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Abstract

Background:

Our investigations of what exists might seduce us to have little to say about an objective reality,
in which nothing exists .

Methods:

The usual rules of tensor algebra have been used.

Results:

Time is equivalent to gravitational field. The four basic field of nature are geometrized from
another point of view. The geometrical structure of the fourth basic field of nature is identified.
There is some evidence that pure non locality is a feature of an objective reality in one space-time
dimension.

Conclusion:

Theoretically, the beginning of our world out of an empty negative appears to be possible.

Keywords: Energy; Time; Space; Cause; Effect; Causal relationship k; Causality; Causation

1. Introduction

I have already tried to provide essential answers about the fundamental relationship between energy,
time and space in numerous publications of mine. I come back to this topic again, because my former
presentation of this subject does not satisfy more. In addition, new theoretical approaches have arisen to
proof these relationships from another and different point of view. While following the time-honoured
principle of going step by step from the known to the unknown, a new and more differentiated focus
on widely discussed notions like energy, time and space might be of help to widen our own view on
these entities.

Energy,

pure energy as such, existing independently and outside of human mind an consciousness, objec-
tively and real is an energy without any further determination, an energy which is in its own self equal
only to itself. In point of fact, the other side of pure energy is that pure energy is also not unequal
with respect to another. Pure energy has no difference within itself and pure energy has no difference
outwardly. If anything concrete or any determination or content could be identified in pure energy as
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distinct, or if pure energy were posited by such a determination as distinct from an other, pure energy
would thereby fail to hold fast to its purity. In last consequence, pure energy is equally pure emptiness
and at the end indeterminateness as such. However, it is not only energy that determines objective
reality. Time itself is given too. Historically, investigations into the nature of time and discussions of
various issues related to time have had an important impact on science as early as a very long time ago.

Time,

pure time, is similar to pure energy just simple equality with itself, complete emptiness, complete
absence of any determination and content, a negation which is equally devoid of any reference. Pure
time is the lack of all distinction within itself. No wonder that pure time is the same determination
or rather the absence of any determination, and thus altogether the same as what pure energy is. As
outlined in view words before, pure energy and pure time are therefore the same. It is noteworthy and
necessary to consider that neither energy nor time, but rather that energy has passed over into time
and that time has passes over into energy. In spite of all equality and besides of all, it is important to
recognize that pure energy and pure time are at the end not without any distinction. At the end, it is
more likely that pure energy and pure time are not the same. The principal question is how it is possible
that pure energy and pure time are identical and yet also different too? Pure energy and pure time are
absolutely distinct even if equally unseparated and inseparable. Each of both, each of pure energy and
pure time, immediately vanishes into its own opposite.

Space,

is this movement of the immediate vanishing of pure energy into pure time or of the one into its
own other and vice versa. However, such an understanding of the relationship between energy and time
as stated before is not without deeper issues and without great concern. In contrast to the previously
outlined and according to the first law of thermodynamics (see Clausius, 1867, du Châtelet, 1740)
energy can be transformed from one energy to another, but can be neither destroyed nor created. How-
ever, time itself is not energy, it is the other of energy. Under conditions where energy passes over into
time or time into energy our impression solidifies that the first law of thermodynamics is threatened or
even violated. The question therefore arises again for ourselves, how can we discover with confidence
that which is the truth but still hidden to us? How can we enlighten the epistemiological darkness?
No logical alternative is available, space as the unity and the struggle between energy and time is a
movement in which these two, pure energy and pure time, are distinguished too. However, it would
be necessary to consider that it is this distinction which immediately dissolved itself too. Authors cus-
tomary oppose time to energy and vice versa in an inappropriate way. It is to be considered that energy
as an already determined and self-organised entity distinguishes itself from another energy. In other
words, the time which is opposed to energy is also the time of a certain or concrete energy, a determi-
nate time. Here, time should be viewed in its simplicity as pure time. Pure time is non-energy and as
such deemed to oppose pure energy. In point of fact, in pure time as non-energy there is contained the
reference to pure energy too. In other words, we have reason to suppose that non-energy is both, pure
time and equally its own negation, its own other, pure energy. At the end all, pure time and pure energy
are united in space.
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2. Material and methods

Scientific knowledge and objective reality are more than only interrelated. It cannot be repeated
often enough that objective reality or processes of objective reality is the foundation of any scientific
knowledge. In point of fact, seen by light, grey is never merely simply grey. In general, human
experience teaches us that a high mountain can be conquered by different paths.

2.1. Material

In general, it is appropriate to ensure as much as possible a broader consideration of a research
question and to take into account the different facets and viewpoints of an issue investigated in order
to reach a goal.

2.2. Methods

Definitions should help us to provide and assure a systematic approach to a scientific issue. It also
goes without the need of further saying that a definition as such need to be logically consistent and
correct.
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2.2.1. Basic definitions of special theory of relativity

Definition 2.1 (Energy).

Let E denote energy (see Einstein, 1905b) which is existing objectively and real outside of human
mind and consciousness as viewed from the point of view of the stationary observer R. It is

E = M� c2 (1)

where M is the matter and c is the speed of the light in vacuum.

Definition 2.2 (Matter).

Let M denote matter which is existing objectively and real outside of human mind and consciousness
as viewed from the point of view of the stationary observer R. In our understanding of the matter we
follow Einstein’s explanations very closely.

“... ‘Materie’bezeichnet ... nicht nur die ‘Materie’im üblichen Sinne, sondern auch das
elektromagnetische Feld. ” (Einstein, 1916, p. 802/803)

In broken English, ‘matter denotes ... not only matter in the ordinary sense, but also the electro-
magnetic field. ’It is worth noting that the equivalence of matter (M) and energy (E) lies at the core of
today’s physics and has been described by Einstein as follows:

“Gibt ein Körper die Energie L in Form von Strahlung ab, so verkleinert sich seine Masse um L/V2

... Die Masse eines Körpers ist ein Maß für dessen Energieinhalt ”

(see also Einstein, 1905c, p. 641)

In general it is

M � E
c2 (2)

(see also Einstein, 1905c, p. 641)

where M denotes the matter(see also Tolman, 1912) and c is the speed of the light in vacuum. In other
words, Einstein is demanding the equivalence of matter and energy as the most important upshot of his
special theory of relativity.
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“Eines der wichtigsten Resultate der Relativitätstheorie ist die Erkenntnis,

daß jegliche Energie E eine ihr proportionale Trägheit (E/c²) besitzt”

(see also Einstein, 1912, p. 1062)

Definition 2.3 (Anti energy).

Let E denote non-energy or anti energy, the other of energy, the complementary of energy, the
opposite of energy which is existing objectively and real outside of human mind and consciousness as
viewed from the point of view of the stationary observer R. It is

E = S�E (3)

Definition 2.4 (Time).

Let t denote time, the other of anti-time, the complementary of anti - time, the opposite of anti-time
which is existing objectively and real outside of human mind and consciousness as viewed from the
point of view of the stationary observer R. Let t denote anti time. It is

t = S� t (4)

Definition 2.5 (Anti time).

Let t denote non-time or anti-time, the other of time, the complementary of time, the opposite of
time which is existing objectively and real outside of human mind and consciousness as viewed from
the point of view of the stationary observer R. It is

t = S� t (5)

Theoretically, anti-time is the other of time, the complementary of time, the opposite of time.

Definition 2.6 (Gravitational field).

Let g denote the gravitational field. The gravitational field g is quite often defined by the gravita-
tional potential. Nonetheless, it is necessary to distinguish the gravitational field and the gravitational
potential, both are not identical. Even if it is a little questionable to refer so often to Einstein’s position,
as long as the same is logically sound, it is also very difficult to simply ignore the same. Although it
is much too often overlooked today, let us again refer to Einstein’s understanding of the relationship
between matter and gravitational field. Einstein defined the gravitational field ex negativo as follows.

“Wir unterscheiden im folgenden zwischen ‘Gravitationsfeld’und ‘Materie’, in dem Sinne, daß
alles außer dem Gravitationsfeld als ‘Materie’bezeichnet wird, also nicht nur die ‘Materie’im

üblichen Sinne, sondern auch das elektromagnetische Feld. ”

(Einstein, 1916, p. 802/803)
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Again, Einstein’s position translated into English: ‘We distinguish in the following between ‘grav-
itational field’and ‘matter’, in the sense that everything except the gravitational field is regarded as
‘matter’, that is not only ‘matter’in the ordinary sense, but also the electromagnetic field.’The follow-
ing and only symbolic figure might illustrate the relationship between matter and gravitational field in
more detail.

Gravitational field (g)

M a t t e r ( M )

U

Mathematically, the gravitational field is expressed as follows:

g = U�M (6)

Definition 2.7 (Space).

Let S denote the space which is existing objectively and real outside of human mind and conscious-
ness as viewed from the point of view of the stationary observer R. We assume that energy and time
are determining space. It is

S = E + t (7)

In the further progress of the research it should be possible to demonstrate beyond any reasonable
doubt that

S� t = E (8)

and that the most general formulation of the Einstein field equations could be�
S�gmn

�
�
�
t�gmn

�
=
�
E�gmn

�
(9)

where gmn is the metric tensor. Energy passes over into time and vice versa. Time passes over into
energy. However, equation 8 has another aspect too. It is equally

(S�S)� (S� t) = (S�E) (10)

or C2�a2 = b2 and as a logical consequence also�
(S�S)�gmn

�
�
�
(S� t)�gmn

�
=
�
(S�E)�gmn

�
(11)

The relationship between Pythagorean theorem and equation 10 is illustrated in more detail by figure
1 (see also theorem 3, page 23).
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Figure 1. Space S, expectation values of energy (E) and time (t) and Pythagorean theo-
rem.

De�nition 2.8 (U).

Let U denote the unity and the struggle between matter and gravitational �eld which is existing
objectively and real outside of human mind and consciousness as viewed from the point of view of the
stationary observer R. It is

U =
S
c2 = M + g (12)
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2.2.2. Extended de�nitions of special theory of relativity

De�nition 2.9 (Energy and special theory of relativity). Let r E t denote the total or relativistic (see
Lewis and Tolman, 1909) energy1 of an (quantum mechanical) entity, at a certain run of an experiment
t and is dependent on the relative velocity v of an observer. Let0 E t denote the rest energy of an entity,
at a certain run of an experiment t. The invariant mass0 m t (also called rest mass) which is determined
by rest energy is an invariant quantity which is the same for all observers in all reference frames. Let
w E t denote the electromagnetic wave energy of an entity, at a certain run of an experiment t. Letrp E t

denote the relativistic potential energy (see Baruk�cić, 2013), letrk E t denote the relativistic kinetic
energy (see Baruk�cić, 2013).

The relativistic momentum, denoted asr p t, is de�ned as

(rpt) = ( rmt) � (v) (13)

where v is the relative velocity between observers. The energy of an electromagnetic wave, denoted as
w E t, is derived as

(wEt) = ( rpt) � (c) = ( rmt) � (v) � (c) (14)

where c is the speed of the light in vacuum. In general, it is

(rEt) =
�

rpEt
�

+ ( rkEt) (15)

and the usual energy momentum relation
�
(rEt) � rpEt

�
+ (( rEt) � rkEt) = ( rEt) � (rEt) (16)

The invarinat or rest energy (see �gure 2), denoted as(0Et), is given as

(0Et) 2 = ( rEt) �
�

rpEt
�

(17)

The relativistic potential energy,rp E t, is given as

�
rpEt

�
=

(0Et) 2

(rEt)
=

�
1�

v2

c2

�
� (rEt) (18)

Furthermore, the energy of a electromagnetic wave (see �gure 2), denoted as(wEt), is given as

(WEt) 2 = ( rEt) � (rkEt) (19)

The relativistic kinetic energy (see �gure 2), denoted asrk E t, is given as

(rkEt) =
(WEt) 2

(rEt)
=

(rmt) � (v) � (c) � (rmt) � (v) � (c)
(rmt) � (c) � (c)

= ( rmt) �
�

v2
�

= ( rpt) � (v) (20)

1Lewis, Gilbert N. and Tolman, Richard C. (1909), ”The Principle of Relativity, and Non-Newtonian Mechanics” , Proceedings of
the American Academy of Arts and Sciences, 44 (25): 709–726.doi:10.2307/20022495
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We have very convincing arguments to assume that the concept ofvis viva (see Leibniz, 1695) as put
forward by Leibniz and the notionrelativistic kinetic energy are identical. The relationship before
and their inner connection to the Pythagorean theorem are view by �gure 2 in more detail.

Figure 2. Pythagorean theorem and Einstein's special theory of relativity (Einstein's
triangle).

