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Abstract

Quantization of Gravitational Fields has been determined by the source of the
Gravitational Waves. Black Holes (GEONs) emit Gravitational Waves in discrete
quanta during the transition of the Black Hole (GEON) into a lower energy state. For
this reason Gravitational Waves emitted by Black Holes (GEONSs) are always
quantified. Gravitational Waves emitted by Black Hole (GEONS) are always
accompanied by quantified bursts of Electromagnetic Energy.

Gravitational Waves generated by the displacement of massive objects are not
quantified and are not accompanied by the quantified bursts of Electromagnetic
Energy.

The speed of light (“c’’) remains constant when a beam of light leaves a Black Hole
or approaches a Black Hole in the direction of the gravitational field generated by the
Black Hole. For this reason Electromagnetic Energy can only leave the Black Hole
in the directions of the Gravitational Field. In other directions the Electromagnetic
radiation will always remain captured by the Back Hole.

Gravitational Waves represent the transport of Gravitational Energy through Space.
Equation (101) and in particular (113) and (114) represent the “Gravitational Wave
Equation”. The article presents a new theory in physics which explains the
interaction between gravity and light with mathematical results close to General
Relativity (15 digits beyond the decimal point equal result) and unifies General
Relativity with Quantum Physics by the fundamental elementary particle: the GEON.
The GEON [1] is a fundamental solution of the relativistic quantum mechanical
Dirac equation (Quantum Physics) and the confinement has been controlled by the
fundamental interaction between Gravity and Light (General Relativity). The GEON
is the most fundamental elementary particle and can be created by the compression
of light into extremely high densities. The GEON appears when an equilibrium has
been established between the expanding radiation pressure of light and the confining
gravitational force of light. The GEON is the fundamental solution of the relativistic
guantum mechanical Dirac equation. For this reason the GEON particle unifies
Quantum Physics with General Relativity. The confinement of GEONS is only
possible at discrete values. (Quantisation of Energy, Light and Gravity). The GEON
carries the mass inside the structures of matter (Elementary Particles). The radius of
a GEON with the mass of a proton (1.67x1072" kg) equals 3 108 [m]. [30] PlotGraph
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3, page 24. The GEON represents the creation of matter/anti-matter by
Electromagnetic-Gravitational interaction.

The new theory in physics has been based on the “divergence-free linear 4-
dimensional stress-energy tensor in the Minkowski Space”. The difference between
Einstein’s General Relativity and this theory is the different approach. Einstein has
deformed (non-linear and non-divergence free) the “4-dimensional Stress-Energy
Tensor” by introducing the curved 4-dimensional Riemannian Manifold to explain
the interaction between Gravity and Light. The new theory describes the interaction
between different fields (Electric, Magnetic and Gravitational) by identical
interaction terms, generated by the separate divergence and the separate rotation of
the different fields. (equation 24).

The theory describes “Electromagnetic-Gravitational Interaction”, “Magnetic-
Gravitational Interaction” and “Electric-Gravitational Interaction”. In this new theory
particles do not interact with fields. The interaction between an electric charged
particle and an electric field is not the interaction between a particle and a field but it
is the interaction between the electric field of the particle interacting with the other
electric field. Every interaction is an interaction between fields. Electric Fields
interact with Electric Fields , Magnetic Fields interact with Magnetic Fields and
Gravitational Fields interact with Gravitational Fields.

Electric Fields interact with 1st order Lorentz Transformed Magnetic Fields.
Magnetic Fields interact with 1st order Lorentz Transformed Electric Fields.

Gravitational Fields have been created by accelerated (Confined) 2nd order Lorentz
Transformed Electromagnetic Fields.

Electromagnetic Fields interact with 2nd order Lorentz Transformed Gravitational
Fields. Gravitational Fields interact with 2nd order Lorentz Transformed (Confined)
Electromagnetic Fields. This has been called: “Electromagnetic-Gravitational
Interaction”.

When Isaac Newton published his 3 famous equations which became the foundation
of Classical Dynamics, he was not aware that he was building the first elemental
blocks for the Stress-Energy Tensor in the 4-dimensional Minkowski Space.

When James Clerk Maxwell published his 4 famous equations which became the
foundation for Classical Electrodynamics, he was not aware that he was building
new blocks for the Stress-Energy Tensor in the 4-dimensional Minkowski Space.
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When Paul Dirac published his famous equation which became the foundation of
Relativistic Quantum Physics, he was not aware that he was building further on
blocks for the Stress-Energy Tensor in the 4-dimensional Minkowski Space.

It was Albert Einstein who was one of the first physicists who discovered the
importance of the Stress-Energy Tensor to describe in a mathematical way the
interaction between Electromagnetic Radiation and a Gravitational Field.

Because there was no match, Einstein deformed the Divergence-Free Linear “Stress-
Energy Tensor” by deforming Space and Time. Using curved Riemannian manifolds,
he deformed the fundamental Tensor in physics in such a way that he found a very
special Mathematics to describe the interaction between Electromagnetic Radiation
(Light) and a Gravitational Field. The Theory of General Relativity.

This became a fundamental problem in physics. By deforming the fundamental
building block in physics (the Divergence-Free Linear “Stress-Energy Tensor), there
IS no match anymore in the fundamental mainstreams in physics (classical
mechanics, electrodynamics, quantum physics and general relativity). Classical
Mechanics has no match with Classical Electrodynamics. Classical Electrodynamics
has no match with Relativistic Quantum Physics. Relativistic Quantum Physics has
no match with General Relativity.

It is important to distinguish the “Physical Reality” from a Mathematical Description
of it (which is in general an approach). The scalar curvature (or the Ricci scalar) is a
measure of the curvature of a Riemannian manifold. Einstein used a curved
Riemannian manifold to describe “Gravitational-Electromagnetic Interaction”. But
the physics beyond this is the interaction between the different fields. It is possible to
describe this in different ways. This new theory demonstrates a more direct approach
in the force densities acting between different fields expressed by equation (24).

