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“everything that has shape can be defined, everything that can be defined can be conquered”
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ABSTRACT:

The paper is aiming to extend the concept of morphogenesis, explaining how the process of morphogenesis®?* could be
used for both, very large scale and very small scale phenomena. This generalization of the process of morphogenesis is
going to be made by addressing both, certain very large on one hand and certain very small scale phenomena, on the
other. Based on the dependences and relationships between features of the both types of phenomena, the paper will
explain why the concept and principles of morphogenesis can be applied in its generalized forms. The generalization
presented in the paper will also identify the main issues to be dealt with, when trying to apply the respective
generalizations. The present paper is dealing, for the case of large scale phenomenas’ generalization, only with discrete
cases of the morphogenesis, since they are more intuitive and more easily to be understood by the reader and, at the same
time, they are more appropriate for the understanding the process of the generalizations presented in this paper. In
addition to that, the discrete models for the morphogenesis are representing the basis for the approach of the continuous
models, according to some later founding, the matter itself is also exhibiting discrete structure, deep down at its quantum
level. By carefully looking to the facts in the quantum world and to the world around us, one can ask himself whether the
presented generalization of the process of the morphogenesis and its laws could be applied always to both, the quantum
world phenomena and the normal/ large scale phenomena too. This is because often times, is rather difficult to always
find the most appropriate morphogens to be taken into consideration and also their respective interactions. One other
possible issue occurs when the coordinates/ quantities determining the shape are independent or the conditions for
morphogenesis are not fulfilled and in such case the process of morphogenesis cannot be longer valid or applied. Both
situations will be considered and analyzed in the second paper of the author, presented in the conference [11].
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1. INTRODUCTION

The concept of morphogenesis within this paper is the one that has been introduced by Alan Turing when explaining
various facts within the natural world. In its original form used by Turing, it is based on a system of two differential
equations expressing the relationship between the concentrations of two morphogens and how the system of the two
morphogens will evolve in time, after a certain number of iterations, taking into account the initial conditions for the
respective differential equations. So, if two different morphogens, with their concentrations X and Y, are considered,
their respective concentrations in the I cells, denoted by Xr and Y are fulfilling the following differential equations
system:
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The above system is showing that the diffusion rates p and v are determining together with the functions f and g, by
means of the above differential equations, the concentrations of the both morphogens X and Y7, in the I cells of the two
morphogens considered to interact. Depending on the expressions of the functions f and g the system above can be
solved for different particular cases of morphogenesis. A. Turing has solved® the system above for f and g linear
functions in X and Y. By solving the system one can determine the concentrations of the morphogens at any given
moment (n) in time.

One natural question that may arise is whether and to what extent the above theory of morphogenesis could be applied to
both: large scale and quantum scale phenomena. The present paper has the aim to generalize the morphogenesis process,
presented above, by applying it to both, the large scale natural phenomena and to the quantum phenomena.

2. GENERALIZATION OF MORPHOGENESIS WITHIN ONE CASE OF LARGE SCALE
PHENOMENA

One can assume that the large natural shapes encountered on Earth, such as shores, mountains, hills and other different
natural structures, have been caused also by reactions and diffusion processes similar to those taking place in the process
of morphogenesis. When trying to apply morphogenesis to the large scale natural phenomena, one important issue that
should be taken into consideration is to find the forces acting and other natural causes determining the respective large
scale natural phenomenon. Thus, the system of morphogenesis and the process of shaping, for example, the forming of
the cost lines, the form of a mountain top, a.s.0. can be described using specific morphogens to be taken into
consideration, depending on the respective large scale phenomena. The main difficulty in the process is the
determination of the morphogens, based on the identification of the relationships between the quantities and the
causalities involved in the respective phenomenon.

Reverting to a particular case of large scale natural phenomenon, for example, the shaping of a mountain top, the
reactions and diffusions are taking place at infinitesimal speeds and rates and hence, they are not observable by the naked
human eye. The respective mountain top line can be regarded as being dependent on more factors, such as: tectonic
plates’ dynamics, gravity force, but also on the erosion forces (temperatures, winds, waters and precipitations in the
respective region).

As already stated before, the modifications in this particular shape are hardly observable over relative large periods of
time, so these shaping processes are happening at very slow speeds. In order to apply the process of morphogenesis to
this particular case, some assumptions are to be additionally made: for simplicity and clarity reasons, only the (X, y)
coordinates of the top line will be considered (please note that x and y are, in this case, only geometric horizontal and
vertical coordinates of the mountain top line and they should not be confounded with the concentrations of the
morphogens, presented in the Introduction chapter). Secondly, for simplicity and clarity reasons, the erosion forces
during the shaping process are to be neglected, their influence in the respective shaping process, being much more
insignificant in comparison with the other shaping forces considered.

