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Abstract

What is Time?. We do not have any clear and concise answer to this apparently simple question. This
question has a history as long as that of mankind. Philosophers and scientists have been studying this
question for several centuries and essentially remains unsolved. This essay attempts to present our current
understanding of the nature of time from a scientific perspective. The primary focus is to address the
question of whether science can answer the questions on time that we experience.

”If no one asks me, I know: if I wish to explain it to one that asketh, I know not: yet I say boldly that I
know, that if nothing passed away, time past were not; and if nothing were coming, a time to come were
not; and if nothing were, time present were not..”–St. Augustine, Confessions, 397 AD [1].

1. Introduction

What is Time? A very innocent question, but we do not have a clear and concise answer. This question
is (and has been) on everybody’s mind, whether you are a philosopher, scientist, artist, or just an ordinary
person. The quotation above from St. Augustine summarizes the dilemma in answering the question.

Our experience lead us to divide time into three distinct regions; the past, the current (now) and the
future. We know from experience that we can not go into the past, what is ”now” becomes the past, and
what is ”future” becomes now. We can not know what is going to happen in the future. We therefore has
this mental picture of time as something that flows in one direction, from the past towards the future.

We also observe this direction or asymmetry in the flow by observing various macroscopic processes, e.g.
breaking of an egg, or a glass containing vine, when it is dropped; we never see the reverse of these processes
happening.

However, we still do not have a coherent picture of time and it’s properties, in spite of several advances
in our understanding in the science, philosophy, and in general our knowledge about the universe we live in.

This essay is an attempt to present our current understanding of the nature of time from a scientific
perspective. This should not be construed as any reflection on the philosophical, religious and/or cultural
aspects as being less important, but is purely due to the lack of expertise on the part of this author in such
areas.

The subject of time is an active area of research, which is very clear when we look at the sheer amount
of literature that has been collected over the past several years. We believe a review of the current literature
is not really practical due to space constraints. We will point to some of the recent studies in different
categories below:

Philosophy: [2], [3], [4],[4],[5],[6],[7], [8],[9]

Science: [10],[11],[12], [13], [14], [15], [16],[17],[18], [19]

Popular Science: [20], [21], [22], [23], [24], [25],[26]

Encyclopedia: (Internet), [27], [28], [29], [30]
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1.1. What do we know about time?
Time ranks as the 54th most common noun used in English language [31]. The American Heritage

Dictionary defines time as (see [32]:

• A nonspatial continuum in which events occur in apparently irreversible succession from the past
through the present to the future.

• An interval separating two points on this continuum; a duration.
• A number, as of years, days, or minutes, representing such an interval.

Time is a practical convenience in modern life and is one of the seven fundamental quantities or phenom-
ena in the International System of Units. An operational definition of time is that of observing a certain
number of repetitions of one or another standard cyclical event (e.g. transition between two energy levels of
the ground state of the cesium-133 atom ), taken as one unit of time, e.g. second. For different definitions
of time, universal time, see [29].

The cesium clocks allow us to measure the time to 1
9192631770 of a second. But is this the smallest amount

of time we know about?, definitely not. The smallest meaningful time is called the ”Planck Time”, and is
equal to 10−43 seconds. Within the framework of the laws of physics as we understand them today, a smaller
division than this for time has no meaning.

The introduction of such ’clocks’ that allow us to perceive time in hours, minutes and seconds, disassoci-
ated time itself from human events and created the illusion that it exists independently as some measurable
mathematical sequence [33]. How has science addressed the problem of time? Before we explore this we
present some of the questions on time that troubles us.

1.2. Questions on Time
Several questions comes to our mind when we look at the definitions of time. We list some of these

questions here and will try to find whether science can provide answers to these.
What is time? Can there be time without events?, Is time continuous or discrete?, Does time flow? Does

it always flow in one direction (from the past to the future)? Is time reversible? Is time same for everyone
and every where in this universe?

2. Physical Theories on Time

In philosophy, theories of time fall into two categories, viz. tenseless theories and tensed theories. In the
former, no distinction is made with respect to the existence between past, present and future; all of these
exists. In the latter, only the present exists and the past/future are unreal. Mainstream science adopts the
tensed view, wherein time is part of the four-dimensional continuum. Past, present and future events exists
along the time dimension, which is just a one dimensional Real line. In this section we will review how the
theories of time has evolved with the progress in scientific theories.

Rovelli [34] lists several properties of time such as memory, direction, global etc. and states that these
properties progressively disappear as we move toward more fundamental physical theories (see Table 2.1, p
61 of the reference cited). We will now look at these theories and see how this happens.

