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Introduction

This short book presents a brief and concise exploration of the Duality
of Time postulate and its consequences on General Relativity and
Quantum Mechanics. To make it easier for citing, this book is
presented in the form of a scientific paper, which will also make
it more accessible and easier to be read by researchers who are
interested in the astounding conclusions rather than any exhausting
introductions which are provided in the previous books for more
general readability.

The purpose of this book is to demonstrate how the Duality
of Time Theory, that results from the Single Monad Model of the
Cosmos, could explain and solve many major problems in physics
and cosmology, including causality, non-locality, homogeneity, the
arrow of time, the mass-gap (and Yang-Mills Conjecture), super-
symmetry and matter-antimatter asymmetry, in addition to uniting
the principles of Relativity and Quantum theories, as well as the
psychical and spiritual domains; all based on the same genuinely-
complex time-time geometry that provides the smooth link between
the corpuscular physical particles and the absolute homogeneous
(Euclidean) space, via four distinctive levels of symmetry: normal,
super, hyper and ultimate, in addition to the original level of absolute
Oneness.

All these symmetries will be naturally incorporated in the Stan-
dard Model of Elementary Particles, after discovering the hidden
granular geometry revealed by the duality of time theory that ex-
plains how multiplicity is dynamically emerging from absolute One-
ness, at every instance of our normal time! Therefore, this theory
leads to the Ultimate Symmetry of space and its instantaneous break-
ing into the physical and psychical creations, with two hyperbolically
orthogonal arrows of time.

The Single Monad Model of the Cosmos book series contains
three volumes:
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The Single Monad Model of the
Cosmos: Ibn al-Arabi’s Concept
of Time and Creation
ISBN-13: 978-1499779844
ISBN-10: 1499779844
Publication Date: June, 2014

Duality of Time Theory:
Complex-Time Geometry and
Perpetual Creation of Space
ISBN-13: 978-1499779844
ISBN-10: 1499779844
Publication Date: December, 2017

Ultimate Symmetry: Fractal
Complex-Time, the Incorporeal
World and Quantum Gravity
ISBN-13: 978-1723828690
ISBN-10: 1723828696
Publication Date: January, 2019

In the first volume, we introduced Ibn al-Arabi’s eccentric con-
ception of time and outlined the general aspects of his cosmological
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views. This fundamental insight was developed in the second volume
into the Duality of Time Theory, which provided elegant solutions
to many persisting problems in physics and cosmology, including the
arrow-of-time, super-symmetry, matter-antimatter asymmetry, wave-
particle duality, mass generation, homogeneity, and non-locality, in
addition to deriving the principles of Special and General Relativity
based on its granular complex-time geometry. The third volume
explores how the apparent physical and metaphysical multiplicity is
emerging from the oneness of divine presence, descending through
four fundamental levels of symmetry: ultimate, hyper, super and
normal, in addition to the original level of absolute oneness.

The Duality of Time does not contradict the established theories
of Modern Physics, but it exposes a deeper understanding of time
that leads to the metaphysical (non-background) complex-time space,
which is absolutely Euclidean, and which approximates to the non-
Euclidean, Minkowskian or de Sitter / anti- de Sitter, space when
we suppose the background to be continuously existing with real
physical dimensions. This approximation leads to General Relativity,
and the current first and second quantization, of energy and fields,
but Quantum Gravity requires this third quantization, that is the
true quantization of the space-time itself, and this cannot be achieved
without taking into account the hidden symmetry of the new granular
complex-time geometry.

Therefore, the correspondence principle is fulfilled by the Duality
of Time Theory, because the semi-Riemannian geometry on the real
space R is a special approximation of this complex-time geometry
on the hyperbolic space H, so General Relativity is produced when
we consider space and matter to be coexisting together in (and with)
time, thus causing the deceptive continuity of physical existence.
All the principles of Special and General Relativity can be derived
mathematically from the Duality of Time postulate, in addition
to exact derivation of the mass-energy equivalence relation that is
not possible within the current theories without introducing some
approximation or induction.

This Duality of Time Theory does not only explain how the
Universe appeared ex-nihilo, but that it is always in this ontological
state of potential existence; only perpetually coming into being for
some series of consecutive discrete instances of time, the duration
of which is absolutely zero, but as a result of our manipulative
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past memory and future expectation we imagine time extensions in
which we are no more than dreamlike passing shadows making some
monotonous noise for a short period of imaginary time, before we
leave this World to a relatively higher level of existence.

Therefore, this research on the Single Monad Model made a
substantial breakthrough in mathematics, physics, and cosmology,
as well as natural philosophy, because it exposes a deeper level of time
and original theory of creation that could explain many persisting
problems in these various fields. The main result of the Duality
of Time Theory is that vacuum is the real time, while our time is
genuinely imaginary or latent to it, which makes it described as void.
This vacuum-void duality is basically the same ancient atomistic
philosophy, reinterpreted out of the most original theological and
philosophical conceptions, combined together with the conclusions
of modern physics and cosmology.

This research took more than three decades to crystallize, and
it may be several more decades are needed to realize its immense
consequences, because it goes far beyond the long-awaited Theory-
of-Everything, to include all the physical, psychical and spiritual do-
mains. This unique understanding of geometry will cause a paradigm
shift in our knowledge of the fundamental nature of the cosmos and
its corporeal and incorporeal structures. There is no doubt that
this is the most significant discovery in the history of mathematics,
physics and philosophy, ever!

The SMONAD.COM Website

The website: http://www.smonad.com is dedicated for the Single
Monad Model of the Cosmos, including this second book and the
previous one, and it will contain related articles and extracts in
addition to readers contributions and a forum for comments and
other discussions on the subject of time.
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The Duality of Time Postulate and Its
Consequences on General Relativity and Quantum

Mechanics

1 Abstract:

Based on the Single Monad Model and Duality-of-Time hypothesis, a
dynamic and self-contained space-time is introduced and investigated.
It is shown that the resulting “time-time” geometry is genuinely
complex, fractal and granular, and that the non-Euclidean space-
time continuum is the first global approximation of this complex-
time space in which the (complex) momentum and energy become
invariant between different inertial and non-inertial frames alike.
Therefore, in addition to Lorentz transformation, the equivalence
principle is derived directly from the new discrete symmetry. It is
argued that according to this postulate, all the principles of relativity
and quantum theories can be derived and become complementary.
The Single Monad Model provides a profound understanding of time
as a complex-scalar quantum field that is necessary and sufficient to
obtain exact mathematical derivation of the mass-energy equivalence
relation, in addition to solving many persisting problems in physics
and cosmology, including the arrow-of-time, super-symmetry, matter-
antimatter asymmetry, mass generation, homogeneity, and non-
locality problems. It will be also shown that the resulting physical
vacuum is a perfect super-fluid that can account for dark matter and
dark energy, and diminish the cosmological constant discrepancy by
at least 117 orders of magnitude.

2 Introduction:

Relativity, and its classical predecessor, consider space and time
to be continuous, and everywhere differentiable, whereas quantum
mechanics is based on discrete quanta of energy and fields, albeit
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they still evolve in continuous background. Although both theories
have already passed many rigorous tests, they inevitably produce
enormous contradictions when applied together in the same domain.
Most scholars believe that this conflict may only be resolved with a
successful theory of quantum gravity (Calcagni, 2017).

In trying to resolve the discrepancy, some space-time theories,
such as Causal Dynamical Triangulation (Ambjørn et al., 2005),
Quantum Einstein Gravity (Lauscher and Reuter, 2005) and Scale
Relativity (NOTTALE, 1992), attempted to relax the condition of
differentiability, in order to allow for fractal space-time, which was
first introduced in 1983 (Ord, 1983). In addition to the abundance
of all kinds of fractal structures in nature, this concept was also
supported by many astronomical observations which show that the
Universe exhibit a fractal aspect over a fairly wide range of scales
(Joyce et al., 2005), and that large-scale structures are much better
described by a scale-dependent fractal dimension (Hogg et al., 2005),
but the theoretical implications of these observations are not very
well understood, yet.

Nonetheless, the two most celebrated approaches to reconcile
Relativity with Quantum Mechanics are Strings Theory and Loop
Quantum Gravity (LQG). The first tries to develop an effective
quantum field theory of gravity at low energies, by postulating
strings instead of point particles, while LQG uses spin networks
to obtain granular space that evolves with time. Therefore, while
Strings Theory still depends on the background continuum, LQG
tries to be background-independent by attempting to quantize space-
time itself (Rovelli, 2011).

In this regard, the author believes that any successful theory of
quantum gravity must not rely on either the continuum or discretuum
structures of space-time. Rather, these two contrasting and mutually-
exclusive views must be the product of such theory, and they must
become complementary on the microscopic and macroscopic scales.
The only contestant that may fulfill this criterion is “Oneness”,
because on the multiplicity level things can only be either discrete
or continuous; there is no other way. However, we need first to
explain how the apparent physical multiplicity can proceed from
this metaphysical oneness, and then exhibit various discrete and
continuous impressions. The key to resolve this dilemma is in
understanding the“inner levels of time” in which“space”and“matter”
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are perpetually being “re-created” and layered into the three spatial
dimensions, which then kinetically evolve throughout the “outer level
of time” that we encounter. This will be fully explained in sections
3 and 5 below.

Due to this “dynamic formation of dimensions”, in the inner
levels of time, the Duality of Time Theory leads to granular and
self-contained space-time with fractal and genuinely-complex
structure, which are the key features needed to accommodate both
quantum and relativistic phenomena. Many previous studies have
already shown how the principles of quantum mechanics can be
derived from the fractal structure of space-time (Nottale and Célérier,
2007; JUMARIE, 2001; Cresson, 2003; Adda and Cresson, 2005;
Jumarie, 2007), but they either do not justify the use of fractals,
or they are forced to make new unjustified assertions, such as the
relativity of scale, that may lead to fractal space-time. On the
other hand, imaginary time had been successfully used in the early
formulation of Special Relativity by Poincare (Poincaré, 1906), and
even Minkowski (Einstein, 2010), but it was later replaced by the
Minkowskian four-dimensional space-time, because there were no
substantial reasons to treat time as imaginary. Nevertheless, this
concept is still essential in current cosmology and quantum field
theories, since it is employed by Feynman’s path integral formulation,
and it is the only way to avoid singularities which are unavoidable
in General Relativity.

In the Duality of Time Theory, since the dimensions of space
and matter are being re-created in the inner (complete) levels of
time, the final dimension becomes multi-fractal and equals to the
dynamic ratio of “inner” to “outer” times. Additionally, and for
the same reason, space-time becomes “genuinely complex”, since
both its “real” and “imaginary” components have the same nature of
time, which itself becomes as simple as the “recurrence”, or counting
the number of geometrical nodes as they are re-created in one
chronological sequence. Without postulating the inner levels of
time, both the complex and fractal dimensions would not have any
“genuine” meaning, unless both the numerator and denominator of
the fraction, and both the real and imaginary parts of the complex
number, are all of the same nature (of time).

In this manner, normal time is an imaginary and fractional di-
mension of the complete dimensions of space, which are the real
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levels of time. Because they are complete integers, the dimensions of
space are mutually perpendicular, or spherically orthogonal, on each
other, which is what makes (isotropic and homogeneous) Euclidean
geometry that can be expressed with normal complex numbers C, in

which the modulus is given by |z|=
√

x2 + y2. In contrast, because it
is fractional or non-integer dimension, (normal, or the outer level of)
time is hyperbolically orthogonal on the dimensions of space, and
thus expressed by the hyperbolic split-complex numbers H, in which

the modulus is given by ‖z‖=
√

x2− y2. This complex hyperbolic
geometry is the fundamental reason behind relativity and Lorentz
transformations, and it provides the required tools to express the
curvature and topology of space-time, away from Riemannian man-
ifolds, in which the geometry becomes ill-defined at the points of
singularities.

3 The Duality of Time Postulate:

The Duality of Time Theory, and the resulting dynamic re-creation
of space and matter, is based on previous research that presented
an eccentric conception of time (Haj Yousef, 2005, 2007, 2014, 2018,
2017, 2019, which include other references on the history and philo-
sophical origins of this concept). For the purpose of this article, this
hypothesis can be extracted here into the following postulate:

• At every instance of the outward normal level of time, space and
matter are perpetually being re-created in one chronological
sequence, which forms the inner levels of time that are also
nested inside each lower dimension of space.

4 A Brief General Analysis:

The above postulate means that at every instance of the “real flow of
time” there is only one metaphysical point, that is the unit of space-
time geometry, and the Universe is a result of its perpetual recurrence
in the “inner levels of time”, that is continuously re-creating the
dimensions of space and what it may contain of matter particles,
which then kinetically evolve throughout the outer (normal) level of
time, that we encounter.

To understand this complex flow of time, we need to define at
least two frames of reference. The first is our normal 3D “space”
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container which evolves in the outer time, that is the normal time
that we encounter. And the second frame is the inner flow of time,
that is creating the dimensions of space and matter. This inner frame
is also composed of more inner levels to account for the creation of
2D and 1D space, but we shall not discuss them at this point.

From our point to view, as observers situated in the outer frame,
the creation process is instantaneous, because we only see the
Universe after it is created, and we don’t see it in the inner frames
when it is being created, or perpetually re-created, at every instance.
Nevertheless, the speed of creation, in the innermost level (or real
flow) of time, is indefinite, rather than infinite, because there is
nothing to compare to it at this level of absolute oneness. We shall
show that this speed of creation is the same speed of light, and
the reason why individual observers, situated in the outer frame,
measure a finite value of it is because they are subject to the time
lag during which the spatial dimensions are being re-created.

