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Abstract A level of adequacy of a given model with physical world represents an important
element of physics. In an “ideal” model each element in the model would correspond exactly
to one element in the physical world. In such a model each element would have a direct
epistemological correlation with exactly one element of the physical world. Such a model
would become a perfect picture of the physical world. The possibility of misinterpretation, in
a sense that one searches for physical existence of purely theoretically predicted elements of
the model, would be excluded. In order to develop such a model we apply bijective function
of set theory. Bijective function applied on time research shows model of space–time has no
direct epistemological correlation in physical reality. Time is duration of changes which run
in space. Duration does not run in time, duration is time.

Keywords Space–time · Bijective function · Set theory · Bijective epistemology

1 Introduction

In 1935 Einstein, Podolski and Rosen (EPR) introduced a famous argument—directed to
prove the incompleteness of quantum mechanics—that was based on the assumption of two
fundamental starting-points: Einstein’s definition of completeness of a theory and the criterion
of physical reality. According to Einstein’s definition of completeness of a physical theory,
a theory can be considered complete if every element of physical theory has a counterpart in
the physical reality. According to EPR’s criterion of physical reality, an element of physical
reality corresponding to a given physical quantity exists if, without disturbing a physical
system, we can predict with certainty the value of that physical quantity. The three authors
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Fig. 1 A bijective function, f : X → Y , where set X is {1, 2, 3, 4} and set Y is {A, B, C, D}. For example,
f (1) = D

found that their criterion of physical reality does not always work for quantum mechanics,
and deduced in this way that quantum theory could not be considered a complete theory
(Einstein et al. 1935).

In line with Einstein’s view of completeness of a physical theory, it is reasonable to require
that in an ideal model each element of the model corresponds exactly to one element in the
physical reality, in other words that there is a bijective correspondence between elements of
themodel and elements of physical reality. Here, at a fundamental level, we define elements of
physical reality as those elements which have a primary physical existence, namely either are
perceived directly by senses (without the necessity to make measurements) or are perceived
indirectly by “enhanced senses”where the adjective “enhanced” ismeant to harbour a percep-
tion through, for example, radio telescopes or Geiger–Muller elementary-particle counters.1

Bijective epistemology is founded on the bijective function of set theory where each ele-
ment in the universe set X is corresponding exactly to one element in the model set Y (Fig. 1).

In Bijective Epistemology each element in the physical model of phenomena which we
examine corresponds exactly to one element of phenomena itself. In this way the physi-
cal model becomes an adequate picture of phenomena (it can be considered a “complete”
description of the processes, to use Einstein’s words): between the model that represents a
given phenomenon and the phenomenon itself there is a direct epistemological correlation
(Caligiuri and Sorli 2013).

In Bijective Epistemology, in the light of the definition of elements of physical reality
above enunciated, one can introduce the following criterion of physical reality: an element
of physical reality corresponding to a given physical quantity and describing a given process
exists if it is perceived by the senses directly or indirectly with instruments (here it is included
the possibility to use instruments as for example microscope, radio telescope, Geiger–Muller
elementary particle counter or electromagnetic waves detector). In this approach, each ele-
ment of the phenomena under examination needs to be first perceived and then can be consid-
ered as existent one. In natural sciences a given element is perceived by outer senses directly
or indirectly with instruments. In human sciences a given element can be perceived also by
inner senses as for example thoughts, emotions, sensations, etc.

1 Indeed, in the criterion of physical reality of bijective epistemology here proposed, a possible criticism
regards the fact that there are probably things or phenomena that are not detectable at the present, even
when using the current most sophisticated detectors, but could be detected—for instance—in a future, if the
development of civilization will allow an appropriate progress in our techniques of revelation. In order to
take account of this possibility, the idea of “enhanced senses” could be further improved and generalized
with the concept of “ideally perfect senses”, where “ideally perfect” is meant to indicate just a perception of
phenomena through the most sophisticated detectors or objects which are achieved thanks to the development
of civilization.
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Fig. 2 Between set universe X and set model Y there is a direct epistemological correlation

2 Bijective Epistemology: Universe Set, Model Set and the Energy Subsets

In the physical universe the following five elements are perceived directly by senses (as
well as by enhanced senses): matter, energy (all types of electromagnetic energy), space,
change and time as a sequential numerical order of changes with its duration, running in
space; sequential numerical order means change n + 1 is following change n, change n + 2
is following change n + 1 and so on. Material change n + 1 is “after” material change n
equivalently as natural number 2 is “after” natural number 1. “Past”, “present” and “future”
exist in space only as a numerical order of material changes. Changes that exist in human
mind (as for example flow of thoughts) have origin in neuronal activity and can be as such
considered “material” too. In the light of this fact we consider time is a numerical order of
changes in general.