The usual energy momentum relation has been the foundation of many relativistic wave equations. The
normalised energy momentum relation is given as

�
(0Et) 2

(rEt) 2

�
+

�
(wEt) 2

(rEt) 2

�
=

�
(0mt) 2

(rmt) 2

�
+

�
(v) 2

(c) 2

�
= + 1 (21)

while

p
�

rpEt
�

=
�

(0Et) 2

(rEt) 2

�
= 1�

�
(v) 2

(c) 2

�
(22)

can be understood as the probability of �nding a certain particle local. The next �gure might provide
us with an simpli�ed overview.
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W a v e(wEt) 2

P a r t i c l e (0Et) 2

Energy(rEt) 2

Depending upon the experimental conditions and the measuring device used, the wave energy(wEt)
might change, or particle's energy(0Et) might change (i. e. collision experiments in particle physics)
et cetera. In any case, the extent of the interaction between a measuring device and an entity to be
measured can be determined accurately. Nonetheless, it does not make any sense at all to assume that
a measuring device is only a measuring device if the same measuring device generates by an act of
measurement the entity which has to be measured. In this respect a remark to the ordinary matter and
the electromagnetic �eld might be permissible. It is

(rEt) = ( rEt) � (1+ 0) =

 

1�
2

r
v2

c2 +
2

r
v2

c2

!

� (rEt) =

0

@

0

@1�
2

s
v2

c2

1

A � (rEt)

1

A

|                               {z                              }
Oridinary energy=matter a E t

+

0

@

0

@ 2

s
v2

c2

1

A � (rEt)

1

A

|                         {z                        }
Electromagnetic wavew E t

= ( aEt) + ( wEt) (23)

where aEt is the energy of ordinary matter/energy andwEt is the energy of the electromagnetic
�eld/wave. Based on equation 23 , it is

(aEt) =

0

@

0

@1�
2

s
v2

c2

1

A � (rEt)

1

A

|                               {z                              }
Oridinary energy=matter a E t

=

0

@1�
2

s
v2

c2

1

A � h� r f t (24)

whereaEt might denote “Alltagsenergie ”or ordinary energy/matter, h is Planck's constant andr f t is
the frequency. The total or relativistic energyrEt is determined as

rEt = aEt 

1�
2

r
v2

c2

! (25)

The relationship between “rest energy ”, denoted as0Et and ordinary energyaEt is given as

(0Et) =

0

@

0

@ 2

s

1�
v2

c2

1

A � (rEt)

1

A

|                               {z                              }
rest energy=matter 0 E t

=

 
2

r

1�
v2

c2

!

 

1�
2

r
v2

c2

! � aEt (26)

These relationships are necessary to be considered at any measurement and especially in cosmology.
Equation 24 is the natural foundation of the Doppler effect (see Doppler, 1842, Voigt, 1887) and is
illustrated by the following picture in more detail.
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Electromagnetic wave(wEt)

Ordinary matter/energy (aEt)

Energy(rEt)

Let us assume that quantum theory is (in principle) a (universal) theory which is applicable (in prin-
ciple) to all physical systems including our earth-moon system too. This could imply that a linear
evolution of quantum states applied to macroscopic objects might routinely lead to superpositions of
macroscopically distinct objects. Based on equation 23, this is not completely absurd. However, var-
ious approaches to what is called the `Measurement Problem'propose contradictory answers to the
previous and similar questions. There are, however, various ways of approaching this issue. Normalis-
ing equation 23, it is �

aEt

rEt

�
+

�
wEt

rEt

�
= + 1 (27)

Multiplying by the Schr̈odinger equation (Schrödinger, Erwin Rudolf Josef Alexander, 1926), it is
�

aEt

rEt
� (H � Y)

�
+

�
wEt

rEt
� (H � Y)

�
= H � Y (28)

It is rEt = H = i � } �
¶
¶t

, equation 28 becomes

(aEt � Y )+ ( wEt � Y ) = H � Y (29)

or in the quantized version
0

@

0

@

0

@1�
2

s
v2

c2

1

A �
�

i � } �
¶
¶t

�
1

A � Y

1

A +

0

@

0

@

0

@ 2

s
v2

c2

1

A �
�

i � } �
¶
¶t

�
1

A � Y

1

A = H � Y (30)

For our purposes, the most important features of equation 30 is that it is deterministic, linear and that
the same provides a possibility to describe macroscopic objects too. Among the circumstances in
which this might happen are, as an example, experimental set-ups where two persons, A like Alice and
B like Bob, are measuring the existence of our moon.

Example.

Person A (i. e. Alice) measures the moon of our earth with his owneyes open. At the same place
and time, person B (i. e. Bob) measures the same moon of our earth with his owneyes closed. Thus
far, if only human eyes which are open would justify the existence of our earth's moon, person A
should not be able to measure anything, because according to the opinion of person B there cannot be
anything, his eyes are still closed. At the same point in space-time t both is given, the moon exists
(Person A) and the moon does not exist (Person B), which is a contradiction. At this point we must ask
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the fundamental question for what logically obligatory reason should we humans have to accept that
our earth's moon exists only if we also look at the same.

“We often discussed his notions onobjective reality. I recall that during one walkEinstein
suddenly stopped, turned to me and asked whether I really believed thatthe moon exists only

when I look at it . ”

(see Pais, 1979, p. 907)

Is our moon there when nobody looks?

Figure 3. Credit: NASA, International Space Station. Heavenly Half Moon. Picture
taken by a crew member aboard the International Space Station during Expedition 20.

The answer to the above question may cause headaches, sleepless nights and numerous other inconve-
niences for view authors. In the end, the answer was, is and remains that what it is: clear and simple.
Our earth's moon is there where the same is, even if nobody looks. In other words, earth's moon exists
independently of any measurement and independently and outside of any perceiving subject, objec-
tively and real. In general, the existence of a (quantum mechanical) object is a necessary condition
for the measurement of the (quantum mechanical) object. Without the existence of a (quantum me-
chanical) object no measurement of the (quantum mechanical) object. What are the epistemological
consequences of measuring something that does not exist?
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2.2.3. Basic de�nitions of theory of general relativity

De�nition 2.10 (The Einstein �eld equations). The Einstein �eld equations (Einstein, 1915, 1916,
1917, 1935, Einstein and Sitter, 1932) describe the relationship between the presence of matter repre-

sented by the stress-energy tensor
��

4� 2� p � g
c4

�
� Tmn

�
in a given region of space-time and the

curvature in that region by the equation

Rmn�
��

R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn

� E � gmn= Emn

(31)

(Einstein, 1916, 1917)

where Rmn is the Ricci tensor (Ricci-Curbastro and Levi-Civita, 1900) of `Einstein's general the-
ory of relativity' (Einstein, 1916), R is the Ricci scalar, the trace of the Ricci curvature tensor with
respect to the metric and equally the simplest curvature invariant of a Riemannian manifold,L is the
Einstein's cosmological (Baruk�cić, 2015a, Einstein, 1917) constant,L is the “anti cosmological con-
stant” (Baruk�cić, 2015a), gmn is the metric tensor of Einstein's general theory of relativity, Gmn is
Einstein's curvature tensor, Gmn is the “anti tensor” (Baruk�cić, 2016c) of Einstein's curvature ten-
sor, Emn is the stress-energy tensor of energy, Emn is the tensor of non-energy, the anti-tensor of the
stress-energy tensor of energy, amn, bmn, cmn and dmn denote the four basic �elds of nature were amn

is the stress-energy tensor of ordinary matter, bmn is the stress-energy tensor of the electromagnetic
�eld, c is the speed of the light in vacuum,g is Newton's gravitational “constant” (Baruk�cić, 2015a,b,
2016a,c),p is Archimedes constant pi.

Table 1 may provide a more detailed and preliminary overview of the de�nitions (Baruk�cić,
2016b,c) before.

Curvature
YES NO

Momentum YES amn bmn � (cmn + L � gmn)
8� p � g� T

c4 � D
� gmn �

�
R
D

�
R
2

+ L
�

� gmn

NO cmn � (bmn - L � gmn) dmn � (
R
2

� gmn - bmn )
�

R
2

� L
�

� gmn

Gmn �
�

R
D

�
R
2

�
� gmn

R
2

� gmn Rmn �
R
D

� gmn

Table 1. Four basic �elds of natureand Einstein's �eld euqations.
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De�nition 2.11 (Four basic �elds of nature).

We de�ne the four basic �elds of nature (Baruk�cić, 2016b,c, 2020a,c,d, 2021b) as amn, bmn, cmn,
dmn. Exemplarily, covariant tensors are used. The four basic �elds of nature can also be formulated as
mixed or as contra-variant tensors without any loss of information. In general, it is

amn+ bmn+ cmn+ dmn= Rmn (32)

or

bmn+ cmn+ dmn= Rmn� amn (33)

Furthermore, it is (Baruk�cić, 2016b,c, 2020a,c,d, 2021b)

amn+ bmn �
8� p � g

c4 � Tmn

� Gmn+ L � gmn

�
8� p � g� T

c4 � D
� gmn

�
�

R
D

�
R
2

+ L
�

� gmn

� E � gmn

� Emn

(34)

and

amn+ cmn � Gmn

� Rmn�
R
2

� gmn

�
�

R
D

�
R
2

�
� gmn

(35)
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It was possible to provide evidence (Baruk�cić, 2016b,c, 2020a,c,d, 2021b) that

cmn+ dmn � Rmn� amn� bmn

� Rmn�
8� p � g� T

c4 � D
� gmn

�
�

R
2

� gmn

�
�

�
L � gmn

�

�
�

R
2

� L
�

� gmn

� E � gmn

� Emn

(36)

and that (Baruk�cić, 2016b,c, 2020a,c,d, 2021b)

bmn+ dmn � Emn� amn+
R
2

� gmn� L � gmn� cmn

� Emn+
R
2

� gmn� L � gmn� amn� cmn

� Emn+
R
2

� gmn� L � gmn� Gmn

�
R
2

� gmn+ Emn� L � gmn� Gmn

�
R
2

� gmn

(37)

The table 2 will provide once again an overview of the general de�nition of the relationships between
these four basic (Baruk�cić, 2016b,c, 2021b) �elds of nature under conditions of the general theory
of relativity where Rmn is the Ricci tensor, amn is the stress-energy tensor of ordinary matter, bmn is

Curvature
YES NO

Momentum YES amn bmn Emn

NO cmn dmn Emn

Gmn Gmn Rmn

Table 2. The four basic �elds of nature

the stress-energy tensor of electromagnetic �eld, Gmn is Einstein's curvature tensor, Gmn is the “anti
tensor” (Baruk�cić, 2016c) of Einstein's curvature tensor, Emn is the stress-energy tensor of energy,
Emn is the tensor of non-energy, the anti-tensor of the stress-energy tensor of energy.
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3. Results

3.1. Energy, time and space

3.1.1. Theorem. Energy and space

Theorem 1(The relationship between energy and space). The relationship between energy and space
is given as

+
E
S

+
E
S

= + 1 (38)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (39)

is true. Multiplying equation 39 by space +S, it is equally true that

+ S= + S (40)

Equation 40 is equivalent with the relationship

+ S+ 0 = + S+ 0 = + S (41)

In general, it is +E-E = 0. Equation 41 becomes

+ E + S� E = + S (42)

Non-energy or anti-energy et cetera is de�ned (see equation 3, p. 10) as+ E = + S� E, it is

+ E + E = + S (43)

Normalising relationship between energy and non-energy, we obtain

+
E
S

+
E
S

= + 1 (44)

�

Energy +E is one determining part of space but non-energy or anti-energy, denoted as +E, too. Only
under circumstances where non-energy +E= 0, space and energy where equivalent or even identical but
not in general. Today, we have not convincing evidence of the identity of energy and space. Therefore,
another of energy need to be given. Energy itself is given as

E = S�
�

+ 1�
E
S

�
= S� (1� p(t)) = S� p(E) (45)

where E is the expectation value of energy andp(E) is the probability of energy E.
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3.1.2. Theorem. Time and space

Theorem 2 (The relationship between time and space). The relationship between time and space is
given as

+
t
S

+
t
S

= + 1 (46)

Proof by direct proof.Axiom 1 or

+ 1 = + 1 (47)

is true. Multiplying equation 47 by space +S, it is equally true that

+ S= + S (48)

Equation 48 is equivalent with the relationship

+ S+ 0 = + S+ 0 = + S (49)

In general, it is +t-t = 0. Equation 49 becomes

+ t + S� t = + S (50)

Non-time or anti-time et cetera is de�ned (see equation 5, p. 10) as+ t = + S� t, it is

+ t + t = + S (51)

Normalising relationship between energy and non-energy, we obtain

+
t
S

+
t
S

= + 1 (52)

