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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 (GEONs) 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 (ñcò) 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 ñGravitational Wave 

Equationò. 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 

quantum 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 (1.67×10-27 kg) equals 3 10-58 [m]. [30] PlotGraph 

https://community.wolfram.com/groups/-/m/t/2586835
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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 ñdivergence-free linear 4-

dimensional stress-energy tensor in the Minkowski Spaceò. The difference between 

Einsteinôs General Relativity and this theory is the different approach. Einstein has 

deformed (non-linear and non-divergence free) the ñ4-dimensional Stress-Energy 

Tensorò 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 ñElectromagnetic-Gravitational Interactionò, ñMagnetic-

Gravitational Interactionò and ñElectric-Gravitational Interactionò. 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: ñElectromagnetic-Gravitational 

Interactionò. 

 

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. 

 

https://en.wikipedia.org/wiki/Pair_production
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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 ñStress-

Energy Tensorò 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 ñStress-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 ñPhysical Realityò 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 ñGravitational-Electromagnetic Interactionò. 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 ñStress-Energy Tensorò in the 

4-dimensional Minkowski Space. And from this unique Divergence-Free ñStress-

Energy Tensorò 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 ñString Theoryò,  

predict the non-constancy of natural constants. Accurate observations of the NASA 

Messenger [11] observe in time a value for the gravitational  constant ñGò which 
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constrains until ( G  /G  to be < 4 Ĭ 10-14 per year) . One of the characteristics of the 

New Theory is the ñConstant Valueò in time for the Gravitational Constant ñGò.  

 

A second experiment to test the New Theory is the effect of ñGravitational RedShiftò 

[2]. 

 

The ñGravitational RedShiftò between an observatory on Earth (Radius = 6 106 [m]) and 

a Satellite in a Galileo Orbit (Radius = 23222 103  [m]) according ñGeneral Relativityò: 
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Introduction  

 

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 ñNon-Divergenceò or ñZero-Divergenceò of the  Stress-Energy  

Tensor:                 in which  expresses the density of the 

Electromagnetic Force 4-vector in the Minkowski Space (equation 45) and ñaò 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

0 ), Newtonôs Classical Dynamics will be unified with 

Maxwellôs  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 4th component of the density of the Force 4-

vector  in the Minkowski Space and Einsteinôs General Relativity.  

 

Extending Newtonôs 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 

Newtonôs Classical Mechanics, James Clerk Maxwellôs Electrodynamics, Quantum 

Physics (Niels Bohr, Paul Dirac, Werner Heisenberg) and Albert Einsteinôs 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 Earthôs gravity. This Theory has been 

called ñQuantum Light Theoryò.  

 

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 

  T  = 0 = ab a

b
fµ  a

f

https://en.wikipedia.org/wiki/Stress%E2%80%93energy_tensor
https://en.wikipedia.org/wiki/Stress%E2%80%93energy_tensor


6 

 

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 Einsteinôs equation for the 

relationship between mass and energy (W = m c2 ). 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 ñ4-dimensional Equilibriumò 

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 GEONs. [1] The mathematical 

solutions for GEONs are also solutions of the quantum mechanical relativistic Dirac 

equation (Equations 25, 26, 33, 34 and 50). 

The Third paragraph introduces the concept of ñGravityò 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 Maxwellôs equations, for which the resulting fundamental equation 

unifies Classical Mechanics with Electrodynamics. These two additional terms 

account for the electromagnetic-fieldôs inertia and confinement forces within 

Gravitational Electromagnetic Entities (GEONs) [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.  
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This article starts with the introduction of the concept of ñInertia of Electromagnetic 

Radiationò, using Newtonôs 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/ m3] results in Equation 12 and has been expressed as 

term B-2 in Equation 19.   

The Lorentz force density [N/ m3]   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/ m3] expressed as a magnetic force density (term B-4) in equation 19 and a 

Lorentz force density [N/ m3] 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 ñGravityò 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..   

