B, =n- g:—x(n-sg) and B=n-
c

CXS _C o (n.
o _Cx(n Se)

N, the density of the flow of informatons at P (the rate per unit area at which
the informatons cross an elementary surface perpendicular to the direction of

their movement), and 1, the density of the cloud of informatons at that point

. . ) N
(number of informatons per unit volume), are connected by the relation: n=—.
C

With E;=N-s, and E=N-s, we can express the f- and the b-induction
at Pas:

cxE
o2

B, =C£2><(N sy ) = CZZEQ and B :C%x(N 's,)=

We conclude: A moving mass particle manifests itself in space by its “gravi-
toelectromagnetic (GEM) field’: a dual entity always having a field- and an induc-
tion-component (E, and B). If the particle is electrically charged it is, in ad-
dition, the source of an “electromagnetic (EM) field’: also a dual entity with a
field- and an induction-component( E and B)). The source of the GEM field is

the rest mass my of the particle, its electric charge q is the source of the EM field.

12. The Field- and Induction Component of the Gravitational
and of the Electromagnetic Field of a Mass Particle Moving
with Constant Velocity

12.1. The g-Field and e-Field of a Mass Particle Moving with
Constant Velocity

In Figure 4(a), we consider a particle with rest mass 12, and (positive) charge ¢
that is moving with constant velocity v=v-e, along the Z-axis of an IRF O. At
the moment ¢ =0, it passes through the origin O and at the moment ¢ = ¢through
the point 2. It is evident that:

OF =z; =v-t

Pis an arbitrary fixed point in O. Its position relative to the moving particle is

determined by the time dependent position vector r=PP .
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We introduce O; the proper IRF of the particle (Figure 4(b)), i.e. the IRF whose
origin is anchored to the particle and we assume that ¢ = #'= 0 when its origin O’
passes through O. Relative to O; the position of Pis determined by the time de-

pendent position vector r'=0'P .

X’ ;

X/

(b)

X

Figure 4. The g-field of an electrically charged mass particle moving with constant velocity.

The particle is at rest in O So according to §.6, E_, its g-field relative to O; is
completely defined by the vectoral quantity:

dN
p__dt” °
S T 4qr”? b

dNis the number of informatons that during the time interval d¢'pass through
an elementary surface dS'that in O'is perpendicular to c, the velocity of these
informatons.

By definition, Ej|
and the magnitude of E| is the rate per unit area at which, relative to O; g

is, relative to O; the density of the g-information flow at P

information flows through an elementary surface dS’that at Pis perpendicular to
the velocity € of the informatons that carry that information.

The Lorentz transformation equations [8] provide the key for the mathematical
deduction of E, the g-field at Prelative to O, from E|, the g-field relative to
O’ In §3 of [9] one can find the detailed calculations. They lead to the following

result:

m 1- p? m 1- p?
Eg:_4n770r3. E.r:_4n770r2. A (©)
" (1-p-sin?0)? ° (1-p*sin®0)

3
2

It is evident that one, in an analogous manner, can deduce E , the electric field
at Prelative to O, from E’, the electric field at that point relative to O’

m
As earlier mentioned this implies the substitution of the factor (——2) in for-
o

mula (6) by the factor (& ). Thus:

&
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¢ 18 9 1-p -

- drg,r? (1—,6’2 .sin? 0)% e drg,r’ (1—,82 .sin? 6’)2 o

We conclude: An (electrically charged) mass particle describing a uniform rec-
tilinear movement relative to an inertial reference frame O, creates in the space
linked to that frame a time dependent gravitational (electric) field.

1) E,, the g-field at an arbitrary point P, points at any moment to the actual
position of the particlé and its magnitude is.

2
E _ m, 1-p
9 2
4 7 (

3
2

1- g sin’ 0)

2) Ifthe charge of the particle is negative, E , the e-field at P, also points at any
moment to the actual position of the particle. If it is positive, E points in the

opposite direction. The magnitude of E is:
o 1-p
2 3
Ane,r (1- 2 -sin? )2

If the speed of the particle is much smaller than the speed of light, the expres-
sions (6) and (7) reduce to that valid in the case of a particle at rest. This non-
relativistic result could directly be obtained if one assumes that the displacement
of the mass particle during the time interval that the informatons need to move
from the emitter to Pcan be neglected compared to the distance they travel during
that period.