2.1. Classical Theory - Newtonian View
In the 17th century, Isaac Newton established that the time is absolute and does not depend on anything

material (matter), nor the changes (events) to the matter:
”Absolute Space, in its own nature, without regard to any thing external, remains always similar and

immovable.”
”Absolute, True, and Mathematical Time, of itself, and from its own nature flows equably without regard

to any thing external, and by another name is called Duration.”
One of the consequences of the Newtonian view is that of absolute simultaneity, if two events occur at

the same time for an observer in a given inertial frame 1, then they are also simultaneous for any other
observer in any other inertial frame moving at a uniform velocity to the first observer. The duration or the
time between these two events is thus the same for all observers.

Formally, we can state these:

1An inertial frame of reference is one in which the motion of a particle is not subject to any forces.
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Length is Absolute: If an interval (distance) at rest to I1 has length l, then it has the same length l
relative to I2, which is in motion relative to I1.

Time is Absolute: If we are given two inertial systems I1 and I2, with I2 moving uniformly relative to I1
(without rotating), then the time of an event t2 relative to I2 is the same as the time relative to I1.

Another feature of Newton’s theory of gravity was that for the interaction between two bodies it did not
offer any ”mediator” of gravitational interaction. His theory assumed that gravitation acts instantaneously,
regardless of distance, also known as ”action at a distance”.

Newtonian mechanics is ”time reversal invariant”. That is for any sequence of states (over time), it also
allows the ”reversed” (time) sequence of states. For example, F = m.a does not change sign under the
reversal of the time parameter, so too is the force of gravitation F = (Gm1m2)/r2, between two bodies of
mass m1 and m2 at a distance r.

Another way to say this will be that the future is neither logically nor physically different from the past.
However, the future still is regarded as indeterminate or unpredictable, and the time-symmetry tells us that
past too must be regarded as indeterminate.

2.2. Classical Theory - Thermodynamics
In 1856, the German physicist Rudolf Clausius stated the ”second fundamental theorem in the mechanical

theory of heat” and declared that ”The entropy of the universe tends to a maximum”. In terms of time
variation, if S is the entropy and t is time, this can be expressed as dS

dt ≥ 0. As we can see this law, also called
the second law of thermodynamics, deals with irreversibility of thermodynamic systems and the entropy of
the system only moves in one direction, always grows.

Boltzmann tried to prove the second law using the basic principles of mechanics and the result was the
famous H-theorem (in 1872) that uses the Boltzmann equation. This equation describes the time evolution
of the density function (probability) of a particle under an external force. The proof of this theorem will
enable us to define an arrow from low entropy to high entropy state. Boltzmann’s proof, however, was not
merely based on the laws of mechanics, but involved probabilistic notions and an assumption regarding the
collision of particles. This lead to several objections, especially from a theorem by Poincaré.

In 1890 Poincaré published a theorem that contradicted the H-theorem. The theorem can be stated as
”A system having a finite energy and confined to a finite volume will, after a sufficiently long time, return
to an arbitrarily small neighborhood of almost any given initial state” [35]. However, it should be noted that
the recurrence time is very large even for a relatively small number of ”particles”.

2.3. Classical Theory - Electrodynamics
In 1845 the famous mathematician, Gauss, had noted that the Newtonian paradigm of action at a

distance causes problems in explaining the electric and magnetic interactions. He even suggested that a
finite velocity for the interaction could solve this problem! But it was Maxwell who unified the theories
of electricity and magnetism (and optics) in 1864. Maxwell’s equations were based on Newton’s laws, but
incorporated the idea of a new entity called ”electromagnetic field” in the place of action at a distance. He
showed that the interaction can be explained in terms of traveling sinusoidal plane waves and explain how
these waves can physically propagate through space. He also discovered that the speed of the wave equals
the speed of light in vacuum.

Maxwell’s equations are also time reversal invariant. For example, the Lorentz force F due to an electric
charge q is defined as F = qE + jxB, where E is the electric field , B is the magnetic field and j the current
density. Given that q, E does not change signs under time reversal, and B and j do change signs, we can
see that the force F is unchanged under the time reversal.