�

Time +t is another determining part of space but non-time or anti-time, denoted as +t, too. Only
under circumstances where non-time +t= 0, space and time where equivalent or even identical but
not in general. Today, we have not convincing evidence of the identity of time and space. Therefore,
another of time need to be given. Time itself is determined as

t = S�
�

+ 1�
t
S

�
= S� (1� p(E)) = S� p(t) (53)

where t is the expectation value of time andp(t) is the probability of time t.
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3.1.3. Theorem. There is no third between energy and time

Theorem 3(Energy and time). There is no third between energy and time,tertium non datur, a third
(see Thomson, 1849, p. 295) is not given! It is

ln(RE)+ ln(Rt) = ln
�
s (RS) 2�

(54)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (55)

is true. Equation 55 changes slightly. It is equally
s

1�
v2

c2 =

s

1�
v2

c2 (56)

According to equation 471, it is0
Et

RE
=

r

1�
v2

c2 . Equation 56 changes to

0Et

RE
=

s

1�
v2

c2 (57)

Equation 475 demands that0t

Rt
=

r

1�
v2

c2 . Based on this relationship, equation 57 changes to

0E

RE
= 0t

Rt
(58)

and to
0E � Rt = 0t � RE (59)

Furthermore, it is

0E � 0tr

1�
v2

c2

= Rt �

s

1�
v2

c2 � RE (60)

Equation 60 becomes
0E

r

1�
v2

c2

� 0tr

1�
v2

c2

= Rt � RE =
�

RZ2
�

(61)

while variableRZ is a provisional compromise. Under conditions whereRE andRt can be treated as
expectations values (see Baruk�cić, 2022), it isRS= RE + Rt and equally(RZ) 2 = s (RS) 2 = RE � Rt,
while s (RS) 2 is the variance (see Baruk�cić, 2022) ofRS. We apply the logarithmus (see Nepervs,
1614) naturalis (ln) to equation 61. In point of fact, we have no other logical alternative than to
conclude in accordance with Einstein's theory of special relativity the subsequent. It is logically (see
also �gure 1, page 12) and mathematically irrefutable that

ln(RE)+ ln(Rt) = ln
�

RZ2
�

= ln
�

s (RS) 2
�

(62)

�

CAUSATION ISSN: 1863-9542 https://www.doi.org/10.5281/zenodo.7316360 Volume 18, Issue 4, 5–141



24

In other words, based on Einstein's theory of special (see Einstein, 1905b) relativity we were
able to provide a clear proof thatthere is no third between energy and time, time is the other of
energy, time is the opposite of energy and vice versa. Energy is the other of time, energy is the
opposite of time. However, it is equally an opposition which can destroy itself. Again, variableRZ is a
provisional compromise for those readers who do not agree with the termln

�
s (RS) 2

�
. Whether and

what relationship there is betweenRZ and Planck's constant h can be investigated on another occasion.
Based on equation 62 there might be circumstances given under which equation 7 derived as

S= E + t (63)

is normalised as
E
S

+
t
S

= 1 (64)

With the help of the linear partial differential Schrödinger equation (see Born, 1926, Schrödinger,
Erwin Rudolf Josef Alexander, 1926) we get

�
E � H � Y

S

�
+

�
t � H � Y

S

�
= H � Y (65)

Another consequence of equation 7 derived asS= E + t is that

S= S� E + S� t (66)

Under these consequences we would have to accept (see equation 3 and equation 5) that

E + t = + S (67)

or that
E = + S� t = + t (68)

and that
t = + S� E = + E (69)

3.1.4. Theorem. Matter and gravitational �eld

The fundamental relationship between matter and the gravitational �eld has been de�ned by Ein-
stein as follows.

“Wir unterscheiden im folgenden zwischen `Gravitationsfeld'und `Materie', in dem Sinne, daß
alles außer dem Gravitationsfeldals M̀aterie'bezeichnet wird, also nicht nur dièMaterie'im

üblichen Sinne, sondern auch daselektromagnetische Feld. ”

(Einstein, 1916, p. 802/803)

Einstein's position translated into English. `In the following we distinguish between `gravitational
�eld'and `matter', in the sense that everything else but the gravitational �eld is termed as `matter', i.e.
not only `matter'in the ordinary sense, but also the electromagnetic �eld. `
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Theorem 4(Matter and gravitational �eld).

E = g� c2 (70)

Proof by direct proof.It is
1 = 1 (71)

or
U = U (72)

Rearranging equation 72, it is
U � M + M = U + 0 (73)

or
g+ M = U (74)

Normalising the relationship between matter and gravitational �eld, it is

g
U

+
M
U

=
U
U

= + 1 (75)

Rearranging equation 75 it is
g� c2

U � c2 +
M � c2

U � c2 = + 1 (76)

or
g� c2

S
+

M � c2

S
= + 1 (77)

and
g� c2

S
+

E
S

= + 1 (78)

or
g� c2

S
= + 1�

E
S

=
E
S

(79)

At the end, it is
g� c2 = E (80)

�

Remark 3.1. Objective reality is not only determined by energy, there is also something other than
energy, there is the complementary of energy, there is not energy or anti-energy. The other of energy,
denoted as E, the complementary of energy, the opposite of energy et cetera is identi�ed for sure (see
equation 80) as

E = g� c2 (81)

However, which other meaning may we attribute to this relationship, can there be a more profound
meaning of Eat all? In general, it is (see equation 3 and equation 4)

E + E = t + t = S (82)
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Energy is given by the equation
E = t + t � E = S� E (83)

We add time to energy. It is
E + t = t + t + t � E = S+ t � E (84)

Epistemologically it can not be denied that there can be circumstances where+ t = E with the conse-
quence that+ t � E = 0. Under these circumstances, we can conclude that

E + t = S+ t � E = S+ 0 = S (85)

We de�ne energy in this way as all but time (ex negativo). In other words, there is no third between
energy and time, tertium non datur. At the end, it is

E + t = S (86)

There are conditions where it follows in a logically consistent way (see equation 68) that

t = E = g� c2 (87)

Fortunately, meanwhile we have presented a clear proof that equation 87 is generally valid. In fact,
under preliminary aspects we are inclined to consider thateverything but time is energy. Thus far and
according to theorem 3, we have at least one justi�able reason to suppose that there is really no third
between energy and time.
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3.1.5. Theorem. Time and wave function

Theorem 5(Time and wave function). LetREt denote the relativistic (total) energy of a system (viewed
from stationary observer R) at a certain run of an experiment t, letRtt denote the relativistic time of a
system (viewed from stationary observer R) at a certain run of an experiment t. One distinct aspects of

the special theory of relativity is the relationship0t t =

 
2

r

1�
v2

c2

!

� Rt t. In general, it is

Rt t = Y (88)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (89)

is true. In the continuation of this theorem we consider a quantum mechanical system. The total energy
of that system is identical withREt. We obtain

REt = REt (90)

Multiplying the energy of the quantum mechanical system (see equation 90) byRtt, it is

REt � Rt t = REt � Rt t (91)

The quantum mechanical system mentioned previously (see equation 91) can be described without any
contradictions with the Schrödinger wave equation. We shall obtaint, it is

REt � Rt t = H � Y (92)

whereY is the wave function and H is the Hamiltonian. The Hamiltonian of a quantum mechanical
system is an operator corresponding to the total energy of a quantum mechanical system, including
both kinetic energy and potential energy. We have very good reason to assume thatREt equals H.
Equation 92 can be rearranged as

H � Rt t = H � Y (93)

Under the outlined circumstances (equation 93), we have very high level of evidence that the physical
meaning of the wave function is determined as

Rt t = Y (94)

�

In a more far reaching (see Baruk�cić, 2016d) publication on this matter, it should be possible to
provide a proof, that equation 94 is generally valid.2 In combination with equation 87, it is

Rt t = Y = g� c2 (95)

2Baruk�cić, I. (2016) The Physical Meaning of the Wave Function. Journal of Applied Mathematics and Physics, 4, 988-1023. doi:
10.4236/jamp.2016.46106.
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3.2. Theorem. The scalar form of the Ricci tensor Rmn

3.2.1. Theorem. The relationship between the scalar S and the dimension of space-time D

In general, the Ricci tensor Rmn represents how a volume of space in a curved space-time differs
from a volume of space in Euclidean space. Usually, the Ricci tensor Rmn is de�ned in terms of
mathematical objects called Christoffel symbols. The Christoffel symbols themselves are de�ned in
terms of the metric tensor gmn. At this location we would like to work out a proposal how to simplify
the form of the Ricci tensor.

Theorem 6(The relationship between the entity S and the dimension of space-time D). In general, the
entity S is given by

S�
�

R
D

�
(96)

Proof. If the premise
+ 1 = + 1|        {z       }
(Premise)

(97)

is true,then the conclusion

S�
�

R
D

�
(98)

is also true, the absence of any technical errors presupposed. The premise

(+ 1) = (+ 1) (99)

is true. Multiplying this premise by the Ricci tensor it is

Rmn � Rmn (100)

From where we stand, which is still unproven, the entity S (see equation 7) in combination with the
metric tensor gmn is able to describe the Ricci tensor Rmn mathematically in its entirety. The relation-
ship

Rmn � S� gmn (101)

is valid without an exception and in general. Under these conditions, equation 101 becomes

Rmn� gmn � S� gmn� gmn (102)

or in accordance with de�nition 5.40

R� S� gmn� gmn (103)
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In general, it is (see de�nition 5.9, equation 398)

R� S� D (104)

Under circumstances outlined before, entity S is depending on the number of space-time dimensions
D and follows as

S�
�

R
D

�
(105)

�

Our assumption (see equation 101, page 28) presented asRmn � S� gmn would be true in the case that

Rmn�
�

R
D

�
� gmn. However, the last relationship has to be proven and cannot be simply hypothesised.

Under conditions of D=1 space-time dimension, it would have to be taken as given that

R� S� D � S� 1 � S (106)

3.2.2. Theorem. The relationship between variable X and the Ricci scalar R

Theorem 7(The relationship between variable X and the Ricci scalar R). In general, it is

X =
�

R
D

�
(107)

Proof by direct proof.Axiom 1 or +1=+1 is true and therefore

Rmn � Rmn (108)

In our understanding, there is a relationship between the variable X and the Ricci tensor Rmn given by
the equation

Rmn= X � gmn (109)

while the value of X is unknown at this moment. Rearranging equation 109 it is

Rmn� gmn= X � gmn� gmn (110)

or
R= X � D (111)

and

X =
R
D

(112)

�
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3.2.3. Theorem. The scalar form of Ricci tensor Rmn

Theorem 8 (The scalar form of Ricci tensor Rmn). The general scalar form of Ricci tensor Rmn is
given as

Rmn=
�

R
D

�
� gmn (113)

Proof by direct proof.It is (see equation 112, p. 29)

X �
�

R
D

�
(114)

We multiply equation 114 by the metric tensor gmn. It is

X � gmn �
�

R
D

�
� gmn (115)

Equation 115 (see equation 112, page 29) is an equivalent formulation of the Ricci tensor Rmn in terms
of a Scalar X and given by the equation

Rmn= X � gmn �
�

R
D

�
� gmn (116)

�
3.2.4. Theorem. The relationship between the entity S and the Ricci scalar R

Theorem 9(The relationship between the entity S and the Ricci scalar R). In general, it is

X = S (117)

Proof by direct proof.In general, axiom 1 or +1=+1 is true. Therefore, it is

X = X (118)

Equation 118 (see equation 112, p. 29) becomes

X �
�

R
D

�
(119)

The type of relationship hypothesised by equation 105 (see equation 105, p. 29) is given for sure as

S�
�

R
D

�
(120)

�Based on equation 120, it is considered proved that Ricci tensor Rmn is given by the equation

Rmn= S� gmn �
�

R
D

�
� gmn (121)
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3.2.5. Theorem. Einstein manifolds and scalar S

At this point the question is legitimate, if we really proved the relation of equation 101 or rather
only de�ned the same? Because a lot depends on the validity of equation 101, we want to deal with
this topic from a different point of view.