Matter, energy, space, change and time as a sequential numerical order of changes (with
its duration) are perceivable elements of the set “universe X”. The sixth element of the set
universe X is the observer, who perceives the other five elements. Using a bijective function,
these six elements of the set universe X can be transformed into six elements of set “model
Y” as shown in Fig. 2.

Observer has experimental evidence that matter can transform in energy and that matter
is made out of energy. Furthermore, according to contemporary quantum field theories,
particles spontaneously appear from space and disappear back in it. For example, in Chiatti’s
and Licata’s model of transactions, which implies that the fundamental arena of the universe
is an archaic, timeless vacuum that constrains and conveys the dynamical processes we
observe, the only truly existent “things” in the physical world are the events of creation
and destruction (or, in other words, physical manifestation and demanifestation) of certain
qualities (Chiatti 2012; Licata 2014). In this picture, any other construction in physics—
like the continuous space–time notion itself—has the role to causally connect the measured
properties: they are “emergent” with respect to the processes of creation and annihilation.
The connection between the events of creation or destruction is possible because these events
derive from the transformation of the same timeless vacuum. In this picture, it looks as if
every quantum process and time itself emerge from this invariant timeless substratum and are
re-absorbed within it. Chiatti’s and Licata’s approach—as well as other current research on
the fundamental background of quantum field theories—lead thus to the conclusion that also
space can be considered as a type of energy (named the energy associated with a fundamental
quantum vacuum).
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Fig. 3 Fundamental model of the universe with four elements: observer, energy, change and time

Element of matter Mx , element of space Sx and element of energy Ex in the universe set
X can be considered as elements of the subset EX (Energy subset of the universe set X).
Element of matter My , element of space Sy and element of energy Ey in the model set Y are
elements of the subset EY (Energy subset of the model set Y). In the Universe set X we have
four fundamental elements. In the model set Y we also have four fundamental elements (see
Fig. 3).

X : {Ox ,Cx , Tx , {EX}}
Y : {

Oy,Cy, Ty, {EY }}
EX : {Ex , Sx , Mx }
EY : {

Ey, Sy, My
}

In this fundamental model of the universe space and time are two different elements in
the set “universe X” and two different elements in the set “model Y”. Time Tx does not
enter energy subset EX and time Ty does not enter energy subset EY. Bijection epistemology
shows that, at a fundamental level, space is energy in which universal changes run and time
is numerical order of material changes, with its duration, which run in space.

The manifold of Minkowski space–time in special relativity has no direct epistemological
correlation in physical universe, it cannot satisfy the bijection test. Its physical existence is
questionable. We suggest that universal space originates from some deeper physical reality,
which is a timeless quantum vacuum where time is not its fourth dimension (Caligiuri and
Sorli 2013).

One of the prevailing models in physics of twentieth century was “empty space” in which
fields and particles exist. In this model fields and particles have energy as their characteristic
attribute and empty space has no energy as its characteristic attribute. According to bijective
epistemology “empty space” (which has no energy as its attribute) cannot exist as an element
of the set universe X and therefore cannot exist as an element of the set model Y too. The
concept of “empty space” can be here definitely abolished. Here universal space is a type of
energy in which universal changes run and time is not a physical dimension where changes
run and thus has not a primary physical reality: it exists merely as a numerical order of
material changes running in space. Duration of physical events does not run in an external
existent idealized temporal dimension but is associated with the numerical order of material
changes running in space.