While Maxwell’s theory explained the electromagnetic phenomena, there were still issues that remained
unresolved. For example, Maxwell’s theory says that an ”electric” disturbance generated from an object A
to another object B reaches B (let us assume that these object are at rest) in finite time. But according to
Newton’s third law there has to be an opposite disturbance from B to A and this needs to happen backwards
in time. By convention the interaction from A to B is called retarded effect and that from B to A is called
advanced. Thus both the advanced and retarded effect have to be accounted for, which is against what we
really experience.
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Wheeler and Feynman proposed an approach that resolves this problem. The original solution was based
on the assumption of a static universe and was invalid for the case where the universe itself is expanding.
In order to address this issue they introduced the thermodynamic arrow of time into the picture that made
the original proposal now feasible, see [36]. We will have more on this in a later section.

Summary-1: The pre-relativistic notions on time can be summarized as follows (a) Time is
absolute, a one dimensional, continuous real number line, (b) Simultaneity is absolute. Every
observer, independent of their state of motion, agrees on whether two events are simultaneous,
(c) Duration (amount of time between two events) is path-independent, (d) The theories are time
reversal invariant, and (e) Entropy always increases, but cannot be regarded as a consequence of
Newton’s laws.

2.4. Einstein’s Special Theory of Relativity
Einstein published his special theory of relativity in 1905. His theory was based upon two key principles:

Relativity: The laws of physics is independent of the inertial frame on which they are expressed.

Speed of Light: Light travels at the same speed relative to every inertial frame.

Minkowski realized (in 1908) that the special theory of relativity, introduced by Einstein could be best
understood in a four dimensional space, that is time as a fourth dimension alongside the three dimensions
of space. ”The objects of our perception invariably include places and times. None has ever noticed a place
except in time, or a time except in place... A point of space at a point of time, that is, a system of values
x,y,z,t, I will call a world-point” [37]. According to Max Jammer [20], the date of Minkwoski’s talk on
September 21,1908, may be regarded as the day of the demise of the concept of time and the birthday of
the concept of spacetime.

As a consequence of this theory, time and any effects of time (e.g. simultaneity, duration etc.) becomes
observer dependent. The constant speed of light results in clear separation of spacelike and timelike regions,
see Figure 1(a). The timelike region, in addition, is separated into the past and future, relative to the point
O.

Taking the example discussed previously, two events occurring in an inertial frame may be simultaneous
to the observer in that frame, but is not so for another observer in an inertial frame moving relative to the
first one with a uniform velocity. The duration between these two events is also different.

We consider again the two inertial frames I1 and I2 considered earlier. Let us now assume that I2 is
moving relative to I2 at some speed, say 10% of the velocity of speed, v = 0.1c, see Figure 1(b).

(a) Space-Time in Relativity (b) Concept of Simultaneity in Rela-
tivity

Figure 1: Spacetime in Special Theory of Relativity

1. If an observer sees two events E1 and E2 occurring in I1 at the same place, ∆x = 0, and observes
that the time interval between these events is ∆t1, then for an observer in I2 the interval is given by
∆t2 = ∆t1√

1− v2

c2

, and hence not the same.
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2. Two events that are simultaneous in frame I1 (satisfying ∆t = 0), are not necessarily simultaneous in
another inertial frame I2. For example, while E1 and E3 are simultaneous in I1, while in I2, we see
the E2 occurs later than E1 and hence not simultaneous.

The observer in the moving frame sees that the duration is more than what is measured by the first
observer. Using relativity it is not possible to relate the past and future as we see that it differs for observers
moving with respect to each other, an event which is the ”past” for one observer may be ”now” for another.

Summary-2: The relativistic notions on time can be summarized as follows (a) Time is no more
absolute, and is observer-dependent, (b) Time has two parts, it is a coordinate just like the space
dimensions and has an associated value. The second part is that associated with each observer
there is a proper time and is invariant of the spacetime, (c) Simultaneity is not absolute, (d)
Duration is now path-dependent (time dilation)

2.5. Einstein’s General Theory of Relativity
Einstein published his General Theory of Relativity in 1915 (GR), which has again two key principles

behind it:

Equivalence: The effects of the gravitational field on an object in an inertial frame at rest is indistinguish-
able from those when the object in an inertial frame that is accelerating uniformly.

Covariance: The general laws of nature can be expressed by equations which hold good for all systems of
coordinates, that is, ate co-variant with respect to any substitutions.

General theory of relativity extends the special theory by including gravity in the picture. Gravity affects
not only space but also time. In general, processes close to a massive body (larger gravitational field) run
more slowly when compared with processes taking place further away. Light signals take longer to move
through a gravitational field. With respect to Figure 1 (a) the light cone has curved lines as boundaries,
not straight lines. Each observer has his/her own time (local time) and there is no concept of global time.
There are several ways to define time:

• A proper time in general relativity is based on the metric tensor of the gravitational field (usually
represented as τ . The notion of proper time depends on the effect of gravity at a spacetime point. We
can not express the dynamics of the theory based on proper time! We need the concept of coordinate
time for that.

