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Abstract

Time understanding is an endless search for the comprehension of the
present universe. One of the main domain used to described in a compre-
hensible manner the behaviour of material (solid, fluid, gaz) is contiuum
mechanincs. A discussion on the essence of time in such domain will
be presented in the present paper. Insight on time nature will also be
proposed.

1 Introduction

Time has always been an issue. From birth to death, everything from living
things, inanimate objects to mind creations, is under the influence of time. Un-
fortunately, for up to now, nobody knows what time is. It is one of the most
striking unknown used by nature and by human minds.

The science of physic, as we understand it, has always been a slave of time.
If we look back at the Renaissance era, time was considered an immuable fixed
structure. The question of what it was was not even conceivable. It was the
flowing of something, something which flows along with us. Newton revolution-
nize the way people looked at physical science when he stated his famous laws,
but what he really revolutionnized was mechanic [1]. He didn’t dare to specu-
late on the concept of time. It would need two hundred years before scientist
starts to considered the possibility that time is not something untouchable and
immuable.

At the end of the ninetenth century, physicist understood that there was
some problem with the known physical laws. Many papers were publish on
time-related topics and on the nature of the physical universe. There is the
paper of Michelson and Morley on their famous experiment, the publication of
Lorentz transformation, the hypothesis of Poincare and of course the special
relativity introduced by Einstein in 1905 [1]. From that point on, time was
tought to be an extension of space, some extra dimension (define in the metric
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of space, or simply as an axe in Minkowoski simplified space). But again, trou-
ble appeared at the dawn of quantum mechanic. Since from the mere concept of
quantum mechanic time is something as peculiar as position, the exact notion
of time was brought back to Newton era in order to simplify the phenomenon
described.

Even in the present days, a lots of speculation regarding the notion of time
are of actuality. One has to think of the quest to unify general relativity, grav-
itation and quantum theory. Such theory as string theory suppose a notion of
smallest time as the so-called Planck time. It is a constant of time derived from
fundamental constant of the physical world. Such time may be the limiting, or
best defne as building block, of the physical time. Based on the holographic
quantum geometry theory, Hogan [2] even propose a way to measure the fuzzi-
ness caused by such building block.

However, when application of the physical law is sought, the majority of
scientist are reluctant to use a different notion for time then the immuable con-
cept. On the basis of the known theory of continuum mechanics, time is generaly
treated as Einstein used it in is special and general theory of relativity. It is
tought as space is tought. It must be continuous and somehow unbound.

The purpose of the present essay is to go beyond the standard definition
of time in continuum mechanics so that a novel approach to the theory can be
made. Some insight and relation with cellular automata and complexity shall
also be presented.

2 About time: continuous or discrete?

Let us first write an equation: its about time, Planck time. As a definition, it
is calculated in the following way:

tp =

√
G~
c5

≈ 5.39× 10−44s (1)

It is a small value. Such a small value that light doesn’t even travel the width
of the electron probability aura during that value. But what does that mean?
Does it have any special meaning?

First, it is to understand that Planck time is a definition. It basically is
built from the most fundamentals physical constant arranged in such a manner
to obtain the units of what humans identify as time. The time it represent is
the smallest conceivable duration of something which can be use to quantify
motion. Actually, this is a very important aspect to understand. The notion of
time is at the beginning based on the concept that there is an evolution in the
physical world.

Planck time is used normally in string theory or in cosmological theory wich
aim to unify everything. A very interesting thing happen when one tries to take
that time as a foundation of physics. A priori, nothing permit it, nor nothing
prevent it. So let bring up the following hypothesis about the foundation of
time:

Time is define as discrete evolution of everything towards chaos.
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What exactly is meant by the hypothesis is that the universe follows what
is called the second laws of thermodynamics: entropy increases. The follow-
ing equation outlines the relation, S stands for entropy, subscripts e and i for
respectively external and internal:

dS = deS + diS ≥ 0 (2)

But it also claim that time is not a continuous evolution but rather a discrete
mechanism. The smallest discrete step is define at the planck scale. There is
a void between two consecutive time. Time therefore become quantified. It
cannot be considered continuous anymore.

Now the motivations for such an hypothesis are as follow. There is of
course the second law of thermodynamics (equation 2) which is of a primordial
importance. Since it state that entropy is the sum of two non-negative value, it
state that the evolution of the universe goes in one direction (time arrow). Now
a discretisation of time open the door to complexity description by, for example,
the use of cellular automata [3]. In very simple system of cellular automata,
randomness can be achieve. Randomness can be regard as a loss of coherency
and thus of information. It is therefore not so far fetch to describe the time
as the evolution of everything towards chaos. Furthermore, the discretivness of
time allows for new approach in different branch of physics without loss of the
previous notion: the time scale being so out of reach for the human experience.