3 About the Time Research

In our model time is non-existent as a physical reality in which changes run, so nothing can
happen in time. McTaggart discussed at the beginning of twentieth century that time is not a
physical reality in which things exist: “It will be convenient to begin our enquiry by asking
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whether anything existent can possess the characteristic of being in time. I shall endeavour
to prove that it cannot” (McTaggart 1908). McTaggart’s view did not convince physicists
of that time which, after Minkowski developed his four-dimensional geometry, accepted
time as a fourth dimension of space. However in the Minkowski formalism for the fourth
dimension

x4 = ict (1)

where i is imaginary unit and c is light speed, the symbol t represents duration of photon
motion, it is not a fourth dimension, the fourth dimension is a spatial dimension. Considering
time as a fourth dimension of physical space can be considered as a very inconvenient
interpretation of time with no experimental validity.

The concept of time as a primary physical dimension where changes run and the view
of duration of phenomena that runs in a temporal dimension that exists on its own, do not
satisfy the criterion of physical reality of bijective epistemology applied to the energy subsets
of the model set X and of the universe set Y. Time is not directly perceived by senses (or
even indirectly by “enhanced” senses) as a physical quantity that flows on its own, in which
changes take place, and therefore, on the basis of the criterion of physical reality, an idealized
temporal dimension where events occur cannot be considered as an element of the energy
subset EX of the universe set X. As a consequence, bijective epistemology does not work for
it.

On the other hand, relevant current research suggest that physical time cannot be consid-
ered as a primary physical reality but is a mathematical quantity which emerges from a more
fundamental timeless background space. For example, Girelli, Liberati and Sindoni recently
developed a toy model in which they showed how the Lorentzian signature and a dynamical
space–time can emerge from a flat non-dynamical Euclidean space, with no diffeomorphisms
invariance built in (Girelli et al. 2009). In Girelli’s, Liberati’s and Sindoni’s approach, the
ultimate arena of the universe is a sort of timeless condensate described by a manifold R4

equipped with the Euclidean metric δμν . The toy model developed by Girelli, Liberati and
Sindoni provides an example where time (from the geometric perspective) is not fundamen-
tal, but simply an emerging feature: time as humans perceive it is only an emerging feature
and different solutions of the equations of motion of the fields characterizing the conden-
sate determine different metrics of the space–time background. If in a timeless background
different metrics are possible and time represents only an emerging feature, this means that,
at a fundamental level, time cannot be considered as a primary physical reality which flows
on its own in the universe, in which changes take place, in other words it cannot satisfy the
criterion of physical reality of bijective epistemology. This implies therefore that the concept
of an existent temporal dimension as primary physical reality where events run cannot satisfy
bijection test of bijective epistemology.

Bijective Epistemology does not deny existence of time as “timeless approaches” in
physics. In this regard, the two fundamental approaches existing in the literature areBarbour’s
and Rovelli’s. In the paper The nature of time Barbour suggests that time has no physical
existence, it is a pure illusion and thus it can be banished from physics (Barbour 2009). In
the “No Time” interpretation developed by Barbour and his collaborators, in line with Leib-
nitizian Temporal Relationalism, the problem of time is resolved by doing away with time
from the very outset (Barbour et al. 2002). In this approach, a “time” intended as a primary
physical reality is eliminated from the action and is replaced by an unphysical evolution
parameter, with respect to which one can differentiate coordinates to attain velocities, which
can indeed exist without the notion of an absolute or even a clock time. For an M particle
system, the action at the basis of this model (Jacobi–Barbour–Bertotti action) is
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SJBB =
λ f∫

λ0

dλ2

√

(T (λ))
(
E − V

(
qij

))
(2)

(where λ is an arbitrary monotonic parameter that labels the points of the orbit of the system,

T (λ) = ∑M
j=1

m j
2

(
dqij (λ)

dλ

)2

is the kinetic energy of the system, V (qij (λ)) is the potential

energy of the system, that does not depend explicitly on λ, and E is the constant part of
V and can be understood as the total energy of the system; the index i is the spatial index
which ranges from 1 to the dimension d of the configuration space, while j is the particle
index which ranges from 1 to M). The Jacobi–Barbour–Bertotti action can provide a precise
realization of Mach’s second principle in a timeless picture. In fact, the action (2) is invariant
under reparameterizations of λ and, thus, is independent of anything can be called a time
parameter. Starting from the action (2), a variation with respect to qi leads to the following
Newton-type equations of motion:

m
d2qi

dτ 2BB
= − ∂V

∂q j
ηi j (3)

where ηi j is the flat metric with Euclidean signature, and

τBB =
λ f∫

λ0

√
T√

E − V
dλ (4)

is a reparamaterization invariant quantity first referred to as ephemeris time by Barbour and
Bertotti in the paperMach’s Principle and the Structure of Dynamical Theories (Barbour and
Bertotti 1982) and the book The end of time (Barbour 2000). The ephemeris time indicates
physically that the system becomes its own relational clock.