This new theory starts with the Divergence-Free Linear “Stress-Energy Tensor” in the
4-dimensional Minkowski Space. And from this unique Divergence-Free “Stress-
Energy Tensor” follows Classical Mechanics, Classical Electrodynamics, Relativistic
Quantum Physics and General Relativity. Bringing back the necessary unity in
physics.

Theories which unify Quantum Physics and General Relativity, like “String Theory”,
predict the non-constancy of natural constants. Accurate observations of the NASA
Messenger [11] observe in time a value for the gravitational constant “G” which



constrains until ( |G| /G to be <4 x 10 per year) . One of the characteristics of the

New Theory is the “Constant Value” in time for the Gravitational Constant “G”.

A second experiment to test the New Theory is the effect of “Gravitational RedShift”

[2].

The “Gravitational RedShift” between an observatory on Earth (Ragius = 6 10° [m]) and
a Satellite in a Galileo Orbit (Radius = 23222 10 [m]) according “General Relativity”:
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This article describes a New Electromagnetic Field Theory. The foundation of the
new theory is the Universal 4-dimensional Equilibrium in the Minkowski space,
expressed by the “Non-Divergence” or “Zero-Divergence” of the Stress-Energy
Tensor: &, T =f2 =0 inwhich f *expresses the density of the
Electromagnetic Force 4-vector in the Minkowski Space (equation 45) and “a” varies
from 1 until 4. [25],[26] and [27]. Equation (24) describes the Universal Equilibrium
for Electromagnetic Waves propagating within time-dependent gravitational fields.

Based on the 4-dimensional equilibrium in the Minkowski space (expressed by the

Stress-Energy Tensor = (_)4 ), Newton’s Classical Dynamics will be unified with
Maxwell’s Electrodynamics, the 4-Dimensional Relativistic Dirac Equation (which
is the foundation of Relativistic Quantum Physics) represents the classical relativistic
Dirac Equation (54.1) and equals the 4™ component of the density of the Force 4-
vector in the Minkowski Space and Einstein’s General Relativity.

Extending Newton’s 3-dimensional Equilibrium in Classical Mechanics into a model
of confined electromagnetic energy within a 4-dimensional Equilibrium will unify
Classical Mechanics with Relativistic Quantum Physics (4-dimensional Dirac
Equation) and represents the mathematical solutions (equation 31) for the in 1955 by
J. A. Wheeler already announced concept of Gravitational-Electromagnetic
Confined GEONS. [1]

The research has been focussed to unify the four fundamental theories in physics. Isaac
Newton’s Classical Mechanics, James Clerk Maxwell’s Electrodynamics, Quantum
Physics (Niels Bohr, Paul Dirac, Werner Heisenberg) and Albert Einstein’s Theory of
General Relativity. These four fundamental theories also mark the different periods
when they have been created and a fundamentally different way of thinking at those
times. To unify these four principles of Physics, it is necessary to link
electromagnetism and gravitation. Here it is proposed that the 2-dimensional
confinement of electromagnetic radiation (a beam of light) creates its own
gravitational field, and that field will interact with other gravitational fields. To
illustrate the utility of this theory, an example has been discussed with regard to the
measured gravitational redshift associated with Earth’s gravity. This Theory has been
called “Quantum Light Theory”.

The foundation of this theory is the non-zero mass property of photons [10]. In
classical physics the mass (inertia) of matter is omni-directional. The weight of an
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apple on a scale does not change when the apple has been rotated. The mass (inertia)
of photons is bi-directional. In the direction of propagation the mass (inertia) of the
photon equals zero. In the plane perpendicular to the direction of propagation, the mass
(inertia) does not equal zero and has been determined by Einstein’s equation for the
relationship between mass and energy (W = m c? ). For this reason photons are not
being accelerated or decelerated when they move towards to- or away from a
gravitational field. The speed of light remains constant. However when the
gravitational field directs in the plane perpendicular to the direction of propagation of
photons, photons do have mass and interact like other particles with the gravitational
field according classical mechanics.

In the first paragraph the concept of Inertia has been introduced into the
Electromagnetic Field Equations. Resulting in a unification of Classical Mechanics
and Electrodynamics.

The Second paragraph introduces the concept of “4-dimensional Equilibrium”
resulting in the Unification of Electrodynamics with Relativistic Quantum Physics
(Relativistic Dirac Equation). The paragraph describes the confinement of
Electromagnetic Radiation due to its own Gravitational-Electromagnetic field.
Wheeler described these confinements in 1955 as GEONSs. [1] The mathematical
solutions for GEONSs are also solutions of the quantum mechanical relativistic Dirac
equation (Equations 25, 26, 33, 34 and 50).

The Third paragraph introduces the concept of “Gravity” into the Electromagnetic
Field Equations. Resulting in a unification of Electrodynamics with General
Relativity.

In this paper, a new approach to describe any arbitrary electromagnetic field, has been
developed following the concept of Universal Equilibrium (Stress-Energy Tensor (44)
, as proposed by Newton for classical mechanics. The outcome of which is a single
equation based upon Stress-Energy Tensor (44) in 3-dimensional space, between four
fundamental force densities: inertia, electric force densities, magnetic force densities
and the generation of gravity. The first and last force densities are represented by
additional terms in Maxwell’s equations, for which the resulting fundamental equation
unifies Classical Mechanics with Electrodynamics. These two additional terms
account for the electromagnetic-field’s inertia and confinement forces within
Gravitational Electromagnetic Entities (GEONSs) [1]. The approach of James Clerk
Maxwell to describe Classical Electrodynamics is missing two fundamental terms [7].

Extending the 3-dimensional equilibrium between the 4 fundamental forces into a 4-
dimensional equilibrium (Energy, Time domain) results in the relativistic quantum
mechanical Dirac equation, which is the fundamental foundation of Relativistic
Quantum Physics.