• We define a coordinate time, say t, and any number of such coordinate definitions can be made for
different observers. It is not an observable quantity. We can relate this with the proper time using the
metric, dτ

dt =
√
g00, where g00 is a component of the metric tensor.

• We can also define a clock time, say tc. By taking this as the independent variable we can then describe
the dynamics (using the observables) as a function of tc. But as we have stated earlier, the ”globality”
of such a variable is limited by the model we have chosen and in some models we may not have such
a variable at all, see Section 2.7.

The theory also predicts the formation of black holes. Whenever an object becomes sufficiently compact
and has no internal pressure to balance the gravitational force it collapses into a black hole. A black hole
is a region of space from which not even light can escape, so there is no time. Enistein’s theory, however
supports solutions that generates closed time like curves, which implies the possibility of time travel [38].

Summary-3: The general relativistic notions on time can be summarized as follows (a) Special
relativistic notions are now only one of the many different possibilities. The spacetime is no more
flat, but has curvature and time dimension can not be separated from that of space, (b)there are
several distinct possibilities of identifying time, (c)It is possible to have no global time, (d)whether
time is finite or infinite is observer-dependent, (e) it is possible to travel back in time to an earlier
event.
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2.6. Quantum Mechanical Perspectives
The discovery of the quantum of action by Max Planck in 1900 paved the way for the development of

the quantum mechanics. By 1927 the fundamental developments were completed with the publications of
various aspects of the mechanics by deBroglie, Heisenberg, and Schrödinger.

The important thing to note in this theory is that the character of time remains unchanged when
compared to classical mechanics and appears in the equations as a background parameter. However, time
has three different roles and can be categorized into external time, intrinsic time, and observable time. The
external time is the parameter in the equation. Intrinsic time is associated with an observable in a quantum
process. Time itself can be considered as an observable and is called the observable time, see [39], [40]

In quantum mechanics we can learn something about the system at just two times in every experiment,
the beginning and at the end (when measurement takes place. In this sense time is different in quantum
mechanics compared to the classical system where we know about the system at every value of the time, which
is real line.

Quantum mechanics, like the classical mechanics, obey the principles of relativity, see [41] for a discussion
of the time reversal invariance. Dirac combined these two theories from which emerged the concept of electron
spin and the existence of positive and negative energy particles (anti particles). The particle/ anti-particle
interaction allows for interpretations based on time reversal and hence undermines the classical notions of
causality. For example, we can not tell whether the positron was a positron or a time reversed electron, see
[33].

CPT theorem, fundamental to all quantum field theories, says that the laws are invariant under the
combination of charge conjugation, space inversion, and time reversal [42]. These operations may be per-
formed in any order CPT, PCT, TPC etc. The equality of particle-antiparticle masses and lifetimes are
consequences of CPT invariance. An implication of this invariance is that a mirror-image of our universe
would evolve exactly like our universe. However the key question that we do not have an answer is that why
do we not have anti-matter in equal proportion to the matter in this universe?

Summary-4: The treatment of time in quantum mechanics can be summarized as follows (a) time
appears in quantum mechanical theories as a background parameter, (b) time is not a physical
observable (can not be represented as a time operator) like the position and momentum parameters,
(c) events happening at a single time plays crucial role, e.g. measurement, (d)CPT theorem
establishes the invariance of quantum field theories, and (e) at microscopical level time may flow
forward or backward in time

Combining quantum mechanics with gravity (using general relativistic concepts) is still a work in progress
and will be discussed in a later section.

2.7. Cosmological Perspective
The global structure of time can be addressed only from the perspectives of cosmology, for example

questions such as beginning of time, end of time etc. In fact any theory in physics will have some relationship
with the cosmological model of time. Friedman-LeMaitre-Robertson-Walker (FLRW) is one such model
based on GR. In this model additional assumptions of homogeneity and isotropy of the universe have been
added. Homogeneity states that any point in space is like any other point, and isotropy states that the
universe looks the same in all directions. In this model universe is considered as three dimensional space
at each point in time (a slice at every time point). Based on a parameter that describes the curvature of
space, this model predicts that our universe could be static, expanding or expanding and contracting. For
a discussion of the time reversal aspects of the FLRW model, see [43].