The other important approach which faces the problem of time with a timeless formalism
was developed by Rovelli in the context of the loop quantum gravity. Since the publication
of the paper Time in quantum gravity: an hypothesis Rovelli introduced the perspective that
an idealized time is not defined at the fundamental level (at the Planck scale), namely that,
in the quantum gravity regime, time should be simply forgotten (Rovelli 1991). In Rovelli’s
approach, the concept of absolute time t—as used in Hamiltonian mechanics as well as in
Schrödinger quantum mechanics—is replaced by arbitrary clock times in terms of which the
dynamics may not be of the Schrödinger form. In Rovelli’s approach, the familiar notion
of time emerges at the thermodynamic level, when one provides an approximate statistical
description of a system with a large number of degrees of freedom (Rovelli 2009). In nature,
there is no preferred physical time variable t : all variables are physically equivalent at the
mechanical level. But if we restrict our observations to macroscopic parameters, and assume
the other dynamical variables are distributed according to a statistical state ρ, then a preferred
variable is singled out which has precisely the properties which characterize our macroscopic
time parameter. What we call “time” is the thermal time of the statistical state in which the
world happens to be, when described in terms of themacroscopic parameters we have chosen.
To summarize, according to Rovelli’s view, time is the expression of our ignorance of the
full microstate, a reflex of our incomplete knowledge of the state of the world. Moreover,
Rovelli’s proposal implies that the quantum physics of the presympletic systems that do not
have a Hamiltonian version is governed by a quantum mechanics without time.
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However, according to the authors of this paper, in the light of the bijective epistemology,
time in physics has to be considered as a fundamental physical quantity. Abolishing of time
from the very outset or forgetting time, from the authors’ point of view, does not make clearer
and more satisfactory the scientific picture of the world. Time as a sequential numerical order
of change is a fundamental element of the universe. Universe itself is timeless in a sense
universe does not run in time as a fundamental dimension which has physical reality.

Significant recent research show that it is not true that time has no physical existence, that
it is not true that time has to be considered as a mere illusion or should simply be forgotten.
On the basis of the criterion of physical reality of bijective epistemology, changes of state
of the universe and, at the same time, changes of the state of any physical system can be
considered the primary phenomena which generate evolution of the universe. Changes of the
states are thus the primary elements which belong to the subset EX of the universe set X.
In order to describe these changes, Gózdz and Stefanska (2008) introduced a mathematical
parameter, which provides only the ordering of events. In the recent papers Time is a reference
system derived from light speed and Replacing time with numerical order of material change
resolves Zeno problems on motion, the authors of this article have gone beyond by suggesting
the following concept of time: the symbol of time appearing in allmathematical formalisms of
physics is a mathematical quantity which measures the numerical order of material changes,
i.e. motions (Sorli et al. 2010, 2011). In this way, by applying the bijective epistemology,
each change of the states (of the universe or of any physical system), as an element of the
subset EX of the universe set X, has a given numerical order TX and corresponds exactly
to an element (energy change) of the subset EY of the model set Y with numerical order
TY where f(TX) = TY . In the set universe X and in the set model Y time has exclusively a
mathematical existence.

On the other hand, there are three relevant current research that seem to point towards this
view: Elze’s research, Caticha’s view and Prati’s approach of time. These research suggest
that the duration of physical events in an idealized temporal dimension is not a fundamental
reality, that physical clock/time exists only as a parametermeasuring the order of the dynamics
of processes inside a fundamental timeless background.

