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Chapter

The Paradigm of Complex
Probability and the Theory of
Metarelativity: A Simplified Model
of MCPP
Abdo Abou Jaoudé

“Subtle is the Lord. Malicious, He is not.”

Albert Einstein.

“Mathematics, rightly viewed, possesses not only truth but supreme beauty…”

Bertrand Russell.

“Logic will get you from A to Z; imagination will get you everywhere.”

Albert Einstein.

“There are more things in heaven and earth, Horatio, than are dreamt of in your

philosophy.”

Hamlet (1601), William Shakespeare.

“Ex nihilo nihil fit: Nothing comes from nothing.”

Parmenides.

“All is One. From One all things.”

Heraclitus.

Abstract

All our work in classical probability theory is to compute probabilities. The original
idea in this research work is to add new dimensions to our random experiment, which
will make the work deterministic. In fact, probability theory is a nondeterministic
theory by nature; which means that the outcome of the events is due to chance and
luck. By adding new dimensions to the event in the real set of probabilities R, we
make the work deterministic, and hence a random experiment will have a certain
outcome in the complex set of probabilities and total universe G = C. It is of great
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importance that the stochastic system, like in real-world problems, becomes totally
predictable since we will be totally knowledgeable to foretell the outcome of chaotic
and random events that occur in nature, for example, in statistical mechanics or in all
stochastic processes. Therefore, the work that should be done is to add to the real set
of probabilities R the contributions of M, which is the imaginary set of probabilities
that will make the event in G = C ¼ RþM deterministic. If this is found to be
fruitful, then a new theory in statistical sciences and in science, in general, is elabo-
rated and this is to understand absolutely deterministically those phenomena that
used to be random phenomena in R. This paradigm was initiated and developed in
my previous 21 publications. Moreover, this model will be related to my theory of
Metarelativity, which takes into account faster-than-light matter and energy. This is
what I called “The Metarelativistic Complex Probability Paradigm (MCPP),” which
will be elaborated on in the present two chapters 1 and 2.

Keywords: chaotic factor, degree of our knowledge, complex random vector,
probability norm, complex probability set C, metarelativistic transformations,
imaginary number, imaginary dimensions, superluminal velocities, metaparticles,
dark matter, metamatter, dark energy, metaenergy, metaentropy, universe G1,
metauniverse G2, luminal universe G3, the total universe G

1. Introduction

The development of a new theory in physics, which I called the theory of
Metarelativity creates a new continuum or space-time in which a new matter interacts
[1–3]. This newly discovered matter is surely not the ordinary matter but a new kind
of matter that can be easily identified to be the dark matter that astronomers, astro-
physicists, and cosmologists seek to find. In fact, my novel theory shows that this new
matter is superluminal by nature and is related to the new meta-space-time that lies in
the metauniverse G2 in the same fashion that ordinary matter is related to the ordi-
nary space-time and that lies in the universe G1 that we know. From what has been
proved in Metarelativity, it was shown that the theory does not destroy Albert
Einstein’s theory of relativity that we know at all but on the contrary, it proves its
veracity and expands it to the superluminal velocities’ realm. The new space-time is
“imaginary” since it exists in the domain of imaginary numbers and is now called
meta-space-time or metauniverse because it lays beyond the ordinary “real” space-
time that exists in the domain of real numbers as well as the matter and the energy
interacting within them. Now the relation between both matter and metamatter is
shown in the theory of Metarelativity. The first space-time is called the universe and
the second space-time is called the metauniverse, which is another universe if we can
say as material and as real as the first one but at a different level of experience because
it is superluminal relative to the first one. It is similar to the atomic world that exists
and is real but at a different level of physical experience, in the sense that we have
discovered its laws in the theory of quantummechanics where we deal with atoms and
particles like when we deal in astronomy and astrophysics with planets and galaxies.
In fact, astronomy is also real in the sense that we have discovered the laws governing
the stars and planets but it lays at a different level of reality from our everyday world
and experience. Metarelativity comes now to enlarge once more the scope of our
understanding to encompass a new level of physical reality.
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Furthermore, my Metarelativity will be bonded to my Complex Probability
Paradigm (CPP), which was developed in my 21 previous research works. In fact,
the system of axioms for probability theory laid in 1933 by Andrey Nikolaevich
Kolmogorov can be extended to encompass the imaginary set of numbers, and
this by adding to his original five axioms an additional three axioms. Therefore,
we create the complex probability set C, which is the sum of the real set R with
its corresponding real probability and the imaginary set M with its corresponding
imaginary probability. Hence, all stochastic and random experiments are performed
now in the complex set C instead of the real set R. The objective is then to evaluate
the complex probabilities by considering supplementary new imaginary dimensions to
the event occurring in the “real” laboratory. Consequently, the corresponding proba-
bility in the whole set C is always equal to one and the outcome of all random
experiments that follow any probability distribution inR is now predicted totally and
absolutely in C. Subsequently, it follows that chance and luck in R are replaced by
total determinism in C. Consequently, by subtracting the chaotic factor from the
degree of our knowledge of the stochastic system, we evaluate the probability of
any random phenomenon in C. My innovative Metarelativistic Complex
Probability Paradigm (MCPP) will be developed in this work in order to express all
probabilistic phenomena completely deterministically in the total universe
G ¼ C ¼ RþM ¼ G1 þ G2 þ G3.

Finally, and to conclude, this research work is organized as follows: After the
introduction in Section 1, the purpose and the advantages of the present work are
presented in Section 2. Afterward, in Section 3, we will review and recapitulate the
complex probability paradigm (CPP) with its original parameters and interpretation.
In Section 4, a concise review of Metarelativity will be explained and summarized.
Also, in Section 5, I will show the road and explain the steps that will lead us to
the final MCPP theory, which will be developed in the subsequent sections.
Therefore, in Section 6, and after extending Albert Einstein’s relativity to the imagi-
nary and complex sets, I will link my original theory of Metarelativity to my novel
complex probability paradigm; hence, the first simplified model of MCPP will be
developed. Finally, in Section 7, we will present the conclusion of the first chapter
and then mention the list of references cited in the current research work.
Moreover, in the second following chapter and in Section 1, a more general second
model will be established. Furthermore, in Section 2, a wider third model will be
presented. And in Section 3, the final and the most general model of MCPP, which
takes into account the case of electromagnetic waves will be elaborated.
Additionally, in Section 4, we will present some very important consequences of
the MCPP paradigm. Finally, I conclude the work by doing a comprehensive
summary in Section 5 and then present the list of references cited in the second
research chapter.

2. The purpose and the advantages of the current publication

To summarize, the advantages and the purposes of this current work are to [4–24]:

1.Extend the theory of classical probability to encompass the complex numbers set;
hence, to bond the theory of probability to the field of complex variables and
analysis in mathematics. This mission was elaborated on and initiated in my
earlier 21 papers.
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2.Apply the novel probability axioms and CPP paradigm to Metarelativity and
hence to bond my Metarelativity theory to my Complex Probability Paradigm
and thus show that:

C ¼ RþM

¼ R1 þ R2 þ R3ð Þ þ M1 þM2 þM3ð Þ
¼ R1 þM1ð Þ þ R2 þM2ð Þ þ R3 þM3ð Þ
¼ C1 þ C2 þ C3 ¼ G1 þG2 þG3 ¼ G:

3.Show that all nondeterministic phenomena like in the problems considered here
can be expressed deterministically in the complex probabilities set and total
universe G = C.

4.Compute and quantify both the degree of our knowledge and the chaotic factor
of the probability distributions and MCPP in the sets R, M, and C.

5.Represent and show the graphs of the functions and parameters of the innovative
paradigm related to Metarelativity.

6.Demonstrate that the classical concept of probability is permanently equal to one
in the set of complex probabilities; hence, no randomness, no chaos, no
ignorance, no uncertainty, no nondeterminism, no unpredictability, and no
information loss or gain exist in:

G ðcomplex matter and energy setÞ ¼ C ðcomplex probabilities setÞ
¼ R ðreal probabilities setÞ þM ðimaginary probabilities setÞ:

7.Explain the existence of dark matter and dark energy that exist in G2 ⊂ G.

8.Prepare to implement this creative model to other topics and problems in physics.
These will be the job to be accomplished in my future research publications.

Concerning some applications of the novel-founded paradigm and as a future
work, it can be applied to any nondeterministic phenomenon in science. And com-
pared with existing literature, the major contribution of the current research work is
to apply the innovative paradigm of CPP to Metarelativity and to express it
completely deterministically as well as to determine the corresponding mass and
energy of dark matter and dark energy.

The next figure displays the major purposes of the Metarelativistic Complex
Probability Paradigm (MCPP) (Figure 1).

3. The complex probability paradigm

3.1 The original Andrey Nikolaevich Kolmogorov system of axioms

The simplicity of Kolmogorov’s system of axioms may be surprising [4–24]. Let E
be a collection of elements {E1, E2, … } called elementary events and let F be a set of
subsets of E called random events [25–29]. The five axioms for a finite set E are:
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Axiom 1: F is a field of sets.
Axiom 2: F contains the set E.
Axiom 3: A nonnegative real number Prob(A), called the probability of A, is

assigned to each set A in F. We have always 0 ≤ Prob(A) ≤ 1.
Axiom 4: Prob(E) equals 1.
Axiom 5: If A and B have no elements in common, the number assigned to their

union is:

Prob A∪Bð Þ ¼ Prob Að Þ þ Prob Bð Þ

Hence, we say that A and B are disjoint; otherwise, we have:

Prob A∪Bð Þ ¼ Prob Að Þ þ Prob Bð Þ � Prob A∩Bð Þ

And we say also that: Prob A∩Bð Þ ¼ Prob Að Þ � Prob B=Að Þ ¼ Prob Bð Þ � Prob A=Bð Þ
which is the conditional probability. If both A and B are independent then:

Prob A∩Bð Þ ¼ Prob Að Þ � Prob Bð Þ:

Moreover, we can generalize and say that for N disjoint (mutually
exclusive) events A1,A2, … ,Aj, … ,AN (for 1≤ j≤N), we have the following
additivity rule:

Prob ⋃
N

j¼1
Aj

 !

¼
XN

j¼1

Prob Aj

� �

And we say also that forN independent events A1,A2, … ,Aj, … ,AN (for 1≤ j≤N),
we have the following product rule:

Prob ⋂
N

j¼1
Aj

 !