This article starts with the introduction of the concept of “Inertia of Electromagnetic
Radiation”, using Newton’s second law of motion, expressed in the inertia force
density [N/ m3 ]. This concept has been presented in equation (9) and term B-1 in
equation (19).

Then two classical electromagnetic equations (Coulomb and Lorentz) have been used.
The same equations which James Clerk Maxwell used to build his theory of
Electrodynamics,

The Coulomb force density [N/ m®] results in Equation 12 and has been expressed as
term B-2 in Equation 19.

The Lorentz force density [N/ m®] results in Equation 17 and has been expressed as
term B-5 in Equation 19.

The magnetic field terms and the electric field terms are considered to be completely
symmetrically. Which results in two extra symmetrical terms. A Coulomb force
density [N/ m®] expressed as a magnetic force density (term B-4) in equation 19 and a
Lorentz force density [N/ m®] expressed as an electric force density (term B-3) in
equation 19.

In the second paragraph the sixth term (B-6 in equation 23) has been introduced,
presenting the concept “Gravity” in light (EMR). The consequence is that light (EMR)
creates its own gravitational field, already predicted by John Archibald Wheeler in
1955 in his model of GEONs (Gravitational Electromagnetic Entities). [1] Wheeler
could not find stable solutions for GEONs in General Relativity. Equation (23) results
in stable solutions for GEONs (Equation 25). It follows from (25) that only harmonic
functions are possible solutions for GEONs which results in the discrete values
(quantum numbers) for the harmonic frequencies for the GEONs depending on the
geometry of the Gravitational Electromagnetic Confinement and the corresponding
wavelength..

Newton’s concept for a 3-dimensional equilibrium has been expanded into a universal
4-dimensional equilibrium in the 4-dimensional Minkowski space. This has been done
by applying the 4-dimensional divergence on the 4-dimensional Energy-Momentum
Tensor in the 4-dimensional complex Minkowski space (equation (41). This results in
the complex 4-dimensioal force-density vector in the Minkowski space [N/ m3.] The
requirement for the 4-force-density vector [N/ m*®] to be zero results in equation (43)
as a set of 4 equations. The 3 spatial equations are equal to equation (19) and represent
the electromagnetic field equations. The equation in the 4™ dimension (Space-Time
domain) in the Minkowski space (equation 43) represents the conservation of
electromagnetic energy.



Well-known in wave guides, there exists for harmonic functions a phase shift of 90
degrees between the electric field and the magnetic field for confined (standing)
electromagnetic waves. The phase shift of 90 degrees between the electric field and
the magnetic field has been expressed in equation (33) and (34) by the complex
(imaginary) number “i” . Substituting the complex notation for a confined (standing)
electromagnetic wave in the law for conservation of energy (32) result in the
relativistic Diac Equation. [3]

The third paragraph describes the concept “Gravitational Redshift”, the impact of a
gravitational field on the intensity and the frequency of light (EMR). Because the light
from star constellations can be considered to be plane waves, this has been done by
substituting (65) and (66) (the electromagnetic presentation for a plane EMR wave) in
equation (56). To calculate the results for the experiments to measure the Gravitational
Redshift due to the gravitational field of the earth, the proportionality between energy
and frequency (Planck) has been demonstrated in equation (63). Substituting the
gravitational acceleration of the earth for “g” in equation (56) results in values for the
Gravitational Redshift for the experiments in [2] which are equal to 15 digits beyond
the decimal point compared to the calculations in General Relativity, Equations (83)
and (84).

Validation of these calculations requires a sensitive and accurate observatory like the
JWST or the SKA with observation accuracies better than1028,



1. The linear Divergence-Free “Stress-Energy Tensor” in Electrodynamics

Albert Einstein described with his “Theory of General Relativity” the interaction
between Gravity and Light (EMR). His starting point was the Stress-Energy Tenor.
[18]. This New Theory starts in a comparable way also with the “Stress-Energy
Tensor” (44). The Stress-Energy Tensor (44) describes a Universal 4-Dimensional
Equilibrium within the Electromagnetic Field [19]. The Divergence of the “Stress-
Energy Tensor” results in the Electromagnetic Force Vector within the
Electromagnetic Field (45). A “Universal 4-Dimensional Equilibrium” within the
Electromagnetic Field requires the force (densities) to be equal zero in the 4-
dimensional space-time coordinates (Minkowski Space). This results in equation (46).
Equilibrium within the 3 spatial coordinates results in Equation (22), which describes
the Electromagnetic field in an more general concept than the 4 Maxwell Equations.
This more General Equation describing the Electromagnetic field can also be derived
from Newton’s third law, second law (inertia) and two classical Electromagnetic
Equations. (Coulomb and Lorentz).

Fields do not interact with particles. Fields only interact with the fields associated with
particles. Electric Fields only interact with Electric fields, Magnetic Fields only
interact with Magnetic Fields and Gravitational Field only interact with Gravitational
fields.

By Lorentz Transformations Electric Fields can be transformed into Magnetic Fields
and Magnetic Field can be transformed into Electric Fields. By Lorentz
Transformations Electric Fields interact with Magnetic Fields which have been
transformed by Lorentz Transformations into Electric Fields (Equation 19 term B-3).
And by Lorentz Transformations Magnetic Fields interact with Electric Fields which
have been transformed by Lorentz Transformations into Magnetic Fields (Equation 19
term B-5).

The effect of a Field-Field interaction is a force which is exchangeable with Electric
Field Interactions, Magnetic Field Interactions and Gravitational Field Interactions. In
this way physical boundary conditions can be formulated for the Netto total effect of
the Electric Forces, the Magnetic Forces and the Gravitational Forces and
consequently also for the Netto force densities.

