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Abstract

Time is perhaps the only “quantity” fundamental to all the systems - phys-
ical,chemical,cosmological,mathematical,biological and many more - and at
the same time vital.Being part of all these systems and as an additional di-
mension, it aids in understanding of various metrics/features associated with
them.However,a deeper analysis of its nature has been ignored, always be-
ing treated as more of an auxiliary device.The current essay deals with the
analysis of its nature in the context of entropy,synchronization,measurement;
not just by presenting a set of theories but also by justifying them appropri-
ately at several levels.Justification of the title of this essay has been done in
the end.Finally,a motif which unites all of them has been provided to highlight
the invariant nature of time.

Introduction

THE quest for the nature of time originated with a very peculiar problem. The
problem concerned triggering/(occurrence of) an event in the future determined
solely by that instant i.e.. without any prescience about how it will take place. The
heart of the problem was seeking the difference between time t2 in the future(when
the event takes place) and the present time t1.At first instant, it is hard to find the
difference between future and present in absolute quantities.The question which
can bug anyone is something like “What is there in the future which is absent now
? What quantity undergoes a change in order to justify the time which has passed
?”. A closer observation would reveal that the yardstick used to quantify such
a change can be an event which has caused a change in state.This introduces
entropy into the picture,since according to second law of thermodynamics such
a change should always be accompanied by an increase in total entropy of the
system.



Entropy

Introduction of entropy actually introduces a paradox into the system at the same
time - ’Is it the entropy which increases over time or is it the increase of entropy
which causes time to “flow“’.The latter possibility also may answer questions re-
garding the beginning and end of time.Assume the possibility of total entropy of
the universe having reached a maximum and hence universe being in a state of
equilibrium. This maximum may not necessarily be absolute as will be understood
in sections to follow. In this state,accordingly there should not be any event which
may cause change in entropy.As a result, this state can be regarded as theoreti-
cal end of time.Any perturbation of the system should bring it back to its original
state and eventually the perturbations will also be damped.This may actually coin-
cide with the termination of expansion of universe. If that is true,then the reverse
must also hold good.So the universe must start shrinking again in order to attain a
state of high order or minimum entropy.Accordingly, time should start flowing again
but the big question will be regarding its nature will remain. Will time behave in
a manner different from what it was when entropy was increasing remains to be
seen. This leads to an important result - the oscillations between extreme ends of
maximum and minimum entropy will continue.But this traversal will be more quasi-
periodic. When universe returns state of minimum entropy it will not be the same
state of minimum last time it was there. As a result, each time sequence of events
and time associated with it will be different. This may be visualized by a path on the
surface of doughnut traversing the entire surface but when it reaches its starting
point it misses it and hence follows an entirely new path;had it reached the starting
point it would have followed a never ending loop. This phenomenon might repeat
till all the possible combinations of events have been exhausted after this it may
start repeating again.It may also happen that certain events overlap between these
successive ”oscillations” because trajectories may intersect each other again con-
sidering the doughnut example.It follows that time may never have an end, even
though it may end when all the possibilities have been exhausted. This remains a
mystery.

Parallel Time

Forking from the above explanation, there is a possibility that when universe starts
shrinking, it may reach the state where it started and end. Regarding the possibility
of different combinations of trajectories of entropy increase, it may well be that
these trajectories are being traced in parallel universes. So time in this case is
parallel in nature.The question of synchronization among these parallel universes
will arise - whether all these universes begin and end at the same time.However,
if these universes in turn start creating more universes by means of black holes or



someother means, then synchronization may or may not exist among them.

Measurement

Digressing from the concept of entropy, measurement is another important sub-
ject concerning time.A close aide of measurement is observation.When both these
quantities are considered together, Heisenberg’s uncertainty principle certainly
echoes.That principle may be extended in this context by stating following about
future with respect to present - “ It is impossible to know about ones own future
(say from an oracle) and the events in future (as stated by oracle) to take place.”
This is because once we have knowledge of the future, our present actions may
get affected as a result of which the stated future may never happen. This is more
in tune with quantum feature that observation/measurement will always disturb the
accuracy of the quantity.Then the question which may arise is “What is future ?
Has it been determined already ?” This question may be rephrased as whether
free will exists or not. If free will does not exist, it means future has already been
determined. But the nature of this “future” is such that any attempt to unravel it
before its occurrence will result in its trajectory being altered and a completely dif-
ferent future. So even though there may not be any free will, knowledge regarding
the future has also not been woven into the fabric. A direct consequence of this
is that both our future and past can determine our present.This may be written as
a ’recursive’ equation. Now the question that may arise is what determines our
end. Answer to this question may not be completely accurate, however it may be
conjectured that our initial conditions govern our end.