¼
YN

j¼1

Prob Aj

� �

3.2 Adding the imaginary part M

Now, we can add to this system of axioms an imaginary part such that:

Figure 1.
The diagram of the Metarelativistic Complex Probability Paradigm’s major purposes and goals.
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Axiom 6: Let Pm ¼ i� 1� Prð Þ be the probability of an associated complementary
event in M (the imaginary part or probability universe) to the event A in R (the real
part or probability universe). It follows that Pr þ Pm=i ¼ 1, where i is the imaginary

number with i ¼
ffiffiffiffiffiffi

�1
p

or i2 ¼ �1.
Axiom 7:We construct the complex number or vector Z ¼ Pr þ Pm ¼ Pr þ i 1� Prð Þ

having a norm Zj j such that:

Zj j2 ¼ P2
r þ Pm=ið Þ2:

Axiom 8: Let Pc denote the probability of an event in the complex probability set
and universe C, where C ¼ RþM. We say that Pc is the probability of an event A in
R with its associated and complementary event in M such that:

Pc2 ¼ Pr þ Pm=ið Þ2 ¼ Zj j2 � 2iPrPm and is always equal to 1.

We can see that by taking into consideration the set of imaginary probabilities we
added three new and original axioms and consequently the system of axioms defined by
Kolmogorov was hence expanded to encompass the set of imaginary numbers and realm.

3.3 A concise interpretation of the original CPP paradigm

To summarize the novel CPP paradigm, we state that in the real probability
universe R the degree of our certain knowledge is undesirably imperfect and
hence unsatisfactory, thus we extend our analysis to the set of complex numbers C,
which incorporates the contributions of both the set of real probabilities, which is
R and the complementary set of imaginary probabilities, which is M. Afterward,
this will yield an absolute and perfect degree of our knowledge in the probability
universe C = R + M because Pc = 1 constantly and permanently. As a matter of
fact, the work in the universe C of complex probabilities gives way to a sure
forecast of any stochastic experiment, since in C we remove and subtract from
the computed degree of our knowledge the measured chaotic factor. This will
generate in the universe C a probability equal to 1 as it is shown and proved in

the following equation: Pc2 ¼ DOK � Chf ¼ DOK þMChf ¼ 1 ¼ Pc. Many applica-
tions which take into consideration numerous continuous and discrete probability
distributions in my 21 previous research papers confirm this hypothesis and innova-
tive paradigm [4–24]. The Extended Kolmogorov Axioms (EKA for short) or the
Complex Probability Paradigm (CPP for short) can be shown and summarized in the
next illustration (Figure 2):

4. A concise review of Metarelativity

4.1 The new Metarelativistic transformations

Consider the following two inertial systems of referential (Figure 3) [1]:
Assume that v becomes greater than c, which is the velocity of light, the system of

equations called metarelativistic transformations, which are the extension of
relativistic Lorentz transformations to the imaginary space-time are:
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x0 ¼ x� vtð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�1ð Þ � v2

c2
� 1

� �
s ¼ x� vtð Þ

ffiffiffiffiffiffi

�1
p

�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼ x� vtð Þ
ffiffiffiffi

i2
p

�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼ x� vtð Þ

�i�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼ �i� x� vtð Þ
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r

y0 ¼ y

z0 ¼ z

t0 ¼
t� vx

c2

� �

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�1ð Þ � v2

c2
� 1

� �
s ¼

t� vx

c2

� �

ffiffiffiffiffiffi

�1
p

�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼
t� vx

c2

� �

ffiffiffiffi

i2
p

�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼
t� vx

c2

� �

�i�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼
�i� t� vx

c2

� �

ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r

8

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
<

>
>
>
>
>
>
>
>
>
>
>
>
>
>
>
:

where i is the imaginary number such that: i2 ¼ �1 and
ffiffiffiffiffiffi

�1
p

¼ �i and 1
�i ¼ ∓i.

Figure 3.
Two inertial systems of referential.

Figure 2.
The EKA or the CPP diagram.
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4.2 The mass of matter and metamatter

We have in special relativity: m ¼ m0ffiffiffiffiffiffiffi

1�v2

c2

p ¼ mG1.

If v becomes greater than c ¼ 300, 000 km=s, then m becomes equal to:

m ¼ m0
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

�1ð Þ � v2

c2
� 1

� �
s ¼ m0

ffiffiffiffiffiffi

�1
p

�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼ m0

ffiffiffiffi

i2
p

�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼ m0

�i�
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r

¼ �i�m0
ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r ¼ mG2

yielding hence two imaginary and superluminal particles þi mG2j j and �i mG2j j
where mG2j j is the module or the norm of the imaginary mass mG2. They are called
imaginary in the sense that they lay in the four-dimensional superluminal universe of
imaginary numbers that we call G2 or the metauniverse. Matter which has increased
throughout the whole process of special relativity will become equal to infinity when
velocity reaches c as it is apparent in the equations, and in the new dimensions matter
is imaginary due to the imaginary dimensions that we defined in the theory of
Metarelativity. We say that beneath cwe are working in the subluminal universe G1 or
in the universe, and beyond c that we are working in G2 or in the metauniverse.
Additionally, if the velocity is equal to c, we say that we are working in the luminal
universe of electromagnetic waves and that is denoted by G3.

Firstly, in the first following equation:

m ¼ þim0ffiffiffiffiffiffiffi
v2

c2
�1

p ¼ mG2(MetaParticle).

That means that matter now will decrease till it vanishes whenever the velocity
reaches infinity, which means that mass is equal to zero at the velocity infinity.

Secondly, in the second following equation:

m ¼ �im0ffiffiffiffiffiffiffi
v2

c2
�1

p ¼ mG2(MetaAntiParticle).

we say mathematically, that if v tends to infinity, m tends to zero. Matter now will
continue increasing as in the equation till it vanishes whenever the velocity reaches
infinity, which means that mass is equal to zero at the velocity infinity.

Thirdly, electromagnetic waves (EW), which travel at the velocity of light c exist
in the universe G3 and have a mass:

mG3 ¼ mEW ¼ hf

c2

where h is Planck’s constant and f is the frequency of the EW.
In the total universe G = G1 + G2 + G3 we have:

mG ¼ mG1 þmG2 þmG3 ¼ mG1 � i mG2j j þ hf

c2

And we can notice that mG belongs to the set of complex numbers
denoted in mathematics by . The following graphs illustrate these facts
(Figures 4 and 5).
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Graphically, we can represent the two complementary metaparticles þi mG2j j and
�i mG2j j and their annihilation in Figure 6 as in the following reactions:

þi mG2j j � i mG2j j ! 2mG1 and þi mG2j j � i mG2j j ! 2 photons.

4.3 The energy and the metaenergy

We know from special relativity that energy is given by:

E ¼ mc2 ¼ m0c
2

ffiffiffiffiffiffiffiffiffiffiffi

1� v2

c2

q ¼ EG1

In Metarelativity, we have accordingly the imaginary energy or metaenergy. It is
clear from the equation above that this metaenergy can be positive as:

E ¼ þim0�c2
ffiffiffiffiffiffiffi
v2

c2
�1

p ¼ EG2 (MetaParticle Energy or MetaEnergy).

or it can be negative as:

E ¼ �im0�c2
ffiffiffiffiffiffiffi
v2

c2
�1

p ¼ EG2(MetaAntiParticle Energy or MetaAntiEnergy).

Additionally, the luminal electromagnetic waves (EW) in the universe G3 have
energy:

EG3 ¼ EEW ¼ hf

where h is Planck’s constant and f is the frequency of the EW.
Therefore, in the total universe G = G1 + G2 + G3 we have:

Figure 4.

The graphs of m ¼ m0=
ffiffiffiffiffiffiffiffiffiffiffiffi

1� v2

c2

q

in blue for 0≤ v< c and of m ¼ þm0=
ffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2 � 1

q

in red and of m ¼ �m0=
ffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2 � 1

q

in green for v> c.
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Figure 6.
The two complementary particles of metamatter þi mG2j j and �i mG2j j where mG2j j is the module or the norm of
the imaginary mass mG2 in the metauniverse G2 and their annihilation into the real matter in the universe G1 or
into photons in the universe G3.

Figure 5.
The graphs of mG1 vð Þ in blue, of þi mG2 vð Þj j in red, of �i mG2 vð Þj j in green, where mEW lies in the yellow plane of

equation v = c, and of mG ¼ mG1 þmG2 þmEW ¼ mG1 � i mG2j j þ hf
c2 in magenta for 0≤ v< þ∞ in the complex

plane in cyan.
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EG ¼ EG1 þ EG2 þ EG3 ¼ EG1 � i EG2j j þ hf :

And we can notice that EG belongs to the set of complex numbers denoted
in mathematics by : Additionally, EG2j j is the module or the norm of the
imaginary energy EG2 in the metauniverse G2. The following graph illustrates these
facts (Figure 7).

4.4 Time intervals and imaginary time

When v > c, we get:

T0 ¼ �i� T
ffiffiffiffiffiffiffiffiffiffiffi

v2

c2 � 1
q

If T0 ¼ þi�Tffiffiffiffiffiffiffi
v2

c2
�1

p then this means that when v increases,T’ decreases (time contraction).

And if T0 ¼ �i�Tffiffiffiffiffiffiffi
v2

c2
�1

p then this means that when v increases,T’ increases (time dilation).

Figure 7.
The graphs of EG1 vð Þ in blue, of þi EG2 vð Þj j in red, of �i EG2 vð Þj j in green, where EEW lies in the yellow plane of
equation v = c, and of EG ¼ EG1 þ EG2 þ EEW ¼ EG1 � i EG2j j þ hf in magenta for 0≤ v< þ∞ in the complex
plane in cyan.
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Concerning the explanation of this is that firstly time goes clockwise in the new
four-dimensional continuum G2 relative to the universe G1 since it is positive, and
secondly it goes counterclockwise relative to the universe G1 since it is negative. It is
to say once more that the imaginary number “i” identifies the new four dimensions
that define G2 (Figure 8).

4.5 The real and imaginary lengths

When v > c, we will have:

L0 ¼ �i� L

ffiffiffiffiffiffiffiffiffiffiffiffiffi

v2

c2
� 1

r

If L0 ¼ þi� L
ffiffiffiffiffiffiffiffiffiffiffi

v2

c2 � 1
q

this means that when v increases so L’ increases (Length dila-

tion).