3 Basic of continuum mechanics

On the basic application of continuum mechanics are the definition of wath is
called conservation laws[5, 6]. Since the purpose of the present essay is to focus
on time related topics, only a brief description of chosen conservative laws shall
be presented. The point is to focus on the mathematics used for the equations.
An interesting features will appears.

One of the first conservation law usually shown is the conservation of mass.
Using Eularian approach, if one consider ρ as the density and v as the velocity,
one as the following equation:

∂ρ

∂t
+ div(ρ~v) (3)

In mere words, it simple state that mass is conserved troughout motion. A
similar law can be stated when one regards the actual momentum of an object.
It is the so-called conservation of linear momentum (Einstein notation is used):

∂Tij

∂xi
+ ρbj = ρai (4)

Where T is surface traction force, b the force per unit mass and a the acceleration
of the mass.

Now, the last conservation law presented is of the most fundamental type:
the first law of thermodynamics. It can be stated as energy conservation. It can
be written as follow, knowing q is heat flux, D deformation rate and e internal
energy density:

ρ
De

Dt
= TijDij −

∂qi
∂xi

(5)
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Bottom line of conservation laws: they all depends on the quantity time in some
manner. They are define as differential quantity which are by essence a small
variation of the quantity. The meaning of variation imply the notion of time.

4 The firsts steps for validity

In the previous section of this essay, some continuity equations from continuum
mechanics were presented. The goal was in part to present the fact that most
of the application of physics to the study of our surrounding involve the use of
continuous time. The main factor is the time derivative.

Mathematically speaking, a time derivative is in essence the limit of the vari-
ation of something in time. Therefore, the most common vision of the derivative
is based on the continuity of a function. The derivative of a discontinued func-
tion is something odd. Even odder when such function is really just points
separated by Planck time intervals. One can compare such understanding of
the function of, let say, position in time, to the standard function studied in
first years university mathematics: the Dirichlet function.

D(x) =
{

1 if x is rational
0 if x is irrational (6)

Now if one remember working with such function, it is not the most intuitive
function. One has to remember that it is discontinuous over all rational num-
ber. Therefore, the standard definition of the derivative does not hold anymore.
Following equation (3), (4) and (5), it is clear that some problems can appears
for the continuity equation. In the way They are stated, they implies a deriva-
tion of both the density and the position in respect of time. Such derivation is
mathematicaly forbiden if exact mathematical calculation is sought because of
the nature of the function in use. Of course They are still very good equations
for a majority of application. But they cannot be the correct equation in regard
to time.

Let’s now attempt to introduce the discrete time in continuum mechanics.
The following discussion is only an introduction of what could be done. Exten-
sive study of the presented hypothesis is still in progress.

On the first part, one has to consider what is the meaning of motion. Since
time is discrete, motion must be understood as the variation of the position
of an object during a certain variation of the Planck time. For example, the
moving of a rock of a distance of 1 angstrom during a time of 1 microseconds,
is to be understood as 1 angstrom during 1.8553× 1037 of primordial time (tp).
Now this is a huge amount of time for a so small displacement. One can there-
fore be tempted to define a new time scale based on the following hypothesis:
the shortest influencial time step in continuum mechanics is the time that light
takes to travel the lenght of a proton (1×10−15m)[4]. This gives a time units of
roughtly 1

3 ×10−23 seconds. Let us call that unit of time tf . So, 1 microseconds
becomes 3× 1017 tf .

Now the motion is define as the distance an object travel during one tf .
Therefore, the evolution of a system can be seen as the way every points of an
object behaves as a function of the discrete time step tf . This introduce the
notion of iterative calculation to know the state of an object. In order to study
the variation in time of an object, one needs to identify the general rules for
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its variation of position. Basically, it imply trying to define all the fundamental
equations of physics in a similar manner as the rules are defined for cellular
automata. Some work in that direction as already been done in the past [3].

5 Conclusion

In the present essay, an approach to the basic notion of time in continuum
mechanics was proposed. It is based on the notion that time is in essence a
discrete notion in such a way that its discrete form is hidden in the small scale
associated with it. Therefore, in order to introduce the notion of discrete time
in everyday physic, a new time constant, roughtly 1

3 × 10−23 seconds, is intro-
duced. It is a new basis to start the construction of continuum mechanics upon.

The fact that time can be viewed as discrete is the fundamental point of
the present essay. The argument in favor of such a point of view lies in the
fundation of our knowledge of physics. The laws of thermodynamics permit it,
so as the continuity laws of continuum mechanics. All in all, it gives an inter-
esting approach to be developed to increase our knowledge of the fundamental
understanding of our universe.
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