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ABSTRACT

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 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 (1.67x107% kg) equals 310°® (m).

The new theory in physics has been based on the “divergenceAfree
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 conclusion of the new theory is that “divergence-
free” and “rotation-free” fields do not interact. 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.
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 divergencefree “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 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”.
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The “gravitational redshift” between an observatory on earth (Rudius=0
10°(m)) and a satellite in a galileo orbit (Ruiws=23222 10°(m)) according

“general relativity”:

AU
A 0GR = —5—=0.00000000004360137706159641
c

The “gravitational redshift” between an observatory on earth
(Radius=6 10° (m)) and a satellite in a galileo orbit (Radius=23222 10°
(m)) according “the proposed theory”:

AU
_ Rel _
A oQLT = —Z - 0.00000000004360134475689392
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INTRODUCTION

his 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:

b a
a3y T =fa =0 in which f  expresses the density of the

electromagnetic force 4-vector in the minkowski space (equation 45)
and “a” varies from 1 until 4. 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 = o4 ), 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

GEON:Ss [1].

The research has been focused 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
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example has been discussed with regard to the measured gravitational
redshift associated with earth’s gravity [2-9]. 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 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=mc?). 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 [11-22].

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 GEONs [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
J Pure Appl Math Vol 7 No 4 July 2023
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classical mechanics [23-30]. 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 (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.

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/ m’). 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
GEONSs (Gravitational Electromagnetic Entities) [1]. Wheeler could
not find stable solutions for GEONSs 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
GEONSs 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
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(N/m’). 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 4th 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 Dirac 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, which are equal to 15
digits beyond the decimal point compared to the calculations in
general relativity, equations (83) and (84) [2].

Validation of these calculations requires a sensitive and accurate
observatory like the JWST or the SKA with observation accuracies
better than 1076,

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 a
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.
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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:
2 Fi=0 1

Because the inertia force is a reaction force, the inertia force appears
in the equation with a minus sign (Newton’s second law).

S A maco @
izo
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 and Einstein’s theory of
general relativity published in 1911 [89]. 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

Z B; =0 (€)
i=1

The first term Bi represents the inertia of the energy (mass-) density,
the terms Bz and Bs represent the electric force densities, and the terms
B4 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

Electric

electromagnetic field, the electric forces F ™ the magnetic forces

Magnetic

and the inertia forces will be presented separately in equation

(4):

-
) Magnetic _
Z F/E[ectrw+ F/, Cma=0 (4)
=1

The first term (The inertia of light)
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).
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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,
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 density “p”.

l:‘:ma
[g :(g); 6)
f =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:
— iomAV_ M) s ()48 @
INERTIA ~ "M 47 M0 =" 780 TR T 2 A

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

results in the inertia force density 7,

8y Amy) AE__[%]§

FINERTIA =M 8=-M 3¢ == ¢ =" 3 = 2 A

— B _ _ _

INERTIA __m7_mAv_ 1Ap |1 )AS (8)
A% 14 VAt VAt 2 ) At

P 1 AS 3
{INERTIA =P 2 =~ [CTJ N [N/m]

The poynting vector S represents the total energy transport of the
electromagnetic radiation per unit surface per unit time (J/m’).
Which can be written as the cross product of the electric field intensity

E and the magnetic field intensity H .

. 1]1Aas 1 A (Exﬁ)
fNERTIA = PR=- {?]F =- [?]T[N/ms]

ol

6( xﬁ)
fNERTIA =~ [C%J 5t [n/m? ]

Second and fourth term in “proposed theory” (Term B-2 and B-4)

An example of the coulomb force is the electric force Fcouomb acting on
an electric charge Q placed in an electric field E. The equation for the
coulomb force equals:

FCO\llomb -EQ [N] (10)
Dividing the right and the left term in equation (10) by the volume V

results in the electric force density 7. o

FcouLoms = EQ [N]
Fc _sQ 3
wflav[wm] (11)

feoutoms = EpE [N/m3]
Substituting Gauss’s law in differential form in (11) results in

coulombs law for electromagnetic radiation for the electric force

denSlty fCoulomb :
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?COULOMB = E pE

fcoutoms = E PE = E (V . B) (12)
fcouoms = E (V ,D) =¢E (V . E) [N/ mﬂ

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 (Figure 1).

Or the magnetic field densities, equation (12) can be written as:

Feoutomb-piecric = E(V. D) = E (V. E) | N/m? | (TermB-2)
: [ ] W)

Teoutont - Magneic = H (V. B) =g T (7. H) [W/m?] (Term B4)

Third and fifth term in “proposed theory” (Term B-3 and B-5)

Corl Bngers s ¥
PO VBTN ¥ i

whclor B Thumsbis in - -
T irection of lore F = qv x B
-1
N
]
_——
Newtly
g ke of
il goar T

Fores s n direction
— thad Hraumih poiis.

Figure 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:
Frorentz = 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 f,..,

Frorentz = Q v x B [N]

M:_EXQV[Wmﬂ (15)
v v

= — Qv - -

fLorentz =- B x —= = - B x xj=-pHxj [N/m3]

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 .., :

frorentz = -p H x (] )

(16)

frorentz = -p H ><(j ) =-u Ex(Vx H) [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

electric field densities, equation (16) can be written as:

Feoutomb - pieetic = - & E x (VxE) | N/m? | (Term B-3)
[v/m?] -

£ Coulomb - Magnetic = - 12 H x (V x ﬁ) [N/ mﬂ (Term B-5)

Fundamental equation for electromagnetic interaction in “proposed

J Pure Appl Math Vol 7 No 4 July 2023

theory” (term B-1 + term B-2 + term B-3 + term B4 + 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: FroTAAL = Mma represents: fTOTAAL =pa

pa t froraar =0
-pa g EkTRISCH + IMAGNETISCH =0

(18)
P2 “FlouromB T FLorentz T FeoutomB T FLorentz <0

7L5(Exﬁ)
ot

2

+80 B(V.E) = 6y Ex (Vx E)+ sy H (V. H) = gy Hx (Vx H) =0

Bl B2 B3 B4 B
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.