And if L0 ¼ �i� L
ffiffiffiffiffiffiffiffiffiffiffi

v2

c2 � 1
q

this means that when v increases so L’ decreases (Length

contraction).
In fact, the minus sign confirms the fact that a length contraction can occur in G2

when v > c similar to the length contraction in the region where v < c that means in
the universe G1.

4.6 The entropy and the metaentropy

To understand the meaning of negative time in G2 relative to G1, then entropy is
the best tool. We know that entropy is defined as dS≥0 in the second principle of
thermodynamics. We say that when time grows, then entropy increases. Due to the
fact that time is negative as one possible solution in G2, this implies that we can have
dS≤0. Consequently, and for this case, we say that when time flows, then entropy (or
metaentropy) decreases. This means directly the following: The direction of evolution
in a part of G2 is the opposite to that in G1.

4.7 The transformation of velocities

We have from special relativity: v ¼ V 0�V
VV0
c2
�1

� �⇔v ¼ c2 V 0�Vð Þ
VV 0�c2ð Þ.

First Case:
This is the case of two bodies in G1, where their velocities are smaller than c.

G1
	!

G1
	!

Figure 8.
The flow of time in both the universe G1 and in a part of the metauniverse G2.
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We note that: V ¼ fc, where 0≤ f < 1 and V 0 ¼ f 0c, where 0≤ f 0 < 1.
This implies that:

v ¼ c2 f 0c� fc
� �

ff 0c2 � c2
� � ¼ c2 � c� f 0 � f

� �

c2 � ff 0 � 1
� � ¼ c f 0 � f

� �

ff 0 � 1

This relation is the one we use in relativistic computations. So, it is not new to us
and just as predicted by special relativity.

Second Case:
This is the case of a body in G1 (where the velocity is < c) and a beam of light

(where the velocity is c).

Light
			!

G1
	!

We have now: V ¼ c and V 0 ¼ f 0c, where 0≤ f 0 < 1. Then:

v ¼ c2 f 0c� c
� �

c� f 0c
� �

� c2
� �

Þ ¼
c3 � f 0 � 1

� �

c2 � f 0 � 1
� � ¼ c

This means that light is the limit velocity in G1 and is constant in it whatever the
velocity of the body in G1 relative to the beam of light. So just like Albert Einstein’s
special relativity has predicted.

Third Case:
This is the case of a beam of light relative to another beam of light.

Light
			!

Light
			!

lim
V 0!c

v ¼ lim
V 0!c

c2 V 0 � Vð Þ
VV 0 � c2ð Þ


 �

¼ lim
f 0!1

c� f 0 � 1
� �

f 0 � 1
� �

" #

¼ c

We know that we have here V ¼ c and V 0 ¼ c. In this case, v ¼ c, this is not new to
us also. It is the consequence of the relativistic transformation also.

Fourth Case:
This is the case of a beam of light relative to a moving body in G2, where the

velocity is greater than c.

Light
			!

G2
	!

We have now: V ¼ c and V 0 ¼ f 0c, where 1< f 0 < þ∞. Then:

v ¼ c2 f 0c� c
� �

c� f 0c
� �

� c2
� �

Þ ¼
c3 � f 0 � 1

� �

c2 � f 0 � 1
� � ¼ c

This means that relative to G2, light is still the limit velocity and is still constant. In
other words, G2 relative to Light is similar to G1 relative to Light. Light is the limit
velocity in bothG1 and G2. This fact will be more clarified and more understood in the
fifth case.

Fifth Case:
This is the case of a moving body in G2 relative to another moving body in G2.
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G2
	!

G2
	!

We have from Metarelativity: m ¼ �i�m0ffiffiffiffiffiffiffi
v2

c2
�1

p ⇔mG2 ¼ m0,G2
ffiffiffiffiffiffiffi
v2

c2
�1

p .wherem0,G2 is the starting

or the smallest mass in G2.

So, if mG2 ¼ m0,G2⇔m0,G2 ¼
m0,G2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

V2

c2
� 1

r ⇔1 ¼ 1
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

V2

c2
� 1

r

⇔

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

V2

c2
� 1

s

¼ 1⇔
V2

c2
� 1 ¼ 12 ¼ 1⇔

V2

c2
¼ 2⇔V2 ¼ 2c2

⇔V ¼ c
ffiffiffi

2
p

That means that the starting mass which is m0,G2 in the metauniverse G2 occurs

when V ¼ c
ffiffiffi

2
p

.

Assume that V ¼ c
ffiffiffi

2
p

(the smallest velocity in G2) and that V 0 ¼ βc
ffiffiffi

2
p

that is any
velocity greater or equal to the starting velocity, in other words: β≥ 1. This implies
that:

v ¼ c2 βc
ffiffiffi

2
p

� c
ffiffiffi

2
p� �

2βc2 � c2ð Þ ¼ c
ffiffiffi

2
p

β � 1ð Þ
2β � 1ð Þ

If β ¼ 1 then v ¼ 0.

If β ! þ∞ then v ! c
ffiffi
2

p

2 ¼ 0:7071c< c.
This is similar to the relativistic transformations since we have:

0≤ ν≤ c
ffiffi
2

p

2 ¼ 0:7071c< c. As if we are working in G1 exactly. This means that the
universe G2 relatively to itself behaves like the universe G1 relative to itself since the
velocity of G2 relative to G2 is smaller than c just like the velocity of G1 relative to G1.
This fact can be also explained as follows: G2 is as real as G1 relative to itself but at a
different level of experience and in higher dimensions. Accordingly, we can say that
G2 relative to itself is a “real” universe but relative to G1 is an “imaginary” universe as
it will be shown in the sixth and seventh cases.

Sixth Case:
This is the case of G2 relative to G1.

G1
	!

G2
	!

We note that: V ¼ fc, where 0≤ f < 1 and V 0 ¼ f 0c, where 1< f 0 < þ∞.
This implies that:

v ¼ c2 f 0c� fc
� �

ff 0c2 � c2
� � ¼ c2 � c� f 0 � f

� �

c2 � ff 0 � 1
� � ¼ c f 0 � f

� �

ff 0 � 1

So, if f ¼ 0 ) v ¼ c f 0�0ð Þ
0�f 0ð Þ�1

¼ f 0c
�1 ¼ �f 0c ) vj j ¼ f 0c> c since 1< f 0 < þ∞.

And if f ! 1 ) v ! c f 0�1ð Þ
1�f 0ð Þ�1

¼ c f 0�1ð Þ
f 0�1

¼ c.
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We have here νj j> c. This implies that the metarelativistic transformations are
needed here and for the first time.

Seventh Case:
This is the case of G1 relative to G2.

G2
	!

G1
	!

We note that: V ¼ fc, where 1< f < þ∞ and V 0 ¼ f 0c, where 0≤ f 0 < 1.
This implies that:

v ¼ c2 f 0c� fc
� �

ff 0c2 � c2
� � ¼ c2 � c� f 0 � f

� �

c2 � ff 0 � 1
� � ¼ c f 0 � f

� �

ff 0 � 1

So, if f 0 ¼ 0 ) v ¼ c 0�fð Þ
f�0ð Þ�1 ¼

�fc
�1 ¼ fc> c since 1< f < þ∞.

And if f 0 ! 1 ) v ! c 1�fð Þ
f�1ð Þ�1 ¼

1�fð Þc
f�1 ¼ �c ) vj j ! c.

We have here νj j> c. This implies that the metarelativistic transformations are
needed here also.

4.8 The new principle of Metarelativity

Now, if we want to elaborate on the new principle of Metarelativity, it will be:
“Inertial observers must correlate their observations by means of relativistic

Lorentz transformations if the velocity is smaller than c and by means of the
metarelativistic transformations if the velocity is greater than c, and all physical
quantities must transform from one inertial system to another in such a way that the
expression of the physical laws is the same for all inertial observers. The subluminal
universe is denoted by G1, the superluminal universe is denoted by G2, and the
luminal universe of frequencies is denoted by G3. The sum of G1, of the electromag-
netic waves EW, and of G2 is denoted by:

G = G1 + G3 + G2 = G1 þ Light þG2

and all electromagnetic waves (that include light) are at constant velocity in both
G1 and G2.”

As it was shown that the new theory does not destroy Einstein’s theory of relativity
that we know at all but on the contrary, it proves its veracity and then expands it to
the set of complex masses, time, lengths, and energies, which is the eight-dimensional
complex hyperspace  or equivalently in the total universe G.

5. The four models of MCPP: The road to the final and most general
model of MCPP

In this work and in the following sections in chapters 1 and 2 we will consider three
simplified models of MCPP then present at the end the final and most general model
[1–24, 30–43]. Each model is an enhanced and wider model than the previous one. In
all four models, we will consider the velocities of the bodies moving inG to be random
variables that follow certain probability distributions (PDFs) and certain
corresponding cumulative probability distribution functions (CDFs) in both the
subluminal universe G1 and the superluminal metauniverse G2. I have followed this
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methodology in order to develop gradually and systematically the MCPP paradigm
and in order to reach the final and most general model ofMCPP that can be adopted in
any possible and imaginable situation. Even the deterministic case, which is a special
case of the general random CPP, was also presented and considered in order to show
that MCPP is valid everywhere either in the deterministic or in the random case.
Consequently, and in each model, we evaluate the associated real, imaginary, and
complex probabilities as well as all the related MCPP parameters in the probabilities
sets R, M, and C; hence, in the universes G1, G2, G3, and G. Thus, we connect
successfully CPP with Metarelativity to unify both theories in a general and a unified
paradigm that we called MCPP.

In the first simplified model, the body velocities PDF1 in G1 and PDF2 in G2 are
taken to be both Gaussian and normal, in addition, the velocity in the metauniverseG2

varies here between c (light velocity) and 2c. In this reduced model, we restricted our
study to G = G1 + G2.

In the second simplified and more general model, the body velocities PDF1 in G1 and
PDF2 in G2 are taken also to be both Gaussian and normal, in addition, the velocity inG2

varies between c and nc, where n is an arbitrary and predetermined number having:
∀n, n∈ℝ

þ
: n> 1⇔n∈ 1,þ∞ð Þ: This was done since the velocities in G2 according to

Metarelativity vary between c and infinity. Hence, the second model is an improved
version of the first one. In this model, we restricted our study also to G = G1 + G2.