Finally let us note that the fact that the rate at which g (e-information) that
escapes from an enclosed space is completely determined by the rate at which it is
generated inside that space (conservation of g/e-information) can be expressed as:

My

ds =T ds =2
fpE,-ds " and ¢pE-ds .

12.2. The S-Induction and the b-Induction of a Mass Particle
Moving with Constant Velocity

We refer to the situation of §10 (Figure 3). Applying the sine-rule to the triangle
Py PP, we obtain:
sin(A0) sing
V- At c-At

From which it follows:
Vo Vo
Sy=S,-—-sing and s,=s,-—-sind
c c

Thus, taking into account the orientation of the different vectors, the £/ b-index

of an informaton emitted by an electrically charged point mass moving with con-

*The orientation of the g-field implies that the g-indices of the informatons that at a certain moment
pass near P, point, in accordance with the “postulate of the emission of informatons”, to the actual
position of the emitting mass and not to its light delayed position.
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stant velocity, can also be expressed as:

VXS§, VXS,

S, = and s, =
s c b

From the general definitions in §11 of B; and B it follows that in the par-

ticular case of an electrically charged particle moving with constant velocity Vv :

v vx E v vx E
Bgzc—zx(N-sg)z ng and B=C—2><(N-se)= =

Taking (6) and (7) into account, we become the - and the b-induction at 2

2
B, = () ®)
™ (1-psin?o)
B=to4. 1-5 —-(vxr) 9

4-Tl:|’3 (1_ﬂ2-5in2 9)5

With: v, =——=9.34x107m kg’ and s, =——=1.26x10"°H/m

Cc -1, C &

We conclude: An (electrically charged) mass particle describing a uniform rec-
tilinear movement relative to an IRF O, creates in the space linked to that frame a
time dependent gravitomagnetic (magnetic) induction field characterized by (8)
[(9)], the p-induction (the b-induction).

1) The orientation of B, the - or gravitomagnetic induction at an arbitrary
point P, is determined by the orientation of the vectoral product (I’ X V) and the
magnitude is:

Vo My 1-p
- dnr?

B

: 5-V-sing

(1 sin® 0)?

2) Ifthe charge of the particle is negative, the orientation of B, the b- or mag-
netic induction at P, is also at any moment determined by the orientation of the
vectoral product (r X V) . Ifitis positive, B points in the opposite direction. The
magnitude of B s

:/u0|q| 1_ﬁ2

B
Anr?

5-V-sing
(1-p-sin’0)?
If the speed of the mass is much smaller than the speed of light, the expressions
for the gravitomagnetic and magnetic induction reduce to:
_Yo My
9 4nr

This non-relativistic results (Biot-Savart law) could directly be obtained if one

-(rxv) and B:Z:rqs (vxr)

assumes that the displacement of the point mass during the time interval that the
informatons need to move from the emitter to P can be neglected compared to the
distance they travel during that period.

Finally from the fact that s, (s, ) is always perpendicular toboth ¢ and s,
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(s, ) it follows that:
§pB,-ds=0 and {fB-ds=0

13. Summary and Generalization

13.1. The Gravitoelectromagnetic and the Electromagnetic Field of
a Mass Particle Moving with Constant Velocity

An electrically charged particle with rest mass 1, and charge g, moving with con-
stant velocity v=V-e, along the Z-axis of an IRF, creates and maintains an ex-
panding cloud of informatons that are carriers of g-/f- and e-/b-information.