Elze recently developed an approach based on the observation that “time passes” when
there is an observable change (Elze 2003). Elze showed that the fundamental entities for
the notion of a physical time are incidents, i.e. observable unit changes, which are recorded,
and from which invariant quantities characterizing the change of the evolving system can be
derived. In Elze’s model the physical time is constructed on the basis of the assumption that
an observer in a (3 + 1)-dimensional Minkowski space can perform measurements on full
(5+1)-dimensional trajectories, onlywithin a quasi-local window to the two extradimensions
x4,5 (which are assumed to be toroidally compactified). In particular, the observer records
the incidents (“units of change”) when the full trajectory hits an idealized detector which
covers a small convex area element on the torus described by the coordinates x4,5. Here, the
physical time is an emergent discrete quantity related to the increasing number of incidents
measured by the reparametrization invariant incident number:

I =
S f∫

Si

ds Iλ(s I )D
(
x4(s I ), x5(s I )

)
(5)

where λ stands for an arbitrary “lapse” function of the evolution parameter s, x4,5 describe
the trajectory of the particle in the extradimensions, the integral is taken over the interval
which corresponds to a given invariant path xμ

i → xμ
f , and the function D represents the
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detector features. Thus, in Elze’s model, the reparametrization incident number provides a
mathematical measure of observable unit changes. If the reparametrization incident number
provides a mathematical measure of the observable unit changes, this means, from the phys-
ical point of view, that time as an idealized dimension that flows on its own does not exist:
only the coincidences of points of the trajectory of the systemwith appropriate detectors exist
as physical reality. On the basis of Elze’s approach, it is therefore legitimate to conclude that
each clock provides only the numerical order of the dynamics of the system of interest.

In analogousway, in the recent paperEntropic dynamics, time and quantum theoryCaticha
proposed an “entropic dynamics” in which time emerges as a device to keep track of the
accumulation of small changes inside an entropic dynamics based on the distribution of
transition probability

P
(
x ′ |x ) ≈ 1

Z(x)
exp

[
− τ

2σ 2
t
δab

(

xa − 
x̄a

) (

xb − 
x̄b

)]
(6)

where Z(x) is a function which contains factors independent of x’, x ′a = xa + 
xa , τ

is a constant which is introduced so that 
t = τ
α(x,t) has units of time (providing thus a

justification for any definition of duration as a mathematical quantity for the description of
motion), α is a Lagrange multiplier such that

α(x, t) = τ


t
= constant (7)

and which satisfies equation

∂

∂α
log ζ(x, α) = −1

2

l̄2, (8)


l̄2 ≡
〈
γab
xa
xb

〉
, (9)

γab = δab
σ 2 is the metric of the Euclidean configuration space for a single particle,

ζ(x, α) =
∫

dx ′eS(x ′)− 1
2α(x)
l̄2 , (10)

S(x ′) = −
∫

dyp(y|x ′) log p(y|x ′)
q(y)

(11)

is the entropy of the probability distribution p
(
y
∣
∣x ′ ) relative to an underlying measure q(y)

of the extra variable y associated with the particle under consideration (Caticha 2011). In
Caticha’smodel, the entropic time can be constructed, step by step, as a succession of instants,
which are connected through the transition probability (6), on the basis of equation

ρ
(
x ′, t ′

) =
∫

dx P(x ′|x)ρ(x, t) (12)

where the distribution ρ(x, t) refers to an “initial” instant and the distribution ρ(x′, t′) defines
what one means by the “next” instant. As a consequence, on the basis of Caticha’s results
regarding the entropic time defined byEq. (12), the description of the dynamics of the particles
of interest can be obtained by studying the correlations among the particles themselves and
with the various states of another physical system, namely the clock. As regards the dynamics
of the coupled system constituted by the particles under consideration and the clock, it is
only the correlations among these particles and the clock that are observable and not their
“absolute” order. This means, from the physical point of view, that the time provided by each
system which acts as a clock (which thus indicates the correlations among the particles of
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interest and the clock) cannot be considered as an absolute, idealized physical dimension
where changes take place: only the ticking of each subsystem acting as a clock exists as a
physical reality and the ticking of this clock provides only a reference system in order to
describe the dynamics of the particles of interest. In synthesis, one can say that, on the basis
of Caticha’s model, each clock provides only a measuring reference system for the dynamics
of the system of interest and that this reference system is not absolute; one can say that each
clock provides only the numerical order of the accumulation of small changes of the system
of interest (which emerge from an entropic dynamics).