1 0(ExH) E(V.E) Ex (Vx E) H(V.H) Hx (Vx H) =0
- = +§, . — &y Ex (Vx + U . -l x (Vx =
2 0 0 0 0 (19)
B-1 B2 B3 B4 B-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 0 (ExH - _ _ o _ _
-yt e E(V.E) ~ g Ex (Vx E)+ sug H (V. H) ~ g Hx (Vx H) = 0
¢
—so,uo[bx +ﬁ>< +EOE(V.E)750E><(VXE)+/JOE(V.g)fuoﬁx(Vxﬁ):() (20)
.[goixaéﬂ) s T (D)]-H:(VD )= £gEx(Vx E)+H (V.B)~ sy Hx(Vx H)=0
M3 M4 M-I M3 M2 M4
The Maxwell equations are presented in (21):
_ — B
V.D=p M) VxE=- = (M3)
ot
AD @
— — o
V.B =0 (M-2) VxH = e (M-4)

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

_[goﬁxaéB)+ o Hx oD )J+E(V D)-2yEx(Vx E)+H (V.B) -y Hx(VxH)=0

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

(22)
4 Maxwell's Equations
V.D =p (M) VXE:-%? (M-3)

— oD
=0 (M2 VxH = —

@l

V.

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
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“fundamental equation for electromagnetic 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.

The linear divergencefree “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 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 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 GEONSs [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 GEON .

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.

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 [1]. (Gravitational electromagnetic entities) and
Einstein’s relationship (W=mc?) every “confined” energy results in
inertia. Inertia results in mechanical mass and mechanical mass results

in a gravitational field.
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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.

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
o (ExH _ _ _ (23)
X3 -C%%JrsoE(V.E)—sOEx(VxE)Jr

*2 B4 B-S B-6
o | g VLT < g T (7 T+ (e2(E « E)re (7 - H)J= 0
1

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, 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).

4 - Dimensional Space Domain

Iy
7ol 0.7- 9, T =1 =0
p
%)
h
3.Dimensional Space Domain 24
N o
bl _ 1 @ (ExH) = = - =
‘6bT” A + 6 E (V.E) —gEx(VxE) +

¢

+ptg H(V . H) = g Hx (Vx H) + 758 (V.g)~ 7gex (Vxg)=0
& (V. E):pE Electric Charge Density [C/ m3 ]
in which: Hy (V. ﬁ) =Py Magnetic Flux Density [Vs/ m3] or [Wb/ m3 ]

70 (V. é) =pyy Mass Density (Electromagnetic) [kg/ m3]

In which ¢ represents the gravitational acceleration (as a function of
space and time) expressed in (ms?) acting on the electromagnetic mass
density of the confined electromagnetic radiation and y0 =

gravitational permeability of vacuum expressed in (kgs’m?) [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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E, 0 H, 0 41
Ey |= f(r) Sin(mt) Hy |= \/g f(r) Cns(mt) E = 0
g, | \H0)coso)) | n, * () sin(o) 0 (25)

Bo— — 0~ - 2
Wom =(70(m . m)+70(e . e)] =ggf (r)
In which the radial function f(r) equals:

- er 8 log[r]

rlr]=xe 87 (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 0 equals zero at the surface 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 g,

;:\g[ﬁﬂgj @7
Substituting (27) in (25) results in the quantum presentation 4, for
the GEON:

[

- 0 .
Dr0.0) = ) | D, | = \/% [1}(;)«:'”‘
o .

v 1

_Glam (0
O(r,0,p)=Ke  87r 1]t

i

(28)

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

Y

E, 0 H, 0 4xr

Ep|=1| f(r) Sin(kr) Sin(ot) Hy |= \/% -f(r) Sin(kr) Cos(ot)| g=| 0

E, ~f(r) Cos(kr) Cos(wt) H, - f(r) Cos(kr) Sin(w t) 0
{25726 9 (29
f(r)z ((Sin(k r) Sin( t))2 + (Cos(kr) Cos( t))z +ﬁ(Sin(k r) Cos(® t))z +(Cos(k ) Sin(w t))zj
In which the radial function f(r) equals:

- MHZ 7 log[r]
rlrl=ke 87 (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

(Figure 2) [13].
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Perfect conductor

X=X .
nodal plane of E
antinodal plane of B

x = 3A/4: .
antinodal plane of E
nodal plane of B

Figure 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 poynting vector equals zero at the surface of the
confinement. For the confinement within a sphere, a standing
electromagnetic wave pattern has been required which exists of
concentric spheres, at every sphere an antinodal plane for E (or B) with
a radius distance between each sphere of half the wavelength of the

confinement (k=nmA and “n” a natural number and A the wavelength).

Time and radius dependent GEONSs 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 radiation
within the confinement and a different discrete energy level. Every
concentric sphere represents an anti-nodal surface of the electric field

or the magnetic field (Figure 3, 4).

T |
0 7
g | 7-2

-~ ¥
e

Figure 3) Nodal and Antinodal Spheres for Standing (Confined) Spherical
Electromagnetic waves with a 90 degrees phase shift between the Electric
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field and the Magnetic field. Equation (29)

Spherical Confinement of Light
2

Radial 0
Distance

|
=2\

-2

Figure 4) 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)

Equation (31) describes a time and radius dependent GEON.