 

 Newtonôs 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/ m3 ]  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 4th dimension (Space-Time 

domain) in the Minkowski space (equation 43) represents the conservation of 

electromagnetic energy. 
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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 ñiò . 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 ñGravitational Redshiftò, 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 ñgò 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 than10-16. 
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1. The linear Divergence-Free ñStress-Energy Tensorò in  Electrodynamics 

Albert Einstein described with his ñTheory of General Relativityò 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 ñStress-Energy 

Tensorò (44). The Stress-Energy Tensor (44) describes a Universal 4-Dimensional 

Equilibrium within the Electromagnetic Field [19]. The Divergence of the ñStress-

Energy Tensorò results in the Electromagnetic Force Vector within the 

Electromagnetic Field (45). A ñUniversal 4-Dimensional Equilibriumò 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 Newtonôs 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 ñStress-Energy Tensor (44)ò in physics, when he 

formulated in his famous third equation Action = - Reaction. (Newtonôs third law). In 

nowadays math the concept of ñStress-Energy Tensor (44)ò has been formulated as: 
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╕

░▪

░

 

(1) 

 

Because the Inertia Force is a Reaction Force, the Inertia Force appears in the equation 

with a minus sign (Newtonôs second law). 

 

Ὂ □╪ π 

(2) 

 

Equation (2) is a general presentation of Newtonôs famous second law of motion. In a 

fundamental way, Newtonôs second law of motion describes the required 

electromagnetic equation for the Gravitational-Electromagnetic Interaction in general 

terms, including Maxwellôs theory of Electrodynamics published in 1865 [8] and 

Einsteinôs theory of General Relativity published in 1911 [9]. To realize this new 

ñGravitational-Electromagnetic Equationò,  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.   

║░

░

░

 

(3) 

 

The first term ὄ represents the inertia of the energy (mass-) density, the terms ὄ and 

ὄ represent the electric force densities, and the terms ὄ and ὄ represent the 

magnetic force densities, of electromagnetic radiation. Fundamentally, the outcome of 

(3) recalls  the  fundamental principle of ñStress-Energy Tensor (44)ò.  

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

electric forces Ὂ , the magnetic forces Ὂ and the inertia forces will be 

presented separately in equation (4): 

Ὂ Ὂ □╪ π

ȟ

ȟ

 

(4) 

 

1.1. The First Term (The Inertia of Light)  
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Albert Einsteinôs ñGeneral Relativityò describes the interaction between ñGravity and 

Lightò. It is impossible to build a framework for the interaction between Gravity and 

Light without describing the Inertia  (mass) of L ight. 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: 

 

  =   amF              (5) 

 

The right and the left term of Newtonôs law of motion in equation (5) has to be divided 

by the Volume ñVò to find an equation for the force density f  related to the mass 

density ñɟò. 

 

a

m

m

 

V

   =   a

 =

 

  

  a

       =    

F

F

V

f r

å õå õ
æ öæ öæ öç ÷ç ÷               (6) 

 

The Inertia Force  InertiaF for Electromagnetic Radiation will be derived from Newtonôs 

second law of motion, using the relationship between the momentum vector p  for 

radiation expressed by the Poynting vector S:  

( )
INERTIA 2

mv v  p S
F  = - m a = - m = - = - -  

 t  t  t t c

VDD D Då õ
=æ ö

D D D Dç ÷
      (7) 

 

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

inertia force density Inertiaf : 
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V  t  t  t  c

1  S
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 t c  
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V
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r

DD D Då õ
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D D Då õ
=-æ ö

D D Dç ÷

Då õ
è øæ ö ê úDç ÷

         (8) 

The Poynting vector Srepresents the total energy transport of the electromagnetic 

radiation per unit surface per unit time [J / m2 s]. Which can be written as the cross 

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

( )

( )

3

2 2

3

2

 E H1  S 1
f  = - a = -  = - N/ m

 t  t c c

  E H1
f  = -    N/ m

 t c

INERTIA

INERTIA

r
D ³Då õ å õ

è øæ ö æ ö ê úD Dç ÷ ç ÷

µ ³å õ
è øæ ö ê úµç ÷

    (9) 

