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Abstract

A significant debate on decision-making and the notion of free-will has been shifted in the neuroscience community towards a
deterministic nature due to previous experiments demonstrating brain activity engagement prior to conscious decision-making.
However, modern interpretations of physical reality pertaining to quantum and relativistic theories has created complicated and
controversial views of time. These views have vast implications within the scientific method that are referred to within as the Time
Paradigm Problem. This essay explores the relationship between time and charge by revisiting the development of modern physi-
cal theory within a historical context. In doing so, an alternative interpretation of the charge-time relationship has been presented
within a time-symmetrical nature that postulates a “unification” of time and charge. Within this context, previous neuroscientific re-
sults presenting a deterministic nature are reinterpreted colloquially to suggest these results may be an artifact of the experimental

design and a consequence of misunderstanding nature’s time.

Keywords: Decision-making; Time; Charge; Symmetry; Neuroscience; Physics; Time Paradigm Problem

Introduction
Decision-making

Decision-making has long been at the center of the philosophical debate about whether nature is deterministic or whether humans exercise
free will. In the 1980’s, neuroscientist Benjamin Libet and colleagues provided evidence that the human brain engages activity prior to any
conscious awareness of a person’s decision to perform a movement [1-3]. Much of the neuroscience community has accepted their results as
support for the notion that a deterministic nature creates an illusionary free will [4,5], which subsequent experiments utilising more advanced
technologies reproduced [6-8]. Conversely, there have also been scientific and philosophical arguments put forward in support of conscious
free will that undermine the experimental framework, such as a subjective bias in timing external stimuli during cognitive experimentation
[9,10] or the interpretation that these results represent a gradual development of conscious awareness [11]. In this essay, previous experi-
mental results from investigations on decision making that purport a deterministic nature creates an illusionary free will are reinterpreted by
revisiting seminal moments in the history of scientific discovery because the actual nature of time, a long-held foundation of physical assess-
ment and scientific inquiry, has become a controversial topic [12]. This controversy has been named here the Time Paradigm Problem and it

is a challenge the scientific community needs to come to terms with before any real distinction on the nature of decision-making can be made.
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The time paradigm problem

The modern controversy around the time paradigm problem is an abstraction that arises out of Albert Einstein’s concepts on the electro-
magnetic field, the constant speed of light and the movement of charged particles in 4-dimensional space-time [13], later called the theory of
special relativity. As a consequence of Einstein’s relative space-time, a notion of inclusive space-time arose in which the universe contained a
complete gambit of time, including the past, present and future (a block universe), where time can be symmetrically represented in the math-
ematics [14,15]. However, life and experiment unfold in a uniform manner that seems to progress in accordance to an arrow of time, from past
to future, as part of a space-time continuum [14] and all events are notably “relative” to one another, i.e. an event from the past is considered

observed at a future moment by a living organism or an automated apparatus.

This controversy has grown consequentially with the realization that quantum aspects of nature are not classically defined [16-19]. In
the 1940’s, Richard Feynman utilized a “unification” of time and charge in formulating his famous diagrams (Figure 1A) [20] to deal with
the Heisenberg uncertainty principle [21], wave/particle duality [16,17] and the necessity of quantum mechanical probabilities to predict
quantum events [22]. These diagrams found success in the development of quantum chromodynamic and electroweak theories explaining the
strong [23,24] and weak nuclear [25-27] forces, respectively. However, to account for the arrow of time in quantum mechanics, a concept of
time symmetry breaking was introduced against mathematical symmetry [17,27] and has since become convention rather than considering a

universe inclusive of the past, present and future.

This convention, however, may be more akin to the perceptual nature of observation and the definition of the observational reference frame
than the reality of nature’s time. The abstraction of time is a challenge that the scientific method has not been able to fully address because the
nature of time remains hidden behind the veil of quantum phenomenon [16] and the uncertainty principle [21]. Interestingly, albeit not scien-
tifically established, the “unification” of time and charge by Feynman appears similar to the expansion of 3-dimensional space to a 4-dimensional
space-time that Einstein used when considering the movement of charged bodies [13]. This comment asks, was there something about charge
that inspired Einstein to incorporate time into the mathematical framework? In retrospect, Einstein was working from a framework of James
Maxwell’s electromagnetic theories [28], the existence of charged particles (electrons [29] and protons [30]) and the Michelson-Morley experi-
ment demonstrating the constant speed of light [31] when he had some insight into the photoelectric effect [32], the relativity of space-time
[13] and the energy-mass equivalence principle [33]. In 1905, the year of Einstein’s scientific revolution, the discoveries of the atomic structure
[34], neutron [35] and positron (later considered anti- matter) [36] were things of the future. As such, it can only be guessed at what Einstein
would have thought about the “unification” of time and charge if he had seen both the mathematical theory and physical experimentation of

the last half of the 20% century until now.
Analysis
A physics perspective

In any regard, the “unification” of time and charge has been either unrealized, ignored, disagreed upon or altogether rejected by the mainstream
scientific community leading to the present-day controversy [12]. The argument against this “unification” is as follows: In a universe where
material objects move in both directions of time, objects would be expected to appear spontaneously without predestination, but since these
events have never been observed, then time and charge unity is not a correct feature of nature [17]. The consequence of this argument has
been the aforementioned notion of symmetry breaking, with respect to time and charge, in quantum mechanical descriptions of nature [27] to
account for the apparent time paradox arising from the many interpretations of quantum mechanics [20-27] and the observational and expe-
riential arrow of time [14,15]. The foundational aspect of experiential consequence and the convention towards time symmetry breaking as a

real description of nature has outweighed the mathematical basis to view nature, in respect to both time and charge, as symmetrically whole.