Newton introduced the concept of “Stress-Energy Tensor (44)” in physics, when he
formulated in his famous third equation Action = - Reaction. (Newton’s third law). In
nowadays math the concept of “Stress-Energy Tensor (44)” has been formulated as:
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Because the Inertia Force is a Reaction Force, the Inertia Force appears in the equation
with a minus sign (Newton’s second law).
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Equation (2) is a general presentation of Newton’s famous second law of motion. In a
fundamental way, Newton’s second law of motion describes the required
electromagnetic equation for the Gravitational-Electromagnetic Interaction in general
terms, including Maxwell’s theory of Electrodynamics published in 1865 [8] and
Einstein’s theory of General Relativity published in 1911 [9]. To realize this new
“Gravitational-Electromagnetic Equation”, the fundamental principle of equilibrium
has been divided into 5 separate terms, as described by equation (3). Each one

describes a part of the electromagnetic and inertia interaction force densities.
i=5

ZBl=0

i=1

3)

The first term B, represents the inertia of the energy (mass-) density, the terms B, and
B; represent the electric force densities, and the terms B, and Bs represent the
magnetic force densities, of electromagnetic radiation. Fundamentally, the outcome of
(3) recalls the fundamental principle of “Stress-Energy Tensor (44)”.

To apply the concept of universal equilibrium within an electromagnetic field, the

electric forces FE't™i  the magnetic forces FjMag"eticand the inertia forces will be
presented separately in equation (4):
i=n,j=m
Y R 4 T g =
i=1,j=1

(4)
1.1. The First Term (The Inertia of Light)
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Albert Einstein’s “General Relativity” describes the interaction between “Gravity and
Light”. It is impossible to build a framework for the interaction between Gravity and
Light without describing the Inertia (mass) of Light. Because there can only be
interaction between Gravity and Inertia (Mass). Without Inertia (Mass) there will be
no interaction with gravity. The inertia (mass) of light is very different than the mass
of objects we usually describe. The inertia (mass) of objects is always omni-
directional. It does not matter in what position we put a mass on a scale, the weight
(interaction) between gravity and the object will always be the same. Reducing
Equation (2) to one single Force F, equation (2) will be written in the well-known
presentation:

F=ma 5)

The right and the left term of Newton’s law of motion in equation (5) has to be divided
by the Volume “V” to find an equation for the force density f related to the mass

[IPb]

density “p”.

VR
- <[ T

a

'(”‘)‘

=|—|a
V (6)
pa

The Inertia Force F, for Electromagnetic Radiation will be derived from Newton’s

second law of motion, using the relationship between the momentum vector p for
radiation expressed by the Poynting vector S:

- av_ M) ap (v)as
INERTIA_-ma_-mAt_- At _'At_'_gE (7

Dividing the right and the left term in equation (7) by the volume V results in the

inertia force density flnertia :
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The Poynting vector Srepresents the total energy transport of the electromagnetic
radiation per unit surface per unit time [J / m? s]. Which can be written as the cross

product of the Electric Field intensity E and the magnetic Field intensity H .

foeqra = - P2 = - (%)—S =- (%)M[N/ mﬂ

c°JAt c At
E.H ©)
0| ExH
fINERTIA =" (Cizj % [N/ m3]

1.2 Second and Fourth Term in “Proposed Theory”
(Term B-2 and B-4)

An example of the Coulomb Force is the Electric Force Fcouomn acting on an electric
charge Q placed in an electric field E. The equation for the Coulomb Force equals:

I:Coulomb = E Q [N] (10)

Dividing the right and the left term in equation (10) by the volume V results in the

Electric force density fCoqumb

Feouloms = E Q [N]

Foouowe _ = Q [N ] (11)
Vv V

fcouoms = E Pe I:N/ mﬂ

Substituting Gauss’s law in differential form in (11) results in Coulombs Law for

Electromagnetic Radiation for the Electric force density fCoqumb :
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'FCOULOMB = E Pe

fcouome =E Pe = (V : [_)) (12)

f couLoms

E(V.D)=¢E(V.E) [N/m’]

In Electromagnetic Field Configurations, there is in general no preference for the
electric force densities or the magnetic force densities. In general the equations for the
electric field densities are universally exchangeable with the magnetic field densities.

For the magnetic field densities, equation (12) can be written as:
fCoqumb-EIectric: E(V 5) =g E (V E) [N/ m3} (Term B-2) (13)

£ Coulom - Magnetic = H(V. E) =u H (V. ﬁ) [N/ m3] (Term B-4)
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1.3 Third and Fifth Term in “Proposed Theory”
(Term B-3 and B-5)

An example of the Lorentz Force is the Magnetic Force Frorentz acting on an electric
charge Q moving with a velocity v within a magnetic field with magnetic field
intensity B (magnetic induction).

Curl fingers as if

Force is in direction
T— that thumb points. IS,

Fig. 1 The Lorentz Force equals the cross product of the Magnetic Induction B
and the velocity v of the charge g moving within the magnetic field times the
value of the electric charge

The equation for the Lorentz Force equals:
Fiorentz = Q v x B [N] (14)

Dividing the right and the left term in equation (14) by the volume V results in the

Lorentz force density fLorentz

Frorentz = Q\_/ x B [N]

FLorentz _ 5 Q\il 3

—v T By v (15)
T ey Q\il — - p— - 3

f =-Bx =—=-Bx | =-pHxj|Nm

LORENTZ v J o J I: ]

In which q is the electric charge, v the velocity of the electric charge, B the magnetic
induction and j the electric current density. Substituting Ampere’s law in differential
form in (15) results in Lorentz’s Law for Electromagnetic Radiation for the Electric

force density fLorentz :
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f LORENTZ

Hx (i)

Hx(] ) = - Fx(v < H) [N/me] (19)

-n
-FLORENTZ u

In Electromagnetic Field Configurations, there is in general no preference for the
electric force densities or the magnetic force densities. In general the equations for the
electric field densities are universally exchangeable with the magnetic field densities.
For the electric field densities, equation (16) can be written as:

fCoqumb-EIectric: -& E X(v XE)[N/ m3] (Term B-3) (17)

fCoqumb—Magnetic: - U HX<V X ﬁ)[N/ m3](Term B-S)