Theorem 10(The scalar S). The scalar S is determined and not de�ned as

S=
R
D

(122)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore

Rmn= Rmn (123)

In general and from our point of view, it has to be that

Rmn= S� Y � gmn (124)

while S is a scalar as de�ned by equation 7 (see equation 7, p. 11) and Y is not known at this stage of
the proof. As next, equation 124 becomes

Rmn� gmn= S� Y � gmn� gmn (125)

Thus far, it is equally
R|{z}

Le f t:scalar

= S� D � Y|         {z        }
Right:scalar

(126)

or Y itself is a scalar given as

Y =
R

S� D
(127)

In general, the Ricci tensor Rmn is determined as

Rmn= S�
�

R
S� D

�
� gmn=

�
R
D

�
� gmn (128)

At this point we must refer to the previous evidence provided thatY =
R

S� D
= 1 . Under these

circumstances (D is the number of space-time dimensions), it is again

S=
R
D

(129)

�

As generally known, in mathematical physics and differential geometry, an Einstein manifold is a
differentiable manifold whose Ricci tensor Rmn is at the end proportional to the metric tensor gmn. In
contrast to equation 116, an Einstein manifold (see Besse, 1987, Kasner, 1920) is de�ned in general
such thatRmn= k � gmn, while k is a proportionality factor. A number of monographs appeared under
the “name”Arthur L. Besse which is a nom de plume of a group of French differential geometers, led
by Marcel Berger (1927 – 2016).
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3.3. The geometrical structure of the stress-energy tensor of matter

Gravity and space-time geometry are related. In the Einstein �eld equations, it is the stress-energy
tensor of matter Tmn, introduced by Max von Laue (1879-1960) in the year 1911 (see Laue, 1911,
p. 528) as `Welttensor', which is the source of gravitation. Unfortunately, the stress-energy tensor of
matter Tmn is still “... a �eld devoid of any geometrical signi�cance” (see Goenner, 2004, p. 7). A
possible way out of this persistent dif�culty might be a detour via a scalar.

3.3.1. Theorem. The scalar E of the stress-energy tensor of matter

General relativity's approach to gravitation is based on a more or less complicated geometry of
space and time while doing away with forces. However, the unity of nature as the very foundation of
the unity of science should enable us to �nd a different but equivalent approach to this subject too.

Theorem 11(The scalar E of the stress energy tensor of matter ). The scalar E of the stress energy
tensor of matter Tmn is given as

E =
�

4� 2� p � g� T
c4 � D

�
(130)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (131)

is true. Therefore, it is equally true that

�
4� 2� p � g

c4

�
� Tmn=

�
4� 2� p � g

c4

�
� Tmn (132)

From our standpoint, it should be theoretically possible to geometrize this tensor in its entirety. This
tensor should be fully expressed by an unknown scalar E and the metric tensor gmn. Equation (see
equation 132) changes slightly for this reason. It is

�
4� 2� p � g

c4

�
� Tmn= E � gmn (133)

The trace of a tensor has several properties. The reader may kindly appreciate that we cannot go into
any further detail on this matter at this point. Taking the trace of equation (see equation 133), we obtain

�
4� 2� p � g

c4

�
� Tmn� gmn= E � gmn� gmn (134)

According to equation 398 it isgmn� gmn � dn
n � D. Equation 134 changes slightly. It is

�
4� 2� p � g

c4

�
� T = E � D (135)
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Moving away step by step from the known to the unknown, we have been able to shed some more light
on the epistemological darkness which is surrounding us. The unknown scalar E has been identi�ed in
a logically and mathematical consistent way as

E =
�

4� 2� p � g� T
c4 � D

�
(136)

�

3.3.2. Theorem. The scalar form of the stress-energy tensor of matter

Theorem 12. �
8� p � g

c4

�
� Tmn=

�
4� 2� p � g� T

c4 � D

�
� gmn (137)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (138)

is true. Therefore, it is equally true that (see equation 133)
�

4� 2� p � g
c4

�
� Tmn= E � gmn (139)

The scalar E (see equation 136) has been identi�ed asE =
�

4� 2� p � g� T
c4 � D

�
. The geometrized,

generally covariant scalar form of the stress-energy tensor of matter is given as
�

4� 2� p � g
c4

�
� Tmn=

�
4� 2� p � g� T

c4 � D

�
� gmn (140)

�
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3.3.3. Theorem. Quantisation of the stress energy tensor of matter

The mathematical representation of matter might oscillate back and forth between relativity theory
and quantum theory. In fact, the unity of nature should, nonetheless, provide us with the ability to
bridge the ever-increasing gap between quantum theory and (classical) �eld theory. We give ourselves
over to the silent hope to derive quantum theory or the quantisation of gravity as a consequence of
uni�ed �eld theory.

Theorem 13(Quantisation of the stress energy tensor of matter). The stress energy tensor of matter
can be quantised as �

8� p � g
c4

�
� Tmn= h�

�
4� g� T
} � c4 � D

�
� gmn (141)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (142)

is true. is true. Therefore, it is equally true (see equation 140) that
�

4� 2� p � g
c4

�
� Tmn=

�
4� 2� p � g� T

c4 � D

�
� gmn (143)

We know that Dirac's/Schr̈odinger's (see also Dirac, 1926, Dirac and Fowler, 1926, Schrödinger, Erwin
Rudolf Josef Alexander, 1926) constant} is determined as

} �
h

2� p
(144)

In other words, it is

2� p �
h
}

(145)

This relationship is substituted into equation 143. The quantised form of the stress-energy tensor of
matter is given as �

4� 2� p � g
c4

�
� Tmn= h�

�
4� g� T
} � c4 � D

�
� gmn (146)

�

At least one methodological weak point in the process of the establishment of quantisation of the
Einstein �eld equations for uni�ed �eld theory was the missing link between geometrization of the
stress tensor of the matter and its relationship to quantum theory. We have some reason to believe that
this methodological weakness can be considered overcome with equation 146. This approach would
receive a certain positive boost if theoretical or experimental proof were to be obtained that frequency
f is determined as

f =
�

4� g� T
} � c4 � D

�
(147)

Such a proof would open up massive theoretical and experimental possibilities.
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3.4. The geometrical structure of the four basic �elds of nature

3.4.1. The scalar theories of gravitation

The history of the scalar theories of gravitation (Goenner, 2012) is characterised by a lot of ups
(Bragança and Lemos, 2018) and downs. In one of the frist trials, Gunnar Nordström (1881–1923), a
Finnish theoretical physicist, in his attempt to construct a consistent, relativistic theory of gravitation
treated the gravitational potential as a scalar �eld on a Minkowski background (Nordström, 1912).
Quickly, Nordstr̈om modi�ed his �rst scalar theory of gravitation into a predecessor of general rela-
tivity, a scalar theory of gravitation with conformal background (Nordström, 1913a). Nordström's
relativistic scalar theory of gravitation immediately inspired Einstein who in the same year 1913 re-
formulated Nordstr̈om's theory in an elegant way and presented his own relativistic scalar theory of
gravitation (Einstein, 1913). In the following, Einstein and Fokker (Einstein and Fokker, 1914) re-
analysed Nordström's modi�ed scalar gravitational theory and demonstrated that the same theory is a
covariant scalar theory in a conformally �at space-time. However, neither Einstein nor other authors
did answer the fundamental question of whether the Einstein �eld equations can fully be expressed in
terms of scalars too. Einstein is writing with regard to a similar topic the following.

“Bei der unleugbaren Kompliziertheit der hier vertretenen Theorie der Gravitation müssen wir uns
ernstlich fragen, ob nicht die bisher ausschließlich vertretene Auffassung, nach welcher das

Gravitationsfeld auf einen SkalarF zurückgef̈uhrt wird, die einzig nahe liegende und berechtigte
sei. Ich will kurz darlegen, warum wir diese Frage verneinen zu müssen glauben. ”

(see Einstein and Grossmann, 1913, p. 20 )

Einstein is writing: `In view of the undeniable complexity of the theory of gravitation presented
here, we must seriously ask ourselves whether the hitherto exclusively advocated view, according to
which the gravitational �eld is traced back to a scalarF , is not the only obvious and justi�ed one. I
want to explain brie�y why we believe to have to deny this question.'Can we reduce the gravitational
�eld to a scalar? Einstein believed he could answer the issue of a scalar theory of gravitation or of a
scalar-tensor theory of gravitation decisively in the negative and thereby ruling out not just Nordström's
theory of gravitation but any competitor of general relativity which represented the gravitation with the
help of scalars. However and with all the conceptual adversities to which we may be exposed, it
would be more than appropriate to distinguish very precisely between a scalar theory of gravitation
and a scalar-tensor theory of gravitation. In everything we do, we should keep in mind that a scalar-
tensor (Brans and Dicke, 1961) theory of gravitation should not be mismatched with or reduced to
a scalar (Nordstr̈om, 1912, 1913a) theory of gravitation. Today, several theories of gravitation are
based on supergravity or superstrings and do contain one or more scalar �elds and are trying to modify
to some extent the original Einstein tensor theory of gravitation. The following lines are mostly to
be understood as something like new scalar-theory of gravitation based on very slight modi�cations of
Einstein tensor theory of gravitation and not as a refutation of Einstein tensor theory of gravitation. The
approach to this matter differs essentially from Jordan–Brans–Dicke scalar-tensor theory of gravitation
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(see Brans and Dicke, 1961, Jordan, 1952). In fact, scalar-tensor theories of gravitation as one of the
most popular competitors (see Yasunori and Kei-ichi, 2003) to Einstein's theory of gravitation are
again and again considered as a serious alternative to Einstein's theory of gravity. Such an stance is not
really factually justi�ed. Today, one will assume for nothing that the inevitable time will come when
Einstein's general theory of relativity is to be regarded as erroneous.
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Time and again, we were able to identify the four fundamental �elds of nature (Baruk�cić, 2016b,c,
2020b,c,d,d, 2021b) as amn , bmn , cmn , dmn. At this point, we would like to visualize these matters
once again in our mind's eye (see table 3, p. 37).

Curvature

YES NO

Momentum YES amn bmn Emn

NO cmn dmn Emn

Gmn Gmn Rmn

Table 3. Einstein �eld equations and the four basic �elds of nature

As previously outlined elsewhere, an equivalent formulation of the four basic �elds of nature amn ,
bmn , cmn , dmn in terms of the Ricci tensor Rmn is given by the equation

amn+ bmn+ cmn+ dmn= Rmn (148)

Nonetheless, even if the aforementioned is logically very plausible, the concrete structure and a
detailed geometrical description of the four fundamental �elds of nature remains quite doubtful in
spite of many attempts of geometrization (Baruk�cić, 2016b,c, 2020b,c,d,d, 2021b) of the same. At
this stage we would like to approach this issue from a different viewpoint in order to possibly get closer
to the solution of this problem. In this context, Einstein's �eld equations (see equation 496) completely
geometrized (see Baruk�cić, 2020a,d) with respect to space-time dimension D are given as

��
R
D

�
� gmn

�
�

��
R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g� T

c4 � D

�
� gmn (149)

or as
��

R
D

�
� gmn

�
�

�
(R) � gmn

�
+

��
R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g� T

c4 � D

�
� gmn (150)

and equally as

��
R
D

�
� gmnkl ...

�
�

�
(R) � gmnkl ...

�
+

��
R
2

�
� gmnkl ...

�
+

�
L � gmnkl ...

�
�

�
4� 2� p � g� T

c4 � D

�
� gmnkl ... (151)
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3.4.2. Theorem. The geometrical structure of the �elds of nature amn + bmn

Theorem 14(The geometrical structure of the �elds of nature amn + bmn). The geometrical structure
of the basic �eld of nature amn + bmn is given as

amn+ bmn= Rmn�
�
R� gmn

�
+

�
R
2

� gmn

�
+

�
L � gmn

�
(152)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore

Rmn= Rmn (153)

too. The Ricci tensor Rmn is determined by the four basic �elds of nature amn, bmn, cmn, dmn as

amn+ bmn+ cmn+ dmn= Rmn (154)

Rearranging equation , it is

amn+ bmn � Rmn� cmn� dmn

�
�

4� 2� p � g
c4

�
� Tmn

� Rmn�
�

R
2

� gmn

�
+

�
L � gmn

�
(155)

Rearranging equation 155, it is

amn+ bmn+ 0 � Rmn�
�

R
2

� gmn

�
+ 0+

�
L � gmn

�
(156)

or

amn+ bmn � Rmn�
�

R
2

� gmn

�
�

�
R
2

� gmn

�
+

�
R
2

� gmn

�

|                                   {z                                  }
+ 0

+
�
L � gmn

�

(157)

Another equivalent geometrical formulation of the tensorsamn+ bmn is given as

amn+ bmn � Rmn�
�
R� gmn

�
+

�
R
2

� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn (158)

�

Based on this new discovery we are now in the position to present the Einstein's �eld equations, a ten
component tensor equation which relates local space-time curvature with local energy and momentum,
in a new manner as

�
R
D

� gmn

�
�

�
R� gmn

�

|                              {z                             }
Ordinary matter amn

+
�

R
2

� gmn

�
+

�
L � gmn

�

|                              {z                             }
Electromagnetic �eld bmn

�
�

4� 2� p � g
c4

�
� Tmn (159)
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3.4.3. Theorem. The geometrical structure of the �elds of nature cmn + dmn

Theorem 15(The geometrical structure of the �elds of nature cmn + dmn). The geometrical structure
of the basic �eld of nature cmn + dmn is given as

cmn+ dmn=
�

R
2

� gmn

�
�

�
L � gmn

�
(160)

Proof by direct proof.Axiom 1 or +1=+1 is valid and thereforeRmn= Rmn too. The Ricci tensor Rmn

is determined by the four basic �elds of nature amn, bmn, cmn, dmn as

amn+ bmn+ cmn+ dmn= Rmn (161)

Rearranging equation , it is

cmn+ dmn � Rmn� amn� bmn

� Rmn�
�

4� 2� p � g� T
c4

�
� gmn

� Rmn�
�
Gmn+

�
L � gmn

��
(162)

Rearranging equation 162, it is

cmn+ dmn � Rmn�
�
Gmn+

�
L � gmn

��

� Rmn�
�

Rmn�
�

R
2

� gmn

�
+

�
L � gmn

�
�

�
�

R
2

� gmn

�
�

�
L � gmn

�
(163)

The fundamental geometrical formulation of the �elds of naturecmn+ dmn is given for sure as

cmn+ dmn �
�

R
2

� L
�

� gmn (164)

�

Remark 3.2. Interestingly, the tensors cmn + dmn do not depend on the space-time dimension D.
Nonetheless, the question arises immediately whether there are conditions under which it is conceiv-
able that the relationship

cmn+ dmn=
�

R
2

� L
�

� gmn= 0 (165)

is given. Equation 165 simpli�es at the end as

R= 2� L = L + L (166)

or as
R� L = L (167)
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According to Baruk�cić (Baruk�cić, 2013) it3 , 4 , 5 is L = R� L . Under the assumed circumstances,
the relationship

L = L (168)

applies, whereL denotes the other ofL or anti-lambda. Objective reality determined by the vanishing
of the �elds cmn + dmn = 0 is an objective reality whereL is equal toL , its own other, its own opposite
and vice versa.