In the third simplified and wider model, the body velocities PDF1 in G1 and PDF2
in G2 are taken to follow any possible probability distribution whether discrete or
continuous and they do not have to be similar at all like in the previous two models,
this in order to be realistic. In addition, the velocity in G2 varies between c and nc also.
Thus, the third model is an enhanced model. In this model, we have considered also
only the universe G = G1 + G2.

The final and most general model is the sought model of MCPP. It is the goal of all
the calculations made and of the methodology adopted. Here, the body velocities PDF1
in G1 and PDF2 in G2 are taken to follow any possible probability distribution whether
discrete or continuous and they do not have to be similar at all in order to be totally
realistic. The velocity in G2 varies between c and nc also. Additionally, we have
included the contributions of the luminal universe of electromagnetic waves, which is
G3, where the velocity of the EW is c and the corresponding frequency follows any
possible probability distribution PDF3 and CDF3, respectively. Therefore, we have
considered here the most general case which is the total universe G = G1 + G2 + G3.
This final model links definitively and in the most general way CPP with
Metarelativity into the unified paradigm of MCPP.

Furthermore, in all four models in the two chapters, we have defined, calculated,
simulated, illustrated, and drawn all the probabilities and all the MCPP parameters in
R, M, and C = G.

6. The Metarelativistic complex probability paradigm (MCPP): A first
model

6.1 The real and imaginary probabilities

Let v1 be the velocity of a body in R1 with 0≤ v1 < c and let it be a random variable
that follows the normal distribution: N v1 ¼ c=2, σv1 ¼ c=6ð Þ where v1 is the mean or
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the expectation of this symmetric normal probability distribution of v1 or PDF1 v1ð Þ
and σv1 is its corresponding standard deviation.

And let v2 be the velocity of a body in R2 with c< v2 ≤ 2c and let it be
a random variable that follows the normal distribution: N v2 ¼ 3c=2, σv2 ¼ c=6ð Þ
where v2 is the mean or the expectation of this symmetric normal
probability distribution of v2 or PDF2 v2ð Þ and σv2 is its corresponding standard
deviation.

Then, PR1 ¼ Prob 0≤V ≤ v1ð Þ ¼ CDF1 0≤V ≤ v1ð Þ ¼
Ðv1

0

PDF1 vð Þdv ¼
Ðv1

0

N v ¼ c=2, σv ¼ c=6ð Þdv.

If v1 <0 ) PR1 ¼ Prob V <0ð Þ ¼ CDF1 V <0ð Þ ¼ 0.

If v1 ¼ 0 ) PR1 ¼ Prob V ≤0ð Þ ¼ CDF1 V ≤0ð Þ ¼
Ð0

0

PDF1 vð Þdv ¼ 0.

If v1 ¼ v1 ¼ c=2 ) PR1 ¼ Prob 0≤V ≤ c=2ð Þ ¼ CDF1 0≤V ≤ c=2ð Þ ¼
Ð
c=2

0

PDF1 vð Þdv ¼ 0:5.

If v1 ! c� ) PR1 ! Prob 0≤V < cð Þ ¼ CDF1 0≤V < cð Þ ¼
Ðc

0

PDF1 vð Þdv ¼
Ðc

0

N v ¼ c=2, σv ¼ c=6ð Þdv ¼ 1.

If v1 > c ) PR1 ¼ Prob V > cð Þ ¼ CDF1 V > cð Þ ¼
Ðv1

0

PDF1 vð Þdv ¼
Ðc

0

PDF1 vð Þdvþ
Ðv1

c

PDF1 vð Þdv
� 

¼ 1þ 0ð Þ ¼ 1.

And PR2 ¼ Prob c<V ≤ v2ð Þ ¼ CDF2 c<V ≤ v2ð Þ ¼
Ðv2

c

PDF2 vð Þdv ¼
Ðv2

c

N v ¼ 3c=2, σv ¼ c=6ð Þdv.

If v2 < c ) PR2 ¼ Prob V < cð Þ ¼ CDF2 V < cð Þ ¼ 0.

If v2 ! cþ ) PR2 !
Ðc

c

PDF2 vð Þdv ¼
Ðc

c

N v ¼ 3c=2, σv ¼ c=6ð Þdv ¼ 0.

If v2 ¼ v2 ¼ 3c=2 ) PR2 ¼ Prob c<V ≤ 3c=2ð Þ ¼ CDF2 c<V ≤ 3c=2ð Þ ¼
Ð
3c=2

c

PDF2 vð Þdv ¼ 0:5.

If v2 ¼ 2c ) PR2 ¼ Prob c<V ≤ 2cð Þ ¼ CDF2 c<V ≤ 2cð Þ ¼
Ð2c

c

PDF2 vð Þdv ¼
Ð2c

c

N v ¼ 3c=2, σv ¼ c=6ð Þdv ¼ 1.

If v2 > 2c

) PR2 ¼ Prob V > 2cð Þ ¼ CDF2 V > 2cð Þ

¼
ðv2

c

PDF2 vð Þdv ¼
ð2c

c

PDF2 vð Þdvþ
ðv2

2c

PDF2 vð Þdv

8

<

:

9

=

;
¼ 1þ 0ð Þ ¼ 1

Moreover,

PM1 ¼ i 1� PR1ð Þ ¼ i 1� Prob 0≤V ≤ v1ð Þ½ � ¼ i 1� CDF1 0≤V ≤ v1ð Þ½ � ¼ iCDF1 v1 <V < cð Þ

¼ i 1�
ðv1

0

PDF1 vð Þdv

2

4

3

5 ¼ i

ðc

v1

PDF1 vð Þdv ¼ i

ðc

v1

N v ¼ c=2, σv ¼ c=6ð Þdv

If v1 <0 )

PM1 ¼ i
Ðc

v1

PDF1 vð Þdv ¼ i
Ð0

v1

PDF1 vð Þdvþ
Ðc

0

PDF1 vð Þdv
� 

¼ i 0þ 1ð Þ ¼ i ) PM1=i ¼ 1.

If v1 ¼ 0
) PM1 ¼ i 1� Prob V ≤0ð Þ½ � ¼ i 1� CDF1 V ≤0ð Þ½ � ¼ i 1� 0ð Þ ¼ i ) PM1=i ¼ 1.
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If v1 ¼ v1 ¼ c=2

) PM1 ¼ i 1� Prob 0≤V ≤ c=2ð Þ½ � ¼ i 1� CDF1 0≤V ≤ c=2ð Þ½ �

¼ i 1�
ð
c=2

0

PDF1 vð Þdv

2

6
4

3

7
5 ¼ i

ðc

c=2

PDF1 vð Þdv ¼ i 1� 0:5ð Þ ¼ 0:5i ) PM1=i ¼ 0:5

If v1 ! c�

) PM1 ! i 1� Prob 0≤V < cð Þ½ � ¼ i 1� CDF1 0≤V < cð Þ½ � ¼ i 1�
Ðc

0

PDF1 vð Þdv

 �

¼ i 1� 1ð Þ ¼ 0

) PM1=i ! 0
If v1 > c ) PM1 ¼ 0 ) PM1=i ¼ 0.
And

PM2 ¼ i 1� PR2ð Þ ¼ i 1� Prob c<V ≤ v2ð Þ½ � ¼ i 1� CDF2 c<V ≤ v2ð Þ½ � ¼ iCDF2 v2 <V ≤ 2cð Þ

¼ i 1�
ðv2

c

PDF2 vð Þdv

2

4

3

5 ¼ i

ð2c

v2

PDF2 vð Þdv ¼ i

ð2c

v2

N v ¼ 3c=2, σv ¼ c=6ð Þdv

If v2 < c ) PM2 ¼ i
Ð2c

v2

PDF2 vð Þdv ¼ i
Ðc

v2

PDF2 vð Þdvþ
Ð2c

c

PDF2 vð Þdv
� 

¼ i 0þ 1ð Þ ¼ i

) PM2=i ¼ 1.
If
v2 ! cþ ) PM2 ! i 1� Prob V ≤ v2ð Þ½ � ¼ iProb c<V ≤ 2cð Þ ¼ i� 1 ¼ i ) PM2=i ! 1.
If v2 ¼ v2 ¼ 3c=2

) PM2 ¼ i 1� Prob c<V ≤ 3c=2ð Þ½ � ¼ i 1� CDF2 c<V ≤ 3c=2ð Þ½ �

¼ i 1�
ð

3c=2

c

PDF2 vð Þdv

2

6
4

3

7
5 ¼ i

ð2c

3c=2

PDF2 vð Þdv ¼ i 1� 0:5ð Þ ¼ 0:5i ) PM2=i ¼ 0:5

If v2 ¼ 2c

) PM2 ¼ i 1� Prob c<V ≤ 2cð Þ½ � ¼ i 1� CDF2 c<V ≤ 2cð Þ½ � ¼ i 1�
Ð2c

c

PDF2 vð Þdv

 �

¼ i 1� 1ð Þ ¼ 0

) PM2=i ¼ 0
If v2 > 2c ) PM2 ¼ 0 ) PM2=i ¼ 0.
We have R ¼ R1 0≤ v< cð Þ þ R2 c< v≤ 2cð Þ.
Now, let PR ¼ PR1þPR2

2 and it is equal to half of the sum of the cumulative probability
that 0≤V ≤ v1 in R1 and the cumulative probability that c<V ≤ v2 in R2.