 

1.2 Second and Fourth Term in ñProposed Theoryò  

(Term B-2 and B-4) 

 

An example of the Coulomb Force is the Electric Force FCoulomb acting on an electric 

charge Q placed in an electric field E. The equation for the Coulomb Force equals: 

              

                                                                           (10) 

  

 

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

Electric force density Coulombf  : 

 

  

 

                (11) 

 

 

 

 

Substituting Gaussôs law in differential form in (11) results in Coulombs Law for 

Electromagnetic Radiation for the Electric force density Coulombf : 

[]CoulombF  =  E Q   N

[]COULOMB

COULOMB 3

3
COUL EOMB

F  =  E Q   N

F
 = N/ m

V

f    =

Q
 E  

V

 ɟ  E N/ m  

è øê ú

è øê ú

https://en.wikipedia.org/wiki/Gauss%27s_law
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( )

( ) ( )

COULOMB

COULOMB

3
COU

E

E
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f

 

   =  E

f    = E E

f    

 ɟ  

 ɟ  =   . D  

  . D  =  . = E  E N/ E  me è øê ú

Ð

Ð Ð

           (12) 

 

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:   

( ) ( )

( ) ( )

3
Coulomb - Electric

3
Coulomb - Magnetic

f

)

= N/ m  

f  H . 

E . D  =  E . E  (Term

 B  H . =  N  H (Term  

 B-2)

=  / 4m B-

e

mÐ

Ð Ð

øÐ

è øê ú

èê ú

   (13) 
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1.3 Third and Fifth Term in ñProposed Theoryò  

(Term B-3 and B-5) 

 

An example of the Lorentz Force is the Magnetic Force FLorentz acting on an electric 

charge Q moving with a velocity v within a magnetic field with magnetic field 

intensity B (magnetic induction).   

 

 

Fig. 1 The Lorentz Force equals the cross product of the Magnetic Induction B 

and the velocity v of the charge q moving within the magnetic field times the 

value of the electric charge  

 

The equation for the Lorentz Force equals: 

 

[]LORENTZF  =  Q v × B   N             (14) 

 

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

Lorentz force density Lorentzf  

 

[]LORENTZ

LORENTZ 3

3
LORENTZ

F  =  Q v × B   N

F
 =  -  B ×  N/ m

V

f  = - B ×  =  - B × - ɛ H × N/ m

Q v

V

Q v
 j  = j 

V

è øê ú

è øê ú

     (15) 

 

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 Amp¯reôs law in differential 

form in (15) results in Lorentzôs Law for Electromagnetic Radiation for the Electric 

force density Lorentzf : 
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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:   

( )
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Coulomb - Magnetic )
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e

³ Ð

ê³ Ð

ø

³

ê ú³

è øú

è

       (17) 

 

1.4 Fundamental Equation for Electromagnetic Interaction in ñProposed 

Theoryò  (Term B-1 + Term B-2 + Term B-3 + Term B-4 + Term B-5) 

 

Newtonôs 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):  
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Term B-4 is the magnetic equivalent of the (electric) Coulombôs law  B-2 and Term 

B-3 is the electric equivalent of the (magnetic) Lorentzôs 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. 
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1.5 The Integration of Maxwellôs Theory of Electrodynamics in ñProposed 

Theoryò:  

 

The ñFundamental Equation for Electromagnetic Interactionò (19) for any arbitrary 

electromagnetic field configuration can be written in the form: 
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The Maxwell Equations are presented in (21): 

 

 

              (21) 

 

 

 

In vacuum in the absence of any electric or magnetic charge density, it follows from 

(21) that all the solutions for the Maxwellôs Equations (21) are also solutions for the 

ñFundamental Equation for Electromagnetic Interactionò (20) for the Electromagnetic 

Field.  
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Comparing the 4 Maxwell Equations (21) with the ñFundamental Equation for 

Electromagnetic Interactionò (20) results in the conclusion that the 4 Maxwell 
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Interactionò 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 ñStress-Energy Tensorò in  ñRelativistic 

Quantum Physicsò. 