1) Focusing on the g-/f-information, that cloud manifests itself as a time de-
pendent continuum: the gravitoelectromagnetic field ( GEM-field) of the particle.
It is characterized by two time dependent vectoral quantities: the “gravitational
field” (short: g-field) E, and the “gravitomagnetic induction” (short: S-induc-
tion) B, .With Nand nrespectively the density of the flow and the density of the

cloud of informatons at an arbitrary point 2

_n2
E —N.s =——10 -5 -r

¢ 9T 4 PRS-
TCUO (1_ﬂ2 SInZ 9)2

VoM 1-p

47'Cr3 (1—ﬁ2 'Sinz 6)%

B,=n-s,= ~(rxv)

If v, these expressions reduce to:

m Vy-M,
E,=——2—r and B, =-2—C2-(rxv
’ 4np,r® ¢ 4nr® ( )

2) Focusing on the e-/b-information, that cloud manifests itself as a another
time dependent continuum: the electromagnetic field (EM-field) of the particle. It
is, just like the GEM-field characterized by two time dependent vectoral quantities:
the “electric field” (short: e-field) E and the “magnetic induction” (short: b-in-

duction) B, :

_ 2
E=N-s, = a_. -5 -r

" ey (1= 2 sin? 9)%

Ho-4 1-p
43‘“’3 ' 3 (vxr)
(1~ -sin*0)?

B=n-s, =

If v<c, these expressions reduce to:

q Hq
E-= -r and B=""—1-(vxr
4ng,r® 4nr® ( )

Let us notice that the role played by the factor (—v,-m;) in the definition of

B, is taken over by the factor ( 44, - ) in the definition of B.

One can verify that:
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1) divE(g):O
2) divB(g)zo6B
_ (9
3) rotE(g)— p
1 0B
4) rotB(g):C—2~ e

These relations are the laws of Maxwell-Heaviside.

13.2. The GEM and the EM Field of a Set of Electrically Charged
Particles Moving with Constant Velocities

We consider a set of particles with rest masses m,---,m;,---,m, and electric

n
charges 0,---,0;, -+, 0, that move with constant velocities v,,---,v;,---,v, rela-
tive to an IRF O. It creates and maintains a GEM and an EM field that in Oat each
point is characterized by the vector pair ( E, B, ), respectively (E, B ).

1) Each particle continuously emits g- (e-)information and contributes with an
amount E (E;) to the g- (e)-field at an arbitrary point P. As in §8 we conclude

that the effective g (e-)field E, (E)at Pis:
E,=> E; and E=)E
2) Because it is moving, each particle emits also S- (b-)information, contrib-

uting to the f- (b-)induction at Pwith anamount B (B,).Itis evident that the

F-information in the volume element d Vat Pat each moment ¢is:
> (B -V )= (X By )-av

Thus, the effective - (b-)induction B( 9

B,=> B, and B=)B,

On the basis of the superposition principle we can conclude that the laws of

at Pis:

Maxwell-Heaviside mentioned in §13, a remain valid in the case of the gravita-

tional field of a set of particles describing uniform rectilinear motions.

13.3.The Gravitational and the Electromagnetic Field of Stationary
Flows of Mass and Charge

The term “stationary flow” refers to the movement of an, either or not electrically
charged, homogeneous and incompressible fluid that, in an invariable way, flows
relative to an IRF. The intensity of a mass flow (charge flow) at an arbitrary point
Pis characterized by the flow density J; (J;). The magnitude of this vectoral
quantity at Pequals the rate per unit area at which the mass (charge) flows through
a surface element that is perpendicular to the flow at 2. The orientation of Jg
(Jg) corresponds to the direction of that flow. So, the rate at which the flow trans-
ports, in the positive sense (defined by the orientation of the surface vectors dS ),

mass (charge) through an arbitrary surface AS, is:
i =[] J-dS and ig =[] J¢-dS

i/ is the intensity of the mass/charge flow through AS.
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Since a stationary mass (charge) flow is the macroscopic manifestation of mov-
ing mass (charge) elements pg-dV ( p.-dV ), it creates and maintains a GEM-
(EM-) field. And since the velocity V of the mass (charge) element at a certain
point is time independent, the GEM- (EM-) field of a stationary mass flow will be
time independent. It is evident that the rules for a static g-(e-)-field (§9) also apply
for this time independent g-(e-)field:

1) divE, =-2% and divE =£E.

o €

2) rotE; =rotE =0 what implies: Ey) =—gradV,.

It can be proven that the rules for the time independent g- (e-)induction are:

1) divB, =0 what implies the existence of a gravitational vector potential
function A, for which B =rotA,.

2) rotB; =-v,-J; and rotB=v;-J;.