) PR ¼ CDF1 0≤V ≤ v1ð Þ þ CDF2 c<V ≤ v2ð Þ
2

¼ 1

2

ðv1

0

PDF1 vð Þdvþ
ðv2

c

PDF2 vð Þdv

8

<

:

9

=

;

¼ 1

2

ðv1

0

N v ¼ c=2, σv ¼ c=6ð Þdvþ
ðv2

c

N v ¼ 3c=2ð , σv ¼ c=6Þdv

8

<

:

9

=

;
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We have in G ¼ C ¼ RþM ¼ G1 + G2: 0≤ v≤ 2c with v 6¼ c.
So, if 0≤ v< c ) PR1 ¼ Prob 0≤V ≤ vð Þ ¼ CDF1 0≤V ≤ vð Þ.
And PR2 ¼ Prob V < cð Þ ¼ CDF2 V < cð Þ ¼ 0

) PR ¼ CDF1 0≤V ≤ vð Þ þ 0

2
¼ CDF1 0≤V ≤ vð Þ

2
¼ PR1

2

Therefore, we say here that we are working in the real probability universeR ¼ R1

alone.
And if c< v≤ 2c ) PR1 ¼ Prob V > cð Þ ¼ CDF1 V > cð Þ ¼ 1.
And PR2 ¼ Prob c<V ≤ vð Þ ¼ CDF2 c<V ≤ vð Þ

) PR ¼ 1þ CDF2 c<V ≤ vð Þ
2

¼ 1þ PR2

2

Therefore, we say here that we are working in the real probability universeR ¼ R2

alone.
And, if 0≤ v≤ 2c with v 6¼ c ) PR1 ¼ Prob 0≤V ≤ vð Þ ¼ CDF1 0≤V ≤ vð Þ.
And PR2 ¼ Prob c<V ≤ vð Þ ¼ CDF2 c<V ≤ vð Þ

) PR ¼ CDF1 0≤V ≤ vð Þ þ CDF2 c<V ≤ vð Þ
2

¼ PR1 þ PR2

2

Therefore, we say here that we are working in the real probability universe
R ¼ R1 þ R2.

And consequently,

if v<0 ) PR ¼ CDF1 V <0ð Þ
2 ¼ 0

2 ¼ 0.

if v ¼ c=2 ) PR ¼ CDF1 0≤V ≤ c=2ð ÞþCDF2 V < cð Þ
2 ¼ 0:5þ0

2 ¼ 0:25.

if v ! c� ) PR ! CDF1 0≤V < cð ÞþCDF2 V < cð Þ
2 ¼ 1þ0

2 ¼ 0:5.

if v ¼ 3c=2 ) PR ¼ CDF1 0≤V < cð ÞþCDF2 c<V ≤ 3c=2ð Þ
2 ¼ 1þ0:5

2 ¼ 0:75.

if v ¼ 2c ) PR ¼ CDF1 0≤V < cð ÞþCDF2 c<V ≤ 2cð Þ
2 ¼ 1þ1

2 ¼ 1.
We have M ¼ M1 0≤ v< cð Þ þM2 c< v≤ 2cð Þ.
Now, let PM ¼ PM1þPM2

2 and it is equal to half of the sum of the complement of the
cumulative probability that 0≤V ≤ v1 in M1 and the complement of the cumulative
probability that c<V ≤ v2 in M2.

) PM ¼ i 1� PR1ð Þ þ i 1� PR2ð Þ
2

¼ 2i� i PR1 þ PR2ð Þ
2

¼ i� i PR1 þ PR2ð Þ
2

¼ i 1� PR1 þ PR2ð Þ
2


 �

¼ i 1� PRð Þ

) PM ¼ i 1� CDF1 0≤V ≤ v1ð Þ½ � þ i 1� CDF2 c<V ≤ v2ð Þ½ �
2

¼ i

2

ðv1

0

1� PDF1 vð Þ½ �dvþ
ðv2

c

1� PDF2 vð Þ½ �dv

8

<

:

9

=

;

¼ i

2

ðv1

0

1�N v ¼ c=2, σv ¼ c=6ð Þ½ �dvþ
ðv2

c

1�N v ¼ 3c=2, σv ¼ c=6ð Þ½ �dv

8

<

:

9

=

;

¼ i

2

ðc

v1

N v ¼ c=2, σv ¼ c=6ð Þdvþ
ð2c

v2

N v ¼ 3c=2ð , σv ¼ c=6Þdv

8

<

:

9

=

;
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We have in G ¼ C ¼ RþM ¼ G1 + G2: 0≤ v≤ 2c with v 6¼ c.
So, if 0≤ v< c ) PM1 ¼ i 1� Prob 0≤V ≤ vð Þ½ � ¼ i 1� CDF1 0≤V ≤ vð Þ½ �.
And PM2 ¼ i 1� Prob V < cð Þ½ � ¼ i 1� CDF2 V < cð Þ½ � ¼ i 1� 0ð Þ ¼ i

) PM ¼ i 1� CDF1 0≤V ≤ vð Þ½ � þ i

2
¼ iþ PM1

2
¼ i 1� PR1

2


 �

Therefore, we say here that we are working in the imaginary probability universe
M ¼ M1 alone.

And if c< v≤ 2c ) PM1 ¼ i 1� Prob V > cð Þ½ � ¼ i 1� CDF1 V > cð Þ½ � ¼ i 1� 1ð Þ ¼ 0.
And PM2 ¼ i 1� Prob c<V ≤ vð Þ½ � ¼ i 1� CDF2 c<V ≤ vð Þ½ �

) PM ¼ 0þ i 1� CDF2 c<V ≤ vð Þ½ �
2

¼ PM2

2
¼ i

1� PR2

2


 �

Therefore, we say here that we are working in the imaginary probability universe
M ¼ M2 alone.

And, if
0≤ v≤ 2c with v 6¼ c ) PM1 ¼ i 1� Prob 0≤V ≤ vð Þ½ � ¼ i 1� CDF1 0≤V ≤ vð Þ½ �.

And PM2 ¼ i 1� Prob c<V ≤ vð Þ½ � ¼ i 1� CDF2 c<V ≤ vð Þ½ �
) PM ¼ i 1�CDF1 0≤V < cð Þ½ �þi 1�CDF2 c<V ≤ vð Þ½ �

2 ¼ PM1þPM2
2 ¼ i 1� PR1þPR2

2

� �

¼ i 1� PR½ �.
Therefore, we say here that we are working in the imaginary probability universe

M ¼ M1 þM2.

And consequently, if v<0 ) PM ¼ i 1� CDF1 V <0ð Þ
2

h i

¼ i 1� 0
2

� �

¼ i ) PM=i ¼ 1.

if v ¼ c=2 ) PM ¼ i 1� CDF1 0≤V ≤ c=2ð ÞþCDF2 V < cð Þ
2

h i

¼ i 1� 0:5þ0
2

� �

¼ 0:75i

) PM=i ¼ 0:75

if v ! c� ) PM ! i 1� CDF1 0≤V < cð ÞþCDF2 V < cð Þ
2

h i

¼ i 1� 1þ0
2

� �

¼ 0:5i ) PM=i ! 0:5.

if v ¼ 3c=2 ) PM ¼ i 1� CDF1 0≤V < cð ÞþCDF2 c<V ≤ 3c=2ð Þ
2

h i

¼ i 1� 1þ0:5
2

� �

¼ 0:25i

) PM=i ¼ 0:25

if v ¼ 2c ) PM ¼ i 1� CDF1 0≤V < cð ÞþCDF2 c<V ≤ 2cð Þ
2

h i

¼ i 1� 1þ1
2

� �

¼ i 1� 1ð Þ ¼ 0

) PM=i ¼ 0

In addition, since v ¼ c is an axis of symmetry then we can deduce from calculus
that:

PR1 0≤ v1 < c½ � ¼ PM2 c< v2 ¼ 2c� v1ð Þ≤ 2c½ �=i ¼ 1� PR2 c< v2 ¼ 2c� v1ð Þ≤ 2c½ �

Check that: PR1 0≤ v1 ¼ 0ð Þ< c½ � ¼ PM2 c< v2 ¼ 2c� v1 ¼ 2c� 0 ¼ 2cð Þ≤ 2c½ �=i ¼ 0

PR1 0≤ v1 ¼ c=2ð Þ< c½ � ¼ PM2 c< v2 ¼ 2c� v1 ¼ 2c� c=2 ¼ 3c=2ð Þ≤ 2c½ �=i ¼ 0:5

PR1 0≤ v1 ! cð Þ< c½ � ¼ PM2 c< v2 ¼ 2c� v1 ! 2c� c ¼ cð Þ≤ 2c½ �=i ¼ 1

And,
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PR2 c< v2 ≤ 2c½ � ¼ PM1 0≤ v1 ¼ 2c� v2ð Þ< c½ �=i ¼ 1� PR1 0≤ v1 ¼ 2c� v2ð Þ< c½ �
Check that: PR2 c< v2 ¼ 2cð Þ≤ 2c½ � ¼ PM1 0≤ v1 ¼ 2c� v2 ¼ 2c� 2c ¼ 0ð Þ< c½ �=i ¼ 1

PR2 c< v2 ¼ 3c=2ð Þ≤ 2c½ � ¼ PM1 0≤ v1 ¼ 2c� v2 ¼ 2c� 3c=2 ¼ c=2ð Þ< c½ �=i ¼ 0:5

PR2 c< v2 ! cð Þ≤ 2c½ � ¼ PM1 0≤ v1 ¼ 2c� v2 ! 2c� c ¼ cð Þ< c½ �=i ¼ 0

Therefore, for any value of 0≤ v≤ 2c with v 6¼ c, we can write without any confu-
sion that:

PM1 ¼ i 1� PR1ð Þ and PR1 ¼ 1� PM1=i

hence, M1 is the imaginary complementary probability universe to the real proba-
bility universe R1.

And PM2 ¼ i 1� PR2ð Þ and PR2 ¼ 1� PM2=i

hence, M2 is the imaginary complementary probability universe to the real proba-
bility universe R2.

Additionally, in condition and in the case where v2 ¼ 2c� v1, we have:

PR1 0≤ v1 < c½ � þ PR2 c< v2 ¼ 2c� v1ð Þ≤ 2c½ � ¼ 1

hence, R2 is the real complementary probability universe to the real probability
universe R1:

And, PM1 0≤ v1 < c½ � þ PM2 c< v2 ¼ 2c� v1ð Þ≤ 2c½ � ¼ i

hence, M2 is the imaginary complementary probability universe to the imaginary
probability universe M1.

Moreover, in all cases and for any value of v : 0≤ v≤ 2c with v 6¼ c, we have:

PR ¼ PR1þPR2

2 where R ¼ R1 þ R2.

And PM ¼ PM1þPM2
2 where M ¼ M1 þM2.