G100 0
gr Sin[k r] Sin[w t]
- Cos[k r] Cos[w t]

G1e0u0 0 GD
— Ke 87 [5—0 Sin[k r] Cos[w t]
#o | _ cos[k 1] Sin[o t]

Equation (31) represents by the function sinkr (k=1,2,34....) the

E= Ke

es]

confinement of electromagnetic radiation between two concentric

spheres (Figure 5) [14].

Time and Polar Angle dependent GEONSs:

Spherical Confinement of Light

0571
A7

Figure 5) 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

_Gle0u0 0
E= Ke 57 Sin[m 6] Sin[o t]
Sin[m @] Cos[o t]
G1e0u0 0 (32
H= Ke 87 /5—0 Sin[m 6] Cos[w t]
#0 | _sin[m 6] sin[o t]
Equation (32) represents by the function sinme; (m =1,2,3,4.....) the

confinement of electromagnetic radiation between two polar angular
regions (Figure 6, 7) [15].

Standing Wave between two Polar Angular Regions

Figure 6) 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)

Time and Azimuthal angular dependent GEONs

AT
00 |

| A

B N

05 ~~_|/

Figure 7) 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

_G1s040 0
87

E= Ke Cos[n ¢] Sin[w t]
Cos[n ¢] Cos[w t]
0 (33)

. _Gleowo =
H= Ke 87 ’—0 Cos[n ¢] Cos[o t]
0| - Cos[n ¢] Sin[w t]

Equation (33) represents by the function sinmg) (n=1,2,3,4.....) the

confinement of electromagnetic radiation between two azimuthal
angular regions (Figure 8) [16].

Time, Polar angular and azimuthal angular dependent GEONs

“2.'...

_2'

-1

2.
Figure 8) 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)

Equation (34) describes a time “azimuthal angle” and “polar angle”
dependent GEON
G040 0
Bar Cos[n ] Sin[m 6] Sin[w t]
Cos[n ¢] Sin[m €] Cos[o t]
0 (34)

7 _GleOu0 P
H= Ke 87 /—0 - Cos[n ¢] Sin[m @] Cos[o t]
9 Cos[n ¢] Sin[m 6] Sin[o t]

E= Ke

Equation (34) represents by the function cosin o] (n =1,2,3,4..... ) and

sinm 6] (m =1,2,3,4.....) the confinement of electromagnetic radiation

between two azimuthal angular regions (Figure 9)[17].

Spherical confinement of light beween two concentric spheres within

GEONs
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Spherical Confinement of Light
B re

-2

Radial Distance 0

-2

-2

>
Figure 9) 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 “t”,

changes in magnitude and direction (Figure 10).

0
Sin[k r] Sin[e t]

E = Ke 8r o
—Cos[kr] Cos[w t]

Gle0pu0
¢ {[ &y Hoy Cos[Zkr]}

= Ghe0ud {t- & My Cos[2kr]

H= Ke 7 f o %0 | _ Sin[k 1] Cos[o

0 (35)
} —Cos[kr] Sin[w t]

Ho

Spherical Confinement of Light between two Concenctric Spheres
1.0

0.9
0.8
0.7

0.6
Radial Distance

Figure 10) Nodal and Antinodal regions for standing (Confined)

electromagnetic within two concentric spheres equation (35)

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.s+ir = (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.
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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.

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 schédinger’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 g of the electric field vector

E and the magnetic field vector B (E has 90 degrees phase shift

compared to B).

The vector functions P and the complex conjugated Vector?ﬁ*

function will be written as:
1

;:W[E+i§] 37

B equals the magnetic induction, Ethe electric field intensity ( §

has + 90 degrees phase shift compared to B ) and c the speed of light.

The complex conjugated vector function g+ equals:

— 1 - . E

¢* = N (B - ?J (38)
The dot product equals the electromagnetic energy density w:

- - . E - . E 1 2 1 2
¢.¢*=—(B+1zJ.[B—1?j=EyH +§5E =W (39)

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

qf%clz = ;[EJA%)[E-ig]:%syzHZJr%ngZ:p [kg/mz] (40)

The cross product is proportional to the poynting vector [3].

4 x §*= % [EH%] x [E.igj:i@ Ex H=iJeuS (4
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,
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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
Oy N i—
c
- _|% Cartesian ¢, Potential =
04 = 0, Coordinate System 0, T-Vector 2| = A4 42)
y
Ll 0y

In which the term ¢p, 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:

Fah:ab(/’u ’aa¢7b (43)
where the indices “a” and “b” vary from 1 to 4.
The 4-dimensional electromagnetic “Energy momentum tensor” has
been defined by:

ab 1 cb 1 cd
T :E[FMF *0uF uF ] 44
The 4-dimensional divergence of the 4-dimensional energy
momentum tensor equals the 4-dimensional force density 4-vector
e

a ~ ab
/S =0,T (45)
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):

Energy - Time Domain

B-7
[ — 1 2(e0(E . E)+um(H. H
() VA(EXH)JrE( Jrm (B H) _
(46)
3-Dimensional Space Domain
B-1 B-2 B-3
—ize(gpjm + & E (V.E) - g Ex(VxE) +
f. € '
N B4 _ _ Bs
fz +uy H(V . H) — g4y Hx (V. xH)= 0
1

In which fi, f2, f 3, represent the force densities in the 3 spatial
dimensions and 4 represent the force density (energy flow) in the time

dimension (4™ dimension). Equation (42) can be written as:
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Energy - Time Domain
Conservation of Energy
B-7
(f4) V.S+2x =9 (47.1)
47)

3-Dimensional Space Domain

B-1 B2 B3
. -(iz‘"’“taj”’+50E(V.E)-50Ex(VXE)+
§ B4 B-5
[%J g H(V . H) - gp Hx (V x H)=0 “7.2)
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).