Therefore, in our outer frame, the speed of creation, that is the
speed of light, is simply equal to the ratio of the outer to inner times,
so it is a unit-less number whose normalized value corresponds to
the fractal dimension of the genuinely-complex time-time geometry,
rather than space-time, since space itself is created in the inner levels
of time. The reason why this cosmological speed is independent of
the observer is because creation is occurring in the inner real levels
while physical motion is in the outer (normal) time that is flowing
in the orthogonal dimension with relation to the real dimensions of
space (or inner levels of time).

In other words, while the real time is flowing unilaterally in one
continuous sequence, creating only one metaphysical point at every
instance, individual observers witness only the discrete moments
in which they are re-created, and during which they observe the
dimensions of space and physical matter that have just been re-
created in these particular instances; thus they only observe the
collective (physical) evolution as the moments of their own time flows
by, and that’s why it becomes imaginary, or latent, with relation to
the original real flow of time that is creating space and matter.

Therefore, the speed of light in complete vacuum is the speed
of its dynamic formation, and it is undefined in its own reference
frame (as it can be also inferred from the current understanding of
time dilation and space contraction of special relativity), because the
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physical dimensions are not yet defined at this metaphysical level.
Observers in all other frames, when they are re-created, measure
a finite value of this speed because they have to wait their turn
until the re-creation process is completed, so any minimum action,
or unitary motion, they can do is always delayed by an amount
of time proportional to the dimensions of vacuum (and its matter
contents if they are measuring in any other medium). Hence, this
maximum speed that they can measure is also invariant because it is
independent of any physical (imaginary) velocity, since their motion
is occurring in the outer time dimension that is orthogonal onto the
spatial dimensions which are being re-created in the inner (real) flow
of time.

This also means that all physical properties, including mass,
energy, velocity, acceleration and even the dimensions of space, are
emergent properties; observable only on the outward level of time, as
a result of the temporal coupling between at least two geometrical
points or complex-time instances. Moreover, just like the complete
dimensions of space, the outer time itself, which is a fractional
dimension, is also emerging from the same real flow of time that
is the perpetual recurrence of the original geometrical point. This
metaphysical entity that is performing this creation is called “the
Single Monad”, that has more profound characteristics which we
don’t need to analyze in this paper (see (Haj Yousef, 2014, Ch. VI)
for more details); so we only consider it as a simple abstract or
dimensionless point: 0D.

It will be shown in section 6 how this single postulate leads at
the same time to all the three principles of Special and General
Relativity together, since there is no more any difference between
inertial and non-inertial frames, because the instantaneous velocity in
the imaginary time is always“zero”, whether the object is accelerating
or not! This also means that both momentum and energy will be
“complex” and “invariant” between all frames, as we shall discuss
further in sections 6.3 and 6.4 below.

Henceforth, this genuinely-complex time, or time-time geometry
will define a profound discrete symmetry that allows expressing
the (deceitfully continuous) non-Euclidean space-time in terms of
its granular and fractal complex-time space, whose granularity and
fractality are expressed through the intrinsic properties of hyper-
bolic numbers (H), i.e. without invoking Riemannian geometry,
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as discussed further in section 5.1. However, this hidden discrete
symmetry is revealed only when we realize the internal chronologi-
cal re-creation of spatial dimensions; otherwise if we suppose their
continuous existence, space-time will still be hyperbolic but not
discrete. Discreteness is introduced when the internal re-creation is
interrupted to manifest in the outward normal time, because cre-
ation is processed sequentially by the perpetual recurrence of one
metaphysical point, so the resulting complex-time is flowing either
inwardly to create space, or outwardly as the normal time, and not
both together.

Therefore, in accordance with the correspondence principle, we
will see in section 5.3, that semi-Riemannian geometry on R4 is a
special approximation of this discrete complex-time geometry on H4.
This approximation is implicitly applied when we consider space and
matter to be coexisting together in (and with) time, thus causing
the deceptive continuity of physical existence, which is then best
expressed by the non-Euclidean Minkowskian space-time continuum
of General Relativity, or de Sitter/anti-de Sitter space, depending
on the value of cosmological constant.

For the same reason, because we ideally consider the dimen-
sions of space to be continuously existing, our observations become
time-symmetric, since we can apparently-equally move in opposite
directions. Therefore, this erroneous time-symmetry is reflected in
most physics laws because they also do not realize the sequential
metaphysical re-creation of space, and that is why they fail in various
sensitive situations such as the second law of Thermodynamics (the
entropic arrow of time), Charge-Parity violations in certain weak
interactions, as well as the irreversible collapse of wave-function (or
the quantum arrow of time).

In the Duality of Time Theory, the autonomous progression of
the real flow of time provides a straightforward explanation of this
outstanding historical problem. This will be explicitly expressed by
equation 1, as discussed further in section 5.2, where we will also see
that we can distinguish between three conclusive states for the flow
of complex-time: either the imaginary time is larger than the real
time, or the opposite, or they are equal. Each of the first two states
forms one-directional arrow of time, which then become orthogonal,
while the third state forms a two-directional dimension of space,
that can be formed by or broken into the orthogonal time directions.
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This fundamental insight could provide an elegant solution to the
problems of super-symmetry and matter-antimatter asymmetry at
the same time, as we shall discuss in section 5.2.

Additionally, the genuine complex-time flow will be employed in
section 6.2 to derive the mass-energy equivalence relation E = mc2,
in its simple and relativistic forms, directly from the principles of
Classical Mechanics. This should provide a conclusive evidence to
the Duality of Time hypothesis, because it will be shown that an ex-
act derivation of this experimentally verified relation is not possible
without considering the inner levels of time, since it incorporates
motion at the speed of light which leads to infinities on the physical
level. All current derivations of this critical relation suffer from
unjustified assumptions or approximations (Einstein, 1905; Planck,
1906; Ives, 1952; Einstein, 1907; Ohanian, 2009), as was also re-
peatedly acknowledged by Einstein himself (Einstein, 1907; Capria,
2005).

Finally, as an additional support to the Duality of Time Theory,
we will show in section 5.4 that the resulting dynamic quintessence
will diminish the cosmological constant discrepancy by at least
117 orders of magnitude. This huge difference results simply from
realizing that the modes of quantum oscillations of vacuum occur in
chronological sequence, and not all at the same time. Therefore, we
must divide by the number of modes included in the unit volume,
to take the average, rather than the collective summation as it is
currently treated in quantum field theories. The remaining small
discrepancy could be also settled based on the new structure of
physical vacuum, which is shown to be a perfect super-fluid. The
Duality of Time Theory, therefore, brings back the same classical
concept of aether but in a novel manner that does not require it to
affect the speed of light, because it is now the background space
itself, being granular and re-created dynamically in time, and not
something in a fixed background continuum that used to be called
vacuum. On the contrary, this dynamical aether provides a simple
ontological reason for the constancy and invariance of the speed of
light, which is so far considered an axiom that has not been yet
proven in any theoretical sense.

The Duality of Time Theory provides a deeper understanding of
time as a fundamental complex-scalar quantum field that reveals the
discrete symmetry of space-time geometry. This revolutionary con-
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cept will have tremendous implications on the foundations of physics,
philosophy and mathematics, including geometry and number theory;
because complex numbers are now genuinely natural, while the reals
are one of their extreme, or unrealistic, approximations. Many major
problems in physics and cosmology can be resolved according to the
Duality of Time Theory, but it would be too distracting to discuss
all that in this introductory article. The homogeneity problem, for
example, will instantly cease, since the Universe, no matter how large
it could be, is re-created sequentially in the inner levels of time, so all
the states are synchronized before they appear as one instance in the
normal level. Philosophically also, since space-time is now dynamic
and self-contained, causality itself becomes a consequence of the
sequential metaphysical creation, and hence the fundamental laws of
conservation are simply a consequence of the Universe being a closed
system. This will also explain non-local and non-temporal causal
effects, without breaking the speed of light limit, in addition to other
critical quantum mechanical issues, some of which are outlined in
other publications (Haj Yousef, 2014, 2017, 2019).

5 The Dynamic Formation of Dimensions:

According to the above Duality of Time postulate, the dynamic
Universe is the succession of instantaneous discrete frames of space,
that extend in the outward level of time that we normally encounter,
but each frame is internally created in one chronological sequence
within each inward level of the real flow of time. This is schematically
demonstrated in Figure 1, where space is conventionally shown in
two dimensions, as the (x,y) plane, and we will mostly consider the
x axis only, for simplicity.

In reality, however, we can conceive of at least seven levels of
time, which curl to make the four dimensions of space-time: 3D+T ,
that are the three spatial and one temporal dimensions; since each
spatial dimension is formed by two of the six inner levels, as we shall
explain further in section 5.2, while the seventh is the outer time
that we normally encounter.

As it will be explained further in section 5.2 below, each spatial
dimension is dynamically formed by the real flow of time, and
whenever this flow is interrupted, a new dimension starts, which
is achieved by multiplying with the imaginary unit that produces
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Figure 1: Representing the inner and outer levels of time together as genuinely-
complex time-time space. In the real flow of time, one frame of space is re-created
in internal chronological sequence, that then appears as one instance of the
imaginary time ti, so the total complex time is: tc = (x/c)+ j(ti), as split-complex
or hyperbolic numbers. We can also notice that the instantaneous velocity vi
in the normal time is always zero, while the real speed vr in the inner time
is always c, and the apparent physical velocity v is the dynamic combination
between them as can be calculated from equation 5.

an “abrupt rotation” by π/2, creating a new dimension that is
perpendicular on the previous level, or hyperbolically orthogonal
on it, to be more precise. This subtle property is what introduces
discreteness, as a consequence of the duality nature of time, that
is flowing either inwardly or outwardly, not both together. This is
what makes space-time geometry genuinely complex and granular,
otherwise if we consider all the dimensions to be coexisting together
it will appear continuous and real, as we normally “imagine”, which
may lead to space-time singularities at extreme conditions.

The concept of imaginary time is already being used widely in
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various mathematical formulations in quantum physics and cosmol-
ogy, without any actual justification apart from the fact that it is a
quite convenient mathematical trick that is useful in solving many
problems. As Hawking states: “It turns out that a mathematical
model involving imaginary time predicts not only effects we have
already observed, but also effects we have not been able to measure
yet nevertheless believe in for other reasons.” (Hawking, 1998).

Hawking, however, considers the imaginary time as something
that is perpendicular to normal time that exists together with space,
and that’s how it is usually treated in physics and cosmology. Ac-
cording to the Duality of Time postulate, however, since space is
now (dynamically re-created in) the real time, the normal time itself
becomes genuinely imaginary, or latent.

Employing imaginary time is very useful because it provides a
method for connecting quantum mechanics with statistical mechan-
ics by using a Wick rotation, by π/2. In this manner we can find
a solution to dynamics problems in n dimensions, by transposing
their descriptions in n + 1 dimensions, i.e. by trading one dimen-
sion of space for one dimension of time, which means substituting
a mathematical problem in Minkowski space-time into a related
problem in Euclidean space. Schroedinger equation and the heat
equation are also related by Wick rotation. This method is also
used in Feynman’s path integral formulation, which was extended
in 1966 by DeWitt into gauge invariant functional-integral (DeWitt,
1967). For this reason, there has been many attempts to describe
quantum gravity in terms of Euclidean geometry (Hawking, 1979;
Panine and Kempf, 2016), because in this way it is possible to avoid
singularities which are unavoidable in General Relativity, since it
is primarily constructed on curved space-time continuum that uses
Riemannian manifolds, in which the geometry becomes ill-defined at
the points of singularities.

5.1 The Genuinely-Complex Time-Time Frame:

Mathematically, the nested levels of time can be represented by
imaginary or complex numbers where space is treated as a plane or
spherical wave, and time is the orthogonal imaginary axis. However,
in addition to the normal complex number plane: C, that can
describe Euclidean space, split-complex, or hyperbolic, numbers: H,
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are required to express the relation between space-like and time-like
dimensions, which are the inner and outer levels of time, respectively.
Normal complex numbers can describe homogeneous or isomorphic
space, without (the outer) time, where each number z defines a circle,

or sphere, because its modulus is given by |z|=
√

x2 + y2, while in

split-complex numbers the modulus is given by ‖z‖=
√

x2− y2, so

‖tc‖ =
√

t2
r − t2

i , which defines a hyperbola. This negative sign in

calculating the modulus of complex time tc reflects the essential
fact that the perpetual re-creation of space and matter particles
in the inner levels of time tr is interrupted and re-newed every
instance of the outward time ti, which produces kinetic motions on
the physical level, as dynamic local deformations of the otherwise
flat and homogeneous Euclidean space.

Therefore the non-Euclidean Minkowski space-time coordinates
(x,y,z, t) are an approximation of the complex space-time coordinates
(x,y,z, jcti), or complex time-time coordinates: (x/c,y/c,z/c, jti)
where (x/c,y/c,z/c) or (tx, ty, tz) represent the inner real part of

time: tr =
√

t2
x + t2

y + t2
z =

√
(x/c)2 +(y/c)2 +(z/c)2, and (ti) repre-

sents the outer imaginary time, so the total complex time is tc =
tr + jti, where j is the split-imaginary unit which defines hyperbolic

numbers, thus: tc ∈ H ≡ R( j), and its modulus is ‖tc‖ =
√

t2
r − t2

i .