3.4.4. Theorem. The geometrical structure of the �elds of nature amn + cmn

In general, Einstein's tensor Gmn is de�ned as

Gmn= Rmn�
�

R
2

� gmn

�
(169)

However, we have to face helplessly the fact that the detailed structure of what determines the Einstein
tensor in dependence of the 4 fundamental �elds of nature is at present unknown to us. Nevertheless,
despite all methodological intellectual darkness, we know the following (see table 4, p. 40).

Curvature

YES NO

Momentum YES amn bmn Emn

NO cmn dmn Emn

unknownmn Gmn Rmn

Table 4. Einstein tensor Gmn and the four basic �elds of nature

Theorem 16(The determination of Einstein's tensor Gmn). There is a tensor xmnwhich is still unknown
in detail and which is an intrinsic part of the tensor Gmn. Einstein's tensor Gmn is determined in detail
as

Gmn= amn+ xmn (170)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore

Gmn= Gmn (171)

3Ilija Baruk�cić, ”The Relativistic Wave Equation,” International Journal of Applied Physics and Mathematics vol. 3, no. 6, pp.
387-391, 2013.

4ibid.
5ibid.
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Rearranging equation 169, it is
Gmn� amn+ amn= Gmn (172)

It is
Gmn� amn= xmn (173)

In general, Einstein's tensor Gmn is determined by the tensor amn and an unknown tensor xmn as

amn+ xmn= Gmn (174)

�

Theorem 17(The determination of the tensor xmn). The tensor xmn is determined as

xmn= cmn (175)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore
��

R
2

�
� gmn

�
�

�
L � gmn

�
=

��
R
2

�
� gmn

�
�

�
L � gmn

�
(176)

too. In our understanding, this �eld is determined by the same unknown tensor xmn as is the Einstein
tensor Gmn. From our point of view, the following relationship

�
xmn

�
+

�
dmn

�
=

��
R
2

�
� gmn

�
�

�
L � gmn

�
(177)

applies until further notice. As next, equation 177 changes slightly (see equation 164, p. 39). It is
equally valid that �

xmn
�

+
�
dmn

�
=

�
cmn

�
+

�
dmn

�
(178)

Under the conditions mentioned in the previous passage, we can determine the unknown tensor xmn as

xmn= cmn (179)

�

Theorem 18(The �eld of nature amn + cmn). The relationship between the Einstein's tensor Gmn and
the basic �elds of nature is determined by the relation

Gmn= amn+ cmn (180)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore

Gmn= Gmn (181)

too. As found before (see equation 170, p. 40), it is equally

Gmn= amn+ xmn (182)

In the meantime, we have been able to determine the exact structure of the unknown tensor xmn. It is
xmn= cmn (see equation 179, p. 41). Equation 182 changes because of this insight. The basic �elds of
nature amn and cmn are determining the Einstein tensor in detail as

Gmn= amn+ cmn (183)

�
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3.4.4.1. Theorem. The �eld of nature amn + cmn

Theorem 19(The �eld of nature amn + cmn). Einstein's tensor is determined as

amn+ cmn= Gmn (184)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (185)

is true. Therefore, it is equally true that

amn+ cmn � leerzeichenamnleerzeichenzeichen+ leerzeichencmn

�
��

4� 2� p � g
c4

�
� Tmn� bmn

�
+

��
R
2

�
� gmn� L � gmn� dmn

�

�
�
Gmn+ L � gmn� bmn

�
leerzeiche+

��
R
2

�
� gmn� L � gmn� dmn

�

� Gmn+
R
2

� gmn� bmn� dmn
|                         {z                        }

=+ 0

� Gmn

(186)

�

In this respect, the question arises whether the tensorsGmn and
R
2

� gmn� L � gmn do posses a

common tensor xmn at all? Didn't we just make all this up and de�ned it? We know thatGmn+
L � gmn = amn+ xmn+ L � gmn = amn+ bmn. In other words it isxmn+ L � gmn = bmn or � L �

gmn = xmn � bmn . Substituting this relationship into the tensor and
R
2

� gmn � L � gmn it is and
R
2

� gmn� L � gmn =
R
2

� gmn+ xmn� bmn. Therefore, our assumption is justi�ed that the tensors

Gmn and
R
2

� gmn� L � gmn do posses a common tensor xmn together. The proof provided is logically

sound. The table 5 (see table 5, p. 42) should be able now to provide us with the recognised details in
a logically consistent way.

Curvature

YES NO

Momentum YES amn bmn Emn

NO cmn dmn Emn

Gmn Gmn Rmn

Table 5. Einstein tensor Gmn and the four basic �elds of nature

CAUSATION ISSN: 1863-9542 https://www.doi.org/10.5281/zenodo.7316360 Volume 18, Issue 4, 5–141



43

3.4.5. Theorem. The geometrical structure of the �elds of nature bmn + dmn

Theorem 20(The geometrical structure of the �elds of nature bmn + dmn). The �eld
�

R
2

�
� gmn is

determined by the basic �eld of nature as
�

R
2

�
� gmn=

�
bmn

�
+

�
dmn

�
(187)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore (see equation 180, p. 41)

bmn+ dmn � bmn+ dmn+ amn+ cmn� amn� cmn

� amn+ bmn+ cmn+ dmn� amn� cmn

�
�
amn+ bmn+ cmn+ dmn

�
�

�
amn+ cmn

�

� Rmn� Gmn

� Rmn� Rmn+
��

R
2

�
� gmn

�

�
�

R
2

�
� gmn

(188)

�

A very attentive reader may note in this context that it will not always correspond to the truth, if
it is just de�ned how objective reality has to be. In point of fact, the fundamental question arises
indeed, is it allowed at all to decompose the Ricci tensor Rmn into the four basic four �elds of nature as
amn+ bmn+ cmn+ dmn= Rmn. Nonetheless, if this question is allowed to be answered with a clear yes,
and if the Einstein's �eld equations are true, then what is presented in this publication follows with an
undeniable and pure logical necessity.
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3.5. The basic �eld of nature cmn

3.5.1. Theorem. The geometrical structure of the basic �eld of nature cmn

Theorem 21(The geometrical structure of the basic �eld of nature cmn). The geometrical structure of
the basic �eld of nature cmn is given as

cmn=
�

R
2

�
� gmn (189)

Proof by direct proof.Einstein's tensor Gmn (Baruk�cić, 2016b,c, 2020b,c,d,d, 2021b) has been de-
rived (but not de�ned) as

Gmn= amn+ cmn= Rmn�
�

R
2

�
� gmn=

�
R
D

�
R
2

�
� gmn (190)

The validity of this tensor equation remains even under conditions under which the stress-energy tensor
of the ordinary matter disappears or amn = 0. Under these conditions, it is

cmn= Gmn� amn= Gmn� 0 = Gmn= Rmn�
�

R
2

�
� gmn=

�
R
D

�
R
2

�
� gmn (191)

This tonsorial equation is true in all coordinate systems. Similarly, under the conditions of 1 space-time
dimension, we must take the validity of this tensor equation as given. Under these conditions follows
that

cmn=
�

R
1

�
R
2

�
� gmn=

�
R
2

�
� gmn (192)

The geometrical form of the fundamental �eld of nature cmn is given as

cmn=
�

R
2

�
� gmn (193)

�

Remark 3.3. The �eld cmn is determined as cmn=
�

R
2

�
� gmn. However, this insight results in a few

consequences. Both tensors, amn and cmn, are contributing to Einstein's tensor Gmn. However, this
does not exclude that the �eld cmn exists and can exist even if the �eld amn disappears or no longer
exists. We have to keep in mind that the Einstein �eld equations allow and describe an objective reality
even in one dimension as

��
R
2

�
� gmn

�
+

�
L � gmn

�
=

�
4� 2� p � g� T

c4

�
� gmn (194)

This excludes the existence of the stress-energy tensor of the ordinary matter amn in one dimension.
Nevertheless, the existence of the stress-energy tensor of the electromagnetic �eld bmn in one dimension
is not excluded. The following picture might illustrate equation 194 in more detail.
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��
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� gmn
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�
(L ) � gmn

�

�
4� 2� p � g� T

c4

�
� gmn
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3.6. The basic �eld of nature amn

3.6.1. Theorem. The geometrical structure of the basic �eld of nature amn

Theorem 22(The geometrical structure of the basic �eld of nature amn). The geometrical structure of
the basic �eld of nature amn (stress-energy tensor of ordinary matter) is given as

amn=
�

R
D

� gmn

�
�

�
R� gmn

�
(195)

Proof by direct proof.Einstein's tensor Gmn (Baruk�cić, 2016b,c, 2020b,c,d,d, 2021b) has been de-
rived (but not de�ned) as

Gmn= amn+ cmn=
�

R
D

�
R
2

�
� gmn (196)

The stress-energy tensor of the ordinary matter, denoted as amn, is given as

amn=
��

R
D

�
R
2

�
� gmn

�
� cmn (197)

The tensor cmn has been determined ascmn =
�

R
2

�
� gmn (see equation 192, p. 44). Equation 197

becomes

amn=
�

R
D

� gmn

�
�

�
R
2

� gmn

�
�

�
R
2

� gmn

�
(198)

The geometrical form of the stress-energy tensor of the ordinary matter, denoted as amn, is given as

amn=
�

R
D

� gmn

�
�

�
R� gmn

�
(199)

�

Remark 3.4. An objective reality under conditions of D=1 space-time dimension seems to be possible
purely theoretically. Under these conditions the tensor of the ordinary matter amn vanishes or it is

amn=
�

R
D

� gmn

�
�

�
R� gmn

�
=

�
R
1

� gmn

�
�

�
R� gmn

�
=

�
R� gmn

�
�

�
R� gmn

�
= 0 (200)

and with it also the possibility of any kind of locality. In this respect it seems to be necessary to
point out that objective reality under conditions of D=1 space-time dimension is purely non-local.
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3.6.2. Theorem. The geometrical structure of the basic �eld of nature amn

Theorem 23(The geometrical structure of the basic �eld of nature amn . The geometrical structure of
the basic �eld of nature amn is given as

amn=
�
Rmn

�
�

�
R� gmn

�
(201)

Proof by direct proof.Axiom 1 or
+ 1 = + 1 (202)

is true. Therefore, it is equally true that
�

4� 2� p � g
c4

�
� Tmn=

�
4� 2� p � g

c4

�
� Tmn (203)

Einstein �eld equations becomes

�
Gmn

�
+
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L � gmn

�
=

�
Rmn

�
�

��
R
2

�
� gmn

�
+

�
L � gmn

�
=
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4� 2� p � g

c4

�
� Tmn (204)

As outlined before, it isGmn= amn+ xmn (see equation 170). Equation 204 becomes

amn+ xmn
|         {z        }

Einstein tensor

+
�
L � gmn

�
=

�
4� 2� p � g

c4

�
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Rmn
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�
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�
(205)