The 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):
(xs) - VSJ—FUV-@XW) =Y (48.1)

(48)

3 (ExH)

[xz]-('z M) 4 6 E (V.E) - gEx(VxE) +

Xy

(48.2)

X + gy H(V.H) - gy Hx (VxH) =0

The fourth term (x4) equals the relativistic Dirac equation (49.2) which
equals equation (102) [3].

Equation (45.2) represents the relativistic quantum mechanical Dirac

equation where y represents the quantum mechanical probability

wave function. The mathematical evidence for the equivalent for
(45.1) has been published in 1995 in the article: “A continuous model
of matter based on AEONs”. Equation (1) to equation (102) [3].

The electromagnetic law for the conservation of energy (47.1) and
the relativistic Dirac equation (47.2) are identical but written in a

different form.

The law of conservation of electromagnetic energy can be written in
an electromagnetic form (49.1) or in an identical way in a quantum
mechanical form (49.2):

Energy - Time Domain

Conservation of Energy

. 49)
(t)) V.@xg =L “s.
(x4) (ilzcﬁ+g<v)'// :_L%’ (49.2)

¢

The disadvantage in the quantum mechanical relativistic Dirac
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equation (49.2) is that the Dirac equation is a 1-dimensional equation
which is not able to describe the 4-dimensional real physical world.
While equation (46) represents a 4-dimensional electromagnetic vector
equation.
With the equations (40) and (41) follows from (48) the 4-Dimensional
vector-Dirac equation (50). This equation is a 4-dimensional vector
equation and is coherent with the 4-dimensional physical reality.
("4) Vi@ + % Ma}w
X3 (50)

2

LX) (G g+ (v x) )+ (3. F)+F (7. 9))=0

-0

X1
In which the quantum mechanical complex probability vector
function & and the complex conjugated vector function g equals:
; -8+
_ _ (51)
# -B-

The 4-dimensional Dirac equation (46) and (48) represents the “4-
dimensional equilibrium” in the 4-Dimensional Minkowski space en
has been represented by 4 separate equations. The first one represents
the well-known relativistic quantum mechanical Dirac equation in the
time-energy domain x4. This represents the energy equilibrium in the
time-domain (Conservation of energy). The 3 quantum mechanical
equations in the space-momentum domain represents the
“Electromagnetic equilibrium” for the force densities in the space

domains (x1, x2, x3)

(x:) Vg - - EE
50 -
{XZJ S (G (Vg Fx(Vxg) JE (87 )P (7 9) ) =0

Newton's Lorentz Coulomb
second law

(Inertia of Light)

(Specific mass of Light)

4-dimensional Equilibrium in Space and Time

Equation (50) represents the Newtonian equilibrium in equation (1)

in a 4-dimensional space-time continuum.

To transform the electromagnetic vector wave function ¢ into a

scalar (spinor or one-dimensional matrix representation), the pauli
spin matrices O and the following matrices (Equation 99 [3]) are

introduced:

- |0 o i 7= Oy 0
e o] ™ Py s, (53)

The equations (52) and (53) can be written as the 4-Dimensional

relativistic quantum mechanical Dirac equation:

i [ — 1
(X4) [lTZCﬂJra.VJ v o=-z % (54.1)
64
. -%O(ilxﬁ' + 6 E (V.E)-gEx(VxE) +
[XZJ (54.2)
Xy +;10H(V.H)7;10H><(Vxﬁ):6
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THE LINEAR DIVERGENCE-FREE “STRESS-ENERGY
TENSOR IN “GENERAL RELATIVITY”
To define the “Fundamental equation for electromagnetic
gravitational interaction”, an extra term (B-6) has been introduced in
equation (58). The term B-6 represents the force density of the

gravitational field acting on the electromagnetic mass density.
Forayiry =m g NI
Dividing both terms by the Volume V:

Foraviry _m2 3
= g INm') (55

Results in the force density:

Soramy =p g IN/m’]

The specific mass “p” of a beam of light follows from Einstein’s

equation:

2
W=mc¢

Divinding both terms by the Volume V results in:

2
C

w
v

<|8

which represents the energy density "w" and the specific

(56)

mass "p" of the electromagnetic radiation:
w=pc?

which results for an expression of the specific mass p:
1

pPESWEEUW
)

The energy density “w” follows from the electric and the magnetic

field intensities:

1 Ez 1 Hz
w—is +7p,

wet(eB e unt) = Ye(E E) + w(H . H)) o0
2 2

Substituting equation (57) in equation (56) results in the gravitational
force density foravity acting on an arbitrary electromagnetic field

configuration (a beam of light) with mass density p.

Gravity P &

1 (59)

s s uws = M2 uE Blee 2T )5
foraviry =P 2= uwg 2('— l’(E . E)ﬂ n (H . H))g
Substituting equation (56) in equation (19) results in the fundamental
equation describing the electromagnetic-gravitational interaction for
any arbitrary electromagnetic field configuration (a beam of light):
NEWTON: FroraaL = ma [N]

NEWTON: Expressed in force densities: Froraar =p a [N/m’ ]

-pa + froraaL =0
-pa + fELEKTRISCH + fMAGNETISCH + feraviTy =0 ( )
fvermia -+ feovtoms +  frorentz + fcouroms +  frorentz  + faraviry =0

SLAE o E(VE) - Ex(Vx E)+ g H (V.ﬁ)—yoﬁx(wﬁ)%[gzy(i e (M .ﬁ))g -0

B-1 B2 B3 B-4 B-5 B-6

Term B-1 represents the inertia term of the electromagnetic radiation.
Term B-4 is the magnetic representation of the (electric) coulomb’s
force B-2 and Term B-3 is the electric representation of the (magnetic)
Lorentz Force B-5. Term B-6 represents the electromagnetic-

gravitational interaction of a gravitational field with field acceleration

240

Quantum transitions in GEONs

‘= acting on an arbitrary electromagnetic field configuration (a beam

of light) with specific mass p.