These hyperbolic numbers have been also called: tessarines, motors,
bireal, perplex, semi-complex, or split-complex, but in this arti-
cle, unless otherwise stated, imaginary and complex refer to these
hyperbolic numbers ∈H (Rochon and Shapiro, 2004).

In this abstract complex frame, space and time are absolute,
or mathematical, just as they had been originally treated in the
classical Newtonian Mechanics, but now empty space is void, which
is a pure mathematical space, because it does not have any material
reality, to differentiate it from the physical vacuum, which is the
dynamic aether, or the ground state of matter. So, for void both
the real and imaginary parts are null: (0,0), while for vacuum only
the imaginary part is null: (tr,0), which indicates infinite and inert
space that is the ground state of matter particles, that are then
described by (tr, ti), or: (c,v), which means that they are internally
being re-created at the speed of c, that is the real part, and moving
outwardly at the apparent velocity v, that is the imaginary part;
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given by equation 5.
The physical vacuum, which is the dynamic aether, is therefore

an extreme state which may be achieved when the apparent velocity,
or momentum, becomes absolutely zero, both as the object’s total
velocity and any vector velocities of its constituents, and this corre-
sponds to absolute zero temperature (0K). This dynamic vacuum
state is therefore a super-fluid, which is a perfect Bose-Einstein
condensate (BEC), since it consists of indistinguishable geometri-
cal points that all share the same state. In quantum field theory,
complex-scalar fields are employed to describe superconductivity and
superfluidity (Lan, 1965). The Higgs field itself is complex-scalar,
and it is the only fundamental scalar quantum field that has been
observed in nature, but there are other effective field theories that
describe various physical phenomena. Indeed, some cosmological
models have already suggested that vacuum could be a kind of yet-
unknown super-fluid, which would explain all the four fundamental
interactions and provide mass generation mechanism that replaces
or alters the Higgs mechanism that only partially solves the problem
of mass. In BEC models, masses of elementary particles can arise as
a result of interaction with the super-fluid vacuum, similarly to the
gap generation mechanism in superconductors (Zloshchastiev, 2011),
in addition to other anticipated exotic properties that could explain
many problems in the current models, including dark matter and
dark energy (HUANG, 2013; HUANG et al., 2012). Therefore, the
new complex-time geometry is the natural complex-scalar quantum
field that explains the dynamic generation of space, mass and energy.
We will discuss the origin of mass in sections 5.5 and 6.2.3 below.

Actually, according to this genuinely-complex time-time geometry,
there can be four absolute or “super” states: super-mass (0,0), super-
fluid (c,0), super-gas (0,c), and super-energy (c,c), which can be
compared with the classical four elements: earth, water, air, and
fire, respectively. These four extreme or elemental states, which
the ancient Sumerians employed in their cosmology to explain the
complexity of Nature, are formed dynamically, in the inner levels of
time, by the Single Monad that is their “quint-essence”. We will see,
in section 5.4 below, that this new concept of aether and quintessence
is essential for understanding dark matter and energy, and solving
the cosmological constant discrepancy.

Moreover, the super-fluid and super-gas states, (c,0) and (0,c),
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are in orthogonal time directions, so if (c,v) describes matter that
is kinetically evolving in the normal level of time with v velocity,
(v,c) would similarly describe anti-matter in the orthogonal direction.
This could at once solve the problems of super-symmetry and matter-
antimatter asymmetry, because fermions in one time direction are
bosons in the orthogonal dimension, and vice versa, and of course
these two dimensions do not naturally interact because they are
mutually orthogonal. This could also provide some handy tests
to verify the Duality of Time Theory, but this requires prolonged
discussion beyond the scope of this article, as outlined in other
literature (Haj Yousef, 2017, 2019). Super-symmetry and its breaking
will be also discussed further in section 7.1.

5.2 The Two Arrows of Time:

Discreteness implies interruption or discontinuity, and this is what
the outer time is doing to the continuous flow of the inner time
that is perpetually re-creating space and matter in one chronological
sequence. Mathematically, this is achieved by multiplying with
the imaginary unit, which produces an “abrupt rotation” by π/2,
creating a new dimension that is orthogonal on the previous level.
Multiplying with the imaginary unit again causes time to become
real again, i.e. like space. This means that each point of our 3D + 1
space-time is the combination of seven dimensions of time, the
first six are the real levels which make the three spatial dimensions,
tr =

√
(x/c)2 +(y/c)2 +(z/c)2, and the seventh is the imaginary level

that is the outer time ti.
This outward (normal) level of time, ti, is interrupting and delay-

ing the real flow of time, tr, so it can not exceed it, because they both
belong to one single existence that is flowing either in the inward
levels to form the continuous (real) spatial dimensions, or in the out-
ward level to form the imaginary discrete time, not the two together;
otherwise they both would be real as we are normally deceived. As
we introduced in section 3 above, the reason for this deception is
because we only observe the physical dimensions, in the outer time,
after they are created in the inner time, so we “imagine” them to be
co-existing continuously, when in fact they are being sequentially
re-created. It is not possible otherwise to obtain self-contained and
granular space-time, whose geometry could be defined without any
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previous background topology. Thus, we can write:

05 ti 5 tr. (1)

So because ti is interrupting and delaying tr, the actual (net value

of) time is always smaller than the real time: ‖tc‖=
√

t2
r − t2

i 5 tr,
and this is actually the proper time as we shall see in equation 3.
However, it should be noted here that, unlike the case for normal
complex (Euclidean) plane, the modulus of split-complex numbers
is different from the norm, because it is not positive-definite, but
it has a metric signature (1,−1). This means that, although our
normal time is flowing only in one direction because it is interrupting
the real flow of creation and can not exceed it, it is still possible to
have the orthogonal state where the imaginary time is flowing at
the speed of creation and the real part is interrupting it, such that:

tc = ti + jtr, so: ‖tc‖=
√

t2
i − t2

r , and then tr 5 ti, from our perspective.

In this case, the ground state of that vacuum would be (0,c), which
describes anti-matter as we shall explain further in section 7.1, when
we speak about super-symmetry and its breaking.

Equivalently, the apparent velocity v can not exceed c because
it is the average of all instantaneous velocities of all individual
geometrical points that constitute the object, which are always
fluctuating between 0 and c; so by definition v is capped by c, as
expressed by equation 5.

Therefore, equation 1 (05 ti 5 tr) is also equivalent to: 05 |v|5 c,
thus when: ti −→ tr = x/c, we get: v = x/ti −→ c, and if ti = 0, then
v = 0; but both as the total apparent velocity of the object and
any vector velocities of its constituents, thus in this case we have
flat and infinite Euclidean space without any motion or disturbance,
which is the state of vacuum: (tr,0), or (c,0), as we noted in section
5.1. So this imaginary time, ti, is acting like a resistance against the
perpetual re-creation of space, and its interruption, i.e. going in the
outward level of time, is what causes physical motion and the inertial
mass m0, which then effectively increases with the imaginary velocity
according to: m = γm0 (as we shall derive it in section 6.2, and we
shall discuss mass generation in sections 5.5 and 6.2.3), and when
the outward imaginary time approaches the inner time, the apparent
velocity v approaches the speed of creation c, and m−→ ∞. If this
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extreme state could ever happen (but not by acceleration, as we shall
see further below), the system would be described by (c,c), which
means that both the real and imaginary parts of complex-time would
be continuous, and this describes another homogeneous Euclidean
space with one higher dimension than the original (c,0) vacuum.

Actually, the hyperbolic split-complex number (c,c) is non-invertible
null vector that describes the asymptotes, whose modulus equals
zero, since both its real and imaginary parts are equal. At the
same time, as a normal complex number, (c,c) describes an isotropic
infinite and inert Euclidean space (without time), because its dimen-
sions are continuous, or uninterrupted. The metaphysical entities of
the Universe are sequentially oscillating between the two vacuum
states (as Euclidean spaces or normal complex numbers): (c,0) and
(c,c), while collectively they appear to be evolving according to
the physical (hyperbolic) space-time states (c,v), as split-complex
numbers. Therefore, the vacuum state can be described either as
the non-invertible vector (c,c) in the hyperbolic plane H, and that is
equal to one absolute point from the time perspective (when we look
at the world from outside), or an isotropic Euclidean space (c,0)
as normal complex numbers C, but with one lower dimension, and
that is the space perspective (when we look from inside). Infinities
and singularities occur when we confuse between these two extreme
views; because if the observer is situated inside a spatial dimension
it will appear to them continuous and infinite, while it forms only
one discrete state in the encompassing outer time. As we shall see in
section 5.3, General Relativity is the first approximation for inside
observers, but since the Universe is evolving we need to describe it
by H, from the time perspective. So GR is correct every instance of
time, because the resulting instantaneous space is continuous, but
when the outward time flows these instances will form a series of
discrete states that should be described by Quantum Field Theory.
If we combine these two descriptions properly, we should be able to
eliminate GR singularities and QFT infinities.

In other words, the whole homogeneous space forms a single
point in the outer time, and our physical Universe is the dynamic
combination of these two extreme states, denoted as space-time.
This is the same postulated statement that the geometrical points
are perpetually and sequentially fluctuating between 0 (for time)
and c (for space), and no two points can be in the state of (existence
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in) space at the same real instance of time, so the points of space
come into existence in one chronological sequence, and they can not
last in this state for more than one single moment of time, thus they
are being perpetually re-created.

Nonetheless, since it is not possible to accelerate a physical object
(to make all its geometrical points) to move at the speed of creation
c, one alternative way to reach this speed of light, and thus make a
new spatial dimension, is to combine the two orthogonal states (c,0)
and (0,c), which is the same as matter-antimatter annihilation, and
this is a reversible interaction that can be described by the following
equation:

(c,0)+(0,c)� (c,c)+(0,0) (2)

In conclusion, we can distinguish three conclusive scenarios for
the complex flow of time:

1. In our usual space-time where matter particles are described
by (c,v), we are restricted by the normal arrow of time because
ti < tr, as we described above.

2. In the orthogonal arrow of time, when ti > tr, from our per-
spective, the vacuum state is described by (0,c), which can be
excited to (v,c) that describes the states of anti-matter.

3. When ti = tr, we get the Euclidean space (c,c), which is equiv-
alent to the initial vacuum state (c,0), but with one higher
spatial dimension. This, however, can not happen by means
of mechanical motion, but by combining the two orthogonal
times, according to equation 2.

Therefore, there are two orthogonal arrows of time (c,0) and (0,c),
that can combine and split between the states of (0,0) and (c,c),
which all together correspond to the four elemental states, or classical
elements, whose quintessence is the Single Monad (Haj Yousef, 2014).

On the other hand, as we can see from Figure 1, the space-
time interval can be obtained from: ‖s‖ =

√
x2 + y2 + z2− (cti)2 =√

r2− (cti)2, or ‖s‖=
√

x2− (cti)2 for motion on x-axis only. Alter-
natively, we can now use the new time-time interval which is the
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modulus of complex time: ‖tc‖=
√

t2
r − t2

i , and it is indeed the same

proper time, τ , in Special Relativity:

‖tc‖=
√

(x/c)2− t2
i = ti

√
(x2/t2

i )/c2−1 = ti
√

v2/c2−1 =−ti/γ =−τ

(3)

The reason why we are getting the negative signature here is
because we exist in the imaginary dimension, and that is why we
need some “time extension” to perceive the dimensions of space,
that is the real dimension. For example, we need at least three
instances to imagine any simple segment; one for each side and one
for the relation between them; so we need infinite time to conceive
the details of all space. If we exist in the real dimensions of space
we would conceive it all at once, as what happens in the event
horizon of a black hole. So for us it appears as if time is real and
space is imaginary, while the absolute reality is a reflection, and the
actual Universe is the dynamic and relative combination of these
two extreme states.

This essential property, that the outward time is effectively nega-
tive with respect to the real flow of time, will be inherited by the
velocity, momentum and even energy; all of which will be similarly
negative in relation to their real counter part. It is this funda-
mental property that will enable the derivation of the relativistic
momentum-energy relation, the equivalence between inertial and
gravitational masses, in addition to allowing energy and mass to
become imaginary, negative and even multidimensional. This will
be discussed further in sections 6.1, 6.2 and 6.4, respectively.

5.3 General Relativity Approximation:

The representation of space-time with imaginary time was used in
the early formulation of Special Relativity, by Poincare (Poincaré,
1906), and even Minkowski (Einstein, 2010), but because there
were no substantial reasons to treat time as imaginary, Minkowski
had to introduce the four-dimensional space-time: (x,y,z, t), with
Lorentzian metric (+,+,+,−), in which time and space are treated
equally, except for the minus. This four-dimensional space later
became necessary for General Relativity, due to the presence of
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gravity, which required Riemannian geometry to evaluate space-time
curvatures.

In the split-complex hyperbolic geometry, Lorentz transforma-
tions become rotations in the imaginary plane (Fjelstad, 1986), and
according to the new discrete symmetry of the time-time frame, this
transformation will be equally valid between inertial and non-inertial
frames alike, because the dynamic relation between the real and
imaginary parts of time implies that the instantaneous velocity in
the imaginary time is always zero (see also Figure 1), whether the
object is accelerating or not. Therefore, in addition to Lorentz trans-
formations, this essential characteristic of the dynamic complex-time
geometry allows direct derivation of the equivalence principle that
lead to General Relativity. This will be discussed further in sections
6, 6.1 and 6.3 below.