1.4 Fundamental Equation for Electromagnetic Interaction in “Proposed
Theory” (Term B-1+ Term B-2 + Term B-3 + Term B-4 + Term B-5)

Newton’s second law of motion applied within any arbitrary electromagnetic field

configuration results in the fundamental equation (23) for any arbitrary
electromagnetic field configuration (a beam of light):

NEWTON: F,,,, = Mma represents: f. .., =pa

-pa + fTOTAAL =0
-pa t fELEKTRISCH + fMAGNETISCH =0 18
: (18)
-pa + FCOULOMB + FLORENTZ + FCOULOMB + FLORENTZ -
-cfle(Eé,?H)+SDE(V.E)— OE x (Vx E)+ /zHVH)—ny in =0
B-1 B-2 B-3 B-4 B-5

Term B-4 is the magnetic equivalent of the (electric) Coulomb’s law B-2 and Term
B-3 is the electric equivalent of the (magnetic) Lorentz’s law B-5.

The Universal Equation for the Electromagnetic Interaction for Propagating
Electromagnetic Waves (Laser Beam) and Confined Electromagnetic Waves
(GEONS) has been presented in (19) and expresses the perfect equilibrium between
the inertia forces (B-1), the electric forces (B-2 and B-3) and the magnetic forces (B-
4 and B-5) in any arbitrary electromagnetic field configuration.

'La(E(?XH)HOE(V'E)—SOE x (Vx E)+ wH (v. H) - g Hx (vx H) =0

B-1 B-2 B-3 B-4 B-5

(19)
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1.5 The Integration of Maxwell’s Theory of Electrodynamics in “Proposed
Theory”:

The “Fundamental Equation for Electromagnetic Interaction” (19) for any arbitrary
electromagnetic field configuration can be written in the form:

" 1 +é, E( E)—{,‘ EX(VX E)+ /1EH(V4ﬁ)—;1JHx(Vx H)y=0
i o) T 0E)), EvE\.E Eve T o HY o oo H =
Eoly E x ot +HXx a1 +8OE(V.E) LOEX(VXE)+;1JH (v.H) luon(VxH) 0 (20)
(B x s xR+ E W D)= 4 Exvx B)+H 0 B)- (o H)=0

M-3 M-4 M-1 M-3 M-2 M-4
The Maxwell Equations are presented in (21):

= = oB

.D = - «E =— 2= ;
v p (M-1) v = M9 (21)
v.B =0 (M2 vxH = 22 (v

ot

In vacuum in the absence of any electric or magnetic charge density, it follows from
(21) that all the solutions for the Maxwell’s Equations (21) are also solutions for the
“Fundamental Equation for Electromagnetic Interaction” (20) for the Electromagnetic
Field.

Fundamental Equation for Electromagnetic Interaction

(o)

-(goﬁx aa(?) + i H X ;((7?))+E(V.5)—50E><(Vx E)+H (v.B)-xHx(v<H)=0

M-3 M-4 M-1 M-3 M-2 M-4

(22)
4 Maxwell's Equations
= = 0B
v.D = M-1 vx E =— — (M-3
p (M1 P (M-3)
= — oD
v.B =0 (M-2) vxH = (M-4)

Comparing the 4 Maxwell Equations (21) with the “Fundamental Equation for
Electromagnetic Interaction” (20) results in the conclusion that the 4 Maxwell
equations show only the 4 parts of the “Fundamental Equation for Electromagnetic
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Interaction” in 4 separate terms and the 4 Maxwell equations are missing the
fundamental term for inertia. For that reason it is impossible to calculate the interaction
between light and gravity with the 4 Maxwell equations. To find the interaction terms
between light and gravity the inertia term B-1 in (19) is necessary.
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2. The linear Divergence-Free “Stress-Energy Tensor” in “Relativistic
Quantum Physics”.

Albert Einstein described with his “Theory of General Relativity” the interaction
between Gravity and Light (EMR). His starting point was the Stress-Energy Tenor.
[18]. This New Theory starts in a comparable way also with the “Stress-Energy
Tensor” (44). The Stress-Energy Tensor (44) describes a Universal 4-Dimensional
Equilibrium within the Electromagnetic Field. [19] The Divergence of the “Stress-
Energy Tensor” results in the Electromagnetic Force Vector within the
Electromagnetic Field (45). A “Universal 4-Dimensional Equilibrium” within the
Electromagnetic Field requires the force (densities) to be equal zero in the 4-
dimensional space-time coordinates (Minkowski Space). This results in equation (46).
Equilibrium within the 3 spatial coordinates results in Equation (22), which describes
the Electromagnetic field in an more general concept than the 4 Maxwell Equations.
Stress-Energy Tensor (44) in the 4" dimension (Energy-Time Domain) results in the
Quantum Mechanical Relativistic Dirac Equation (47 and 49).

In physics the quantization of light has always been related to the quantization of
Einstein’s concept of photons. In “The Proposed Theory” the quantization of light has
been related to a much broader concept also including Wheeler’s concept of GEONs
(Ref. [1]).

In general when waves have been confined, like a sound wave on a guitar string, the
phenomenon of “Standing Waves” (Stationary Waves) appears with the well known
aspects of Nodes and Antinodes in all possible Modes.

The Equation in The Proposed Theory for Confined Electromagnetic Waves is an
equation for “Standing Waves” (Stationary Waves) which appear with the well known
aspects of Nodes and Antinodes in all possible Modes, describing the Quantization of
Electromagnetic Radiation in GEONS.

2.1 The “Quantization of Light” (Electromagnetic Radiation)

In general quantization has been determined by the match of a wavelength on a 3-
dimensional geometry. Because only an integer number (Natural Number) of
wavelengths matches the 3-dimensional geometry. The quantization of
Electromagnetic Radiation is only possible when the electromagnetic wave has been
confined due to its own gravitational field and the wavelength has to match a 3-
dimensional geometry.
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This is possible when light “confines” itself in a 3-dimensional stable geometry due to
its own gravitational field. According John Archibald Wheeler’s “GEON’s [Ref. 1]
(Gravitational Electromagnetic Entities) and Einstein’s relationship (W = m ¢?) every
“confined” energy results in inertia. Inertia results in mechanical mass and mechanical
mass results in a gravitational field.