The wuniversal equation for the electromagnetic field (free
electromagnetic waves and confined electromagnetic fields) within a
gravitational field with gravity field intensity ‘o has been presented
in (60) and expresses the perfect equilibrium between the inertia forces
(B-1), the electric forces (B-2 and B-3), the magnetic forces (B-4 and B-
5) and the gravitational force (B-6) in any arbitrary electromagnetic
field configuration.
| 8(E x H) = = = = = —=
- e E(VE) -, Ex(Vx E)+ gy H (V.H) -
Bl B2 B3 B4
e e o -
—;1DHX(VXH)+E<S u(E . E)re p3(H . H))g =0

B-5 B-6

Planck’s constant in “Confined electromagnetic radiation”
The fundamental relationship in the interaction between gravity and
light is the proportionality between energy and frequency. This effect

becomes measurable in “Gravitational red/blue-shift.

To describe the “proportionality between energy and frequency
(Planck’s constant) for confined electromagnetic waves, an example
g P
has been chosen of an electromagnetic wave (light) confined between
g g

two 100 % reflecting mirrors (Figure 11).

AT ALLEALLE R
FrrEE e

Figure 11) Confined electromagnetic radiation between two 100 % reflecting

mirrors

Figure 8 represents confined electromagnetic radiation with amplitude
Eo and frequency m, . A general property of confined electromagnetic
waves is the proportionality between energy and frequency. As an
example, the confinement of light between two perfect reflecting
mirrors with surface A has been chosen. When both mirrors are being
moved towards each other over a distance A x, the work A W has

been delivered:

AW =p (AAx) 61)
In which “A” equals the surface of the mirrors and “p” equals the

radiation pressure:

p=w= %SEZ'F%/JHZ [N/mz] (62)

The electromagnetic “Work A W ” which has been delivered
equals:

AW=wA Ax (63)
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When over a time “A t "one mirror move towards the other with a
velocity “v”, then the distance “ A x” passed over a time interval A t

equals:

Ax=vAt [m] (64)

Substituting (62) in (61) results in:
AW=wAAXx

(65)

AW=wAvVAt= AvAt

Volume
In which “W” equals the total energy involved in the transformation
of mechanical energy into the electromagnetic energy.
When an observer moves slowly (not at a relativistic speed) towards a

beam of light, a doppler frequency shift appears:

ol [ ) - re e

The same happens for the moving mirror. A shifted frequency will be

reflected. The total effect of the displacement of the distance A x will

be a frequency shift in the confined electromagnetic radiation which

equals:

_
Af= ¥,
V:Ach

Jo

(67)
AW= Avat-— YV A Y ay
Volume Volume f()

(Awa[w] (cAt)A (w] nA
el - = | v T "EM
Af fO V\/Olume f0 VVolume

In which A represents the wavelength of the confined radiation and

“«

n” the number of wavelengths of compressions. The term /.

represents an electromagnetic equivalent for Planck’s constant.

“Gravitational redshift/ blueshift in “Light (EMR)” due to
“Electromagnetic gravitational interaction”

The “Stress-energy tensor (44) equation” for electromagnetic waves
interacting with a gravitational field with acceleration = has been

presented in equation (64)

d(ExH — — — — — —
S 2E S E (V. E) -4, Ex(VXE) + 4y H(V.H)

(68)

-y x (V< T+ {u(E - E)e (1« )= 0

A fundamental solution for equation (64) within a gravitational

constant gravitational field E in the zdirection, equals for the electric

field [6]:

e%xlﬂoé’n il o e’%ﬂﬂné\) (t iE z)
0 (69)
0

|
[

o
[

And for the magnetic field:

0
H
T R I P e (70
Hy Vo Mo
z
0
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The term T (Electromagnetic equivalent for Planck’s constant)

defines a proportionality between the energy density and the frequency
@ . The solutions (65) and (66) represent a “Constant speed of Light”

¢”. The “Gravitational red-shift” equals:

B —gzHpZ)
O Gravitational Redshift 20 © (71)

In which w, equals the original frequency of the beam of light

propagating in the direction of the constant gravitational field in the
zdirection and the exponential term demonstrates the gravitational
redshift when the beam of light moves away from the gravity source
(Solar system or black hole). Including the “Doppler redshift the total
frequency shift equals:
~gz4020

D Gravitational Redshift ~ P0 ©

Gravitational ~ Doppler Redshift (72)
Redshift

Equation (72) represents the “Gravitational redshift” for a constant
gravitational field (with a constant gravitational acceleration “g”). The
“Electromagnetic equilibrium equation” (60) in “The proposed
theory” represents possible solutions for all “Time and space
depending gravitational fields” and equation (60) is the fundamental
equation to be “tested” relative to Einstein’s theory of general
relativity. measurements of “Gravitational red-shift/ blue-shift from
world-wide observatories could falsify or confirm “The proposed

theory”.

For simplicity 3 distinguishments have been made for the different
kinds of gravitational fields. The first one is a function with a linear
increment to the source of the gravitational field (The center of the of
the milky way galaxy to the edge of the milky way galaxy) in which the
gravitational acceleration “g”. and the corresponding solution for
equation (60) have been presents in equation (73.1). The second
gravitational field is proportional to 1/r’ (The gravitational field
around the edge of the milky way galaxy) in which “t” equals the
distance (Equation 73.2). The third type of gravitational field is a
constant gravitational field over long distances far away from sources

of gravity like black holes (73.3).