Finally, Prati found that, in a timeless Hamiltonian framework, a physical system S, if
complex enough, can be separated in a subsystem S2 whose dynamics is described, and
another cyclic subsystem S1 which behaves as a clock. In this approach, as a consequence of
the gauge invariance, the complex system S can be separated in many ways in a part which
constitutes the clock and the rest (Prati 2009). This implies that the time provided by each
subsystem which acts as a clock cannot be considered as an absolute quantity, cannot be
considered as an idealized external physical dimension where changes take place: the ticking
of each subsystem which acts as a clock provides a different reference system in order to
describe the dynamics. As a consequence of the gauge invariance, by changing the separation
inside S we obtain different measuring systems of the dynamics taking place in S. On the
basis of Prati’s model, one can say that each subsystem that acts as a clock provides only the
numerical order of material changes and the numerical order of material changes is defined
in a precise mathematical way in the following way. For a given σ̄ measuring the change of
the system along the trajectory, a state ψ of the system S consists of the tensor product of
the state ψ1 (σ̄ ) ∈ H1 and the state ψ2 (σ̄ ) ∈ H2 where H1 and H2 are the Hilbert spaces of
the subsystems S1 and S2 respectively. Given the interval (σA, σB), by introducing the set:

�(σA, σB) = {ψ2(σ ) ∈ H2/σ ∈ (σA, σB)} (13)

which is a particular set of states associated with the interval (σA, σB), �(σA, σB) ⊂ H2,
physical time as numerical order of the material motion of the system S2 can be defined
mathematically as a counter function kAB that provides the number of states ψ2(σ ) ∈ � of
the subsystem S2 whose dynamics is studied that satisfies an appropriate initial condition
(namely the origin of measurement) ψ1(σ ) = ψ̄1 of the subsystem acting as a clock. The
origin σ0 of the parameter σ is associated with the arbitrary initial states ψ̄1 = ψ1(σ0)

and ψ̄2 = ψ2(σ0). In other words, macroscopic time duration T S1 of the interval (σA, σB)

measured by the cyclic subsystem S1 (and therefore the numerical order of material change
to describe the dynamics of S2) is given by the counter function kAB that provides the number
of states ψ2(σ ) ∈ � so that ψ1(σ ) = ψ̄1:

T S1 ≡ kAB . (14)

In synthesis, in the light of Elze’s approach of time, Caticha’s approach of entropic time
andPrati’smodel of physical clock time, one can conclude that a temporal dimension inwhich
events take place does not exist, but this does not mean that time has to be banished from
physics: time existsmerely as amathematical quantitywhichmeasures the numerical order of
material changes.Moreover, the reparametrization invariant incident number (5), the entropic
succession of instants (12) and the number kAB of states of the Hilbert space of the system
of interest whose dynamics is described (and which belong to the interval (13) that satisfies
an appropriate initial condition—namely the origin of measurement—ψ1(σ ) = ψ̄1 of the
subsystem acting as a clock), are three possible definitions of the numerical order of material
changes. Equations (5), (12) and (14) provide thus three possible choices of a mathematical
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quantity belonging to the subset model EY of the set model Y, which corresponds to the
quantity “change of the states” belonging to the subset EX of the set universe X.

It is also interesting to remark that recent research considers time as an emergent property
of quantum entanglement (Moreva et al. 2013). Since presentation of EPR experiment in
early twentieth century it has been well accepted that quantum entanglement is an immediate
phenomenon. In this regard, it is also interesting to remark that the authors of this paper
have recently introduced an “immediate symmetric interpretation” in which the non-local
quantum geometry makes the three-dimensional space an immediate information medium in
a special state represented—for a many-body system—by a symmetrized quantum potential
at two components of the form

Q =

⎛

⎜
⎜
⎝

N∑

i=1

[
− h̄2

2mi

(∇i SQ1
)2 + h̄2

2mi

(∇2
i SQ1

)]

N∑

i=1

[
h̄2
2mi

(∇i SQ2
)2 − h̄2

2mi

(∇2
i SQ2

)]

⎞

⎟
⎟
⎠ (15)

where the first component is expressed in terms of a quantum entropy SQ1 = − 1
2 ln ρ1

defining the degree of order and chaos of the vacuum for the forward-time processes
(where here ρ1 = |ψ (
x1, 
x2, . . . , 
xN , t)|2, ψ (
x1, 
x2, . . . , 
xN , t) = R1ei S1/h̄ being the
wave function describing the forward-time process, solution of the standard Schrödinger
equation) and the second component derives from a quantum entropy SQ2 = − 1