To realize “quantization of light”, stable configurations have to be found of confined
electromagnetic radiation in which the wavelength of the confined electromagnetic
energy matches in Natural Numbers the 3-dimensional geometry of the confinement.

2.2 Realization of a stable Electromagnetic Confinement in a 3-Dimensional
Configuration matching the wavelength of the confinement in Quantum
Numbers.

Newton’s third law has been described for the Electromagnetic Field in 3 spatial
dimensions, resulting in the “Fundamental Equation for Electromagnetic Gravitational
Interaction” in The Proposed Theory:

3-Dimensional Space Domain

B-1 B-2 B-3
1 (E X ﬁ) = = E
3 sz FT; + {;‘OE (VE) Z;‘OEX(VXE) + (23)

(o))

2 B-4 B-5 B-6

X + 1 H (V. .H) - H Hx (V x H) %(?ﬁ/(ﬁ . E)—g pZ(H . H))§=6

The boundary conditions for the physical experiment determines the boundary
conditions for the theory to be tested. When we put a weight on a scale (thought
experiment figure 11), the scale will be out of balance. The same effect can be reached
by putting an electric charge under one part of the scale or a magnet. The outcome of
the experiment gives no information about the origin of the disturbing force
(gravitational, electric or magnetic). In equation (24) the mutual electric-, magnetic-
or gravitational interaction force densities are exchangeable. The Gravitational-
Electromagnetic Confinement for the elementary structure beyond the confinement of
light (electromagnetic radiation) has been presented in equation (24).
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4-Dimensional Space Domain

f4
4 f3 - ab a
f = =0.T= 4, T"=f"=0
f2
f
3-Dimensional Space Domain
3 _
b’ 10 (ExH) E W E) _oE E
‘abT ST + 6 E(V.E) -5 Ex(VxE) + (24)

Fitg H(V.H) =g Hx (VX H) 479 (V.9) = 7,9 (Vxg) =0

& (V. E)=p, Electric Charge Density [C/ m®]

0
in which: H (V . H) = p,, Magnetic Flux Density [Vs/ m*] or [Wh/ m® ]

70 (V.g)=p, Mass Density (Electromagnetic) [kg/ m*]

In which g represents the gravitational acceleration (as a function of space and time)

expressed in [m s?] acting on the electromagnetic mass density of the confined
electromagnetic radiation and yo = Gravitational Permeability of Vacuum expressed
in [kg s> m?]. [28]

A solution for equation (24), describing a Gravitational Electromagnetic Confinement

(GEON) within a radial gravitational field with acceleration Q_J (in radial direction), has
been represented in (25).

Gl
Er 0 Hr 0 4 rz
E, |=| f(r) Sin(wt) H, |= |> | £(r) Cos(wt)| g=| O
el s ! . (25)
) (r) Cos(wt)) | H, f(r) Sin(ot) 0

In which the radial function f(r) equals:
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- M% 7 log|r]

flr]=Ke  ® (26)

The solution has been calculated according Newton’s Shell Theorem.

The fundamental boundary condition for the confinement of Electromagnetic radiation
(GEONS) is that the energy flow (Poynting vector) S=E x H equals zero at the
surcface of the confinement. This is possible at a 90 degrees Phase Shift between the
Electric Field and the Magnetic Field.

Introducing the Quantum Vector Function a ,

;zJE[gHEJ (27)
2 c

Substituting (27) in (25) results in the quantum presentation 5 for the GEON:

@, 0
o(r,0,p) = f(r) | ®, | = \/% 1|f(r)e' "
o, i (28)
- _Glsoyo 0 )
o(r.0,p)=Ke 8=r 1|t

2.3 GEONSs with Discrete Spherical Energy Levels

A solution for equation (24) describing GEONs dependent of time and radius,
presenting discrete spherical energy levels, within a radial gravitational field with

acceleration ¢ (in radial direction), has been represented in (25).

21


https://en.wikipedia.org/wiki/Shell_theorem

E, H, brr

E, |=| f(r)Sin(kr)Sin(ot) | |H, |= [~ |-f(r) Sin(kr) Cos(wt)| g=| 0 -

E, ) (f(r) Cos(kr) Cos(wt)) [H,| " [-F(r) Cos(kr) Sin(o1) (29)
Wem:[“zo(m ) e)] ,
f(r)z[(Sin(kr) Sin(mt))2 + (Cos(kr) Cos(mt))2 +i(Sin(k r) Cos((ot))2 + (Cos(kr) Sin(e)t))2
In which the radial function f(r) equals:

_CBlam , 8 7 log[r] (30)

flr]=Ke B

Equation (29) presents a Standing (Confined) Electromagnetic Fields Configuration
with a phase shift of 90 degrees between the electric field and the magnetic field with
the corresponding Nodes and AntiNodes. [13]

Perfect conductor
x=A: R
nodal plane of E
B antinodal plane of B

x = 3)\/4: R
antinodal plane of E
nodal plane of B

Fig. 2 Nodal and Antinodal planes for Standing (Confined) Electromagnetic
waves with a 90 degrees phase shift between the Electric field and the Magnetic
field.

An essential requirement for the confinement of Electromagetic Energy is that the

Poymtingvector equals zero at the surface of the confinement. For the confinement
within a sphere, a standing electromagnetic wave pattern has been required which

22



exists of concentric spheres, at every sphere an antinodal plane for E (or B) with a
radius ditance between each sphere of half the wavelength of the confinement
(k=n=m Aand “n” anatural number and A the wavelength).
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2.2.1 Time and Radius dependent GEONs with discrete Energy Levels.
Confinements of Electromagnetic Radiation within spherical Regions.