In the Theory of Relativity, we need to differentiate between iner-
tial and non-inertial frames, because we are considering the“apparent
velocity”, since the observer is measuring the change of position (i.e.
space coordinates) with respect to time, thus implicitly assuming
their real co-existence and continuity; so considering motion to be
real transmutation, and that is why space and time are considered
continuous and differentiable. The observer is therefore not real-
izing the fact that the dimensions of space are being sequentially
re-created within the inner levels of time, as we described above.
This sequential re-creation is what makes space-time complex and
granular, in which case the instantaneous velocity is always zero,
while the apparent physical velocity is a result of the superposition
of all the velocities of the individual geometrical points N, which
constitute the object of observation, and each of which is either zero,
in the outer time, or c, in the inner time, as can be calculated by
equation 5. So in this hidden discrete symmetry of space, motion
is a result of re-creation in the new places rather than gradual and
infinitesimal transmutation from one place to the other. Moving
objects do not leave their places to occupy new adjacent positions,
but they are successively re-created in them, so they are always at
rest in any position along the path.

When we realize the re-creation of space at the only real speed c,
and thus consider the apparent velocity of physical objects to be gen-
uinely imaginary, we will automatically obtain Lorentz transforma-
tions, equally for velocity, momentum and energy (which will become
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also complex, as explained further in sections 6.3 and 6.4), without
the need for introducing the principle of invariance of physics laws,
so we do not need to differentiate between inertial and non-inertial
frames, because the instantaneous velocity is zero in either case.
As an extra bonus, we will also be able to derive the mass-energy
equivalence relation E = mc2 without introducing any approximation
or un-mathematical induction, and this relation is indeed the same
equivalence between gravitational and inertial masses. All this is
treated in section 6 below.

Therefore, the non-Euclidean Minkowski space-time continuum
is the first global approximation of the metaphysical reality (of
Oneness, or sequential re-creation from one single point), just as
the Euclidean Minkowski space-time is a local approximation when
the effect of gravity is neglected, while the Galilean space is the
classical approximation for non-relativistic velocities. These three
relative approximations are still serving very well in describing
the respective physical phenomena, but they can not describe the
actually metaphysical reality of the Universe, which is dynamically
re-creating the geometry of space-time itself, and what it contains
of matter particles. As Hawking had already noticed: “In fact one
could take the attitude that quantum theory, and indeed the whole
of physics, is really defined in the Euclidean region and that it is
simply a consequence of our perception that we interpret it in the
Lorentzian regime.” (Hawking, 1979). The Duality of Time explains
exactly that the source of this deceptive perception is the fact that
we do not witness the metaphysical perpetual re-creation process,
but, being part of it, we always see the Universe after it is re-created,
so we “imagine” that this existence is continuous, and thus describe
it with the various laws of Calculus and Differential Geometry, that
implicitly suppose the continuity of space and the co-existence of
matter particles in space and time.

In other words, normal observers, since they are part of the
Universe, are necessarily approximating the reality, at best in terms of
non-Euclidean Minkowskian space, and this approximation is enough
to describe the macroscopic physical phenomena from the point of
view of observers (necessarily) situated inside the Universe. However,
this will inevitably lead to singularities at extreme conditions because,
being inside the Universe, observers are trying to fit the surrounding
infinite spatial dimensions in one instance of time, which would have
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been possible only if they are moving at the speed of light, or faster,
and in this case a new spatial dimension is formed and the Universe
would become confined but now observed from a higher dimension.

For example, we normally see the Earth flat and infinite when
we are confined to a small region on its surface, but we see it as
a finite semi-sphere when we view it from outer space. In this
manner, therefore, we always need one higher dimension to describe
the (deceptive, and apparently infinite) physical reality, in order to
contain the curvatures (whether they are intrinsic or extrinsic), and
that is why Riemannian geometry is needed to describe General
Relativity.

Therefore, since using higher dimensions to describe the reality
behind physical existence will always lead to space-time singularities,
the Duality of Time Theory is working with this same logic, but
backward, by penetrating inside the dimensions of space, as they
are dynamically formed in the inner levels of time, down to the
origin that is the zero-dimensional metaphysical point, which is
the unit of space-time geometry. The Duality of Time Theory is
therefore penetrating beyond the apparently-continuous physical
existence, into its instantaneous or perpetual dynamic formation
through the real flow of time, whose individual discrete instances
can accommodate only one metaphysical or geometrical point at a
time, that then correlate, or entangle, into physical objects that are
kinetically evolving in the normal level of time that we encounter.

At the level of this (unreal) physical multiplicity, any attempt
to quantize space-time is destined to fail, because we always need
a predefined background geometry, or topology, to accommodate
multiplicity and define the respective relations between its various
entities. In contrast, the background geometry of the Duality of Time
Theory is “void”, which is an absolute mathematical vacuum that
has no structure or reality, while also explaining how the physical
vacuum is dynamically formed by simple chronological recurrence.
So, apart from natural counting, the Duality of Time does not rely
on any predefined geometrical structure, but it explains how space-
time geometry itself is re-created as dynamic and genuinely-complex
structure.

The fact that each frame of the inner time (which constitutes
space) appears as one instance on the outward time is what justifies
treating time as imaginary with relation to space, thus orthogonal on
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it. In this dynamic creation of space in the complex time, the outward
time is discrete and imaginary, while space becomes continuous
with relation to this outer time, but this is only relative to the
dimension in which the observer is situated, so for example: the
2D plane is itself continuous with relation to its inner dimensions
but it forms one discrete instance with relation to the flow of time
in the encompassing 3D, which then appears internally continuous
but discrete with regard to the encompassing outward time. For
this reason perhaps, although representing Minkowski space-time in
terms of Clifford geometric algebra G4 = G(M4) employing bivectors
(Pavšič, 2005), or even the spinors of complex vector space (Lounesto,
2001), allowed expressing the equations in simple forms, but it could
not discover the intrinsic granularity of space-time without any
background, since it is still working on the multiplicity level, and
not realizing the sequential re-creation process.

5.4 Aether and the Cosmological Constant Problem:

Aether was described by ancient philosophers as a thin transparent
material that fills the upper spheres where planets swim. The concept
was also used again in the 18th century to explain the propagation
of light and gravitation. This continued until the late 19th century
in what is called: luminiferous aether, or light-bearing aether, which
was needed to allow the wave-based light to propagate through empty
space.

The concept of aether was contradictory because this medium
must be invisible, infinite and without any interaction with physical
objects. Therefore, after the development of Special Relativity,
aether theories became scientifically obsolete, although Einstein
himself said that his model could itself be thought of as an aether,
since empty space now has its own physical properties (Rucker, 2012).
In 1951, Dirac reintroduced the concept of aether in an attempt to
address the perceived deficiencies in current models (DIRAC, 1951),
thus in 1999 one proposed model of dark energy has been named:
quintessence (Zlatev et al., 1999), or the fifth fundamental force
(Krasznahorkay et al., 2016). Also, as a scalar field, the quintessence
is considered as some form of dark energy which could provide an
alternative postulate to explain the observed accelerating rate of the
expansion of the Universe, rather than Einstein’s original postulate
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of cosmological constant (Ratra and Peebles, 1988; Caldwell et al.,
1998).

The classical concept of aether was rejected because it required
ideal properties that could not be attributed to any physical medium
that was thought to be filling the otherwise empty space background
which was called vacuum. With the new dynamic creation, how-
ever, those ideal properties can be explained, because aether is no
longer something filling the vacuum, but it is vacuum itself, that is
perpetually being re-created at the absolute speed of light. Thus
its state is described by: (c,0) as we explained in section 5.1 above,
which indicates infinite and inert space that is the ground state
of matter particles that are then described by (c,v), whereas the
absolutely-empty mathematical space is now called void and its state
is (0,0).

As we already explained above, this state of (c,0) corresponds to
absolute zero temperature, and it is a perfect super-fluid described
by Bose-Einstein statistics because its points are non-interacting
and absolutely indistinguishable. When this medium is excited or
disturbed, matter particles and objects are created as the various
kinds of vortices that appear in this super-fluid, and this is what
causes the deformation and curvature of what is otherwise described
by homogeneous Euclidean geometry. Therefore, the Duality of
Time Theory reconciles the classical view of aether with General
Relativity and Quantum Field Theory at the same time, because it
is now the ground state of particles that are dynamically generated
in time.

In Quantum Field Theory, the vacuum energy density is due to
the zero-point energy of quantized fields, which originates from the
quantization of the simple harmonic oscillations of a particle with
mass. This zero-point energy of the Klein-Gordon field is infinite,
but a cutoff at Planck length is enforced, since it is generally believed
that General Relativity does not hold for distances smaller than this
length: `P =

√
h̄G/c3 = 1.616229(38)×10−35m, which corresponds

to Planck energy: EP =
√

h̄v5

G ≈ 1.2209×1019GeV . By applying this

cutoff we can get: ρvac =
E4

P
8π2h̄3c3 , which gives us: ρvac ∼ 1076GeV 4.

Comparing this theoretical value with the 1998 observations that
produced: ρvac ∼ 10−29GeV 4, we find 120 orders of magnitude dis-
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crepancy, which is known as the vacuum catastrophe (Gell-Mann
et al., 1968; Martel et al., 1998; SAHNI and STAROBINSKY, 2000).

The smallness of the cosmological constant became a critical issue
after the development of cosmic inflation in the 1980s, because the
different inflationary scenarios are very sensitive to the actual value
of ρvac. Many solutions have been suggested in this regard, as it
was reviewed by Weinberg (Weinberg, 1989) and Sanhi (SAHNI
and STAROBINSKY, 2000), which include various modifications on
either General Relativity or Quantum Filed Theory or the way they
are linked together. However, because the difference is so huge, none
of these speculations came ever close to solving the puzzle.

The 10120 discrepancy is actually many orders of magnitudes
larger than the number of all atoms in the Universe, which is called
Eddington number Nedd = 1080 (Kragh, 2003). This indicates that
there is something substantially wrong in our understanding of
the quantum processes at the sub-atomic level. It would not be
strange, therefore, if we postulate that this huge number of atoms,
or elementary particles, is not real! Yet since we clearly observe
multiplicity in our normal level of time, it remains that they are
multiplied in the inner levels of the real flow of time.

According to the Duality of Time postulate, this huge discrepancy
in the cosmological constant is diminished, and even eliminated,
because the vacuum energy should be calculated from the average
of all states, and not their collective summation as it is currently
treated in Quantum Field Theory. This means that we should divide
the vacuum energy density by the number of modes included in the
unit volume. Since we took Planck length as the cutoff, this number
is:

N = (
2π

`P
)3 = 8π

3/(1.616229×10−35)3 ≈ 10117. (4)

This will reduce the discrepancy between the observed and pre-
dicted values of ρvac from 10120 into ≈ 103 only. The remaining
small discrepancy could now be explained according to quintessence
models, which is already described by the Duality of Time as the
ground state of matter. However, more accurate calculations are
needed here because all the current methods are approximate and
do not take into account all possible oscillations for all the four
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fundamental interactions.

5.5 Origin of Mass

It is well established in modern physics that mass is an emergent prop-
erty, and since the Standard Model relies on gauge and chiral sym-
metry, the observed non-zero masses of elementary particles require
spontaneous symmetry breaking, which suggested the existence of the
massive Higgs boson, whose own mass is not explained in the model.
This Higgs mechanism is part of the Glashow-Weinberg-Salam the-
ory to unify electromagnetic and weak interactions (Weinberg, 1976;
Susskind, 1979). However, as we have already explained in section
5.1 above, the ground state of matter according to the Duality of
Time Theory is a perfect super-fluid, where masses of elementary
particles could arise from interaction with the physical vacuum,
in a manner similar to the gap generation mechanism (Avdeenkov
and Zloshchastiev, 2011; Dzhunushaliev and Zloshchastiev, 2013;
Zloshchastiev, 2011).

Moreover, the Duality of Time Theory provides an even more
fundamental and very simple mechanism for mass generation, in
full agreement with the principles of Classical Mechanics, as shown
further in section 6.2.3. In general, the fundamental reason for
inertial mass is the coupling between the particles that constitute
the object, because the binding field enforces specific separations
between them, so that when the position of one particle changes, a
finite time elapses before other particles move, due to the finite speed
of light. This delay is the cause of inertial behavior, and this implies
that all massive particles are composed of more sub-particles, and so
on until we reach the most fundamental particles which should be
massless. This description is fulfilled by the Duality of Time Theory,
due to the discrete symmetry of the genuinely-complex time-time
geometry as described above.

The Duality of Time Theory is based on the Single Monad Model,
so the fundamental reason of the granular geometry is the fact that
no two geometrical points can exist at the same real instance of time,
so they must be re-created in one chronological sequence. This delay
is what causes the inertial mass, so physical objects are dynamically
formed by the coupling between at least two geometrical points
which produces the entangled dimensions. According to the different
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degrees of freedom in the resulting spatial dimensions, this entangle-
ment is responsible for the various coupling parameters, including
charge and mass, which become necessarily quantized because they
are proportional to the number of geometrical nodes constituting
each state, starting from one individual point for massless bosons.
Nevertheless, some bosons might still appear to have heavy masses
(in our outer level of time) because they are confined in their lower
dimensions in which they are massless, just as the inertial mass of
normal objects is exhibited only when they are moved in the outer
level of time.