2 ln ρ2 defin-
ing the degree of order and chaos of the vacuum for the time-reverse processes (where
here ρ2 = |φ (
x1, 
x2, . . . , 
xN , t)|2 , φ (
x1, 
x2, . . . , 
xN , t) = R2ei S2/h̄ being the time-reverse
many-body wave function, solution of the time-reversed Schrödinger equation). In this pic-
ture, the symmetrized quantum potential (15) derives from a symmetrized quantum entropy
describing the change of the geometrical properties of the background space with respect
to the Euclidean geometry of classical physics given by relation (Fiscaletti and Sorli 2008,
2012, 2014)

SQ =
(− 1

2 ln ρ1

− 1
2 ln ρ2

)

. (16)

The symmetrized quantumpotential (15) [deriving from the symmetrized quantumentropy
(16)] implies that a timeless three-dimensional space is the fundamental arena of quantum
entanglement in the sense that the symmetrized quantum potential produces a like-space,
instantaneous action on the particles under consideration (which is characterized by a sym-
metric feature), contains an active information about the environment and, on the other
hand—by virtue of the opposed sign of the second component with respect to the first
component—implies the concept of time as a numerical order of material change. In the
approach based on the symmetrized quantum potential, quantum entanglement characteriz-
ing EPR-type experiments is an immediate phenomenon in the sense that, as a consequence
of the symmetrized quantum entropy, the first component of the symmetrized quantum poten-
tial makes physical space an “immediate information medium” which keeps two elementary
particles in an immediate contact (while the second component of the symmetrized quantum
potential reproduces, from the mathematical point of view, the symmetry in time of this
communication and the fact that time exists only as a numerical order of material change). In
the light of the symmetrized quantum potential approach, the view of a time as an emergent
physical property of quantum entanglement does not seem coherent, it does not seem to
satisfy the criterion of physical reality of bijective epistemology, the bijection test does not
work for it. How could time which is duration of a given phenomenon emerge from quantum
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entanglement which is an immediate phenomenon remains a question which needs to be fully
answered before this idea could be seriously considered as a valid scientific model of time.

Other research considers space is not real and time is real: “It is often said that in general
relativity time does not exist. This is because the Einstein equations generate motion in time
that is a symmetry of the theory, not true time evolution. In quantum gravity, the timelessness
of general relativity clashes with time in quantum theory and leads to the problem of time. I
propose that what does not fundamentally exist is not time but space, geometry and gravity”
(Markopoulou 2009). According to Bijective Epistemology this proposal cannot be accepted.
Space and time are both real. According to Bijective Epistemology there is no “time problem”
in physics. Time is a sequential numerical order of changes with its duration which run in
a timeless space. The numerical order of material changes—with its duration—running in
space is an element of the energy subset EY of the model set Y corresponding to the “changes
of the states” belonging to the energy subset EX of the universe set X. From micro to macro
level, universe is timeless in the sense that it does not exist in an idealized physical temporal
dimension—that flows on its own—where changes take place.

Timeless space as a fundamental arena of the universe was actually first designed by
Kurt Gödel who developed equations of General Relativity and discovered that they allow
hypothetical contradictory travel in time. By 1949, Gödel had produced a remarkable proof:
“In any universe described by the Theory of Relativity, time cannot exist” (Yourgrau 2006).
That’s why Gödel himself was against the physical existence of “closed time lines”. His
discoverywasmisunderstood and has opened endless discussions on possibilities of travelling
in time. According to the Bijective Epistemology time travels are categorically excluded. One
can travel in universal space only and time is sequential order of its motion. Clocks which
measure sequential order do not run in time, run of clocks is time.

4 Conclusions

Bijective Epistemology is a novel approach which guarantees bijective function between a
given element in the physical universe and a given element in scientific models of universe.
Bijective epistemology applied on space–time confirms time is a fundamental quantity of the
universe, namely, sequential numerical order of changes; however changes run exclusively in
space. According to the reading proposed in this article in the light of some relevant current
research, space–time is merely a mathematical model and not a physical reality. Time as
an idealized external dimension in which events take place does not exist. The fundamental
realities of the universe are the changes of the states (of the universe or of any physical
system) and each of them has a given sequential numerical order which is time. In universal
space which has physical existence, time is merely a sequential numerical order of change.
This view on space and time is in agreement with all experimental data since development
of physics.
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