Every concentric sphere represents an anti-nodal surface for the Electric Field or the
Magnetic Field. The Poynting Vector at this spherical surface equals zero at any time
and at any location at this sphere. The Electromagnetic Energy remains always within
this sphere and the next concentric sphere, where all the concentric spheres have a
difference in radius of one half wavelength of the electromagnetic radition within the
confinement and a different discrete energy level. Every concentric sphere represents

an anti-nodal suface of the electric field or the magnetic field.

Fig. 3 Nodal and Antinodal Spheres for Standing (Confined) Spherical
Electromagnetic waves with a 90 degrees phase shift between the Electric field

and the Magnetic field. Equation (29)
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Spherical Confinement of Light
2

Radial
Distance

Fig. 3 Nodal- and Antinodal Spheres (k = 3) for Standing (Confined) Spherical
Electromagnetic waves with a 90 degrees phase shift between the Electric field
and the Magnetic field. Equation (29)
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Equation (31) describes a Time and Radius dependent GEON.

G100 0

E= Ke & Sin[k r] Sin[o t]
- Cos[k r] Cos[w t]

31)
0

. _Gle0u0 c
H= Ke 8 /—0 Sin[k r] Cos[w t]
Ho| - cos[k 1] Sin[o ]

Equation (31) represents by the function Sin[kr] (k=1,2,3,4....) the confinement of
electromagnetic radiation between two concentric spheres. [14]
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2.2.2 Time and Polar Angle dependent GEONSs

Spherical Confinement of Light

0.5

Polar Angle 0.0

Fig. 4 Nodal- and Antinodal Polar Angle Regions (m = 3) for Standing
(Confined) Spherical Electromagnetic waves with a 90 degrees phase shift
between the Electric field and the Magnetic field. Equation (29)
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Equation (32) describes a Time and “Polar Angle” dependent GEON

_ G1e0u0 0
E= Ke B8 Sin[m 4] Sin[w t]
Sin[m 4] Cos[w t] (32)

0

. _GLOu0 o
H= Ke 8 /—0 Sin[m @] Cos[w t]
#o | _sin[m 6] Sin[w ]

Equation (32) represents by the function Sin[m 6] (m = 1,2,3,4.....) the confinement
of electromagnetic radiation between two Polar Angular Regions [15].

Standing Wave between two Polar Angular Regions

1.0
0.5

Polar Angle 00'0

Fig. 5 Nodal- and Antinodal Polar Angle Regions (m = 3) for Standing
(Confined) Electromagnetic waves with a 90 degrees phase shift between the
Electric field and the Magnetic field. Equation (29)
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2.2.3 Time and Azimuthal Angular dependent GEONs

Fig. 6 Nodal- and Antinodal Azimuthal Angular Regions (n = 3) for Standing
(Confined) Electromagnetic waves with a 90 degrees phase shift between the
Electric field and the Magnetic field. Equation (29)
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Equation (3) describes a Time and “Polar Angle” dependent GEON

. _G1s0u0 0
E= Ke 8 Cos[n ¢] Sin[o t]
Cos[n ¢] Cos[w t] (33)

0

o _Gl0u0 [
H= Ke B8 /—0 Cos[n ¢] Cos[w t]
% | - Cos[n ¢] Sin[o t]

Equation (33) represents by the function Sin[n ¢] (n=1,2,3,4.....") the confinement
of electromagnetic radiation between two Azimuthal Angular Regions [16].
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2.2.3 Time, Polar Angular and Azimuthal Angular dependent GEONSs

Fig. 7 Nodal- and Antinodal Polar Angular and Azimuthal Angular Regions (n
=4 and m = 4) for Standing (Confined) Electromagnetic waves with a 90
degrees phase shift between the Electric field and the Magnetic field. Equation
(29)
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Equation (34) describes a Time “Azimuthal Angle” and “Polar Angle” dependent

GEON

E= Ke

H= Ke

_Gle040
8xr

_Gle0u0
8xr

0
Cos[n ¢] Sin[m 4] Sin[o t]
Cos[n ¢] Sin[m €] Cos[w t]
(34)

0
\/E—T’ - Cos[n ¢] Sin[m 4] Cos[w t]
°{ Cos[n ¢] Sin[m 8] Sin[w t]

Equation (34) represents by the function Cos[n ¢] (n=1,2,3,4.....) and Sin[m 4]

(m=1,2,3,4..... )the confinement of electromagnetic radiation between two
Azimuthal Angular Regions [17].
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2.2.4 Spherical Confinement of Light beween two Concentric Spheres within
GEONs

Spherical Confinement of Light
2

Radial Distance 0

Fig. 8 Nodal- and Antinodal Regions for Standing (Confined) Electromagnetic
waves with a 90 degrees phase shift between the Electric field and the Magnetic
field. Equation (35)

Equation (35) represents the reflection of the Confined Electromagnetic Energy
within the GEON between two concentric spheres while the speed of light,
depending on the variable “r”, changes in magnitude and direction.
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0
_ _Gle0u0 C 2k
E= Ke o { ‘Vg”‘(’ OS[ r]} Sin[k 1] Sin[o {

—Cos[k r] Cos[m t]

(35)

0
_ GleOyO C 2k
He Ke o f[ Vo ”0 OS[ r]] \/: _ Sin[k 1] Cos[o 1]
Hy

—Cos[k r] Sinf[o t]

Spherical Confinement of Light between two Concenctric Spheres
1.0}

0.9
0.8
0.7

0.6
Radial Distance

Fig. 9 Nodal- and Antinodal Regions for Standing (Confined) Electromagnetic
within two concentric spheres. Equation (35)
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2.3 Universal Equilibrium (Stress-Energy Tensor) in the “Concept of Quantum
Mechanical Probability” in “The Proposed Theory”.