Mathematical calculations for gravitational redshift/ blueshift

When a ball is thrown upwards from earth, its kinetic energy is
converted into a potential energy, the higher it goes the kinetic energy
reduces according to the ball’s inertia and the planet’s gravitation.
Accounting for EMR inertia if a beam of light (e.g., a laser beam) is
directed radially away from the earth’s surface, something comparable
happens. The EM field intensity becomes exponentially lower (the
higher the beam shines upwards) but the speed of light does not
change. The speed of light remains constant. For a laser beam shining
downwards on earth, the opposite happens. The intensity becomes

(exponentially) higher and the observed frequency higher (Blue shift).
Equation (71) represents 3 solutions for 3 different kinds of

gravitational fields. The Gravitational Redshift (GRS) term in QLT
depends on the type of gravitational field:

241



(@p = DGrs wl)appler)

Gravitational Field Type 1

g=G, z

1.
-Gy 7% 5 mo

ogg = e 2 (73.1)

Gravitational Field Type 2

G

g=—L
% @3)
_ G120 Ho
OnGr T @ € ‘ (73.2)
Gravitational Field Type 3
g=G,
Oy gr = € EHH0 0 (73.3)

The mathematical solutions for the gravitational redshift term in the
proposed theory (GRaur) differ from the Gravitational Redshift in
General Relativity (GRGR) with a factor ¢r . Within a constant
gravitational field over a distance of 36000 (km) (average satellite
height) and an estimated gravitational acceleration of ((g = 9.8 )m s?)

[2].

1 -9
a= (GRyr) - (GRee) = - JEeu = 210 (74)

The mathematical solutions (73) for equation (60) have been
calculated [5]. The mathematical solutions in equation (60) for a

gravitational field proportional to z", equals:

Gravitational Field Type z'

g=G 2"

(75)

<G e o

_ 2 (1+n)
OnGr = @ €

In general the mathematical solutions for equation (60) can be
represented as:

Gravitational Field as a function "h(z)" along the

z-axis between "object" and observer

g= G glz]
B -%go 10 G1 Bg(h) dh (76)
Ongr = @ €
frequency  original Gravitational Doppler
being frequency Redshift Redshift
observed

Deviations in gravitational redshift calculated in general relativity
and the proposed theory
The mathematical solutions for the gravitational redshift term in the

proposed theory (GRqur) differ from the Gravitational Redshift in
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General Relativity (GRer) with a factor « .

In general relativity the frequency change in gravitational redshift is
proportional to the change of the electromagnetic (Potential energy)
U of the radiation

AT ~ é} 77

An accurate way to test “General relativity” and “The proposed theory”
theory is the “Gravitational redshift” within a well-known gravitational
field like the gravitational field of the earth. Both theories give
different outcomes in the values for the “Gravitational redshift” within
the gravitational field of the earth between an observatory on earth
(Radius = 6 10° (m)) and a Satellite in a Galileo Orbit (Ragis = 23 222 10°
(m)). The galileo space segment comprises a constellation of a total of
30 Medium Earth Orbit (MEO) satellites, of which 3 are spares, in a
so-called Walker 27/3/1 constellation.

“Gravitational redshift” between an observatory on earth (Rugiws = 6 10°
(m)) and a satellite in a galileo orbit (Radiws = 23222 10° (m)) according
“General relativity”:

A

A = AU 00000000004360137706159641 (78)
Or e .

“Gravitational redshift” between an observatory on earth (Ruius = 6
10%m)) and a satellite in a galileo orbit (Ruiws = 23222 10%(m))
according “The proposed theory”:

AU
Aoy, = R~ 0.00000000004360134475689392 79
o C

In “The proposed theory” the result of the calculations has been based
on a “Perfect equilibrium in space and time, taking into account the
effect of the change in electromagnetic mass due to the potential

energy level.

In a factor ¢ has been defined which presents the measured deviation
a between the predicted gravitational redshift by general relativity

and the measured gravitational redshift [2].

a = A hog = (22£16) x10° (80)

OMEASURED
A comparable factor ¢ can be used to determine which theory (GR
or QLT) has the closest approach to the experimental data. Highly
accurate measuring experiments are required with an accuracy higher

than 16 digits beyond the decimal point (78 and 79).

Experiments to test “The linear divergence-free “Stress-energy tensor
Experiments are required to validate “The proposed theory” in
relation to the fundamental theories: Electrodynamics, quantum

physics and general relativity.

Experiments to test the mew theory:

A fundamental experiment to test any arbitrary theory related to
electrodynamics is the projection of a slide on a screen. The projection
of a slide (or a film) in the z-direction, represents an arbitrary intensity
division f(x,y) in the (x,y) plane perpendicular to the zaxis (axis of

propagation):
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E= 0
0
0 81
H= ﬁ flx.y] glz-c ]
€
0

The force density in the 3 spatial directions for this electromagnetic
field configuration equals:

—

| 2(ExH) - = - - - = - -
=Tty E(V.E) - Ex(VxE)+ u H (V. H) -y Hx (Vx H) (82)

-
1
—

e

Substituting (79) in (80) and when the propagation speed c equals:

e= = (83)

& u

The resulting force density equation (82) equals:

£, o
=t =20 s E(V.E) - g, Ex (VaE)+ g, H (V. H) - g, Hx (70 H) =
-
fZ

(84)

o o o

Exactly at the speed of light a perfect equilibrium exists in the x-, y,
and zdirection. This represents the required evidence that any
arbitrary slide can be projected on a screen because the
electromagnetic field configuration is always a solution of the
electromagnetic field equation in “The proposed theory” for any

arbitrary function f(x,y). The only requirement in (82) is that the light

propagates exactly with the speed of light ¢ = |1
eu

The projection of a slide (or a film) in the zdirection on a screen,
represents an arbitrary intensity division f(x,y) in the (x,y) plane
perpendicular to the zaxis. An infinite amount of functions f(xy) is
not divergence free. And for that reason not a solution of the Maxwell
equations (83-a) and (83-b).