The stress-energy of ordinary matter, amn, is given as

amn=
�

4� 2� p � g
c4

�
� Tmn� xmn�

�
L � gmn

�
=

�
Rmn

�
�

��
R
2

�
� gmn

�
� xmn�
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L � gmn

�
+

�
L � gmn

�
(206)

or more simpli�ed as

amn=
�
Rmn

�
�

��
R
2

�
� gmn

�
� xmn�

�
L � gmn

�
+

�
L � gmn

�

|                               {z                              }
+ 0

(207)

The unknown tensor xmn has been identi�ed (see equation 179 and equation 193) asxmn = cmn =�
R
2

�
� gmn. Equation 207 becomes

amn=
�
Rmn

�
�

��
R
2

�
� gmn

�
�

��
R
2

�
� gmn

�
+ 0 =

�
Rmn

�
�

�
R� gmn

�
(208)

�

The weak interaction and the electromagnetic interaction were uni�ed by the
Glashow–Weinberg–Salam model into electroweak (see Glashow, 1959, Salam and Ward,
1959, Weinberg, 1967) interaction. The electromagnetic, weak, and strong forces (see Georgi and
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Glashow, 1974) are meanwhile merged into a single force. However, it is necessary to consider
whether the weak force and the strong force can be merged into a single force of ordinary matter
denoted by something related on

Ordinary matter= Strong force+ Weak force= amn=
�
Rmn

�
�

�
R� gmn

�
(209)

Under conditions where the stress energy tensor or ordinary matter vanishes or where amn = 0, it is
�
Rmn

�
=

�
R� gmn

�
(210)

Under these circumstances, the only term in the stress–energy tensor is the stress energy tensor of
electromagnetism bmn. We obtain

��
R
2

�
� gmn

�
+

�
L � gmn

�
=

�
4� 2� p � g� T

c4 � (D = 1)

�
� gmn=

�
4� 2� p � g

c4

�
� Tmn (211)

These conditions are given especially under conditions of D = 1 space time dimension. Provided that
the proof of the existence of strings in a space-time dimension D = 1 would succeed, the wave equation
(see equation 211) should be able to describe those strings completely. Normalising equation 211 it is

�
R
2

�

�
4� 2� p � g� T

c4 � (D = 1)

� +
(L )

�
4� 2� p � g� T

c4 � (D = 1)

� = + 1 (212)

Multiplying equation 212 by the Schrödinger equation (see Schrödinger, Erwin Rudolf Josef Alexan-
der, 1926), it is �

R
2

�
� (H � Y)

�
4� 2� p � g� T

c4 � (D = 1)

� +
(L ) � (H � Y)

�
4� 2� p � g� T

c4 � (D = 1)

� = ( H � Y) (213)

where H is the Hamiltonian of a system, an operator corresponding to the total energy of a system.

Under circumstances whereH = ek�
�

4� 2� p � g� T
c4 � (D = 1)

�
(assumingek= 1) equation 213 simpli�es

as �
R
2

� Y
�

+ ( L � Y ) = H � Y (214)

It is } =
h

2� p
and h = 2 � p � } In quantum mechanics, the canonical commutation relation is a

fundamental relation which justi�es the equation[x; p] = i � } � I and} =
[x; p]
i � I

. It is
1
2

=
p � }

h
=

p �
[x; p]
i � I
h

. Equation 214 becomes

�
p � [x; p]
i � h� I

� R� Y
�

+ ( L � Y ) = H � Y (215)
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3.7. The basic �eld of nature dmn

3.7.1. Theorem. The geometrical structure of the basic �eld of nature dmn

Theorem 24(The geometrical structure of the basic �eld of nature dmn). The geometrical structure of
the basic �eld of nature dmn is given as

dmn= �
�
L � gmn

�
(216)

Proof by direct proof.Axiom 1 or +1=+1 is valid and thereforeRmn= Rmn too. The Ricci tensor Rmn

is determined by the four basic �elds of nature amn, bmn, cmn, dmn as

amn+ bmn+ cmn+ dmn= Rmn (217)

Rearranging equation , it is

cmn+ dmn � Rmn� amn� bmn

� Rmn�
�

4� 2� p � g
c4

�
� Tmn

(218)

It follows (Baruk�cić, 2016b,c, 2020b,c,d,d, 2021b) (and is not de�ned) that

cmn+ dmn=
�

R
2

� gmn

�
�

�
L � gmn

�
(219)

The tensor cmn has been determined ascmn =
�

R
2

�
� gmn (see equation 192, p. 44). Equation 219

becomes �
R
2

� gmn

�
+ dmn= �

�
L � gmn

�
+

�
R
2

� gmn

�
(220)

or

dmn= �
�
L � gmn

�
+

�
R
2

� gmn

�
�

�
R
2

� gmn

�
(221)

The geometrical structure of the basic �eld of nature dmn is given as

dmn= �
�
L � gmn

�
(222)

�

As of today, the importance and the properties of gravitational waves (see Abbott et al., 2016,
Einstein, 1918a, Heaviside, 1898) cannot be overemphasized. However, at present there are rather
diverging results on the issue of the relevance of the cosmological constantL on gravitational waves
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(see Bi�cák, Ji�r� and Podolsk�y, Ji�r� , 1999, N̈af et al., 2009) in general relativity. Do gravitational waves
exist even under conditions of objective reality where the stress energy tensor of ordinary matter amn

is equal to amn = 0? We point out that one can not rule out the possibility that under these assumptions
gravitational waves will be localised inside �eld dmnor will even be identical with �eld dmn. As known,
the space-time of special relativity is �at while the space-time of general relativity is curved. Equation
222 can be decomposed as

dmn= �
�
L � gmn

�
= �

�
L � h mn

�
�

�
L � h mn

�
(223)

whereh mn is the metric tensor of special relativity whileh mn might describe disturbances or ripples
in the curvature of space-time.

3.7.2. Theorem. The geometrical structure of the basic �eld of nature dmn

Theorem 25(The geometrical structure of the basic �eld of nature dmn). The geometrical structure of
the basic �eld of nature dmn is given as

dmn= �
�
L � gmn

�
(224)

Proof by direct proof.Axiom 1 or +1 = +1 is valid. Based on this axiom, we obtain

cmn= cmn (225)

or (see equation 35, p. 19 and equation 36, p. 20)

Gmn� amn=
�

R
2

� gmn

�
�

�
L � gmn

�
� dmn (226)

We rearrange equation 226. It is

Rmn�
�

R
2

� gmn

�
� amn=

�
R
2

� gmn

�
�

�
L � gmn

�
� dmn (227)

Based on equation 113, p. 30, equation 227 changes slightly. We obtain
�

R
D

� gmn

�
�

�
R
2

� gmn

�
� amn=

�
R
2

� gmn

�
�

�
L � gmn

�
� dmn (228)

Equation 228 is generally valid. Rearranging equation 228, it is
�

R
D

� gmn

�
�

�
R
2

� gmn

�
�

�
R
2

� gmn

�
� amn= �

�
L � gmn

�
� dmn (229)

or �
R
D

� gmn

�
�

�
R� gmn

�
� amn= �

�
L � gmn

�
� dmn (230)
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The unrestricted validity of the previous equation (see equation 230) is also given if the tensor of
ordinary matter amn vanishes or ifamn = 0. We obtain

�
R
D

� gmn

�
�

�
R� gmn

�
= �

�
L � gmn

�
� dmn (231)

The unrestricted validity of the previous equation (see equation231) is also given under conditions of
D = 1 space-time dimension. We obtain

�
R
1

� gmn

�
�

�
R� gmn

�
= �

�
L � gmn

�
� dmn (232)

or
0 = �

�
L � gmn

�
� dmn (233)

The geometrical structure of the basic �eld of nature dmn is given as

dmn= �
�
L � gmn

�
(234)

�

Remark 3.5. The geometric structure of the �eld dmn has been determined as dmn = �
�
L � gmn

�
.

However, this raises at once several fundamental and far-reaching questions. Under the most different
aspects, the Einstein cosmological constantL , usually represented by the Greek letterL (Lambda), is
viewed as equivalent to the `mass 'of empty space (which itself can be either positive or negative), and
manny times associated with `vacuum energy' (see also Huterer and Turner, 1999, Zwicky, 1933). In
particular, as it may and will be in the end, the basic �eld of nature dmn appears to be an underlying
background �eld that exists in space throughout the entire Universe. Is vacuum as such the fourth basic
�eld of nature which is the underlying background �eld given throughout the entire Universe?

3.7.3. Theorem. The geometrical structure of the basic �eld of nature dmn

Theorem 26(The geometrical structure of the basic �eld of nature dmn). The geometrical structure of
the basic �eld of nature dmn is given as

dmn= �
�
L � gmn

�
(235)

Proof by direct proof.Axiom 1 or +1 = +1 is valid. Based on this axiom, we obtain (see equation 188,
p. 43)

cmn+ dmn=
�

R
2

� gmn

�
�

�
L � gmn

�
(236)

Equation 236 is valid even ifcmn+ dmn =
�

R
2

� gmn

�
�

�
L � gmn

�
= 0. Under these circumstances,

it is
cmn= � dmn (237)
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Under conditions wherecmn+ dmn=
�

R
2

� gmn

�
�

�
L � gmn

�
= 0, it is equally

�
R
2

� gmn

�
=

�
L � gmn

�
(238)

Combining equation 237 and equation 238, it iseither

dmn= � cmn=
�

R
2

� gmn

�
(239)

or
� dmn= + cmn= +

�
L � gmn

�
(240)

which is equal to
+ dmn= �

�
L � gmn

�
(241)

However, based on equation equation 188 (see equation 188, p. 43) we know thatbmn+ dmn has to

be equal tobmn+ dmn=
�

R
2

� gmn

�
. If the relationshipdmn=

�
R
2

� gmn

�
(see equation 239) where

true, it would follow that
�

R
2

� gmn

�
= + bmn+ dmn= + bmn+

�
R
2

� gmn

�
(242)

In other words, we would have to accept in general that

bmn= 0 (243)

which is not the fact under any circumstances. Therefore, we must accept that the geometrical structure
of the basic �eld of nature dmn is given as

dmn= �
�
L � gmn

�
(244)

�

3.7.4. Theorem. The determination ofL

We were able to identify the fourth �eld of nature so as to be dmn = � L � gmn. Yet, we have not
determined at least one concrete geometrical structure of this �eld or even the physical value of the
same. We want to make up for this at the following point.

Theorem 27(The determination ofL . The concrete geometrical structure of the forth �eld of nature,
dmn, includingL itself, is given as

� L � gmn=
�

+
�

R
D

�
�

�
R
2

�
�

�
4� 2� p � g� T

c4 � D

��
� gmn (245)
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Proof by direct proof.Axiom 1 or
+ 1 = + 1 (246)

is true. Therefore, it is equally true that
�

4� 2� p � g
c4

�
� Tmn=

�
4� 2� p � g

c4

�
� Tmn (247)

We have at the present time neither an experimental nor a theoretical reason to assume that the Einstein
�eld equations are erroneous. As a result of Einstein's publications (Einstein, 1915, 1916, 1917, 1935,
Einstein and Sitter, 1932) we arrive at the following Einstein's �eld equations.