Consequently, there is a minimum mass gap above the ground
state of vacuum (c,0), which is itself also above the void state (0,0).
This is because each single geometrical node is massless on its own
dimensions, while the minimum state above this ground state is
composed of two nodes which must have non-zero inertial mass
because of the time delay between their sequential creation instances.
This important conclusion agrees with Yang-Mills suggestion that the
space of intrinsic degrees of freedom of elementary particles depends
on the points of space-time. It was already anticipated that proving
Yang-Mills conjecture requires the introduction of fundamental new
ideas both in physics and in mathematics (Jaffe and Witten, Jaffe
and Witten). Accordingly, due to the sequential re-creation in the
inner levels of time, the Duality of Time Theory introduced the
genuinely-complex time-time geometry which revealed this profound
discrete symmetry that makes the vacuum physical and dynamic,
with super-fluid properties and discrete mass states.

6 Deriving the Principles of Special and General Relativ-
ity:

The famous Michelson-Morley experiment in 1887 proved that light
travels with the same speed regardless whether it was moving in
the direction of the movement of the Earth or perpendicular to
it (MICHELSON and MORLEY, 1991). This unexpected result
initiated active research that eventually led to Special Relativity
in 1905 (Einstein, 2005). The speed of light in vacuum is then
considered the maximum speed which anything in the Universe can
attain. Photons, or massless particles, propagate in vacuum at this
terminal speed, regardless of the motion of the source or reference
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frame of the observer. However, even though this was confirmed
by many experiments, there is yet no theoretical or philosophical
account that could explain the reasons behind this constancy and
invariance of the speed of light.

Logically, there are two cases under which a quantity does not
increase or decrease when we add or subtract something from it.
Either this quantity in infinite, or it exists in orthogonal dimension.
As we have already introduced in sections 2 and 3 above, according
to the Duality of Time postulate, both these cases are equivalent
and correct for the absolute speed of light in vacuum, because it is
the speed of creation which is the only real speed in nature, and it is
intrinsically infinite (or indefinite), but the reason why we measure
a finite value of it is because of the sequential re-creation process;
so individual observers are subject to the time lag during which the
dimensions of space are re-created. Moreover, since the normal time
is now genuinely imaginary, the velocities of physical objects are
always orthogonal onto this real and infinite speed of creation.

As demonstrated in Figure 1 and explained in section 5.1 above,
one of the striking conclusions of the sequential re-creation in the
inner levels of time is the fact that it conceives of only two primordial
states: vacuum and void, whose spatial and temporal superposition
is producing the multiplicity of intermediary states that appear in
the cosmos as matter particles. Vacuum is the continuous existence
in the inner levels of time, and void is the discrete existence in
the outer level. These two super states, which correspond to (0,0)
and (c,c) respectively, can be conceived as abstract extreme limits,
but only a relative superposition of them can ever be observed or
measured as relative events in space-time, or inner-outer time that
is the complex-time discussed in section 5.

As the real time flows uniformly in the inner levels, it creates the
homogeneous dimensions of vacuum, and whenever it is interrupted
or disturbed, it makes a new dimension that appears as a discrete
instance on the outer imaginary level which is then described as
void, since it does not last for more than one instance, before it is re-
created again in a new state that may resemble the previous perished
states, which causes the illusion of motion, while in reality it is only
a result of successive discrete changes. So the individual geometrical
points can either be at rest (in the outer/imaginary time) or at the
speed of creation (in the inner/real time), while the apparent limited
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velocities of physical particles and objects (in the total complex time,
which forms the physical space-time dimensions) are the temporal
average of this spatial combination that may also dynamically change
as they are progressing over the outward ordinary time direction.

Therefore, the Universe is always coming to be, perpetually,
in “zero time” (on the outward level), and its geometrical points
are sequentially fluctuating between existence and nonexistence (or
vacuum and void), which means that the actual instantaneous speed
of each point in space can only change from vimaginary = 0 to vreal = c,
and vice versa. This instantaneous abrupt change of speed does not
contradict the laws of physics, because it is occurring in the inner
levels of time before the physical objects are formed. Because they
are massless, this fluctuation is the usual process that is encountered
by the photons of light on the normal outward level of time, for
example when they are absorbed or emitted. Hence, this model
of perpetual re-creation is extending this process onto all other
massive particles and objects, but on the inner levels of time where
each geometrical point is still massless because it is metaphysical,
while “space” and “mass” and other physical properties are actually
generated from the temporal coupling, or entanglement, of these
geometrical points, which is exhibited only on the outward level of
time.

Accordingly, the normal limited velocity, of physical particles or
objects, is a result of the spatial and temporal superposition of these
dual-state velocities of its individual points N, thus:

|v|= ∑N < 0|c >
N

⇒ 05 |v|5 c. (5)

Individually, each point is massless and it is either at rest or
moving at the speed of creation, but collectively they have some non-
zero inertial mass m, energy E, and limited total apparent velocity v
given by this equation 5 above.

Consequently, there is no gradual motion in the common sense
that the object leaves its place to occupy new adjacent places, but it
is successively re-created in those new places, i.e. motion occurs as
a result of discrete change rather than infinitesimal transmutation,
so the observed objects are always at rest in the different positions
that they appear in (see also Figure 1). This is the same conclusion
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of the Moving Arrow argument in Zeno’s paradox, which Bertrand
Russell described as: “It is never moving, but in some miraculous
way the change of position has to occur between the instants, that
is to say, not at any time whatever.” (Haj Yousef, 2018).

This momentous conclusion means that all frames are effectively
at rest in the normal (imaginary) level of time, and there is no differ-
ence between inertial and non-inertial frames, thus there is even no
need to introduce the second principle of Special Relativity (which
says that the laws of physics are invariant between inertial frames)
neither the equivalence principle that lead to General Relativity.
These two principles, which are necessary to derive Lorentz transfor-
mations and Einstein’s field equations, are implicit in the Duality of
Time postulate and will follow directly from the resulting complex-
time geometry as it will be shown in sections 6.1 and 6.3 below.
Furthermore, it will be also shown in section 6.2 that this discrete
space-time structure that results from the genuinely-complex nature
of time is the only way that allows exact mathematical derivation of
the mass-energy equivalence relation (E = mc2).

In this manner, the Duality of Time postulate, and the resulting
perpetual re-creation in the inner levels of time, can explain at
once all the three principles of Special and General Relativity, and
transform it into a quantum field theory because it is now based on
discrete instances of dynamic space, which is the super-fluid state
(c,0) that is the ground state of matter, while the super-gas state
(0,c) is the ground state of anti-matter, which accounts for super-
symmetry and matter-antimatter asymmetry as we shall discuss
further in section 7.1. The other fundamental forces could also be
interpreted in terms of this new space-time geometry, but in lower
dimensions: 2D + 1, 1D + 1, and 0D + 1, while gravity is in 3D + 1.

6.1 Lorentz Transformations:

As we noted above, it was originally shown by Poincare (Poincaré,
1906) that by using the mathematical trick of imaginary time, Lorentz
transformation becomes a rotation between inertial frames. For
example, if the space coordinates of an event in space-time relative
to one frame are X = ct + jx, then its (primed) coordinates X ′ =
ct ′+ jx′ with respect to another frame, that is moving with uniform
velocity v < c with respect to the first frame, are: X ′ = Xe− jφ = [ct +
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jx][cosh(φ) + j sinh(φ)], where tanh(φ) = sinh(φ)/cosh(φ) = v/c =
β , and since: cosh2(φ)− sinh2(φ) = j2 = 1, then: γ = cosh(φ) =

1/
√

1− v2/c2 = 1/
√

1−β 2.

In the complex-time frame of the Duality of Time postulate,
however, the outer time is the (genuinely) imaginary part, while
the real part is the inner time that constitutes space, thus the
time coordinates: T = tr + jti = (x/c) + jti is used instead of space
coordinates: X = ct + jx. Therefore, the above rotation equations
will still be valid but with time, rather than space, coordinates: T ′ =
Te− jφ = [tr + jcti][cosh(φ)+ j sinh(φ)], and then the speed of creation
will be the ground state, or the rest speed, so when the apparent
imaginary velocity v on the outer time is zero there is still the real
speed that is the constant and invariant speed of creation, or in
general: V = c+ jv =⇒ β = v/c = tanh(φ),γ = cosh(φ) = c/

√
c2− v2.

See also Figure 1, and also Figure 2.

Using the concept of split-complex time, we can easily derive
Lorentz factor γ = 1/

√
1− v2/c2 for example by calculating the

proper time τ as it can be readily seen from Figure 1, which is
replicated in Figure 2 that represents complex velocity, for better
clarity, and also because we want to stress the fact that the apparent
(imaginary) motion in any direction is in fact interrupting the real
motion in the inner time that is re-creating space at the absolute
speed of light, so that in the end the actual velocity is always smaller
than c: va =

√
c2− v2, which means that everything in space is

intrinsically moving at the absolute speed of light in the real flow
of time, and its apparent motion in the outward time is causing an
apparent (or imaginary) slow down from this real speed, so that
when the object is not moving at all it is actually still moving at
the absolute speed of light, which becomes zero in relation to other
stationary objects because they are all moving at this same real
speed.

Lorentz factor is therefore the ratio of the real velocity c over the
actual velocity va, which is equal coshφ , as demonstrated in Figure
2:

γ = c/va =
c√

c2− v2
= 1/

√
1− v2/c2 = cosh(φ) (6)
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Figure 2: The actual velocity va is the modulus of split-complex velocity that
combines the real speed vr = c with the imaginary velocity vi = v, thus: va =
‖vc‖= ‖vr + jvi‖= ‖c+ jv‖=

√
c2− v2, from which we can easily calculate Lorentz

factor as γ = c/va = coshφ .

6.2 The Mass-Energy Equivalence Relation:

In addition to explaining the constancy and invariance of the speed
of light and merging it with the second and third principles of
Relativity, the Duality of Time postulate is the only way to explain
the equivalence and transmutability between mass and energy (E =
mc2). Einstein gave various heuristic arguments for this relation
without ever being able to prove it in any theoretical way (Hecht,
2011), neither did anyone else. Based on Doppler effect and Maxwell’s
theory of radiation, the reasoning that he gave in his 1905 original
derivation (Einstein, 1905) was questioned by Planck (Planck, 1906)
and shown to be faulty (Ives, 1952). In 1907, Einstein acknowledged
the controversy over his derivation (Einstein, 1907), and in the
following forty years, he produced more than half dozen proofs that
all suffer from unjustified assumptions or approximations. He never
succeeded in producing a valid general proof (Ohanian, 2009). In
1955 he wrote in a letter to Carl Seelig: “I had already previously
found that Maxwell’s theory did not account for the micro-structure
of radiation and could therefore have no general validity.” (Capria,
2005). In 1990, Rohrlich tried to apply the relativistic Doppler shift,
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but he also had to introduce various approximations in order to reach
the final equation (Rohrlich, 1990). Various other attempts have
been made in this regard but until now there is no exact derivation
of this famous formula.

It can be readily seen from Figure 3 that the transmutability
between mass and energy can only occur in the inner levels of time,
because it must involve motion at the speed of light that appears on
the normal level of time as instantaneous, hence the same Relativity
laws become inapplicable since they prohibit massive particles from
moving at the speed of light, in which case γ = 1/

√
1− v2/c2 =

1/
√

1− c2/c2 = ∞, so the mass m = γm0 would be infinite and also
the energy. In the inner levels of time, however, this would be the
normal behavior because the geometrical points are still massless,
and their continuous coupling and decoupling is what generates mass
and energy on the inner and outer levels of time, respectively, as
explained further in section 6.2.3 below.

As we introduced in section 5.1 above, the normal limited ve-
locities of massive physical particles and objects are a result of the
spatial and temporal superposition of the various dual-state veloci-
ties of their individual points. This superposition occurs in the inner
levels of time, where individually each point is massless and it is
either at rest or moving at the speed of creation, but collectively
they have some non-zero inertial mass m, energy E, and limited
total apparent velocity v, which can be calculated from equation 5.
We also explained in section 5.3 above, that when we consider this
imaginary velocity as being real, the Duality of Time Theory reduces
to General Relativity, but when we consider its imaginary character
we will uncover the hidden discrete space-time symmetry and we will
automatically obtain Lorentz transformation, without introducing
the principle of invariance of physics laws. For the same reason,
we can see here that the mass-energy equivalence E = mc2 can only
be derived based on this profound discreteness that is manifested
in dual-state velocity, which then allows the square integration in
Figure 3, because the change in speed is occurring abruptly from
zero to c. Otherwise, when we consider v to be real continuous in
time, we will get the gradual change which produces the triangular
integration with the factor of half that gives the normal kinetic
energy Ek = 1

2mv2.
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Based on this metaphysical behavior in the inner levels of time,
we will provide in the following various exact derivations of the
mass-energy equivalence relation, in its simple and relativistic forms,
directly from the classical equation of mechanical work E =

∫ x
0 F.dx.