_ — oB
V.D =p (a) Vx E =- @ (c)

85)

V.B =0 (b Vxﬁ=i£(d)
ot

There is no slide (intensity division proportional to the arbitrary
function f(x,y)’) which cannot be projected. It is a fundamental
requirement for any electromagnetic field equation that the arbitrary
function f(x,y) is part of the solution set for this electromagnetic field

equation.

The electromagnetic field equation (82) fulfils this essential
requirement. The Maxwell equations (83-a) and (83-b) do not fulfil
that essential requirement and for that reason cannot be used to

describe an electromagnetic field configuration QED.

Experiments to test the proposed theory
The 4-dimensional equilibrium equation represents the relativistic
quantum mechanical Dirac equation in the 4™ dimension (Energy

time domain):

o Lo
(x4) [”‘"/3+a.vjw - (86.1)

h

8 (E x H) = = = =
[Xs} -(iz Fn + & E (V.E)-gEx(VxE) +

X, (86.2)

X + g H(V.H) - gy Hx (VxH) =0

Every electromagnetic confinement has to be part of the solution set
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of equation (86). GEONs (Electromagnetic confinements by
gravitational electromagnetic interaction) are part of the solution set
and are for that reason part of the solution set for the Dirac equation.
Like elementary particles, GEONs carry mass, charge and spin in
discrete values (the wavelength of the confinement has to match the
geometry of the confinement in discrete values) and have common
properties with elementary particles. Further research is required to

investigate the relationship between elementary particles and GEONs.

Experiments to test the proposed theory with general relativity

An accurate way to test “General relativity” with the proposed theory
is the “Gravitational redshift” within a well-known gravitational field
like the gravitational field of the earth. Both theories give different
outcomes in the values for the “Gravitational redshift” within the
gravitational field of the earth between an observatory on earth (Radius
= 6 10° (m)) and a satellite in a galileo orbit (Ragws = 23 222 10° (m)).
The galileo space segment comprises a constellation of a total of 30
Medium Earth Orbit (MEO) satellites, of which 3 are spares, in a so-
called Walker 27/3/1 constellation.

The “Gravitational redshift” between an observatory on Earth (Radius =
6 10°(m)) and a satellite in a galileo orbit (Ragiws = 23222 10%(m))

according “General relativity”:

A = TAU = 0.00000000004360137706159641 (87)
O = S = . J

The “Gravitational redshift” between an observatory on earth (Rudius =
6 10° (m)) and a satellite in a galileo orbit (Ruiws = 23222 10° (m))
according “The proposed theory”:

A Ugg

Aoy = —7— = 0.00000000004360134475689392 (88)
o C

In “The proposed theory” the result of the calculations has been based
on a “Perfect equilibrium in space and time, taking into account the
effect of the change in electromagnetic mass due to the potential

energy levelau, .

In (Gravitational redshift test using eccentric galileo satellites, Sven
Herrmann, Felix Finke, Martin Liilf, Olga (et. al.), 2018) a factor ¢
has been defined which presents the measured deviation between the
predicted gravitational redshift by general relativity and the measured
gravitational redshift [2].

=5
@ = Aoy - Ao = (22£16) x 10 (89)

A comparable factor ¢z can be used to determine which theory (GR
or QLT) has the closest approach to the experimental data. Highly

accurate measuring experiments are required with an accuracy higher

than 17 digits beyond the decimal point (80 and 81).

The weight of light (Photons) calculated with gravitational redshift
In this thought experiment two identical boxes, with at the inside 100
% reflecting mirrors, have been placed on a balance scale. One box
has been filled with light (Electromagnetic radiation) with energy
density “w” and the other box is empty and has not been filled with
light. With gravitational redshift the weight of the Light will be
calculated (Figure 12).
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Figure 12) In a “Thought expiriment”: Measuring the weight of confined light
(Electromagnetic radiation) in one of both boxes with 100 % reflecting mirrors
at the inside

The radiation pressure of the confined light (Electromagnetic
radiation) equals:

p=wNm’] (90)
Inside the box with 100 % reflecting mirrors (with dimensions: Width
x Length x Height) the upwards oriented force Fu equals:
E,(z+H) = pz+H) x A = wiz+H) x W x L [N] 91)
The downwards oriented force Fp equals:

F @=p@) x A=w) x W x L [N] 92)
The energy density of the confined electromagnetic radiation is
proportional to the frequency (Equation 67)

_ -glug g
O =0, €

B 93
Wegr =W € gLlpg g ©3)
According equation 71.3 the weight (Gravitational force: Forav) of the
confined light (Electromagnetic radiation) with energy density wlz] in
the box within a constant gravitational field equals:

(2] - wizge MO %0 |wi (94)

Espay =Fp -Fy = (W@ -wiz+H) WL
Forav = | W

-gHup, ¢
Eopav =W[z](l e 070 ]WL

Applying series development on the exponentional function results in:
-gHp, ¢
Foray =Wl -e 0 0jWL

] 95)
wL

_ 1 201 3
FGRAV—W[Z] 1- l-ngO 30+E(ng0 EO) -g(gl-[po 80) F o

Which results in a first order approach into Einstein’s well-known
equation W=mc’: [21-22]
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1 2 1 3
Forav :W[Z](gHuo & 'E(gHHO £) +g(gHu0 o ) WL

1 96)
Forav = Wlz] g1y 8 HWL=—Wg=mg
c

Quantum transitions in GEONs

GEON:s can drop back in a lower energy state under the emission of
light of a specific frequency or jump to a higher energy level under the
absorption of light of a specific frequency.