Rmn�
��

R
2

�
� gmn

�
+

�
L � gmn

�
=

�
4� 2� p � g

c4

�
� Tmn (248)

Taking the trace of both sides of equation 248, it is

�
Rmn� gmn� �

��
R
2

�
� gmn� gmn

�
+

�
L � gmn� gmn� =

�
4� 2� p � g

c4

�
� Tmn� gmn (249)

or

(R) �
��

R
2

�
� gmn� gmn

�
+

�
L � gmn� gmn� =

�
4� 2� p � g

c4

�
� T (250)

and equally (see equation 398, p. 95)

(R) �
��

R
2

�
� D

�
+ ( L � D) =

�
4� 2� p � g

c4

�
� T (251)

Changing equation 251, it is
�

R
D

�
�

�
R
2

�
+ ( L ) =

�
4� 2� p � g� T

c4 � D

�
(252)

Based on the result of equation 252, the value of+ L is given as

+ L =
�

4� 2� p � g� T
c4 � D

�
�

�
R
D

�
+

�
R
2

�
(253)

At this point it is necessary to direct the attention of the reader to a very important detail of the equation
253. The space-time dimension D, which can vary, is an essential part of the determination ofL .
Equation 253 is therefore a clear mathematical proof that the cosmological constantL (Einstein,
1917) is not a constant. Based on the result of equation 252, the value of� L is determined as

� L = +
�

R
D

�
�

�
R
2

�
�

�
4� 2� p � g� T

c4 � D

�
(254)

In general, the geometrical form of the �eld dmn = � L � gmn is determined as

� L � gmn=
�

+
�

R
D

�
�

�
R
2

�
�

�
4� 2� p � g� T

c4 � D

��
� gmn (255)

�
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3.8. The basic �eld of nature bmn

3.8.1. Theorem. The geometrical structure of the basic �eld of nature bmn

Theorem 28(The geometrical structure of the basic �eld of nature bmn). The geometrical structure of
the basic �eld of nature bmn is given as

bmn= ( b) � gmn=
�

R
2

+ L
�

� gmn (256)

Proof by direct proof.Here we would like to reiterate once again that the following relationship has
been established (and not de�ned) (Baruk�cić, 2016b,c, 2020b,c,d, 2021b) . It is

bmn+ dmn=
�

R
2

� gmn

�
(257)

The tensor dmn has been determined asdmn = �
�
L � gmn

�
(see equation 222, p. 49). Equation 257

changes slightly. It is

bmn�
�
L � gmn

�
=

�
R
2

� gmn

�
(258)

The geometrical structure of the stress-energy momentum tensor of the �eld bmn (hopefully he stress-
energy (see Hughston and Tod, 1990, p. 38) momentum tensor of the electromagnetic(see Lehmkuhl,
2011, p. 13) ) is given as

bmn=
�

R
2

� gmn

�
+

�
L � gmn

�
(259)

�

Remark 3.6. Under conditions where equation 259 derived as bmn=
�

R
2

� gmn

�
+

�
L � gmn

�
is the

geometrized (Kalinowski, 1988) form of the stress-energy momentum tensor of the electromagnetic
�eld, L could be measured or calculated exactly as

�
L � gmn

�
�

�
1

4� p
�

�
�
Fmc � Fn

c� +
�

1
4

� gmn� Fde� Fde
���

�
�

R
2

� gmn

�
(260)

Recall, F is Faraday's electromagnetic �eld tensor. As long as we are allowed to agree with Tonnelat's
position, a uni�ed �eld theory is “... a theory joining the gravitational and the electromagnetic �eld
into one single hyper�eld whose equations represent the conditions imposed on the geometrical struc-
ture of the universe.” (see Tonnelat et al., 1955, p. 5) The geometrization of the fundamental �elds
of nature that has now been accomplished can be helpful in this view. Under these assumptions,the
geometrized hyper-�eld for electromagnetism and gravitationmight be given as

cmn+ bmn=
�

R
2

� gmn

�
+

�
R
2

� gmn

�
+

�
L � gmn

�
=

�
R� gmn

�
+

�
L � gmn

�
(261)
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There seem to exist conditions wherethe tensor of pure non-localityis given by the equation

bmn+ cmn+ dmn=
�
R� gmn

�
+

�
L � gmn

�
�

�
L � gmn

�
=

�
R� gmn

�
(262)

Table 6 is intended to give us a simple and appropriate overview of the relationships that have been
established so far.

Curvature
YES NO

Momentum YES amn =
�

R
D

� R
�

� gmn bmn �
�

R
2

+
�

4� 2� p � g� T
c4

�
�

�
R
D

�
+

�
R
2

��
� gmn amn + bmn �

�
4� 2� p � g� T

c4 � D

�
� gmn

NO cmn �
�

R
2

�
� gmn dmn � � L � gmn =

�
+

�
R
D

�
�

�
R
2

�
�

�
4� 2� p � g� T

c4

��
� gmn cmn + dmn =

�
R
D

�
4� 2� p � g� T

c4 � D

�
� gmn

amn + cmn = Gmn �
�

R
D

�
R
2

�
� gmn bmn + dmn =

R
2

� gmn Rmn �
R
D

� gmn � amn+ bmn+ cmn+ dmn

Table 6. The four basic �elds of nature geometrized.

We are again and again confronted with the challenge that various astronomers are claiming that
the majority of objective reality, i. e. the cosmos itself, consists of mysterious, invisible stuff that
surrounds us, the so called dark matter (see Zwicky, 1933) and dark energy (see Turner, 1999).
Unfortunately, we must also concede at the same time that the notions dark matter and dark energy
have yet to be adequately (or even fully) understood or clearly de�ned. In short, is there a difference
between dark energy and dark matter at all and what is the difference? The assumption is that dark
matter works like an attractive force and slows down the expansion of the cosmos, while dark energy
is a sort of anti-gravity and speeds the expansion of the cosmos up. At this point we would like to ask
the question whether these lines of thought are valid even for a single photon itself? In the event that
we can answer this question unambiguously in the positive, there are a series of implications. Why
does a single photon, emitted somewhere out there more than 13 billion years ago, keep on moving
forward? What drives such a photon, what accelerates it? Meanwhile, we have been able to identify
L as a dominating part of photon (Baruk�cić, 2021a) . We have reason to believe thatL seems to
be that which always drives a single photon forward. However, a single photon also seems to contain
within itself the other of itself, a moment under which the electromagnetic �eld is attracted, collapses
and loses its own meaning. Such circumstances are dominated by a graviton (Baruk�cić, 2021a). In
particular and only with the utmost caution do these lines of thought give rise to the hope that notion
`dark energy' (see Perlmutter et al., 1999, Riess et al., 1998) could be identical with

dark energy= L � gmn (263)

while the concept of `dark matter 'could possibly be found in the �eld

dark matter=
R
2

� gmn (264)

It is however more than necessary to emphasise at this point strongly that these lines of pure specula-
tions should not be taken for granted as veri�ed human knowledge.
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3.8.2. Theorem. The geometrical structure of the �eld of nature bmn

Einstein's general theory of relativity is not the end of all wisdom but only one small stepping stone
towards the ultimate goal of all physics, theuni�ed �eld theory . A uni�ed �eld theory should even
be able to integrate somehow both gravitational and electromagnetic �elds (see Einstein, 1925) into
a single hyper-�eld. Unfortunately, so far the search forthe holy grail of all physics, the uni�ed
�eld theory, has not been crowned with success. Solving the issue of the uni�ed �eld theory turns out
to be more dif�cult than expected. Even Einstein himself who brilliantly succeeded in geometrizing
gravity was at the end unable to accomplish the geometrization of electromagnetism too. Einstein's
uni�ed �eld theory program (see Sauer, 2014) or the whole of physics seen as an unique entity
is characterized in total by more than forty technical papers on the uni�ed �eld theory. Einstein is
writing:

“It is only the circumstance that we have not suf�cient knowledge of the electromagnetic �eld of
concentrated charges that compels us, provisionally, to leave undetermined in presenting the theory,
the true form of this tensor. ”

(see Einstein, 1923b, p. 91 )

It is not necessarily mandatory to describe all that exists geometrically or to apply geometrical methods
in science whenever it is possible and more or less rightly so. It is the unity of nature at the end which is
the foundation for the unity of science and of physics itself. Historically, Einstein's transition from the
special theory of relativity to the general theory of relativity was carried out with the aid of the mathe-
matical technology of tensors. However, this does not exclude in any way that objective reality can be
described completely with the help of e.g. the probability (see Baruk�cić, 2022) theory too. Whatever
the case may be, it is not very astounding that since Einstein's very remarkable accomplishment of
the description of gravity as a geometric phenomenon of curved space time, numerous great efforts,
including Einstein (see Sauer, 2014) himself, have been made to geometrize electromagnetism too in
order to end up at the uni�ed �eld theory. However, electromagnetism itself even if identical with grav-
ity under certain aspects is not the same as gravity is, electromagnetism is different from gravity too.
Therefore, �nding a suitable geometric description of the stress-energy tensor of electromagnetism is
the �rst great problem for geometrizing electromagnetism. At this point we want to dare a completely
new approach to this issue in order identify the geometrical structure of the stress-energy tensor of the
electromagnetic �eld, denoted as bmn, very precisely.

Theorem 29(The geometrical structure of the �eld of nature bmn). The geometrical structure of the
basic �eld of nature bmn is given as

bmn=
�

R
2

+ L
�

� gmn (265)

Proof by direct proof.Axiom 1 or +1=+1 is valid and thereforeGmn = Gmn or Gmn+
�
L � gmn

�
=
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Gmn+
�
L � gmn

�
too. We obtain

amn+ bmn � Gmn+
�
L � gmn

�

� Rmn�
��

R
2

�
� gmn

�
+

�
L � gmn

�

�
�

4� 2� p � g
c4

�
� Tmn

(266)

Equation 266 simpli�es as

bmn � Gmn+
�
L � gmn

�
� amn

� Rmn�
��

R
2

�
� gmn

�
+

�
L � gmn

�
� amn

�
�

4� 2� p � g
c4

�
� Tmn� amn

(267)

or as

bmn+ 0 � Rmn�
��

R
2

�
� gmn

�
+ 0+

�
L � gmn

�
� amn (268)

Rearranging equation 268, it is

bmn � Rmn�
��

R
2

�
� gmn

�
�

�
R
2

�
� gmn+

�
R
2

�
� gmn+

�
L � gmn

�
� amn (269)

or

bmn � Rmn�
�
R� gmn

�
� amn+

�
R
2

�
� gmn+

�
L � gmn

�
(270)

According to equation 195, p. 46, it isamn=
�
Rmn

�
�

�
R� gmn

�
. Equation 270 becomes

bmn � amn� amn+
�

R
2

�
� gmn+

�
L � gmn

�
(271)

It is

bmn=
�

R
2

� gmn

�
+

�
L � gmn

�
(272)

In general, the geometrical structure of the basic �eld of naturebmn is given as

bmn=
�

R
2

+ L
�

� gmn (273)

�
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3.8.3. Theorem. The geometrical structure of the �eld of nature bmn

Theoretically, it may be advantageous to look at the vacuum in greater detail. This in turn could
hopefully enable us to determine the geometric structure of the stress-energy tensor of the electromag-
netic �eld.

Theorem 30(The geometrical structure of the �eld of nature bmn). The geometrical structure of the
basic �eld of nature bmn is given as

bmn=
�

R
2

+ L
�

� gmn (274)

Proof by direct proof.Axiom 1 or +1=+1 is valid and therefore

Rmn�
��

R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn

� amn+ bmn

(275)

Adding +0, equation 275 doesn't change. It is

Rmn�
��

R
2

�
� gmn

�
+ 0+

�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn+ 0

� amn+ bmn+ 0
(276)

It is +
��

R
2

�
� gmn

�
�

��
R
2

�
� gmn

�
= + 0. Equation 276 is reformulated. We obtain

Rmn�
��

R
2

�
� gmn

�
�

��
R
2

�
� gmn

�
+

��
R
2

�
� gmn

�

|                                              {z                                             }
+ 0

+
�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn

� amn+ bmn
(277)

Simplifying equation 277, it is

Rmn�
�
(R) � gmn

�
+

��
R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn

� amn+ bmn

(278)

The energy–momentum tensor
�

4� 2� p � g
c4

�
� Tmn is non-zero in some regions of space-time and

zero in others. However, if the energy–momentum tensor
�

4� 2� p � g
c4

�
� Tmn is zero in the region

under consideration, then the Einstein �eld equations are also referred to as the vacuum �eld equations.
A vacuum solution of the Einstein �eld equations is a manifold whose Einstein tensor Gmn vanishes.
At the end, in empty space, the Einstein's �eld equation reduce to Rmn = 0. As published somewhere
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else, manifolds with a vanishing Ricci tensor, Rmn = 0, are referred to as Ricci-�at manifolds. At this
point, we do not want to present any new aspects of the vacuum �eld equations. Nonetheless, there

are circumstances, where the condition
�

4� 2� p � g
c4

�
� Tmn = 0 is given. Under theses conditions,

equation 278 changes slightly. It is

Rmn�
�
(R) � gmn

�
+

��
R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g

c4

�
� Tmn � + 0

� amn+ bmn � + 0
(279)

In other words, it is ��
R
2

�
� gmn

�
+

�
L � gmn

�
� � Rmn+

�
(R) � gmn

�
(280)

or

�
��

R
2

�
� gmn

�
�

�
L � gmn

�
� + Rmn�

�
(R) � gmn

�
(281)

It is equally

+ bmn � � amn (282)

or

� bmn � + amn (283)

Under these conditions, we are able to determine the geometrical structure of the stress-energy tensor

of the �led bmnvery preciselyeither as+ Rmn�
�
(R) � gmn

�
or as+

��
R
2

�
� gmn

�
+

�
L � gmn

�
(see

equation 280 - equation 283). However, what is it at the end? Based on equation 188, it has to be that

+ bmn+ dmn �
��

R
2

�
� gmn

�
(284)

The geometrical structure of the tensor dmn has been identi�ed several times as+ dmn= �
�
L � gmn

�

(see: equation 222, equation 234, equation 244). Equation 284 changes slightly. It is

+ bmn�
�
L � gmn

�
�

��
R
2

�
� gmn

�
(285)

While equation 280 until equation 283 give us only an approximate picture of the geometric structure
of the �eld bmn, equation 285 clearly shows us what the geometric structure of the �eldbmn has to be.
The geometric structure of the �eldbmnis given as

bmn=
�

R
2

+ L
�

� gmn (286)

�
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To understand how far one can go it is necessary to ask the question whether electromagnetism is
completely foreign to geometry? Einstein's �eld equations of general relativity have more or less a
purely local character. As a consequence, Einstein's description of gravitation in terms of curved space
need not imply that electromagnetism itself has to be described geometrically too. Nonetheless, as
long as we are authorised to rely on equation 286 the basic �eld of naturebmn, which is presumably
the stress-energy tensor of electromagnetism, has been described geometrically too.