 

Albert Einstein described with his ñTheory of General Relativityò 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 ñStress-Energy 

Tensorò (44). The Stress-Energy Tensor (44) describes a Universal 4-Dimensional 

Equilibrium within the Electromagnetic Field. [19] The Divergence of the ñStress-

Energy Tensorò results in the Electromagnetic Force Vector within the 

Electromagnetic Field (45). A ñUniversal 4-Dimensional Equilibriumò 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 4th 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  

Einsteinôs concept of photons. In ñThe Proposed Theoryò the quantization of light has 

been related to a much broader concept also including Wheelerôs concept of GEONs 

(Ref. [1]). 

 

In general when waves have been confined, like a sound wave on a guitar string, the 

phenomenon of ñStanding Wavesò (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 ñStanding Wavesò (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 ñQuantization of Lightò (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. 

  

https://journals.aps.org/pr/abstract/10.1103/PhysRev.97.511
https://en.wikipedia.org/wiki/Natural_number
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This is possible when light ñconfinesò itself in a 3-dimensional stable geometry due to 

its own gravitational field. According John Archibald Wheelerôs ñGEONôs [Ref. 1] 

(Gravitational Electromagnetic Entities) and Einsteinôs relationship (W = m c2 ) every 

ñconfinedò energy results in inertia. Inertia results in mechanical mass and mechanical 

mass results in a gravitational field. 

 

To realize ñquantization of lightò, 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.  

 

Newtonôs third law has been described for the Electromagnetic Field in 3 spatial 

dimensions, resulting in the ñFundamental Equation for Electromagnetic Gravitational 

Interactionò in The Proposed Theory: 

 

 

 

(23) 

 

 

 

 

 

 

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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 (24) 

 

 

 

 

 

 

 

 

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

expressed in [m s-2] acting on the electromagnetic mass density of the confined 

electromagnetic radiation and ɔ0 =  Gravitational Permeability of Vacuum expressed 

in [kg s2 m-3]. [28] 

 

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

(GEON) within a radial gravitational field with acceleration g  (in radial direction), has 

been represented in (25).  
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The solution has been calculated according Newtonôs Shell Theorem. 

 

The fundamental boundary condition for the confinement of Electromagnetic radiation 

(GEONs) is that the energy flow (Poynting vector) S = E  H³  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  f ,  

 

               (27) 

 

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

 

 

                         (28) 

 

 

 

 

2.3 GEONs 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 g  (in radial direction), has been represented in (25).  
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(29) 

 

 

 

 

 

 

In which the radial function f(r) equals: 

            (30) 

 

 

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] 

 

 

 

 

 

 

 

 

 

 

 

 

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.  
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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 ́   ɚ and  ñnò a natural number and ɚ 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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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. 

        

 

 

    (31) 

 

 

 

 

Equation (31) represents by the function Sin[k r]  (k = 1,2,3,4é.)  the confinement of 

electromagnetic radiation between two concentric spheres. [14] 
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2.2.2 Time and Polar Angle dependent GEONs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

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 ñPolar Angleò dependent GEON 

 

 

 

 

   (32) 

 

 

 

 

 

 

 

Equation (32) represents by the function Sin[m ɗ] (m = 1,2,3,4é.. ) the confinement 

of electromagnetic radiation between two Polar Angular Regions [15]. 

 

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 ñPolar Angleò dependent GEON 

 

 

 

          (33) 

 

 

 

 

 

Equation (33) represents by the function Sin[n ]j (n = 1,2,3,4é.. ) 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 GEONs 

 

  

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 ñAzimuthal Angleò and ñPolar Angleò dependent 

GEON 

 

 

 

   

       (34) 

 

 

 

 

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

(m = 1,2,3,4é.. )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 

 

 

 

 
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 ñrò, changes in magnitude and direction. 

 