The first two methods, in sections 6.2.2 and 6.2.3, involve integration
(or rather: summation) in the inner time when the velocity changes
abruptly from zero to c, or when the mass is generated (from zero
to m) in the inner time. This is obviously not allowed on the
normal level of time when dealing with physical objects. The third
method, in section 6.2.7, gives the total relativistic energy E =
m0c2 + 1

2mv2, by integrating over the inner and outer levels together,
while in section 6.2.8 we will derive the relativistic energy-momentum
relation directly from the definition of momentum as p = mv, also by
integrating over the inner and outer levels together and accounting
for what happens in each stage. Furthermore, we will see in sections
6.3 and 6.4 that the absolute invariance, and not just covariance, of
complex momentum and energy, provide yet other direct derivations
because they also lead to m = γm0, that is equivalent with E = m0c2

or E =
√

(m0c2)2 +(pc)2 as demonstrated in 1.
Actually, since we have shown previously that the new vacuum

(c,0) is a perfect super-fluid, the mass-energy equivalence relation
can be easily derived from the equation of wave propagation in such
perfect medium: (c2 = ∂ p/∂ρ = ∂ [(E/m)ρ]/∂ρ = E/m), but we will
not discuss that further in this article.

6.2.1 The classical kinetic energy (in the normal time):

In normal classical mechanics, the kinetic energy is the work done
in accelerating a particle during the infinitesimal time interval dt,
and it is given by the dot product of force F and displacement dx:

E =
∫ x

0
F.dx =

∫ t

0
F.vdt =

∫ t

0

d(mv)

dt
.vdt =

∫
v.d(mv), (7)

thus:

E =
∫

(v2dm + mvdv). (8)

Now if we assume mass to be constant, so that: dm = 0 (and we
will discuss relativistic mass further in section 6.2.4 below), we will
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get:

E =
∫

(v2dm + mvdv) = 0 + m
∫ v

0
vdv. (9)

So in the classical view of apparently continuous existence, when
we consider both space and time to be real, i.e. when we consider an
infinitesimally continuous and smooth change in speed from zero to
v, the result of this integration will give the standard equation that
describes the kinetic energy of massive particles or objects moving
in the normal level of time:

Ek =
1
2

mv2. (10)

The reason why we are getting the factor of “half” in this equation
is because the velocity increases gradually with time, which makes
the integration equals the area of the triangle as demonstrated by
the first arrow in Figure 3.

6.2.2 Method I (abrupt change of speed in the inner time):

The relativistic energy-momentum relation is derived in section
6.2.8 further below, but the simple mass-energy equivalence relation:
E = mc2 (without the “half”) can now be easily obtained from the
same integration in equation 9 if, and only if, we suppose that the
object, whose mass is m, moves from rest to c, or vice versa, in “zero
time”, which of course will contradict the laws of physical motion
because the acceleration would be infinite, and hence the force and
the energy. Light does in fact behave in this manner, for example:
in pair production, or when emitted or absorbed; but the photon is
massless, unlike other particles and objects which have mass and
suffer inertia and acceleration.

By introducing the duality of time and the resulting perpetual
re-creation, this problem is solved because the conversion between
mass and energy takes place, sequentially, in the inner levels of time,
on all the massless geometrical points that constitute the particle,
and this whole process appears as one instance in the outer level, as
demonstrated in Figure 1 above.
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Figure 3: Arrow 1: gradual change of speed in the outer level of time, leading to
the classical equation of kinetic energy Ek = 1

2 mv2. Arrow 2: abrupt change from
zero to c in the inward levels of time, leading to the mass-energy equivalence
relation E = mc2, which can not happen on the normal level of time because
physical objects may not move at the absolute speed of light.

So by integrating equation 9 directly from zero to c, which then
becomes summation because it is an abrupt change, with only the two
states of void and vacuum, corresponding to zero and c, respectively,
and since the change in the outward time is zero, and here we also
consider dm = 0, since the apparent velocity does not change in this
case, but we will also discuss relativistic mass in section 6.2.4 below;



50

thus we obtain:

E =
∫

(v2dm + mvdv) = 0 + m
∫ c

0
v.dv = m

c

∑
0

v.dv = mc2. (11)

The difference between the above two cases that result in equa-
tions 10 and 11 is demonstrated in Figure 3, where in the first case
the integration that gives the kinetic energy Ek is the area of the
triangle below the gradual arrow (1), while in the second case it is
the area of the rectangle below the right angle arrow (2).

6.2.3 Method II (generating mass in the inner time):

We explained in section 5.5 above how the Duality of Time Theory
provides a fundamental mass generation mechanism in addition to
its super-fluid vacuum state where mass can be generated via the
interaction with this physical vacuum. Hence we can also arrive to the
mass-energy equivalence relation directly from the starting equation
8 in an alternative manner if we consider a sudden decoupling, or
disentanglement, of the geometrical points that couple together in
order to constitute the physical particle that appears in the outer
level of time with inertial mass m moving at an apparent (imaginary)
velocity v, so when these geometrical points are disentangled to
remain at their real speed (of light), the mass m converts back into
energy E while the apparent velocity does not change, because this
process is happening in the inward levels of time which appears
outwardly as instantaneous. Thus, if we put dv = 0 in equation 8
and integrate over mass from m to zero (where v = c), or vice versa,
we get:

E =
∫

(v2dm + mvdv) = c2
∫ m

0
dm + mv(0) = mc2. (12)

Unlike the classical case in equation 10 where the change in speed
occurs in the normal outward level of time, these simple derivations
(in equations 11 and 12) would not have been possible without
considering the inner levels of time, which appears outwardly as
instantaneous.
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6.2.4 Note I (relativistic mass):

If we want to consider mass to be variable with speed as in early
Special Relativity, and distinguish between rest mass: m0 and rel-
ativistic mass: m, according to the standard equation that uses
Lorenz factor: m = γm0 = m0/

√
1− v2/c2, then we can arrive to

the equation E = m0c2 by calculating the derivative dm/dv which
in this case will not be equal to zero as we required in equation 9
above. However, the above relativistic equation of mass (m = γm0)
is only obtained based on the same mass-energy equivalence relation
that we are trying to prove here, so in this case it will be a circular
argument. Therefore, the two equations: E = m0c2 and m = γm0 are
equivalent, and deriving one of them will lead to the other. See also
1 for how to derive the E = m0c2 from m = γm0.

6.2.5 Note II (the mass-energy duality):

We can conclude, therefore, that on the highest existential level,
there is either energy in the form of massless active waves moving
at the speed of creation in the inner levels of time, or passive mass
in the form of matter particles that are always instantaneously at
rest in the outer level of time, not the two together; that is what
happens in the real flow of time. The various states of massive
objects and particles, as well as thermal radiations and energy, are
some spatial and temporal superposition of these two primordial
states of their metaphysical constituents, so some particles will be
heavier than others, and some will have more kinetic energy. In any
closed system, such as an isolated particle, atom, or even objects,
the contributions to this superposition state come from all the states
in the system that are always fluctuating between mass and energy,
or void and vacuum, corresponding to vi = 0 and vr = c, respectively,
so on average the total state is indeterminate, or determined only as
a probability distribution, as far as it is not detected or measured.
This wave-particle duality will be discussed further in section 7.

Consequently, everything in the Universe is always fluctuating
between particle state and wave state, or mass and energy, which can
be appropriately written as: m0c2
 h f . This means that a particle
at rest with mass m0 can be excited into a wave with frequency f ,
and the opposite is correct when the wave collapses into particle.
Either zero mass at the speed of creation, or (instantaneously) zero
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energy at rest, or: either energy in the active existence state or
mass in the passive nonexistence state. The two cannot happen
together on the primary level of time, but a mixture or superposition
of various points is what causes all the phenomena of motion and
interaction between particles with limited velocities and energy on
the outward level of time.

6.2.6 Note III (the effective mass):

Therefore, even when the object is moving at any velocity that could
be very close to c, its instantaneous velocity is always zero: vi = 0,
at the actual time of measurement, and its mass will still be the
same rest mass: m0, because it is only detected as a particle, while
its kinetic energy will be given by its relativistic mass: Ek = 1

2mv2,
and then its total energy equivalence, with relation to an observer
moving at a constant (apparent) velocity v, will be given by:

E = E0 + Ek = m0c2 +
1
2

mv2. (13)

Thus, with the help of Lorentz factor γ =
√

1− v2/c2, we could
get rid of the confusion between “rest mass” and “relativistic mass”
and just call it mass m since the above equation 13 describes energy
and not mass:

E = E0 + Ek = mc2 +
1
2

γmv2. (14)

Which means that the mass of any particle is always the rest
mass, it is not relativistic, but its energy is relativistic, primarily
because energy is related to time and motion or velocity. However,
since we have been using m0 all over this article, we will keep using
it as the rest mass, and m = γm0 as the effective mass, unless stated
otherwise.

6.2.7 Method III (the total relativistic energy):

The total relativistic energy in equation 13 can also be obtained
by integrating the starting equation 8 over the inner and outer
time together, since in the inner time the rest energy E0 = m0c2,
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or mass m0, is generated at the speed of creation c as a result of
the instantaneous coupling between the geometrical points which
constitute the particle of mass m0 (thus dv = c and dm = m0 in the
inner time), and in the outer time the kinetic energy Ek = 1

2mv2 is
generated as this mass m0 moves gradually so its apparent velocity
changes by dv, which corresponds to increasing the effective mass
from m0 to m, thus we can integrate:

E =
∫

(v2dm + mvdv) =
∫ c,m0

0,0
v2dm +

∫ v,m

0,m0

mvdv. (15)

Thus we get the same equation 13:

E = m0c2 +
1
2

(m)(v2)− 1
2

(m0)(0) = m0c2 +
1
2

mv2. (16)

This equation can also be given in the general form that relates
the relativistic energy and momentum (see 1 for how to convert
between these two equations):

E =
√

(m0c2)2 +(γm0cv)2 =
√

(m0c2)2 +(pc)2 = c|~P|; p = γm0v.

(17)

This last equation, that is equivalent to equation 16, will be also
derived in section 6.2.8 starting from the definition of momentum
as p = mv, but because it is genuinely complex, and hyperbolic, the
imaginary part of momentum will have negative contribution just
as we have seen for the outer time when we discussed the arrow of
time in section 5.2 above.

Again, however, a fundamental derivation of this relativistic
energy-momentum equation 17 is not possible without the Duality of
Time postulate. All the current derivations in the literature rely on
the effective mass relation: m = γm0, which is equivalent to the same
relation we are trying to derive (see above and also 1), while finding
this equation from the four-momentum expression, or space-time
symmetry, relies on induction rather than rigorous mathematical
formulation.
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6.2.8 Method IV (complex momentum and energy-momentum rela-
tion)

The equation: |~P| = E/c =
√

(m0c)2 +(γm0v)2, of the relativistic
energy-momentum, can be also derived directly from the fundamental
definition of momentum: p = mv, when we include the metaphysical
creation of mass in the inner levels of time, in addition to its physical
motion in the outer level, and by taking into account the complex
character of time. Thus we need to integrate d pc = d(mv) over the
inner and outer levels, according to what happens in each stage; first
by integrating between (0,0) and (c,m0) on the inner real levels of
time where the particle is created, or being perpetually re-created,
at the speed of creation c, and this term makes the real part of the
complex momentum pr = m0c. Then we integrate between (0,m0)
and (v,m) on the outer imaginary level of time where the particle
whose mass is m0 gains an apparent velocity v, and thus its effective
mass increases from m0 to m, and this term makes the imaginary
part of the complex momentum pi = mv = γm0v:

pc =
∫ m,v

0,0
d(mv) =

∫ m,v

0,0
(vdm + jmdv) =

∫ c,m0

0,0
vdm+ j

∫ v,m

0,m0

mdv.

(18)

The first term gives us the real momentum pr =
∫ c,m0

0,0 vdm =
m0c, while the second term gives the imaginary momentum pi =∫ v,m

0,m0
mdv = 0(m−m0)+m(v−0) = mv = γm0v. So the total complex

momentum is: pc = pr + jpi = m0c + jmv = m0c + jγm0v. Hence the
modulus of this total complex momentum is given by:

‖pc‖=
√

(m0c)2− (γm0v)2. (19)

Again, we notice here that the contribution of the imaginary
momentum pi = mv = γm0v is negative with relation to the real
momentum pr = m0c, just like the case of ti and vi as we have seen
in sections 5.2 and 6.1, and as it will be also the case for complex
energy as we shall see in section 6.4 further below. All this is because
the normal time, or physical motion, is interrupting the real creation,
which is causing the disturbance and curvature of the otherwise
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infinite homogeneous Euclidean space that describes the vacuum
state (c,0).

Therefore, to obtain the relativistic energy-momentum relation
from equation 19, we simply multiply by c:

E = c‖~P‖= c‖pc‖=
√

(m0c2)2− (γm0vc)2 =
√

(m0c2)2− (pc)2; p = γm0v.

(20)

These equations 19 and 20 above, with the negative sign, do not
contradict the equation in current Relativity: E =

√
(mvc)2 +(m0c2)2

which treats energy as scalar and do not realize its complex dimen-
sions (see also section 6.4 below). Practically, in any mass-energy
interaction or conversion, the negative term will be converted back
to positive because when the potential energy m0c2 is released, in
nuclear interactions for example, this means that it has been released
from the inner levels of time where it is captured as mass, into the
outer level to become kinetic energy or radiation. In other words:
the absorption and emission of energy or radiation, nuclear interac-
tions, or even the acceleration and deceleration of mass, are simply
conversions between the inner and outer levels of time, or space and
time, respectively. Eight centuries ago, Ibn al-Arabi described this
amazing observation by saying: “Space is rigid time, and time is
liquid space.” (Haj Yousef, 2017).