‘Rate’ of Time

Another interesting question may be regarding the rate at which time moves. This
may look unsound - since we always use time as a yardstick to measure rate at
which other quantities change.This may be based on assumption that time itself
is constant. However, from previous discussion it may not be true.The ’flow’ of
time as one may put it, is subjective. Change in time may be perceived in differ-
ent ways by different people.Since we are part of the system we are measuring
we cannot escape this.This may conjure debate regarding definition of reality - is
reality an absolute quantity or is it subjective.If reality is subjective, state change
observed and time measured would also be subjective.On the other hand, if there
is a concrete/absolute reality, then the trajectory and nature of entropy change will
determine the rate of time.



‘Sampling’ the Time

If time is indeed variable, then the question of sampling the time comes.When we
use a clock to keep track of time, we make a tacit assumption that time is constant
between any two intervals.In other words, we sample time at fixed intervals.Another
fact which we may be ignoring is that time can be either discrete or continuous.If
time is constant throughout then the supposition of time being discrete holds true.
However, as seen from previous discussions if time is indeed not constant and as a
result a continuous quantity, then sampling it accurately is of prime importance.The
question which will remain open is how the sampling should be done considering
into account its variability.

Synchronization

Another important facet of time is the concept of synchronization.Question which
has bugged many researchers till date is regarding the stability of world even when
second law of thermodynamics states entropy is always increasing. One possible
answer to that is synchronization[2, 1].Synchronization can lead to formation of sta-
ble states far from equilibrium. It creates a sense of ’virtual time’.Synchronization
can lead to self-organization. Synchronization is possible only when its subjects
create a virtual notion of time, a time which can serve as a reference to all their
activities. Necessity of synchronization arises when keeping track of absolute time
is intractable. This intractability of absolute time can again be linked to the thought
introduced in the beginning, i.e. of events. This is because subjects will find it hard
to measure time by means of sampling.Specifically when the subjects involved are
human beings, each one of them will perceive same length of time to be of different
durations.This is also true of physical objects/events which do not want previous
history to affect events succeeding it. The thought which immediately flashes to
mind is that of birth of ’our’ universe. Assuming the possibility of multi-verses,
when a new universe is created say from a black hole or any other cosmological
phenomenon (discussion of is not relevant to the present topic), the events preced-
ing its creation should have no impact on events succeeding it. These conditions
force creation of virtual time insulated from the external one which may or may not
be absolute. On the other hand, it is easier to track time in terms of occurrence
of events,particularly when the events involved are partially or fully independent
forming a web of dependencies or a linear chain respectively. Hence to alleviate
the complexity of measurement of time, virtual time is created where time is mea-
sured in terms of events.But this does not mean the time from which forking is done
cannot be defined in events. It can certainly be done but since subjects involved
possess little knowledge about the mechanisms which govern this ’natural’ clock,



they tend to prefer their own notions of time. This concept of synchronization may
raise questions whether the time we are leaving in is absolute or is virtual. This per-
spective towards time may not be equivalent to the perspective where it is treated
as a physical quantity. The concept of synchronization can make us believe that
time can branch/fork itself.It can also contradict the notion of absolute time.The im-
portance of synchronization has been highlighted in the context of multiple parallel
universes before in the section Entropy.

Time to end ?

THIS essay wants to highlight something more than a theory. Even though the
initial objective may not have been this, but successive events eventually changed
the initial objective.

You

The reader of this essay would have undergone(and is undergoing) a change of
mental state (in turn increasing the total entropy) while reading each and every
aspect presented here.The difference in the state in which the reader was when
reading abstract and now(which is subjective) defines his time. This time can be
absolute in which case the reader must keep track of time intervals between suc-
cessive sections or it can be virtual where he defines the events and uses the
execution of these events to define ’his’ time and thus synchronizes with other
events defined successively by him, which again may be part of yet another vir-
tual time.The reader thus undergoes a transformation from a state of relatively low
entropy to a state of higher entropy reaching a relative maximum equilibrium de-
scribed before(actually the point where relative equilibrium has been mentioned in
Entropy section can be regarded as another forking).The reader will again try to
reach same state of low entropy for his ’time’ to flow.

Me

The writer on the other hand, does not know about his future when he starts with
abstract. If he had known beforehand what he was going to write later(and is
writing now) he may not have written the same thing and, precisely ‘may’ change
abstract of this essay in the end.The writer also creates a virtual time defining
his own events in terms of sections which he can keep track of.The writer has
also undergone a change in entropy with successive events further enhancing his
knowledge. The writer tries to procrastinate the work till the last moment for he
defined time based on events and not vice versa.



Considering the various points presented above, it can certainly be deduced
that time is something more than a mere physical quantity. Rather than consid-
ering time as an absolute quantity, it has been discussed in the light of entropy
and synchronization. Measurement which is basic to almost all the physical exper-
iments has also been discussed.IT has been shown that time is something which
is not just a part of simulations/experiments but is something which encompasses
almost everything which affects us. Time covers everything from quarks,electrons
to multi-verses and most important in that - you and me and this is its nature. It
thus exhibits self-similarity at several levels.

I want to ‘end’ this with a question rather than an answer for there may not be
any absolute.

Considering what has been discussed, do you have free will ?

This is not an end (end of the cycle was in the line before this) but beginning of
another ‘new’ cycle.
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