Hubble discovered that the universe is expanding and found the relationship that exists between the
distance of a star and the velocity with which it recedes from other stars. Combining these two theories
provides a prediction of the age of the universe. Based on the current data this value is approximately 13.8
billion years. Thus under the FLRW theory, we see that the universe was in a singular state at time less
than 13.8 billion years. This singularity is known as the big bang .

Einstein’s equation has many different solutions apart from the FLRW, depending on the assumptions
about the matter content and spacetime properties. The Schwarzschild solution (1916) is based on the
assumption of spherical symmetry and that universe is flat far away from the center (of the mass), shows
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that a star with a mass beyond a certain limit (called the Chandrasekhar limit) will collapse to a black
hole, a very different type of singularity. Godel (in 1949) demonstrated that for a specific distribution of
mass-energy, consistent with the physical laws, generates a solution with closed time like curve. In these
two cases the FLRW description of the time does not make any sense.

Summary-5: The treatment of time in cosmology can be summarized as follows (a) the models
in general shows time asymmetry, (b) FLRW model based on the current observation indicates an
origin from which time beigns, (b) universe as a whole is expanding against gravity, (c) existence of
black holes leads to time asymmetry where objects only disappear and not appear, (d) possibility
of universes with closed time like curves leads to situations where one can go to the past.

2.8. Quantum Gravity Perspectives
When we want to investigate what happens in classical general relativity at the length scales of Planck

(10−33cm), we encounter the issue of combining general relativity with quantum mechanics. Neither theory
is capable of describing the physical phenomena at this scale individually, nor has any one succeeded in
combining these two theories successfully as quantum gravity.

While there are several approaches to address the quantum gravity, string theory and loop quantum
gravity approaches are the most developed ones [34]. A viable theory in either approaches is still elusive.
The role of time has been one of the key issues that any of these approaches have to address. There is a vast
amount of literature on this topic and unfortunately we do not have space to go into. The following quotes
summarizes the situation.

Kuchar [44] provides a detailed account of the problem of time and ten different attempts to resolve it.
From the summary we have ”..A classical obstacle to interpreting the quantum formalism is the possibility
that there is no global time function... Even if a global time function exists, quantum theory may depend on
its particular choice; this constitutes the multiple choice problem...,one still faces the problem of functional
evolution..Those interpretations of quantum gravity that do not try to separate time from dynamical variables
trade the multiple choice problem for the Hilbert space problem..”.

Isham concludes ([45]): ”The main conclusion I wish to draw from the discussion above is that a number
of a priori assumptions about the nature of space and time are present in the mathematical formalism of
standard quantum theory, and it may therefore be necessary to seek a major restructuring of this formalism
in situations where the underlying spatio-temporal concepts (if there are any at all) are different from the
standard ones which are represented mathematically with the aid of differential geometry.”

There are also discrete time approaches to solve the problem of time, see [46] for earlier attempts on
discrete times and [47] and references thereof for the causal set approach to quantum gravity. These theories
attempt to define geometry and derive the required structures on it to explain the physics such as the
relativity and time based on causal sets (a partially ordered set). In these theories time and suitable metrics
that distinguishes the past and future emerges out the causal relations.

2.9. Arrow of Time
In this section we will deal with the question of flow of time and the related problem of the arrow of

time. There are two categories of theories of time’s flow. The first, and most popular among physicists,
is that the flow is an illusion. The second category, most popular among philosophers, is that the flow is
objective, a feature of our mind-independent reality.

Scientists have mostly adapted the ”block universe” picture of time, an apt description of this view is:

”Physicists prefer to think of time as laid out in its entirety - a timescape, analogous to a landscape
- with all past and future events located there together ... Completely absent from this description of
nature is anything that singles out a privileged special moment as the present or any process that would
systematically turn future events into the present, then past, events. In short, the time of the physicist
does not pass or flow.” [48]

Associated with the idea of time flow is the ”arrow of time”, coined by Eddington in 1927, was used to
distinguish a direction of time on a four-dimensional relativistic map of the world in his 1928 book [49].
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”Let us draw an arrow arbitrarily. If as we follow the arrow we find more and more of the random element
in the state of the world, then the arrow is pointing towards the future; if the random element decreases
the arrow points towards the past. That is the only distinction known to physics. This follows at once
if our fundamental contention is admitted that the introduction of randomness is the only thing which
cannot be undone. I shall use the phrase times arrow to express this one-way property of time which has
no analogue in space.”