Check that:

PM ¼ i 1� PR1ð Þ þ i 1� PR2ð Þ
2

¼ 2i� i PR1 þ PR2ð Þ
2

¼ i� i PR1 þ PR2ð Þ
2

¼ i 1� PR1 þ PR2ð Þ
2


 �

¼ i 1� PRð Þ

Hence, M is the imaginary complementary probability universe to the real prob-
ability universe R:

Moreover, we have in G ¼ C ¼ RþM, where 0≤ v≤ 2c with v 6¼ c:
C ¼ R1 þ R2ð Þ þ M1 þM2ð Þ ¼ R1 þM1ð Þ þ R2 þM2ð Þ ¼ C1 þC2.
In fact, in C1 we have: Pc1 ¼ PR1 þ PM1=i ¼ PR1 þ 1� PR1ð Þ ¼ 1.
And, in C2 we have: Pc2 ¼ PR2 þ PM2=i ¼ PR2 þ 1� PR2ð Þ ¼ 1.
And, in C we have:

Pc ¼ PR þ PM=i ¼
PR1 þ PR2

2
þ PM1 þ PM2

2


 �

=i

¼ PR1 þ PR2

2
þ i 1� PR1ð Þ þ i 1� PR2ð Þ

2


 �

=i

¼ PR1 þ PR2

2
þ 1� PR1ð Þ þ 1� PR2ð Þ

2
¼ PR1 þ PR2

2
þ 1� PR1 þ PR2

2
¼ 1
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We can write also:

Pc ¼ PR þ PM=i

¼ PR1 þ PR2

2
þ PM1 þ PM2

2


 �

=i ¼ PR1 þ PM1=i

2
þ PR2 þ PM2=i

2
¼ Pc1

2
þ Pc2

2

¼ Pc1 þ Pc2
2

¼ 1þ 1

2
¼ 1

Consequently: Pc ¼ Pc1 ¼ Pc2 ¼ 1, in accordance with CPP axioms.
Furthermore, we have:
G = G1 0≤ v< cð Þ + G2 c< v≤ 2cð Þ, which means that the total universe G is the sum

of the real subluminal universe G1 and the imaginary superluminal universe or
metauniverse G2.

Additionally, the real subluminal universe G1 corresponds to the complex proba-
bility universe C1, which is also subluminal, hence: G1 = C1 =R1 þM1 with 0≤ v< cð Þ.
And the imaginary superluminal universe G2 or metauniverse corresponds to the
complex probability universe C2, which is also superluminal; hence,
G2 = C2 = R2 þM2 with c< v≤ 2cð Þ.

Therefore,

PG1 ¼ Pc1 ¼ PR1 þ PM1=i ¼ PR1 þ 1� PR1ð Þ ¼ 1 and

PG2 ¼ Pc2 ¼ PR2 þ PM2=i ¼ PR2 þ 1� PR2ð Þ ¼ 1:

Consequently, the complex total universe G = G1 0≤ v< cð Þ + G2 c< v≤ 2cð Þ, which
is the sum of the universe and the metauniverse corresponds to the complex proba-
bility universe C having:

G ¼ C ¼ RþM ¼ R1 þ R2ð Þ þ M1 þM2ð Þ ¼ R1 þM1ð Þ þ R2 þM2ð Þ
¼ C1 0≤ v< cð Þ þC2 c< v≤ 2cð Þ= G1 0≤ v< cð Þ + G2 c< v≤ 2cð Þ with

0≤ v≤ 2c and v 6¼ c,
Hence,

PG ¼ Pc ¼ PG1 þ PG2

2
¼ Pc1 þ Pc2

2
¼ 1þ 1

2
¼ 1

Hence, Pc ¼ 1, in accordance with CPP axioms.
Thus, we can conclude that, by adding the complementary imaginary probabilities

universes M1, M2 and M to the real probabilities universes R1, R2 and R then all
random phenomena in the complex probabilities’ universes C1, C2, and C, and hence
in the subluminal universe G1, in the superluminal universe G2, and in the total and
complex universe G, become absolutely and perfectly deterministic with probabilities:

Pc ¼ Pc1 ¼ Pc2 ¼ 1 and PG ¼ PG1 ¼ PG2 ¼ 1:

6.2 The MCPP parameters of the first model

The real probabilities in R =R1 þ R2:

PR ¼ PR1 þ PR2

2

The imaginary complementary probabilities in M = M1 þM2:
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PM ¼ PM1 þ PM2

2
¼ i 1� PRð Þ ¼ i 1� PR1 þ PR2ð Þ

2


 �

The real complementary probabilities in R =R1 þ R2:

PM=i ¼
PM1 þ PM2

2


 �

=i ¼ PM1=iþ PM2=i

2

¼ i 1� PRð Þ=i ¼ 1� PR1 þ PR2ð Þ
2

The Complex Random Vectors in G ¼ C ¼ RþM ¼ G1 + G2.
We have: In G1: Z1 ¼ PR1 þ PM1 and in G2: Z2 ¼ PR2 þ PM2.

Then, in G: Z ¼ PR þ PM ¼ PR1þPR2

2 þ PM1þPM2

2 ¼ PR1þPM1

2 þ PR2þPM2

2 ¼ Z1þZ2

2 .
The degrees of our knowledge:

We have: In G1: DOK1 ¼ Z1j j2 ¼ PR1 þ PM1j j2 ¼ P2
R1 þ PM1=i½ �2 ¼ P2

R1 þ 1� PR1½ �2.
In G2: DOK2 ¼ Z2j j2 ¼ PR2 þ PM2j j2 ¼ P2

R2 þ PM2=i½ �2 ¼ P2
R2 þ 1� PR2½ �2.

Then, in G:

DOK ¼ Zj j2 ¼ PR þ PMj j2 ¼ P2
R þ PM=i½ �2 ¼ P2

R þ 1� PR½ �2

¼ PR1 þ PR2

2


 �2

þ 1� PR1 þ PR2

2

� �
 �2

The chaotic factors:
We have: In G1:

Chf 1 ¼ 2iPR1PM1 ¼ 2iPR1i 1� PR1ð Þ ¼ 2i2PR1 1� PR1ð Þ ¼ �2PR1 1� PR1ð Þ.
In G2: Chf 2 ¼ 2iPR2PM2 ¼ 2iPR2i 1� PR2ð Þ ¼ 2i2PR2 1� PR2ð Þ ¼ �2PR2 1� PR2ð Þ.
Then, in G:

Chf ¼ 2iPRPM ¼ 2iPRi 1� PRð Þ ¼ 2i2PR 1� PRð Þ ¼ �2PR 1� PRð Þ

¼ �2
PR1 þ PR2

2


 �

1� PR1 þ PR2

2

� �
 �

The magnitudes of the chaotic factors:
We have: In G1:

MChf 1 ¼ Chf 1
�
�

�
� ¼ �2iPR1PM1 ¼ �2iPR1i 1� PR1ð Þ ¼ �2i2PR1 1� PR1ð Þ ¼ 2PR1 1� PR1ð Þ.

In G2: MChf 2 ¼ Chf 2
�
�

�
� ¼ �2iPR2PM2 ¼ �2iPR2i 1� PR2ð Þ ¼ �2i2PR2 1� PR2ð Þ ¼ 2PR2 1� PR2ð Þ.

Then, in G:

MChf ¼ Chfj j ¼ �2iPRPM ¼ �2iPRi 1� PRð Þ ¼ �2i2PR 1� PRð Þ ¼ 2PR 1� PRð Þ

¼ 2
PR1 þ PR2

2


 �

1� PR1 þ PR2

2

� �
 �

The deterministic probabilities in G ¼ C ¼ RþM:
We have: In G1:

Pc21 ¼ PR1 þ PM1=i½ �2 ¼ PR1 þ 1� PR1ð Þ½ �2 ¼ 12 ¼ 1

¼ DOK1 � Chf 1 ¼ 1

¼ DOK1 þMChf 1 ¼ 1

¼ Pc1
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In G2:

Pc22 ¼ PR2 þ PM2=i½ �2 ¼ PR2 þ 1� PR2ð Þ½ �2 ¼ 12 ¼ 1

¼ DOK2 � Chf 2 ¼ 1

¼ DOK2 þMChf 2 ¼ 1

¼ Pc2

Then, in G:

Pc2 ¼ PR þ PM=i½ �2 ¼ PR þ 1� PRð Þ½ �2 ¼ 12 ¼ 1

¼ DOK � Chf ¼ 1

¼ DOK þMChf ¼ 1

¼ Pc

6.3 The deterministic cases and the MCPP parameters of the first model

Additionally, it is crucial and very important to mention here that if the real
probabilities PR1 and PR2 are equal to one or zero, then we will return directly to the
deterministic theory, which is a special nonrandom case of the probabilistic complex
probability paradigm (MCPP) general case. Hence, this certainly proves that MCPP is
always valid in the deterministic case or in the probabilistic and random case.

Consequently, in the deterministic situation, we will have these possible four cases:
Case 1:
PR1 = 1 and PR2 = 1, that means we are working inG = G1 0≤ v< cð Þ + G2 c< v≤ 2cð Þ.
PM1=i 1� PR1ð Þ= i 1� 1ð Þ= 0 and PM2=i 1� PR2ð Þ= i 1� 1ð Þ= 0.
PM1=i= i 1� PR1ð Þ=i ¼ 1� PR1= 1� 1 ¼0 and PM2=i= i 1� PR2ð Þ=i ¼ 1� PR2=

1� 1 ¼0.
PR1 þ PM1=i ¼ PR1 þ i 1� PR1ð Þ=i ¼ 1þ 0 ¼ 1 ¼ PG1 ¼ Pc1 and

PR2 þ PM2=i ¼ PR2 þ i 1� PR2ð Þ=i ¼ 1þ 0 ¼ 1 ¼ PG2 ¼ Pc2.

Hence, PR ¼ PR1þPR2

2 ¼ 1þ1
2 ¼ 1 and PM ¼ PM1þPM2

2 ¼ 0þ0
2 ¼ 0.

So, PR þ PM=i ¼ PR þ i 1� PRð Þ=i ¼ 1þ 0 ¼ 1 ¼ Pc.