This derivation of the relativistic energy-momentum relation from
the fundamental definition of momentum p = mv is based on the
Duality of Time concept, by taking into account the complex nature
of time, as hyperbolic numbers, which is why the contribution of
the imaginary term appears here as negative in equation 20. As
we discussed in section 5.3, when we do not realize the discrete
structure of space-time geometry that results from this genuinely-
complex nature of time, the Duality of Time Theory is reduced to
General Relativity, which considers both space and time to be real,
and then we take the apparent rather than the complex velocity
whose instantaneous value is always zero; so this negative sign in
equations 19 and 20 above will appear positive, as if we are treating
space-time to be spherical (R4) rather than hyperbolic (H4).

Therefore, when we take into account the complex nature of
time as we described in sections 5.1 and 6.1 above (or Figures: 1
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and 2), energy and momentum will be also complex and hyperbolic.
This significant conclusion, that is a result of the new discrete
symmetry, will introduce an essential modification on the relativistic
energy-momentum equation which will lead to the derivation of the
equivalence principle and allows energy to be imaginary, negative
and even multidimensional, as it will be discussed further in sections
6.3 and 6.4.

6.3 The Equivalence Principle of General Relativity

In moving from Special to General Relativity, Einstein observed the
equivalence between the gravitational force and the inertial force
experienced by an observer in a non-inertial frame of reference. This
is roughly the same as the equivalence between active gravitational
and passive inertial masses, which has been later accurately tested
in many experiments (Schlamminger et al., 2008; Reasenberg et al.,
2012), but there is no direct mathematical derivation to this principle
apart from the famous spacecraft accelerator thought experiment
which relies on induction.

When Einstein combined this equivalence principle with the two
principles of Special Relativity, he was able to predict the curved
geometry of space-time, which is directly related to its contents of
energy and momentum of matter and radiation, through a system
of partial differential equations known as Einstein field equations.

We explained in section 6.2 above that an exact derivation of the
mass-energy equivalence relation E = mc2 is not possible without
postulating the inner levels of time, and that is why there is yet
no single exact derivation of this celebrated equation. For the
same reason indeed, there is also no mathematical derivation of the
equivalence principle that relates gravitation with geometry, because
it is actually equivalent to the same relation E = mc2 that reflects the
fact that space and matter are always being perpetually re-created in
the inner time, i.e. fluctuating between the particle state (0,0) and
wave state (c,c), thus causing space-time deformation and curvature.

Due to the discrete structure of the genuinely-complex time-time
geometry, as illustrated in Figure 1, the complex momentum pc
should be invariant between inertial and non-inertial frames alike,
because effectively all objects are always at rest in the outer level of
time, as we explained in section 5 above. This means that complex
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momentum is always conserved even when the velocity changes,
i.e. as the object accelerates between non-inertial frames!

This invariance of momentum between non-inertial frames is
conceivable, because it means that as the velocity increases (for
example), the gain in kinetic momentum pi = mv (that is the imag-
inary part) is compensated by the increase in the effective mass:
m = γm0 due to acceleration, which causes the real part pr = mc also
to increase, but since pc = pr + jpi is hyperbolic, thus its modulus√

(mc)2− (mv)2 remains invariant, and this what makes the geome-
try of space (manifested here as mc) dynamic, because it must react
to balance the change in effective mass. Therefore, a closed system
is closed only when we include all its contents of mass and energy
(including kinetic and radiation) as well as the background space
itself, which is the vacuum state (c,0), and the momentum of all
these constituents is either pr = mc, when they are re-created in the
inner levels, or pi = mv for physical objects moving in the normal
level of time. For such a conclusive system, the complex momentum
pc = pr + jpi is absolutely invariant.

Actually, without this exotic property of momentum it is not
possible at all to obtain an exact derivation of m = γm0 which is
equivalent to E = m0c2 as we mentioned in section 6.2 above, and
also in 1 below. These experimentally verified equations are correct
if, and only if, the modulus ‖pc‖ is always conserved. For example
when the object accelerates from zero to v, and then the effective
mass changes from m0 to m, thus we get:

√
(mc)2− (mv)2 =

√
(m0c)2− (m0×0)2 = m0c (21)

Since this previous equation 21 is equivalent to: m = m0c/
√

c2− v2 =
γm0, therefore, in addition to the previous methods in equations 11
and 12, and the relativistic energy-momentum relation in equation
20, the mass-energy equivalence relation: E = m0c2 can now be
deduced from equation 21 as it is shown in 1 below, because, as
we mentioned in section 6.2.4 above, the equations: E = m0c2 and
m = γm0 are equivalent, and the derivation of one of them leads to
the other, while there is no exact derivation of either form in the
current formulation of Special or General Relativity.

This absolute conservation of complex momentum under acceler-
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ation leads directly to the equivalence between active and passive

masses, because it means that the total (complex) force: Fc = d pc
dt

must have two components; one that is related to acceleration as
v changes in the outer time ti, which is the imaginary part, and
this causes the acceleration: Fi = ma = mdv/dt, so m here is the
passive mass, while the other force is related to the change in ef-
fective mass m = γm0, or its equivalent energy E = mc2, which is
manifested as the deformation of space which is being re-created in
the inner levels of time tr, and this change or deformation is causing
the gravitational force Fr that is associated with the active mass; and
these two components must be equivalent so that the total resulting
complex momentum remains conserved. Therefore, gravitation is a
reaction against the disturbance of space from the ground state of
bosonic vacuum (c,0) to the state of fermionic particles (c,v), the
first is associated with the active mass in the real momentum mc,
and the second is associated with the passive mass in the imaginary
momentum mv.

However, as discussed further in section 7, because of the fractal
dimensions of the new complex-time discrete geometry, performing
the differentiation of this complex function pc = mc + jmv requires
non-standard analysis because space-time is no longer everywhere
differentiable (Nottale and Schneider, 1984). So this will not be
pursued in this article.

From this conservation of complex momentum we should be
able to find the law of gravitation and the stress-energy-momentum
tensor which leads to the field equations of General Relativity. More-
over, since empty space is now described as the dynamic aether,
gravitational waves become the longitudinal vibrations in this ideal
medium, and the graviton will be simply the moment of time mv,
just as photons are the quanta of electromagnetic radiations and
they are transverse waves in this vacuum, or the moments of space
mc. This means that equivalence principle is essentially between
photons and gravitons, or between space and time, while electrons
and some other particles could be described as standing waves in the
space-time; with complex momentum mc + jmv, and the reason why
we have three generations of fermions is due to the three dimensions
of space. This important conclusion requires further investigation,
but we should also notice here that the equivalence principle should



6 Deriving the Principles of Special and General Relativity: 59

apply equally to all fundamental forces and not only to gravity,
because it is a property of space-time geometry in all dimensions,
and not only the 3D where gravity is exhibited, as it is also outlined
in another publication (Haj Yousef, 2017).

6.4 Complex Energy

Since it is intimately related to time, energy has to have complex,
and even multiple intersecting dimensions in accordance with the
dimensions of space and matter which are generated in the inner
levels of time before they evolve throughout the outer level. We
must notice straightforward, however, that not all these levels of
energy are equivalent to mass which is only a property of 3D space.
In lower dimensions, energy should rather be associated with the
corresponding coupling property, such as the electric and color
charges. Therefore, it is expected that negative mass is only possible
in 4D spatial dimensions, as it has been already anticipated before
(Bonnor, 1989; Petit and D’Agostini, 2014).

It is clear initially that, just like time, velocity and momentum
that were discussed above, when we take the complex nature of time
into account, the kinetic energy 1

2γm0v2 in equation 13, or pc in the
relativistic energy-momentum equation 17, becomes negative with
relation to the potential energy mc2 stored in mass m. Therefore
the energy E in equation 15 becomes complex Ec with real Er and
imaginary Ei parts. The real part Er represents re-creation through
the change in mass dm, and the imaginary part Ei represents the
kinetic evolution of this mass in the outer time through the change
in the apparent velocity dv:

Ec =
∫

(v2dm + jmvdv) =
∫ c,m0

0,0
v2dm + j

∫ m,v

m0,0
mvdv. (22)

The real part is Er = m0c2 and the imaginary part is Ei = γm0vc =
pc, thus we get:

‖Ec‖=
√

(m0c2)2− (γm0vc)2 =
√

(m0c2)2− (pc)2; p = γm0v. (23)

This negative contribution of the kinetic energy, however, does
not falsify the current equations 13 and 17, but it means that the
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potential energy and the kinetic energy are in different orthogonal
levels of time and the conversion of potential energy into kinetic
energy is like the conversion from the inner time into the outer time,
so when they are in the outer time they are added together as in the
previous equations because they become both in the same level of
time.

Again, just as it is the case with the absolute conservation of
momentum that we have seen in section 6.3 above, energy is also
always conserved, even when the apparent velocity v changes, since
the instantaneous velocity vi in the outer level of time is always zero,
as we have seen in section 5 and Figure 1 above. As it is the case
for momentum, this absolute conservation of energy is conceivable
because it means that as the velocity changes, the change in kinetic
energy Ei = mvc (that is the imaginary part) is compensated by
the change in the effective mass: m = γm0 due to motion, which
causes the real part of energy Er = mc2 also to change accordingly, but
since Ec = Er + jEi is hyperbolic, thus its modulus

√
(mc2)2− (mvc)2

remains invariant between all inertial or non-inertial frames.
This means that:

‖Ec‖=
√

(mc2)2− (mvc)2 = m0c2. (24)

This equation provides even an additional method to derive the
mass-energy equivalence, because the left side in this equation can
be reduced to mc2/γ :

√
(mc2)2− (mvc)2 = mc

√
c2− v2 = mc2

√
c2− v2

c
= mc2/γ⇒m = γm0.

(25)

So when we combine the two equations: 24 and 25, we get the
effective mass relation: m = γm0 that is equivalent to E = m0c2 as
we have seen above and in 1.

7 Fractal Space-Time and Quantum Phenomena:

Soon after the discovery of fractals, fractal structures of space-
time were suggested in 1983 (Ord, 1983), as an attempt to find a
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geometric analogue for relativistic quantum mechanics, in accordance
with Feynman’s path integral formulation, where the typical infinite
number of paths of quantum-mechanical particles are characterized
as being non-differentiable and fractal (Abbott and Wise, 1981). This
theoretical concept suggests that the structure of space-time itself
has a fractal dimension, and not only the large-scale distribution
of galaxies as confirmed by some observations (Joyce et al., 2005;
Hogg et al., 2005), in addition to the abundance of various fractal
structures on all physical and biological levels in nature, as was
previously described by Mandelbrot (Mandelbrot, 1983).

Accordingly, some theories were constructed based on fractal
space-time, including Causal Dynamical Triangulation (Ambjørn
et al., 2005) and Scale Relativity (NOTTALE, 1992), which also
share some fundamental characteristics with Loop quantum gravity,
that is trying to quantize space-time itself (Rovelli, 2011). Actually,
there are many studies that have successfully demonstrated how the
principles of quantum mechanics can be derived from the fractal
structure of space-time (Nottale and Célérier, 2007; JUMARIE,
2001; Cresson, 2003; Adda and Cresson, 2005; Jumarie, 2007), but
there is yet no complete understanding of how the dimensionality
of space-time evolved to the current Universe. Some multiverse
and eternal-inflation theories exhibit fractality at scales larger than
the observable Universe (Linde, 1987), while other theories suggest
that space-time dimensionality developed gradually from 2D at the
Planck scale, to become 4D at large galactic scales (Ambjørn et al.,
2005; Lauscher and Reuter, 2005; NOTTALE, 1992). Fractality
also arises in the non-commutative geometry approach to quantum
gravity, which tries to understand how fractal space couples with
gravitation, and suggests that time is an emergent property (Connes
and Rovelli, 1994).

In this regard, based on the concept of re-creation according to the
Duality of Time Theory, the Universe is constantly being re-created
from one geometrical point, that is 0D, from which all the current
dimensions of space and matter are re-created in the inner levels
of time before they evolve in the outer time. Therefore, the total
dimension of the Universe becomes naturally multi-fractal and equals
to the dynamic ratio of “inner” to “outer” times, because spatial
dimensions alone, as an empty homogeneous space, are complete
integers, while fractality arises when this super-fluid vacuum, as
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described in section 5.1 above, starts oscillating in the outer time,
which causes all types of vortices that we denote as elementary
particles. So we can see how this notion, of space-time having fractal
dimensions, would not have any “genuine” meaning unless both the
numerator and denominator of the fraction are both of the same
nature of time, and this can only be fulfilled by interpreting the
complete dimensions of space as inner levels of time.

In the absolute sense, the ratio of inner to outer times is the same
as the speed of light, which only needs to be “normalized” in order
to express the fractality of space-time; to become time-time. For
example, if the re-creation process, that is occurring in the inner
levels of time, is not interrupted in the outer time, i.e. when the
outer time is zero, this corresponds to absolute vacuum, that is an
isotropic and homogeneous Euclidean space, with complete integer
dimensions, that is 3D in our normal perception, and it is expected
to be 4D on large cosmological scales. So the speed of light, in the
time-time frame, is a unit-less constant that is equal to the number of
dimensions that are ideally 3 for a perfect three-dimensional vacuum,
which corresponds to the state of super-energy (c,c), as described
in section 5.1, but it may condense down to 0 for void, which is
absolute darkness that is the super-mass state (0,0).