A neuroscience perspective

A counter argument against a uniform arrow of time has been proposed in neuroscience that time-charge symmetry may be the underpin-
nings of the imagination and a mechanism for the brain to conceptualize events of the future because spontaneous events do occur in the brain

as a form of insight [37]. This hypothesis is akin to Feynman'’s theory of the positron, which was considered to travel backwards in time [20].
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However, the groupings of matter and anti-matter were reclassified to reflect charge orientation (i.e. matter: protons, positrons; anti-matter:
anti-protons, electrons) rather than the order in which particles were originally discovered [29,30,35,36]. It postulates that the uniform arrow
of time experienced is constituted by the nuclei of atoms within the body, brain and the external universe as denoted by their positive charge,
where the bonding electrons move anti-directionally through time by travelling between and around the physical forms of nature that observa-
tion is based upon (Figure 1B). This is to say that electrons within a molecule at time A may not be the same subset of electrons within the same
molecule at time B. To date, there have been no means to support or refute this interpretation of anti-directional time propagation of charge
due to the observational dependency of quantum phenomenon [16,21]. Nonetheless, the subjective expectation that mathematical symmetry,
in general and with respect to time and charge, holds in descriptions of nature (both physically and psychically) makes the time paradigm prob-
lem a quintessential question of contemporary physics and neuroscience. While the neuroscientific counter argument presented only adds to
the current scientific controversy, the only rationale to accept the convention that all particles in nature move through time as a uniform arrow,

rather than as directed by charge-time symmetry, appears to be personal choice.

Figure 1: The anti-directional time propagation of charge. A) Feynman diagram of positron-electron annihilation producing
entangled photons. The oppositely charged leptons are depicted to transverse time in opposite directions. B) A diagram of three
sequential events (past, present, and future) as represented by a 3-dimensional interpretation of E=mc? with a symmetrical
electromagnetic (blue)/positromagnetic (red) plane of propagating waves and the potential magnetic spin values of
photons (+1 or -1), electrons (blue) and positrons (red) (+ % or - ¥). Green arrows indicate mass. The large black arrow

depicts the experiential arrow of time.

Discussion

When the neuroscience community, on the shoulders of Libet’'s work [1-8], accepted a deterministic view of nature, it overlooked another
important aspect of the mind in addition to the time paradigm problem. That aspect is related to the unknown composition of the mind. While
mainstream neuroscientists accept the mind to be a construct of the brain’s neuronal circuitry, and there is plenty of correlation evidence to
support this view [38-42], the mental representation of the brain may not be limited to a Newtonian cause and effect-type framework. First, the
neurobiology of the brain evolved in a universe that appears to be relativistic and filled with quantum phenomenon. Second, the relationship
between the mind and brain maybe more akin to a dualistic relationship between energy and matter. It has been postulated that the anti-manic
effect of the pharmacological agent lithium, an ion that affects both physical and psychical biological factors, works by directly inhibiting the
synthesis of ATP, the biological energy carrier [43]. This postulation is supported by direct kinetic evaluation of purified ATP synthase from
chloroplasts [44] and aligns with Rene Descartes’ postulation in the 17" century that the mind and brain are two separate entities [45,46].
However, it may not be sufficient to simply view the mind and brain as a dualistic separation of energy and matter because energy and matter
may be interchangeable [33,37,47]. Nonetheless, there is scholarly impetus to think philosophically about the interrelationship between mind/

brain and energy/matter, especially when contemplating the distinction between a deterministic nature and the freedom to choose.
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In consideration of these significant unknowns, it may be more prudent to view Libet’s and other’s results [1-3,6-8] as an artifact of the ex-
perimental design, where the mind (whatever substance) makes a decision to act, then charged particles of the brain (electrons or protons and
atomic nuclei) move in opposite time directions with electrons engaging the brain prior to the reported decision, thereby appearing as the brain
activating before conscious decision-making in the experiments (Figure 2), than to draw a conclusion that free will is an illusion of biology [1-
8]. In either case, it is certainly premature for the scientific method to make a valid assessment of the nature of decision-making. Considerably

more discussion and insight are needed to illuminate the time paradigm problem so that its implications in nature can be realized.

Figure 2: Schematic interpretations of decision-making results. A) Conventional interpretation of decision-making experimental results
in a uniform arrow of time. Brain activity (B.A.) has been observed to occur before conscious awareness of decisions to complete a body
movement (B.M). This interpretation suggests that the conscious awareness of decisions represents a determined decision- making event
(D.D.M.E.). B) Novel interpretation of decision-making experimental results in a non- uniform arrow of time. This interpretation suggests
that the B.A. recording prior to conscious awareness of decisions may be due to anti-directional propagation of charge through time created
by a free decision- making event (F.D.M.E.). Blue ovals represent brain activity; green ovals represent conscious awareness of decision; and
red circles represent the resulting body movement. Black arrows represent the experiential arrow of time. Red and blue arrows represent

the respective paths of charged entities in time (Red: positive charge; Blue: negative charge).

Conclusion

The time paradigm problem has potentially vast implications on the interpretation and meaning of modern experimental results, especially
in the fields of neuroscience, neurology, psychiatry and psychology. Better understanding of modern physics within these fields will open new
avenues of research, both within medicine (i.e. development of future treatments) and in philosophy (i.e. contemplating determinism vs. free
will).
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