According equation (67) the energy level of GEONs has been related
to the fundamental frequency of the GEON:

v
Af= " fO
Af
v= —¢
fo
AW= w AvAt= w AﬁcAt o7

ume VVoum 0

AW W\ (cAt)A w nkA

) e vor e v MM
0 Volume 0 Volume

According equation (35) for GEONss:

Gls0u0 0
E= Ke Sin[k r] Sin[e t]

—Cos[kr] Cos[o t] (98)

B Gleou = 0
H= Ke 87  [Z% | _Sin[kr] Cos[ot]

Ho | —Cos[kr] Sin[o1]
When an GEON drops back to a lower energy level, the radius of the
sphere will become smaller with a lower frequency (Figure 13-15).

_G1e00
Plot Function: Field Intenstiy=e 8rr Sin[kr]

Radial
Distance

_Gleouo
Figure 13) Plot of the function: H = ¢ "  Sinkr] att=1n/20

_Glebpn
Plot Function: Field Intenstiy = e &mr Sin [kr]

-

_Gleouo
Figure 14) Plot of the function: E= ¢ * Sinkr ati=z/20 and at

t=3n/2w®
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Vegt

E]

Figure 15) Plot of the concentric spherical areas of antinode of the
gravitationalelectromagnetic confinements (Standing spherical waves) of the

electromagnetic energy.

When a GEON drops back to a lower energy level, the discrete amount
of energy, confined between 2 concentric spheres (orange area of
confinement between two concentric spheres) will be emitted as a

single electromagnetic wave package (photon) (Figure 16).

Figure 16) 2-dimensional plot of the concentric spherical areas of antinode of
the gravitationalelectromagnetic confinements (Standing spherical waves) of

the electromagnetic energy during an energy transition of a GEON.

Gravitational lensing

Calculating the refraction index for a lens has been based on the
different propagating speeds of light in the separate materials the lens
has been built of. The lens equation expresses the quantitative
relationship between the object distance (do), the image distance (di),
and the focal length (f). The different speeds of light in the different
materials has been caused by the separate electromagnetic interactions
between the light and the separate materials. The electromagnetic
fields close around the atoms interact with the passing beam of light
and creates extra electromagnetic mass which slows down the speed of
light. For this reason materials only slow down the speed of light.

There are no materials with a refraction index smaller than 1.

To calculate “Gravitational lensing” it is important to calculate the
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speed of light depending on the local gravitational field [29]. The speed
of light is a function of the total “Electromagnetic gravitational
interaction” according equation (24) in which the properties of
vacuum (electric permittivity, magnetic permeability and gravitational
permeability) depend on the intensity and direction of the local

gravitational field:

4-Dimensional Space Domain

(99)

3-Dimensional Space Domain

\ _ _
- 2 (B(uyiz) x A(xya)
o, T L = -y (xy2) () XD ZCXED)

eo(x,y,z) E(xyzt) (V. E(xyzt)) - go(x,y,z)E(x,y,z,t)x (V x E(xyzt)) +

+ 4y (xy.2) H(xy.zt) (V. H(xyzt) - uy(xyz) Hixyzt)x (V x Hixyzt) +
+70 8xy2) (V. g(xy2)) = 7ge(xyz)x (V x g(xy,2)) = 0

) (V. E )= PR Electric Charge Density [C/ m3 1
in which: Hy (V.H)= Py Magnetic Flux Density [Vs/ m3] or [Wb/ m’ 1

70 (V. é) =Py Mass Density (Electromagnetic) [kg/ m3]

CONCLUSIONS
Based on the assumption of the zerorest mass of photons, general
relativity describes the interaction between gravity and light within a
4-dimensional curvature in space and time due to a gravitational field.
Light follows a path defined by this curved 4-dimensional space and
time geometry.

The proposed theory presented here, describes a bi-directional
separation between mass and inertia for light (photons). Inertia only
in the direction of propagation of the beam of light (photons) which
determines the speed of light. Mass of the beam of light (photons) only
in the plane perpendicular to the direction of propagation, which
determines the deflection of a beam of light (photons) by a
gravitational field in the plane perpendicular to the direction of

propagation.

GEONs (Gravitational-electromagnetic confinements) are
fundamental solutions of the relativistic quantum mechanical Dirac
equation. The inertia of light has been represented by term (1) and the
non-zero rest-mass has been presented by term B-6 in equation (23).

Within a 4-Dimensional equilibrium and taking into account the
inertia and the gravitational force densities within the electromagnetic
field configurations, gravitational electromagnetic confinements
(GEONSs) are a physical reality and are solutions of the relativistic
quantum mechanical Dirac equation and present spherical

confinements with discrete separate energy levels.

To test the proposed theory with general relativity, an experiment has
been required which measures the interaction between gravity and
light within a well-defined gravitational field like the gravitational field
of the earth. The difference between the calculation for gravitational
redshift, within the gravitational field of the earth, in “General
relativity” and “The proposed theory” is smaller than 10"¢ and cannot

be determined with present observation equipment (maximum
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accuracy of 10" for GRS). Validation of both theories requires a very

sensitive and accurate observatory like the JWST or the SKA.

DATA AVAILABILITY

All the data and all the calculations to provide evidence to “The

proposed theory” have been published at:

https:

quantumlight.science
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