The standard value of the speed of light in vacuum is now consid-
ered a universal physical constant, and its exact value is 299,792,458
meters per second. Since 1983, the length of the Meter has been
defined from this constant, as well as the international standard
for time. However, this experimentally measured value corresponds
to the speed of light in actual vacuum that is in fact not exactly
empty. The true speed that should be considered as the invariant
Speed of Creation is the speed of light in absolute “void” rather than
“vacuum”, which still has some energy that may interact with the
photons, and delay them, but void is real “nothing”. Of course, even
high vacuum is very hard to achieve in labs, so void is absolutely
impossible.

Because we naturally distinguish between space and time, this
speed must be measured in terms of meters per second, and it
should be therefore exactly equal to 300,000,000m/s. The difference
between this theoretical value and the standard measured value is
what accounts for the quantum foam, in contrast to the absolute
void that cannot be excited. Of course all this depends also on the
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actual definition of the meter, and also the second, which may appear
to be conventional, but in fact they are based on the same ancient
Sumerian tradition, included in their sexagesimal system which
seems to be fundamentally related to the structure of space-time
(Haj Yousef, 2017, Ch. VII).

Therefore, the actual physical dimensions of the (local) Universe
are less than three, and they change according to the medium,
and they are expected to be more than three in extra-galactic
space, to accommodate negative mass and super-symmetry. For
example the fractional dimensions of the actual vacuum is simply
3× (299,792,458/300,000,000) = 2.99792458, and the fractional
dimensions of water would be 3× (225,407,863/300,000,000) =
2.25407863, and so on for all transparent mediums according to
their relative refraction index. Opaque materials could be also
treated in the same manner according to their refraction index, but
for other light wave-lengths that they may transfer. Dimensionality
is a relative and dynamic property, so the Universe is ultimately
described by multi-fractal dimensions that change according to the
medium, or the inner dimensions (of space), and also wavelength,
that is the outer dimension (or time).

7.1 Super-symmetry and its Breaking:

As we noted above, many previous studies have successfully derived
the principles of quantum mechanics from the fractality of space-
time, but we want in the remaining of this section to outline an
alternative description based on the new complex-time geometry.
This has been explained with more details in other publications
(Haj Yousef, 2014, 2017, 2019, 2018), but a detailed study is required
based on the new findings.

As a result of perpetual re-creation, matter in the Universe is alter-
nating between the two primordial states of void and vacuum, which
correspond to the two states of super-mass (0,0) and super-energy
(c,c), respectively. Since (0,0) is real void or absolute “nothing”, it
remains only the state of vacuum (c,c), which is a perfectly homoge-
neous three-dimensional space, according to our normal perception.
Therefore, the Universe, as a whole, is in this perfect state of Bose-
Einstein Condensation, which is a state of “Oneness”, because its
geometrical points are indistinguishable and non-interacting, so it is
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a perfectly symmetrical and homogeneous or isotropic space. Mul-
tiplicity appeared out of this Oneness as a result of breaking the
symmetry of the real existence, the super-energy (c,c), and its imag-
inable non-existence, the super-mass (0,0), into the two states of
super-fluid (c,0) and super-gas (0,c), which correspond to particles
and anti-particles, which are perpetually, and sequentially, annihi-
lating back into energy (c,c) and splitting again, as described by
equation 2 above. This process is occurring every moment of time,
and this is actually what defines the moments of time, and causes
our physical perception and consciousness.

If existence remained in the bosonic (c,c) state, no physical
particles will appear, and no “time”, since no change or motion can
be conceived. Normal (or the outer level of) time starts when the
super-fluid state (c,0), which is the aether, is excited into (c,v),
which describes physical particles, or fermionic states, while at the
same time the orthogonal super-gas state (0,c) is excited into (v,c),
which describes anti-particles that are also fermions in their own
time, but bosons in our time reference, and vice-versa, because these
opposite time arrows are orthogonal, as we described in section 5.2.

7.2 The Exclusion Principle:

Therefore, physical existence happened as a result of splitting this
3D ideal space, which introduced the outer level of time in which
fermions started to move and take various different (discrete) states.
The fundamental reason behind the quantum behavior, or why these
states are discrete, is because no two particles, or fermionic states,
can exist simultaneously in the outer time, which is the very fact
that caused them to become multiple and make the physical matter,
so their re-creation must be processed sequentially, and this is the
ontological reason behind the exclusion principle. Therefore, since all
fermions are kinetically moving in the outer time, which is imaginary,
they must exist in different states, because we are observing them
from orthogonal time direction, otherwise we would not see them
multiple and in various dimensions. In contrast to that, because
bosons are in the real level of time with respect to the observer, they
all appear in the same state even though they may be many.
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7.3 Uncertainty:

On the other hand, if we suppose the particle is composed of N
individual geometrical points, each of which is either in the inner
or outer levels of time, so their individual speeds are either zero
or c, but collectively appear to be moving at the limited apparent
velocity v, that can be calculated from equation 5; thus the particle
is described by (c,v). Therefore, because only one point actually
exists in the real flow of time, the position of this point is completely
undetermined, because its velocity is equal to c, while the rest have
been already defined, because they are now in the past, and their
velocities had been sequentially and abruptly collapsed from c to
zero, after they made their corresponding specific contribution to
the total quantum state which defines the position of the particle
with relation to the observer.

When the number N is very large, as it is the case with large
objects and heavy particles, the uncertainty will be very small,
because only one point is completely uncertain at the real instance
of time. But for small particles, such as the electron, the uncertainty
could become considerably large, because it is inversely proportional
to N: δx ∝ 1/N. This uncertainty in position will also increase with
(the imaginary) velocity v, or momentum pi = mv, because higher
physical velocity means that on average more and more points are
becoming in the real speed c, rather than rest, as can also inferred
from equation 5.

7.4 Collapse of Wave-Function:

Moreover, we can now give an exact account of the collapse of
the wave function, since the superposition state of a system of N
individual points comes from averaging their dual-state of zero or
c, all of which had already made its contribution except the real
current one at the very real instance of time of measurement, which
is going to be determined right in the following instance. Therefore,
because the state of any individual point automatically collapses
into zero after it makes its contribution to the total quantum state,
once the moment passes, all states are determined automatically,
although their eigenstate may remain unknown, as far as it is not
measured.

So, as in the original Copenhagen interpretation, the act of mea-
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surement only provides knowledge of the state. However, if the
number of points in a system is very small, and since the observer
is necessarily part of the system, the observation may have a large
impact on determining the final eigenstate.

7.5 Schroedinger’s Cat:

Accordingly, the state of Schroedinger’s cat, after the box is closed,
is either dead or alive; so it is already determined, but we only know
that after we open the box, provided that the consciousness of the
observer did not interfere during the measurement. Any kind of
measurement or detection, necessarily means that the observer, or
the measuring device, at this particular instance of measurement, is
the subject that is acting on the system; and since there is only one
state of vacuum and one state of void, at this real instance of time,
the system must necessarily collapse into the passive state, i.e. it
becomes the object or particle, because at this particular instance
of time the observer is taking on the active state. Of course, this
collapsing is not fatal, otherwise particles and objects will disappear
forever, but they are re-created or excited again into a new state right
after this instantaneous collapse, at which time the observer now
would have moved back into an indeterminate state, and becomes
an object amongst other objects.

7.6 Entanglement and Non-locality:

The uncertainty and non-locality of quantum mechanical phenomena
result from the process of sequential re-creation, or the recurrence of
only one geometrical point, which is flowing either in the inward or
outward levels of time, which respectively produce the normal spatial
entanglement as well as the temporal entanglement. Therefore,
entanglement is the general underlying principle that connects all
parts of the Universe in space and as well as in time, but it is mostly
reduced into simple coherence, which may also dissipate quickly
as soon as the system becomes complex. In other words: spatial
and temporal entanglement is what defines space-time structure,
rather than direct proximity. In this deeper sense, the speed of
light is never surpassed even in extreme cases, such as the EPR and
quantum tunneling, since there is no transmutation, but the object
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is re-created in new places which could be at the other end of the
Universe, and even in a delayed future time.

Consequently, whether the two particles are separated in space
or in time, they can still interfere with each other in the same way
because they are described by the same wave function either as one
single entangled state or two coherent states. In this way we can
explain normal as well as single particle interference, since the wave
behavior of particles in each case is a result of the instantaneous
uncertainty in determining their final physical properties, such as
position or momentum, as they are sequentially re-created.

Spatial entanglement occurs between the points in the internal
level of time, while temporal entanglement is between the points of
the outer level, so in reality it is all temporal since all the points of
space and time are generated in one chronological order that first
spreads spatially in the inner metaphysical level and then temporally
in the outer physical level.

7.7 Causality:

On the other hand, since the whole Universe is self-contained in space,
all changes in it are necessarily internal changes only, because it is a
closed system. Therefore, any change in any part of the Universe
will inevitably cause other synchronizing change(s) in other parts. In
normal cases the effect of the ongoing process of cosmic re-creation
is not noticeable because of the many possible changes that could
happen in any part of the complex system, and the corresponding
distraction of our limited means of attention and perception. This
means that causality is no more directly related to space or even
time; because the re-creation allows non-local and even non-temporal
causal interactions.

In regular macroscopic situations, the perturbation causes gradual
or smooth, but still discrete, motion or change; because of the
vast number of neighboring individual points, so the effect of any
perturbation will be limited to adjacent points, and will dissipate
very quickly after short distance, when energy is consumed. This
kind of apparent motion is limited by the speed of light, because the
change can appear infinitesimally continuous in space.

In the special case when a small closed system is isolated as
a small part of the Universe, and this isolation is not necessarily
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spatial isolation, as it is the case of the two entangled particles in the
EPR, then the effect of any perturbation will appear instantaneous
because it will be transferred only through a small number of points,
irrespective of their positions in space, or even in time.

8 Conclusion

The Duality of Time Theory exposes a deeper understanding of time,
that reveals the discrete symmetry of space-time geometry, according
to which the dimensions of space are dynamically being re-created
in one chronological sequence at every instance of the outer level of
time that we encounter. In this hidden discrete symmetry, motion
is a result of re-creation in the new places rather than gradual and
infinitesimal transmutation from one place to the other. When we
approximate this discrete motion in terms of the apparent (average)
velocity, this theory will reduce to General Relativity.

We have shown that the resulting space-time is dynamic, granu-
lar, self-contained without any background, genuinely-complex and
fractal, which are the key features needed to accommodate quantum
and relativistic phenomena. Accordingly, many major problems in
physics and cosmology can be easily solved, including the arrow
of time, non-locality, homogeneity, dark energy, matter-antimatter
asymmetry and super-symmetry, in addition to providing the onto-
logical reason behind the constancy and invariance of the speed of
light, that is currently considered an axiom.

We have demonstrated, by simple mathematical formulation,
how all the principles of Special and General Relativity can be
derived from the Duality of Time postulate, in addition to exact
mathematical derivation of the mass-energy equivalence relation,
directly from the principles of Classical Mechanics, as well deriving
the equivalence principle that lead to General Relativity.

Previous studies have already demonstrated how the principles
of Quantum Mechanics can be derived from the fractal structure
of space-time, but we have also provided realistic explanation of
quantum behavior, such as the wave-particle duality, the exclusion
principle, uncertainty, the effect of observers and the collapse of
wave function. We also showed that, in addition to being a per-
fect super-fluid, the resulting dynamic quintessence could reduce
the cosmological constant discrepancy by at least 117 orders of
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magnitude.

1 Appendix: Deducing E = mc2 from m = γm0:

Starting from equation 8 above:

E =
∫

(v2dm + mvdv), (26)

and we can find dm by differentiating m = γm0 = m0/
√

1− v2/c2,
with respect to dv:

dm
dv

=
m0v/c2

3/2
√

1− v2/c2
=

mv/c2

1− v2/c2 =
mv

c2− v2 . (27)

From this equation we find: mvdv = c2dm−v2dm, and by replacing
in equation 26 we get:

E =
∫

(v2dm + c2dm− v2dm) =
∫

c2dm = mc2. (28)

This method, however, can not be considered a mathematical val-
idation of the mass-energy equivalence relation E = mc2, because the
starting equation m = γm0 is not derived by any other fundamental
method from current Relativity, other than being analogous to the
equations of time dilation and length contraction: t = γt0, L = L0/γ .

Using the same equation m = γm0 with E = mc2; thus: E =

m0c2/
√

1− v2/c2, we can also derive the relativistic energy-momentum
relation, by squaring and applying some modifications:

E2 =
m2

0c4

1− v2/c2 =
m2

0c4

1− v2/c2 +
m2

0c2v2

1− v2/c2 −
m2

0c2v2

1− v2/c2 . (29)

From this equation we get: E2 = c2 m2
0v2

1−v2/c2 +
m2

0c4−m2
0c2v2

1−v2/c2 , thus

E2 = p2c2 + m2
0c2 c2−v2

1−v2/c2 = (pc)2 +(m0c2)2, or:

E =
√

(pc)2 +(m0c2)2 = c
√

(mv)2 +(m0c)2 = c|~P|. (30)
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Again, since this derivation relies originally on the equation:
m = γm0, it can not be considered a mathematical validation of the
mass-energy equivalence relation.
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