In the 4-dimensional notation of (44), the fourth term of the “Energy-Stress Tensor”
[19] expresses the law of Conservation of Energy”. For an Electromagnetic Field the
law for conservation of Energy has been expressed as:

V.§+a—‘{" = 0 (36)

From the equation for the “Conservation of Electromagnetic Energy” (23) the
“Fundamental Equation for Confined Electromagnetic Interaction” in “The Proposed
Theory” will be derived, which equals the Relativistic Quantum Mechanical “Dirac”
equation.

The “Fundamental Equation for Confined Electromagnetic Interaction” in “The
Proposed Theory” can be considered to be the relativistic version of the Quantum
Mechanical Schrodinger wave equation, which equals the Quantum Mechanical Dirac
Equation.
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2.4 Confined Electromagnetic Energy within a 4-dimensional Equilibrium

The physical concept of quantum mechanical probability waves has been created
during the famous 1927 5" Solvay Conference. During that period there were several
circumstances which came just together and made it possible to create a unique idea
of “Material Waves” (Solutions of Schodinger’s wave equation) being complex
(partly real and partly imaginary) and describing the probability of the appearance of
a physical object (elementary particle) generally indicated as “Quantum Mechanical
Probability Waves”.

The idea of complex (probability) waves is directly related to the concept of confined
(standing) waves. Characteristic for any standing acoustical wave is the fact that the
Velocity and the Pressure (Electric Field and Magnetic Field in QLT) are always
shifted over 90 degrees. The same principle does exist for the standing (confined)
electromagnetic waves,

For that reason every confined (standing) Electromagnetic wave can be described by
a complex sum vector ¢ of the Electric Field Vector E and the Magnetic Field Vector
B (E has 90 degrees phase shift compared to B ).

The vector functions & and the complex conjugated vector function @* will be written
as:

B equals the magnetic induction, E the electric field intensity (E has + 90 degrees
phase shift compared to B ) and c the speed of light.

The complex conjugated vector function ¢7 equals:

The dot product equals the electromagnetic energy density w:
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- — 1 (= E) (= .E) 1 1
= — |B+i—|.|B-i=|==uH*+=¢E*’=w
g. ¢ Zﬂ[ C]( J 5 M > (39)

Using Einstein’s equation W = m ¢? , the dot product equals the electromagnetic mass
density w:

s _*iz: E(E +i EJ(E Zi %J:%g y2H2+%52E2=p [kg/m®] (40)

The cross product is proportional to the Poynting vector (Ref. 3, page 202, equation

(&

&xq?‘:%[EHE]X(E-igj:i@EXH:i@é (41)

U C

This article presents a new “Gravitational-Electromagnetic Equation” describing
Electromagnetic Field Configurations which are simultaneously the Mathematical
Solutions for the Quantum Mechanical “Schrodinger Wave Equation” and more
exactly the Mathematical Solutions for the “Relativistic Quantum Mechanical Dirac
Equation”. The Gravitational-Electromagnetic Confinements, which are Mathematical
Solutions for the “Gravitational-Electromagnetic Equation” (47) carry Mass, Electric
Charge and Magnetic Spin at discrete values.

The formal mathematical way to describe the force density results from the 4-
dimensional divergence of the 4-dimensional energy momentum tensor, resulting in
a 4-dimensional Force vector. Dividing the 4-dimensional Force vector by the Volume
results in the 4-dimensional force density vector.

The 4-dimensional Electromagnetic Vector Potential has been defined by:

V
D, O =
C
- Dy Cartesian 0, Potential R
= N ) A | =
(P4 0 Coordinate System 0 4-Vector ‘ As (42)
2 y Ay
(Pl (PX A
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In which the term ¢, represents the 4-dimensional electromagnetic vector potential in

the “a” direction while the indice “a” varies from 1 to 4. In a cartesian coordinate
system the indices are chosen varying from the x,y,z (Magnetic Potential A) and t
direction (Electric Potential V). In which the indice “t” represents the time direction
which has been considered to be the 4™ dimension. The 4-dimensional
Electromagnetic “Maxwell Tensor” has been defined by:

Fab= Ob Pa = Oa Py (43)

Where the indices “a” and “b” vary from 1 to 4.

The 4-dimensional Electromagnetic “Energy Momentum Tensor” has been defined
by:

ab_i cb 1 cd
T - FacF + 45achdF (44)
Ho

The 4-dimensional divergence of the 4-dimensional Energy Momentum Tensor
equals the 4-dimensional Force Density 4-vector f° :

fe=0 T® (45)

b

Substituting the electromagnetic values for the electric field intensity “E” and the
magnetic field intensity “H” in (71) results in the 4-dimensional representation of
Newton’s third law (1):
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Energy-Time Domain

B-7
- -1 a("’"O(E'E) + 4 (H. H)) B
(f4) Vo(ExH)+ 3 ~ -0
3-Dimensional Space Domain (46)
B-1 B-2 B-3
1 0 (E xH) = = = =
027(% +€OE(V.E) éoEx(VxE)+
f
3 B-4 B-5
f) +,uoﬁ(v.ﬁ)7,uoﬁ><(v><ﬁ)=6
f
1

In which f1 , fo , f 3, represent the force densities in the 3 spatial dimensions and f4
represent the force density (energy flow) in the time dimension (4" dimension).
Equation (42) can be written as:

Energy-Time Domain
Conservation of Energy

(f4) v.s+ W - (47.1)

(47)
B-1 B-2 B-3
1 0 (ExH) - == =
5 ot SOE(V E) goEx(VxE)+
f C
3 B-4 B-5
fy +ﬂ0ﬁ(v,ﬁ)—ﬂoﬁx(wﬁ)=6 (472)
f
1

The 4" term in equation (45.1) can be written in the terms of the Poynting vector “S”
and the energy density “w” representing the electromagnetic law for the conservation
of energy (Newton’s second law of motion).
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25The 4-dimensional “Equation for Gravitational-Electromagnetic
Interaction” equals the 4-Dimensional Relativistic Quantum Mechanical
Dirac Equation

Substituting (40) and (41) in Equation (47.1) results in The 4-Dimensional Equilibrium
Equation (48):

i