And PG ¼ PG1þPG2

2 ¼ 1þ1
2 ¼ 1 ¼ Pc

Z1 ¼ PR1 þ PM1 ¼ 1þ 0 ¼ 1

Z2 ¼ PR2 þ PM2 ¼ 1þ 0 ¼ 1

Z ¼ PR þ PM ¼ 1þ 0 ¼ 1 ¼ Z1 þ Z2

2
¼ 1þ 1

2
¼ 1

DOK1 ¼ Z1j j2 ¼ P2
R1 þ PM1=ið Þ2 ¼ 12 þ 02 ¼ 1

DOK2 ¼ Z2j j2 ¼ P2
R2 þ PM2=ið Þ2 ¼ 12 þ 02 ¼ 1

DOK ¼ Zj j2 ¼ P2
R þ PM=ið Þ2 ¼ 12 þ 02 ¼ 1

Chf 1 ¼ 2iPR1PM1 ¼ 2i� 1� 0 ¼ 0

Chf 2 ¼ 2iPR2PM2 ¼ 2i� 1� 0 ¼ 0
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Chf ¼ 2iPRPM ¼ 2i� 1� 0 ¼ 0

MChf 1 ¼ Chf 1
�
�

�
� ¼ �2iPR1PM1 ¼ �2i� 1� 0 ¼ 0

MChf 2 ¼ Chf 2
�
�

�
� ¼ �2iPR2PM2 ¼ �2i� 1� 0 ¼ 0

MChf ¼ Chfj j ¼ �2iPRPM ¼ �2i� 1� 0 ¼ 0

Pc21 ¼ PR1 þ PM1=ið Þ2 ¼ 1þ 0ð Þ2 ¼ 12 ¼ 1

¼ DOK1 � Chf 1 ¼ 1� 0 ¼ 1

¼ DOK1 þMChf 1 ¼ 1þ 0 ¼ 1

¼ Pc1

Pc22 ¼ PR2 þ PM2=ið Þ2 ¼ 1þ 0ð Þ2 ¼ 12 ¼ 1

¼ DOK2 � Chf 2 ¼ 1� 0 ¼ 1

¼ DOK2 þMChf 2 ¼ 1þ 0 ¼ 1

¼ Pc2

Pc2 ¼ PR þ PM=ið Þ2 ¼ 1þ 0ð Þ2 ¼ 12 ¼ 1

¼ DOK � Chf ¼ 1� 0 ¼ 1

¼ DOK þMChf ¼ 1þ 0 ¼ 1

¼ Pc

Case 2:
PR1 = 1 and PR2 = 0, that means we are working in G = G1 0≤ v< cð Þ alone.
PM1=i 1� PR1ð Þ= i 1� 1ð Þ ¼ 0 and PM2=i 1� PR2ð Þ= i 1� 0ð Þ ¼ i.
PM1=i= i 1� PR1ð Þ=i ¼ 1� PR1= 1� 1 ¼ 0 and PM2=i= i 1� PR2ð Þ=i ¼ 1� PR2=

1� 0 ¼ 1.
PR1 þ PM1=i ¼ PR1 þ i 1� PR1ð Þ=i ¼ 1þ 0 ¼ 1 ¼ PG1 ¼ Pc1 and

PR2 þ PM2=i ¼ PR2 þ i 1� PR2ð Þ=i ¼ 0þ 1 ¼ 1 ¼ PG2 ¼ Pc2.

Hence, PR ¼ PR1þPR2

2 ¼ 1þ0
2 ¼ 0:5 and PM ¼ PM1þPM2

2 ¼ 0þi
2 ¼ 0:5i.

So, PR þ PM=i ¼ PR þ i 1� PRð Þ=i ¼ 0:5þ 0:5 ¼ 1 ¼ Pc.

And PG ¼ PG1þPG2

2 ¼ 1þ1
2 ¼ 1 ¼ Pc

Z1 ¼ PR1 þ PM1 ¼ 1þ 0 ¼ 1

Z2 ¼ PR2 þ PM2 ¼ 0þ i ¼ i

Z ¼ PR þ PM ¼ 0:5þ 0:5i ¼ Z1 þ Z2

2
¼ 1þ i

2
¼ 1

2
þ i

2
¼ 0:5þ 0:5i

DOK1 ¼ Z1j j2 ¼ P2
R1 þ PM1=ið Þ2 ¼ 12 þ 02 ¼ 1

DOK2 ¼ Z2j j2 ¼ P2
R2 þ PM2=ið Þ2 ¼ 02 þ 12 ¼ 1

DOK ¼ Zj j2 ¼ P2
R þ PM=ið Þ2 ¼ 0:52 þ 0:52 ¼ 0:5

Chf 1 ¼ 2iPR1PM1 ¼ 2i� 1� 0 ¼ 0

Chf 2 ¼ 2iPR2PM2 ¼ 2i� 0� i ¼ 0
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Chf ¼ 2iPRPM ¼ 2i� 0:5� 0:5i ¼ �0:5

MChf 1 ¼ Chf 1
�
�

�
� ¼ �2iPR1PM1 ¼ �2i� 1� 0 ¼ 0

MChf 2 ¼ Chf 2
�
�

�
� ¼ �2iPR2PM2 ¼ �2i� 0� i ¼ 0

MChf ¼ Chfj j ¼ �2iPRPM ¼ �2i� 0:5� 0:5i ¼ 0:5

Pc21 ¼ PR1 þ PM1=ið Þ2 ¼ 1þ 0ð Þ2 ¼ 12 ¼ 1

¼ DOK1 � Chf 1 ¼ 1� 0 ¼ 1

¼ DOK1 þMChf 1 ¼ 1þ 0 ¼ 1

¼ Pc1

Pc22 ¼ PR2 þ PM2=ið Þ2 ¼ 0þ 1ð Þ2 ¼ 12 ¼ 1

¼ DOK2 � Chf 2 ¼ 1� 0 ¼ 1

¼ DOK2 þMChf 2 ¼ 1þ 0 ¼ 1

¼ Pc2

Pc2 ¼ PR þ PM=ið Þ2 ¼ 0:5þ 0:5ð Þ2 ¼ 12 ¼ 1

¼ DOK � Chf ¼ 0:5� �0:5ð Þ ¼ 0:5þ 0:5 ¼ 1

¼ DOK þMChf ¼ 0:5þ 0:5 ¼ 1

¼ Pc

These results can be understood and explained since we are considering in this case
only the subluminal universe G1 and discarding totally the superluminal universe G2;
hence, we are looking at one part or half of the whole picture, which is the total
complex universe G = G1 + G2. Additionally, both G1 and G2 have equal probabilities
to be considered in G and which are PR ¼ PM=i ¼ 1

2 ¼ 0:5. Moreover, and for the same
reason, DOK which is the degree of our knowledge in the whole universe G is mini-
mum and is equal to 0.5; hence, accordingly MChf, which measures the magnitude of
chaos and ignorance inG is maximum and is equal to 0.5. Knowing that Pc inG, which
is computed by subtracting and eliminating chaos materialized by Chf from the
experiment and after adding the contributions of M to G, is always maintained as
equal to 1 = 100%.

Case 3:
PR1 = 0 and PR2 = 1, that means we are working in G = G2 c< v≤ 2cð Þ alone.
PM1=i 1� PR1ð Þ= i 1� 0ð Þ ¼ i and PM2=i 1� PR2ð Þ= i 1� 1ð Þ= 0.
PM1=i= i 1� PR1ð Þ=i ¼ 1� PR1= 1� 0 ¼ 1 and PM2=i= i 1� PR2ð Þ=i ¼ 1� PR2=

1� 1 ¼ 0.
PR1 þ PM1=i ¼ PR1 þ i 1� PR1ð Þ=i ¼ 0þ 1 ¼ 1 ¼ PG1 ¼ Pc1 and

PR2 þ PM2=i ¼ PR2 þ i 1� PR2ð Þ=i ¼ 1þ 0 ¼ 1 ¼ PG2 ¼ Pc2.

Hence, PR ¼ PR1þPR2
2 ¼ 0þ1

2 ¼ 0:5 and PM ¼ PM1þPM2
2 ¼ iþ0

2 ¼ 0:5i.
So, PR þ PM=i ¼ PR þ i 1� PRð Þ=i ¼ 0:5þ 0:5 ¼ 1 ¼ Pc.

And PG ¼ PG1þPG2

2 ¼ 1þ1
2 ¼ 1 ¼ Pc

Z1 ¼ PR1 þ PM1 ¼ 0þ i ¼ i

Z2 ¼ PR2 þ PM2 ¼ 1þ 0 ¼ 1
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Z ¼ PR þ PM ¼ 0:5þ 0:5i ¼ Z1 þ Z2

2
¼ iþ 1

2
¼ i

2
þ 1

2
¼ 0:5þ 0:5i

DOK1 ¼ Z1j j2 ¼ P2
R1 þ PM1=ið Þ2 ¼ 02 þ 12 ¼ 1

DOK2 ¼ Z2j j2 ¼ P2
R2 þ PM2=ið Þ2 ¼ 12 þ 02 ¼ 1

DOK ¼ Zj j2 ¼ P2
R þ PM=ið Þ2 ¼ 0:52 þ 0:52 ¼ 0:5

Chf 1 ¼ 2iPR1PM1 ¼ 2i� 0� i ¼ 0

Chf 2 ¼ 2iPR2PM2 ¼ 2i� 1� 0 ¼ 0

Chf ¼ 2iPRPM ¼ 2i� 0:5� 0:5i ¼ �0:5

MChf 1 ¼ Chf 1
�
�

�
� ¼ �2iPR1PM1 ¼ �2i� 0� i ¼ 0

MChf 2 ¼ Chf 2
�
�

�
� ¼ �2iPR2PM2 ¼ �2i� 1� 0 ¼ 0

MChf ¼ Chfj j ¼ �2iPRPM ¼ �2i� 0:5� 0:5i ¼ 0:5

Pc21 ¼ PR1 þ PM1=ið Þ2 ¼ 0þ 1ð Þ2 ¼ 12 ¼ 1

¼ DOK1 � Chf 1 ¼ 1� 0 ¼ 1

¼ DOK1 þMChf 1 ¼ 1þ 0 ¼ 1

¼ Pc1

Pc22 ¼ PR2 þ PM2=ið Þ2 ¼ 1þ 0ð Þ2 ¼ 12 ¼ 1

¼ DOK2 � Chf 2 ¼ 1� 0 ¼ 1

¼ DOK2 þMChf 2 ¼ 1þ 0 ¼ 1

¼ Pc2

Pc2 ¼ PR þ PM=ið Þ2 ¼ 0:5þ 0:5ð Þ2 ¼ 12 ¼ 1

¼ DOK � Chf ¼ 0:5� �0:5ð Þ ¼ 0:5þ 0:5 ¼ 1

¼ DOK þMChf ¼ 0:5þ 0:5 ¼ 1

¼ Pc

These results can be understood and explained since we are considering in this case
only the superluminal universe G2 and discarding totally the subluminal universe G1;
hence, we are looking at one part or half of the whole picture, which is the total complex
universe G = G1 + G2. Additionally, both G1 and G2 have equal probabilities to be
considered inG and which are PR ¼ PM=i ¼ 1

2 ¼ 0:5. Moreover, and for the same reason,
DOK which is the degree of our knowledge in the whole universe G is minimum and is
equal to 0.5; hence, accordinglyMChf which measures the magnitude of chaos and
ignorance inG is maximum and is equal to 0.5. Knowing that Pc inG, which is computed
by subtracting and eliminating chaos materialized by Chf from the experiment and after
adding the contributions ofM to G, is always maintained as equal to 1 = 100%.