3.8.4. The geometrical structure of stress energy tensor of the electromagnetic �eld

At this stage of the research it is possible to specify that we have been able to determine the geo-
metric structure of the �eldbmn with certainty. However, at this point, we need to provide some clear
clari�cations. The lines of thought presented here are based on Einstein's well-known description of
the relationship between between ordinary matter and the elcetromagentic �eld as: “Wir unterscheiden
im folgenden zwischen `Gravitationsfeld'und `Materie', in dem Sinne, daßalles außer dem Gravita-
tionsfeld als`Materie' bezeichnetwird, also nicht nur die `Materie'im̈ublichen Sinne, sondern auch
das elektromagnetische Feld. ” (Einstein, 1916, p. 802/803) . As a result of this, we decomposed the
stress-energy tensor of matter into the stress-energy tensor of ordinary matter, denoted asamn, and into
the stress-energy tensor of the electromagnetic �eld, denoted asbmn. Despite all this, we have to ask
ourselves how certain we can be thatbmn is at the end that what it is assumed to be, the geometrical
form of the the stress-energy tensor of the electromagnetic �eld. Why should the tensorbmn not be
identical with the stress-energy tensor of relativistic kinetic energy?

bmn=
�

R
2

+ L
�

� gmn= stress-energy tensor of relativistic-kinetic energy? (287)

These issues can be clari�ed in principle. Firstly. Equation 286 is valid even under circumstances
where the tensoramn= 0. Under these circumstances, the tensorbmncontains all froms of stress-energy
and momentum while the relativistic kinetic energy itself is no longer given, the same has passed over
into the pure electromagentic �eld. Under these circumstances, the tensorbmn is the stress-energy
tensor of the electromagentic �eld. Additionally, it is a tensorial equation which must hold under all
cooridnate systems. Secondly. Ifbmn is the stress-energy tensor of the electromagnetic �eld, then the
following equation need to be true too.

�
R
2

� gmn

�
+

�
L � gmn

�
�

�
1

4� p
�

�
�
Fmc � Fn

c� +
�

1
4

� gmn� Fde� Fde
���

(288)

which can be proofed in principle. Thirdly. In the following we assume for now that the laws of the
special theory of relativity (STR), in particular the unity and the struggle between a particle and a

wave which have been described and derived as
�

(0Et) 2

(rEt) 2

�
+

�
(wEt) 2

(rEt) 2

�
= + 1 (see Baruk�cić, Ilija,

2022, p. 17) , are extended by the insights of the theory of general relativity (GTR) but not completely
disproved or invalidated. Let us assume, thatbmn is the stress-energy tensor of relativistic kinetic
energy. Under these assumptions, the stress-energy tensor of the electromagnetic �eld would have to
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follow as

(wEt) � gmn=

 
2

s ���
R
2

�
+ ( L )

�
�

�
4� 2� p � g� T

c4 � D

�� !

� gmn (289)

However, equation 288 and equation 289 were both true simultaneously only under conditions where
amn = 0, which is to restricted. Fourthly. In last consequence, the previous considerations (equation
289) would demand that the content of the stress energy tensor of matter is at the end (energy2/...) and
not (energy/...). In this case, the equations derived would have to be modi�ed slightly.

In general, from the point of view of special theory of relativity, the relationship between ordinary
matter and electromagnetic wave would be given as follows.

(wEt) � (rEt) � 2

s

1�
(0Et) 2

(rEt) 2 = ( rEt) � 2

s

1�

�
0mt � c2

�
�

�
0mt � c2

�

(rmt � c2) � (rmt � c2)
= ( rEt) � 2

s

1�
(0mt) 2

(rmt) 2 = ( rEt) �
2

vu
u
u
t

1�
(rmt) 2 �

�
1�

v2

c2

�

(rmt) 2 = ( rEt) �
2

r
v2

c2 (290)

which can be simpli�ed under some conditions as

wEt =
v
c

� (rEt) (291)

where v is the relative velocity. Every ordinary matter is associated with an electromagnetic wave.
However, at very small everyday relative velocities v this effect is in the end negligibly small but still
given. According to STR, the ordinary matter, denoted asa E t, is given as

aEt = rEt � wEt = ( rEt) � (rEt) �
2

s
v2

c2 = ( rEt) �

0

@1�
2

s
v2

c2

1

A (292)

There are circumstances where the stress-energy tensor of ordinary matter is given as

(aEt) � gmn=

0

@

0

@1�
2

s
v2

c2

1

A �
8� p � g� T

c4 � D

1

A � gmn (293)

while the stress-energy tensor of electromagnetic wave/�eld would be given as

(wEt) � gmn=

0

@

0

@ 2

s
v2

c2

1

A �
8� p � g� T

c4 � D

1

A � gmn (294)

There might be circumstances given, where the stress-energy tensor of ordinary matter, denoted asamn,
is identical with the stress-energy tensor of rest-mass, denoted by special theory of relaltivity as0 E t.
Nontheless, this need not to be the case under any circumstances given. The relationship between “rest
energy ”, denoted as0Et and ordinary energyaEt would be given as (see equation 26)

(0Et) � gmn=

0

@

0

@ 2

s

1�
v2

c2

1

A �
�

8� p � g� T
c4 � D

�
1

A � gmn

|                                                         {z                                                        }
rest energy=matter 0 E t

=

0

B
B
B
B
@

 
2

r

1�
v2

c2

!

 

1�
2

r
v2

c2

! � (aEt)

1

C
C
C
C
A

� gmn

(295)
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3.9. The evolution or self-organisation of objective reality

3.9.1. Objective reality without ordinary matter

Electrovacuum solution (electro-vacuum) is one of the known exact solutions of the Einstein �eld
equations. The stress-energy momentum tensor (see equation 5.44) is de�ned as

Emn � amn+ bmn (296)

Under conditions where objective reality is determined by a vanishing tensor of ordinary matter
(amn = 0) we obtain

Emn � (amn= 0)+ bmn (297)

or

bmn � Emn �
�

R
D

�
R
2

+ L
�

� gmn (298)

However, equation 298 is given only under certain circumstances. Nonetheless, under these conditions,
all stress energy and momentum is included in the stress energy tensor of the electromagnetic �eld.
Nonetheless, a vanishing tenors of ordinary matter does not imply a vanishing of Einstein's tensor.
The conditions outlined before do not imply that Einstein's tensor (Gmn) has to vanish too. Table 7 is
providing us an overview of these relationships.

Curvature
YES NO

Momentum YES amn = 0 bmn �
�

R
D

�
R
2

+ L
�

� gmn
8� p � g
c4 � D

� gmn �
�

R
D

�
R
2

+ L
�

� gmn

NO cmn �
�

R
D

�
R
2

�
� gmn dmn � � L � gmn - (

R
D

� R) � gmn

�
R
2

� L
�

� gmn

Gmn �
�

R
D

�
R
2

�
� gmn

R
2

� gmn Rmn �
R
D

� gmn - R� gmn + R� gmn

Table 7. Objective reality without ordinary matter.

It is important to emphasise here that objective relativity in which no ordinary matter is given (amn

= 0) is at the same time also a world in which momentum excludes curvature and vice versa. Curvature
excludes momentum. But at the same time it is also a world which is not dead and not without any
changes but a world full of life. We have to be theoretically prepared for the possibility that such a
world might be the one of pure non-locality. Logically it does not seem very convincing that ordinary
matter as something already concrete have been given at the beginning of this world. So the issue
arises whether before the state of locality (ordinary matter is given) of objective reality, the state of non
locality (no ordinary matter) of objective reality has been given. In other words, has the locality of this
world developed out of the state of non-locality and is this still the case today?
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3.9.2. Objective reality under conditions of D=1 dimension

The world under the condition of D=1 space-time dimension may be a very strange world, but the
same exists nevertheless.

Theorem 31(Objective reality under conditions of D=1 dimension). A special property of objective
reality under conditions of D=1 space-time dimension is described by the relationship

Rmn= R� gmn (299)

Proof by direct proof.The Einstein (Baruk�cić, 2016b,c, 2020b,c,d,d, 2021b, Einstein, 1915, 1916,
1917, 1935, Einstein and Sitter, 1932) �eld equations (see equation 497) are de�ned as

�
R
D

� gmn

�
�

��
R
2

�
� gmn

�
+

�
L � gmn

�

|                                                        {z                                                       }
The le f t� hand side

�
�

4� 2� p � g� T
c4 � D

�
� gmn

|                                  {z                                 }
The right� hand side

(300)

Under conditions of D = 1 space-time dimension, the Einstein �eld equations becomes
�

R
1

� gmn

�
�

��
R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g� T

c4 � 1

�
� gmn (301)

The Einstein �eld equations simpli�es under conditions D = 1 space-time dimension as

+
��

R
2

�
� gmn

�
+

�
L � gmn

�
�

�
4� 2� p � g� T

c4 � 1

�
� gmn (302)

Under these conditions (D = 1 space-time dimension), the Ricci tensor Rmn becomes

Rmn=
�

R
D

� gmn

�
= R� gmn (303)

but not Rmn = 0. Furthermore, under these conditions (D=1 space-time dimension), Einstein's tensor
Gmn becomes

Gmn=
�

R
1

� gmn

�
�

�
R
2

� gmn

�
=

�
R� gmn

�
�

�
R
2

� gmn

�
=

�
R
2

� gmn

�
(304)

Under conditions of D=1 space-time dimension and in contrast to avacuum solution of general rela-
tivity neither the Einstein tensor Gmn vanishes nor the stress–energy tensor Emn vanishes nor does the
Ricci tensor Rmn vanishes. It is of extraordinary importance that under conditions of D=1 space-time
dimension the tensor dmn becomes

dmn � � L � gmn� (
R
D

� R) � gmn) � � L � gmn� (
R
1

� R) � gmn) � � L � gmn� (0) � � L � gmn

(305)
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Under conditions of D=1 space-time dimension the tensor cmn is determined as

cmn �
R
2

� gmn� L � gmn� dmn �
R
2

� gmn� L � gmn� (� L � gmn) �
R
2

� gmn (306)

Objective reality under the condition of D=1 space-time dimension is described by the following pic-
ture (see table 8) in greater detail.

Curvature
YES NO

Momentum YES amn = 0 bmn �
�

R
2

+ L
�

� gmn

�
R
2

+ L
�

� gmn

NO cmn �
�

R
2

�
� gmn dmn � � L � gmn

�
R
2

� L
�

� gmn

Gmn �
�

R
2

�
� gmn

R
2

� gmn Rmn � R � gmn

Table 8. Objective reality under conditions of D=1 space-time dimension.

�

In general relativity, a vacuum region of objective reality is understood as a region whose Einstein
tensor Gmn vanishes. The Einstein tensor vanishes if

Gmn= Rmn�
�

R
2

�
� gmn=

�
R
D

� gmn

�
�

��
R
2

�
� gmn

�
= 0 (307)

which is especially the case under conditions of D = 2 space-time dimension. In general, vacuum
solutions of the Einstein �elds equations are distinct from the electrovacuum solutions (electromagnetic
�eld, gravitational �eld) and are also distinct from the lambdavacuum solutions. In lambdavacuum
solutions of the Einstein �elds equations the only term in the stress–energy tensor is the cosmological
constant term.
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Figure 4. The evolution of objective reality

Under the previous and other conditions, one more point should be noted. The constancy of the
speed of the light c in vacuum is something relative but not something absolute. Einstein is writing:

“Dagegen bin ich der Ansicht, daß das Prinzip der Konstanz der Lichtgeschwindigkeit sich nur
insoweit aufrecht erhalten läßt, als man sich auf raum - zeitliche Gebiete vonkonstantem Grav-
itationspotential beschr̈ankt. Hier liegt nach meiner Meinung die Grenze der Gültigkeit ... des
Prinzips derKonstanz der Lichtgeschwindigkeitund damit unserer heutigen Relativitätstheorie.
”

(see also Einstein, 1912, p. 1062)

Translated into English. `On the other hand I am of the opinion that the principle of the constancy
of the speed of light can be maintained only in so far as one restricts oneself to spatio-temporal areas
of constant gravitational potential. Here lies in my opinion the limit of the validity... of the principle
of the constancy of the speed of light and with it of our today's theory of relativity.'
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