In this context let us also note that an electric current-carrying conductor is the
source of an EM-field that only consists of the magnetic field that is generated by
the flow of the conduction electrons. Because a current-carrying conductor is an
electrically neutral structure, at an arbitrary point in its vicinity the e-field gener-
ated by the negative conduction electrons is equal and opposite to the e-field gen-

erated by the positive lattice of the conductor.

14. Forces between Objects at Rest

14.1. The Interactions between Mass Particles at Rest

We consider a set of mass particles anchored in an IRF O. They create and main-
tain a gravitational field that at each point of the space linked to Ois completely
determined by the vector E, . Each particle is “immersed” in a cloud of g-infor-
mation. At every point, except at its own position, each particle contributes to the
construction of that cloud.

Let us consider the particle with rest mass 12, anchored at 2. If the other parti-
cles were not there, then 12, 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 sym-
metry” of the proper g-field of mo. Because E; at Pis the density of the flow of
g-information send to P by the other particles, it is a measure for the extent to
which the characteristic symmetry of the proper g-field of n at Pis disturbed.

If it was free to move, the particle 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 disappears
in the origin of the reference frame anchored to /. In other words, 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 only “see” its proper spher-
ical g-information cloud.

So, from the point of view of a particle at rest at a point Pin a gravitational field

E,» the characteristic symmetry of the g-information cloud in its immediate vi-
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cinity is conserved if it accelerates with an amount a = E_. A particle that is an-
chored in a gravitational field cannot accelerate. In that case, it fendsto move.

The insight is expressed in the following postulate:

A particle anchored at a point in a gravitational field is subjected to a tendency
to move in the direction defined by E, the g-field at that point. Once the an-
chorage is broken, the particle acquires an acceleration a that equals E, .

If the particles under consideration are electrically charged, they create in ad-
dition an electric field E in the space linked to O. The particle with charge ¢
anchored at Preacts on the disturbance by E of the characteristic symmetry of
its proper e-field in the same way as it reacts on the disturbance by E; of the
symmetry of its proper g-field: it tends to accelerate with the aim to become blind
for the e-field created by the other particles. This insight is expressed in the fol-
lowing postulate:

A particle with rest mass my and electrical charge q anchored at a point in an
electric field is subjected to a tendency to move in the direction defined by E ,
the e-field at that point. Once the anchorage is broken, the particle acquires a vec-

toral acceleration a that equals e,
0

14.2. The Force Concept, The Gravitational and the Electric Force

A particle with rest mass m, anchored at a point Pin a gravitational field, experi-
ences an action because of that field, an action that is compensated by the anchor-
age.

1) That action is proportional to the extent to which the characteristic sym-
metry of the proper gravitational field of 1 in the immediate vicinity of Pis dis-
turbed by the extern g-field, thusto E; at P

2) It depends also on the magnitude of m,. Indeed, the g-information cloud
created and maintained by 1, is more compact as my is greater. That implies that
the disturbing effect on the characteristic symmetry around 2 by the extern g-
field E, issmaller when my is greater. Thus, to impose the acceleration a=E,
the action of the gravitational field on m2, must be greater as mj is greater.

We can conclude that the action that tends to accelerate a particle anchored in
a gravitational field must be proportional to E, the g-field to which the particle
is exposed, and to my, 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. We define it as follows:

Fe=m,-E, (10)

If an electrically charged particle is anchored in an electric field E, it is, for
similar reasons as in the case of gravitation, subject to an additional action that
proportional is to the e-field E and to g, the charge of the particle. That action
is represented by F_ . It is “the force developed by the e-field on the particle’ or
the electric force. It is defined as:

FE :q- E (11)
From (10) and (11) it follows:
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F F
E,=—% and E=—F
My q
So, according to the conclusions of §14.a, the acceleration a imposed to a
mass particle by a gravitational or an electric force F is:
F
a=—
mO
As shown in [9] Newton’s law of universal gravitation can be easily derived
from what precedes and the same applies to the law of Coulomb.
Finally, let us compare the magnitude Fy of the electric force and the magnitude

of the gravitational force Fi between two identical mass particles with rest mass

2 2
Fe [ 9] 1345107 (L
Fs & (mg m,

In the concrete case of two spheres with a mass of 7 kg and charged with 7 uC

my and charge ¢

this means that the electric force is 1.34 x 10® times bigger than the gravitational

force, what implies that Fg is masked by Fy.