Case 4:
PR1 = 0 and PR2 = 0, that means that we have impossible events and experiments in

the whole G.
PM1=i 1� PR1ð Þ= i 1� 0ð Þ ¼ i and PM2=i 1� PR2ð Þ= i 1� 0ð Þ ¼ i.
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PM1=i= i 1� PR1ð Þ=i ¼ 1� PR1= 1� 0 ¼1 and PM2=i= i 1� PR2ð Þ=i ¼ 1� PR2=
1� 0 ¼1.

PR1 þ PM1=i ¼ PR1 þ i 1� PR1ð Þ=i ¼ 0þ 1 ¼ 1 ¼ PG1 ¼ Pc1 and
PR2 þ PM2=i ¼ PR2 þ i 1� PR2ð Þ=i ¼ 0þ 1 ¼ 1 ¼ PG2 ¼ Pc2.

Hence, PR ¼ PR1þPR2
2 ¼ 0þ0

2 ¼ 0 and PM ¼ PM1þPM2
2 ¼ iþi

2 ¼ i.
So, PR þ PM=i ¼ PR þ i 1� PRð Þ=i ¼ 0þ 1 ¼ 1 ¼ Pc.

And PG ¼ PG1þPG2

2 ¼ 1þ1
2 ¼ 1 ¼ Pc

Z1 ¼ PR1 þ PM1 ¼ 0þ i ¼ i

Z2 ¼ PR2 þ PM2 ¼ 0þ i ¼ i

Z ¼ PR þ PM ¼ 0þ i ¼ i ¼ Z1 þ Z2

2
¼ iþ i

2
¼ 2i

2
¼ i

DOK1 ¼ Z1j j2 ¼ P2
R1 þ PM1=ið Þ2 ¼ 02 þ 12 ¼ 1

DOK2 ¼ Z2j j2 ¼ P2
R2 þ PM2=ið Þ2 ¼ 02 þ 12 ¼ 1

DOK ¼ Zj j2 ¼ P2
R þ PM=ið Þ2 ¼ 02 þ 12 ¼ 1

Chf 1 ¼ 2iPR1PM1 ¼ 2i� 0� i ¼ 0

Chf 2 ¼ 2iPR2PM2 ¼ 2i� 0� i ¼ 0

Chf ¼ 2iPRPM ¼ 2i� 0� i ¼ 0

MChf 1 ¼ Chf 1
�
�

�
� ¼ �2iPR1PM1 ¼ �2i� 0� i ¼ 0

MChf 2 ¼ Chf 2
�
�

�
� ¼ �2iPR2PM2 ¼ �2i� 0� i ¼ 0

MChf ¼ Chfj j ¼ �2iPRPM ¼ �2i� 0� i ¼ 0

Pc21 ¼ PR1 þ PM1=ið Þ2 ¼ 0þ 1ð Þ2 ¼ 12 ¼ 1

¼ DOK1 � Chf 1 ¼ 1� 0 ¼ 1

¼ DOK1 þMChf 1 ¼ 1þ 0 ¼ 1

¼ Pc1

Pc22 ¼ PR2 þ PM2=ið Þ2 ¼ 0þ 1ð Þ2 ¼ 12 ¼ 1

¼ DOK2 � Chf 2 ¼ 1� 0 ¼ 1

¼ DOK2 þMChf 2 ¼ 1þ 0 ¼ 1

¼ Pc2

Pc2 ¼ PR þ PM=ið Þ2 ¼ 0þ 1ð Þ2 ¼ 12 ¼ 1

¼ DOK � Chf ¼ 1� 0 ¼ 1

¼ DOK þMChf ¼ 1þ 0 ¼ 1

¼ Pc

6.4 The first model simulations

We note that in the following simulations, PR3 is the real probability in the luminal
universe G3 for v ¼ cð Þ in yellow in the simulations, where we have ∀PR3 : 0≤PR3 ≤ 1
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and that it will be included in the final most general model ofMCPP. Thus, the current
model is a simplified first model. The simulations from Figures 9–12 illustrate the first
model.

Figure 9.
The MCPP first model parameters and the normal distribution in G1.

Figure 10.
The MCPP first model parameters and the normal distribution in G2.

29

The Paradigm of Complex Probability and the Theory of Metarelativity: A Simplified Model…
DOI: http://dx.doi.org/10.5772/intechopen.110378



Figure 11.
The MCPP first model probabilities and the normal/normal distributions in G.

Figure 12.
The MCPP first model parameters and the normal/normal distributions in G.
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7. Conclusion

In the current research work, the original extended model of eight axioms (EKA)
of A. N. Kolmogorov was connected and applied to Metarelativity theory. Thus, a tight
link between Metarelativity and the novel paradigm (CPP) was achieved. Conse-
quently, the model of “Complex Probability”was more developed beyond the scope of
my 21 previous research works on this topic.

Additionally, as it was proved and verified in the novel model, before the begin-
ning of the random phenomenon simulation and at its end we have the chaotic factor
(Chf and MChf) is zero and the degree of our knowledge (DOK) is one since the
stochastic fluctuations and effects have either not started yet or they have terminated
and finished their task on the probabilistic phenomenon. During the execution of the
nondeterministic phenomenon and experiment, we also have 0.5 ≤ DOK < 1,
�0.5 ≤ Chf < 0, and 0 < MChf ≤ 0.5. We can see that during this entire process, we
have incessantly and continually Pc2 = DOK – Chf = DOK + MChf = 1 = Pc, which
means that the simulation that behaved randomly and stochastically in the real prob-
ability set R is now certain and deterministic in the complex probability set and
total universe G = C ¼ RþM, and this after adding to the random experiment
executed in the real probability set R the contributions of the imaginary probability
set M and hence after eliminating and subtracting the chaotic factor from the
degree of our knowledge as it is shown in the equation above. Furthermore, the
real, imaginary, complex, and deterministic probabilities and that correspond to
each value of the velocity random variable have been determined in the three proba-
bilities sets, which are R, M, and G = C by Pr, Pm, Z, and Pc, respectively. Conse-
quently, at each value of v the novel MCPP parameters Pr, Pm, Pm=i, DOK, Chf,MChf,
Pc, and Z are surely and perfectly predicted in the complex probabilities set and total
universe G = C = G1 + G2 + G3 with Pc maintained equal to one permanently and
repeatedly.

Nomenclature

EKA Extended Kolmogorov’s Axioms
CPP Complex Probability Paradigm
MCPP Metarelativistic Complex Probability Paradigm
i the imaginary number where i ¼

ffiffiffiffiffiffi

�1
p

or i2 ¼ �1
G1 real universe of matter and energy = subluminal universe
G2 imaginary universe of matter and energy = superluminal universe or

metauniverse
G3 luminal universe of electromagnetic waves
G total universe of matter and energy ¼ G1 v< cð Þ + G2 v> cð Þ + G3 v ¼ cð Þ =

complex universe
R1 real probabilities set in G1 v< cð Þ
M1 imaginary complementary probabilities set to R1 in G1 v< cð Þ
R2 real probabilities set in G2 v> cð Þ
M2 imaginary complementary probabilities set to R2 in G2 v> cð Þ
R3 real probabilities set in G3 v ¼ cð Þ
M3 imaginary complementary probabilities set to R3 in G3 v ¼ cð Þ
C1 R1 + M1 = complex set of probabilities in G1 v< cð Þ
C2 R2 + M2 = complex set of probabilities in G2 v> cð Þ
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C3 R3 + M3 = complex set of probabilities in G3 v ¼ cð Þ
R R1 + R2 + R3 = real set of events and probabilities in G
M M1 + M2 + M3 = imaginary set of events and probabilities in G
C complex set of events and probabilities in G, C ¼ RþM

Prob probability of any event
PR1 probability in the real set R in G1

PR2 probability in the real set R in G2

PR3 probability in the real set R in G3

PM1 probability in the imaginary set M in G1

PM2 probability in the imaginary set M in G2

PM3 probability in the imaginary set M in G3

PR probability in the real set R in G
PM probability in the imaginary set M in G
Pc1 probability in the complex set C1 in G1

Pc2 probability in the complex set C2 in G2

Pc3 probability in the complex set C3 in G3

Pc probability of a real event in R with its associated complementary imagi-
nary event in M = probability in the complex probability set C in the total
universe G

Z complex probability number = sum of PR and PM = complex random vector
DOK = Zj j2= the degree of our knowledge of the random system or experiment, it

is the square of the norm of Z
Chf the chaotic factor of Z
MChf the magnitude of the chaotic factor of Z
c light velocity ffi 300,000 Km/s = 3� 108 m=s ffi 186,000 miles/s in vacuum
mG1 mass in the real subluminal universe G1 of matter
mG2 mass in the imaginary superluminal universe G2 of matter or metamatter
mG3 mass in the luminal universe G3

mG mass in the complex total universe of matter G
EG1 energy in the real subluminal universe G1 of energy
EG2 energy in the imaginary superluminal universe G2 of energy
EG3 energy of the electromagnetic waves in the luminal universe G3 of energy
EG energy in the complex total universe G of energy
EW electromagnetic waves in G3

f frequency of the electromagnetic waves in G3

PDF probability density function
CDF cumulative probability distribution function
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