The arrow of time has been associated with thermodynamics, electromagnetic radiation, quantum me-
chanics, and cosmology. It is still a mystery to science, since the vast majority of the microscopic laws are
time-reversible, but the macroscopic views are time-symmetric. Take for example the the thermodynamic
arrow - attributed to the Second Law of thermodynamics, which says that in an isolated system, entropy
will only increase with time; it will not decrease with time.

Elitzur and Dolev [50], [51] in their paper proves that any theory that states the basic laws of physics
are time-symmetric must be strictly deterministic. An arrow of time will emerge in any closed system with
even the slightest failure of determinism. They [11] show that this is due the indeterminism by way of a
simulation (Pages 329-332).

Are these arrows related, and if so, how they relate are controversies still continuing. For a detailed
discussion of the different types of arrows see [10].

3. Nature of Time - Conclusions

We have been gathering information in the previous sections on how time has been addressed in various
physical theories. We will summarize these discussions and our conclusions in this section. We will use the
questions addressed in Section 1.2 for our discussion.

3.1. Defining Time
Physical time is considered as a set of points that has a linear, successive order. That is time is modelled

as an ordered set. The elements of this set are called ”instances” and between any two instance, say a and
b, we have a earlier than b (or b late than b) or the reverse. We do not have any physical entity called time.
We observe only a representation of time by the hands of a clock.

In Newtonian mechanics time is absolute and the duration between two events are the same for all
observers. In contrast in the relativistic theory there are as many ”times” as there are observers. In the
general theory of relativity there are several possibilities for defining time. In some cosmological models,
there is no time in the sense we have it in Newtonian world.

In quantum mechanics, though time enters the physics as a parameter as in the classical mechanics,
it’s role is very different from space. Time is not an observable in the quantum mechanical sense. In the
relativistic quantum mechanics time is treated as the fourth dimension like in the classical relativity, and the
role of time remains as obscure as in the non-relativistic case. Combining quantum mechanics and gravity
has not yet yielded any fruitful results for representing time.

3.2. Metrical Property of Time
In Newtonian mechanics the metric of time is separate from the metric of space. The metric of time

measures the flow of absolute time and according to Newton, ”flows equably without relation to anything
external”. Two observers using clocks that are synchronized at one instance at a space point will always
agree on the amount of time they measure for another instance at a different space point, irrespective of
how they move in space between these two events.

In special theory of relativity time and space are not separate as discussed above. In general the time
interval measured by the two observes will differ. In general relativity also the time and space are not
separate, but as discussed earlier we have essentially the same result as in the special theory - that the time
interval is different for the two observers.

Time in quantum mechanics has the same properties as in classical mechanics. However, time is not an
observable and hence not an operator (in Hilbert space) in the usual sense.
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3.3. Topology of Time
Time is continuous in all of the physical theories. It is a one dimensional manifold in Newton’s physics.

For any arbitrary pair of instances (of time) there is an intrinsic temporal order, see the previous discussion,
Section 3.1. Given any two events we can always find another event between these two.

In the relativistic spacetime time is again a one dimensional submanifold of the 4-dimensional spacetime
manifold. The temporal order is not full as in the case of Newtonian physics. Only events that are within
the light cone (see Figure 1(a)) satisfy the temporal order relation.

In the general theory of relativity a definition of temporal order is not possible in all of the possible
solutions of the Einstein equation.

Quantum theory follows the Newtonian concept and introduces no notions in the time ordering.

3.4. Flow of Time
There are two related concepts when we look at the flow of time, the arrow of time (time asymmetry

also is used to express this) and the flow of time.
Time arrow is related to the question of how a system behavior can be looked at when the orientation

of time is reversed. For example, substituting −t in the place where ever t, the time parameter, appears.
In general we see that physical theories (most) are time reversal invariant as we discussed earlier. The
general conclusion is that a system evolution at one level of description may be reversible (e.g. microscopic
level) and may not be the case at a different level of description (e.g. macroscopic level), and could be
irreversible. The entropy of a system never decreases and hence produces irreversibility in thermodynamics.
The measurement process (collapse of the wave function) in quantum mechanics also makes it irreversible.

The flow if time is based on the distinction we (in our mind) can make between past, present and future.
Present is a point in time that always flows into the direction of the future. A physical theory to explain this
experience does not yet exists and the block universe picture is adapted, see the references quoted earlier
from Elitzur and Dolev for a treatment of the flow.

We conclude our essay by stating that the question of whether the perceptions about time and the flow
of time can be incorporated in physical theories is still an open question.
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