15. Forces between Moving Objects

15.1. The Interactions between Moving Mass Particles

We consider a number of mass particles moving relative to an IRF O. They create
and maintain a GEM field that at each point of the space linked to Ois defined by
the vectors E; and B, . Each particle is “immersed” in a cloud of informatons
carrying both g- and S-information. At each point, except at its own position, each
particle contributes to the construction of that cloud.

Let us consider the particle with rest mass my that, at the moment # goes with
velocity Vv through the point 2.

1) If the other particles were not there E_, the g-field in the immediate vicinity
of my, would, according to §12.a, be symmetric relative to the carrier line of the
velocity V of my. In reality that symmetry is disturbed by the g-information that
the other particles send to 2. E_, the instantaneous value of the g-field at 2, is a
measure for the extent to which this occurs.

2) If the other particles were not there B, the f-induction in the immediate
vicinity of m, would, according to §12.b, “rotate” around the carrier line of the
vector V. This implies that the pseudo-gravitational-field E;=vxB, defined
by the vector product of vV with the f-induction that characterizes the proper -
field of my, would also be symmetric relative to that carrier line. In reality, this
symmetry is disturbed by the S-information send to Pby the other particles. The
vector product (V xB, ) is a measure for the extent to which this occurs.

So, the characteristic symmetry of the cloud of g-/ f-information around a mov-
ing particle (the proper GEM field) is in the immediate vicinity of that particle
disturbed by E; regarding the proper g-field and by (vx B, ) regarding the

proper S-induction.
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Ifit is free to move, the particle m, could restore the characteristic symmetry in
its immediate vicinity by accelerating, relative to its proper IRF O; with an
amount a'=E, +(v x B, ) . In that manner, it would become “blind” for the dis-
turbance of the symmetry of its proper GEM field in its direct vicinity.

These insights form the basis of the following postulate.

A particle with rest mass ny, moving with velocity V ina GEM-field(E ,B,),
tends to become blind for the influence of that field on the symmetry of its proper
GEM-field. If it is free to move, it will acquire an acceleration a' relative to its
proper IRF that equals E + (v x B, ) .

If the particles under consideration are electrically charged, they create in ad-
dition an EM field in the space linked to O. The particle with charge g that, at the
moment £ goes through Pwith velocity V , reacts on the disturbance of the char-
acteristic symmetry of its proper EM-field in the same way as it reacts on the dis-
turbance of the symmetry of its proper GEM-field: it accelerates with the aim to
become blind for the EM-field created by the other particles. This insight is ex-
pressed in the following postulate:

A particle with charge g, moving with velocity VvV inan EM-field( E,B) tends
to become blind for the influence of that field on the symmetry of its proper EM
field. If it is free to move, it will acquire an acceleration a' relative to its proper
IRF that equals mi[E +(vx B)J )

0

15.2. Lorentz Force Law

The action of the GEM field ( E,, Bg) [the EM field (E,B )] on a particle with
rest mass mmp and charge ¢ that is moving with velocity Vv relative to the IRF O
is called the gravitational force F; |[the electromagnetic force or Lorentzforce

Fey 1 on that particle. In extension of §14.b we define F; and F, as:
Fo=m,-[ E,+(vxB,)] and Fey =q-[E+(vxB)]
According §15.a, if it is free to move the effect of F; (Fg, ) on that particle
is that it will be accelerated relative to its proper IRF O'with an amount a’:
a'=E,+(vxB,) and a' :mi'[E +(vxB)]
0
Using the appropriate transformation formulas [8], a’, the acceleration rela-

tive to its proper IRF O, can be expressed in function of the characteristics of the
motion of the particle relative to IRF O. In §10 of [9] it is shown that:

/_i \ H :!
a_dt[—\/l_?} with g .

We can conclude that the effect on the movement of the particle on as well Fg

as Fg, isdescribed by:
F :d_p with p=m-v
dt

p is the /inear momentum of the particle relative to the IRF O. It depends on
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its relativistic mass m:

m
m=——

J1-4°
In §2 of [9] it is shown that m determines the rate at which the particle emits
informatons when the time is read on the clock of its proper IRF. The relativistic
mass m of a particle is a measure for its inertia 7e. its resistance to changes in its

state of motion, while its rest mass m is a measure for its power to gravitate.

15.3. The Interaction between Two Moving Particles

Two particles with rest masses 7, and 1, (Figure 5) are anchored in the IRF O’

that is moving relative to IRF O with constant velocity v=V-§,.

R >
F}l F;Z YI
> < O—>
m;
14

Figure 5. The gravitational interaction between two moving particles.

According to §13.a, the components of the gravitational field created and main-

tained by m1, at the position of m, are, in magnitude, determined by:

__m 1
9z 471770R2 1-p5°
m, 1 v

E,, points to the position of 72 and B, points in the direction of the X-
axis.
And according to the force law F,,, the magnitude of the force exerted by the

gravitational field (E,, B,,) on m,, this is the attraction force of m on nz is:

g2?
Fo =m,-(Ey, —V-By,)

After substitution:

F,= : ‘mlmz’\ll_ﬂzzﬁlz' 1-p°

4nn, R?

with
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’ 1 mlmZ
Fo :4_' 2
nr, R

the magnitude of the force that m, according Newtons universal law of gravita-
tion, in the IRF O; where both particles are at rest, exerts on 2.

In the same way, we find:

__ 1 mm,

21—41_”7 R2 '\/1_132 :Fl’z'\/l_ﬁ2
o

We conclude that the moving masses attract each other with a force:

F=F,=F,;= F"\ll_ﬂz

This result perfectly agrees with that based on S.R.T. Indeed, relative to O’the
particles are at rest. According to Newton’s law of universal gravitation, they exert
on each other equal but opposite forces:

1 m,-m,
4-mt-7, T RZ

F'=FR,=F, =

Relative to O both masses are moving with constant speed V in the direction
of the Z-axis. From the transformation equations between an inertial frame Oand
another inertial frame O; in which a point mass experiencing a force F’is instan-
taneously at rest, we can immediately deduce the force F that the point masses

exert on each other in O [8]:

]
2
F=F,=F,=F" /1—(%} —F -

If the particles under consideration are electrically charged, there is in addi-
tion an EM force. A reasoning analogous to the preceding shows the magnitude
of the force that two mass particles with charges ¢: and ¢ exert on one another

is:

_ 1 '|Q1|'|Q2|_
¥ 4ng, R

T - T

AR

with F), = >

2 the “Coulomb force”. Between charges of like sign
nE,

these force is repulsive and between charges of unlike sign it is attractive.

From the above we can conclude that the component of the gravitational (elec-
tromagnetic) force due to the - (b-) induction is f-times smaller than that due to
the g- (e-)field. This implies that, for speeds much smaller than the speed of light,
the effects of the A/b-information are masked. This is not the case for EM fields
generated by an electric current-carrying conductor where the source of the field
is the flow of (negative) conduction electrons that are moving in a fixed positive
lattice. Because the conductor as such is an electrically neutral structure, at an
arbitrary point in its vicinity the e-field generated by the negative conduction elec-

trons is equal and opposite to the e-field generated by the positive lattice what
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implies that there is only a magnetic induction field.

Finally, we mention that it can be shown that the f-information emitted by
moving gravitating objects is responsible for deviations (as the advance of Mer-
cury Perihelion) of the real orbits of planets with respect to these predicted by the

classical theory of gravitation [10].

16. Epilogue

From what precedes, we conclude that a moving electrically charged particle is the
source and the center of an expanding cloud of informatons that on the macro-
scopic level manifests itself, depending on the viewpoint, as its gravitoelectromag-
netic (GEM) or as its electromagnetic (EM) field.

In [11] the Maxwell-Heaviside equations for the GEM field are deduced from
the kinematics of the informatons and in [12] the GEM field of an accelerated
mass particle is studied. In the light of the foregoing, it is evident that the men-
tioned equations and the conclusions regarding gravitational waves and gravitons
also apply for EM-fields. It is sufficient to substitute, 2 by g, the factor —/’O]—G by

o

Pe
&o

and the factor —v,-J; by p,-J¢.
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