The morphogens considered in this large scale shaping process are the speeds of movement of a certain point from the
mountain top line on both axes x and y, and they are denoted by Vx and Vy. The variations of the speeds in time, on these
two axes, are the accelerations on these two axes. These accelerations are depending on both main factors considered in
the process, namely tectonic plates’ dynamics and gravity force.

The relationships between the “morphogens” in this process, are the relationships between the respective speeds of
movement on both axes and their corresponding accelerations, determined by the force of gravity and the tectonic force.
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The two forces above are directly related with the accelerations on both axes considered and the two accelerations are
determined only by these forces.

The mountain top line is described by all the points on its curve S. If one manages to find the movement of every point
on the line S, then one should actually find the shape of the line S at any given moment in time. Let us now consider a
certain point S, with the coordinates x and y, on the mountain top line, denoted by S(x,y). One can solve the system of
equations for morphogenesis and find the value of speeds on both axes x and y, at any given moment in time. The
shaping process of the top line, namely the speeds of the points of the mountain top line are determined by the following
system of differential equations:
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If one takes into consideration the same simplifying case of the functions f and g considered to be linear in the respective
morphogens by A. Turing, the system is then simplified to:
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The above system (3) is showing that both components of acceleration representing actually the differentials in relation
with time, determined by the forces acting in the considered model are depending on the following factors: the influence
of speeds on each coordinate and the diffusions caused by each morphogen in the concentrations of both morphogens, as
functions depending on the double differentiation operator.

After solving it, one can know the speed of every point on the curve S and by integrating the respective speed functions
over time, with the conditions of the initial coordinates of the points of line S, one can easily find the shape of the curve
S, at any given moment (r) in time.

3. GENERALIZATION OF MORPHOGENESIS WITHIN ONE CASE OF VERY SMALL SCALE
PHENOMENA

Let us now examine to what extent and in which way the shapes generated as result of very small scale phenomena,
could also be described using the reactions and diffusions taking place in the process of morphogenesis. This time, in
comparison with the case of large scale shaping phenomenon from above, we are confronted with the totally reversed
situation, when the speeds of quantum particles are the highest possible ones, and hence, again not observable by the
naked human eye. The problem of the limitations caused by our senses has been already clearly and extensively stated in
[12].

If we want to extrapolate the process of morphogenesis to the processes and phenomena in the quantum scale world, this
generalization could be made twofold. On one side, one can consider n different particles with their corresponding
horizontal and vertical positions (Xi, Yi), i from 1 to n, when these n particles hit a screen. On the other side, one can

consider two different interacting particles x and y, with their corresponding positions Xj and Vi, i from 1 to n, measured
at the same moment (i) in time, for each of the two particles, for n different moments.
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In both cases the particles are subjected to one single probability wave function . For the case of two interacting
particles x and y, their corresponding n positions (Xi, Yi), i from 1 to n, are given by the probability wave function:
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If we take into consideration the process of morphogenesis, the system describing the shapes resulting from the
interaction of the respective quantum particles has the following form:
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The system above is exhibiting the same general form of the morphogenesis equations system, which has already been
presented in (2).
The explanation for the relationships in the above system of equations is as follows: it seems straightforward to think that

the position Xy of the particle x is determined jointly, by the wave probability function ¥ and another certain probability
function p(X), which depends on the previous positions of the particle x, or in a shorter expression: it depends on the
difference between previous positions of the particle introduced by the second order difference operator of the particle’s
position: Ar = Xr+1 — 2Xr + Xr-1, that is to say it depends on the difference between the deviations Ar+1 and Ar (where
Ar+1= Xr+1 — Xr). The second order difference operator can be replaced, for o larger generality with the difference
operator of order K, Ar+k, with k <.

The probability that the positions of the particles x and y at a given moment r, Xy and Yr are within certain boundaries or
limits, namely: & < Xr < b and C < yr < d, are given by the following two integrals:
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Where W is representing the probability wave function of the position x of a certain quantum particle, depending on a
specific impulse p, and is having the expression:
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4. GENERALIZATION OF MORPHOGENESIS FOR THE CASE OF (N) MORPHOGENS

The generalization in this chapter is presented going out from the assumption that all the conditions imposed by the
existence of the process of morphogenesis are fulfilled and the morphogens and their interactions have been identified.

The system of equations for the morphogenesis for n interacting morphogens thus identified has the form:
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The above generalization is made, taking into account some simplifying assumptions, such as:

a) The functions of dependence between the variations of speed of the concentrations of the respective morphogens from
above alongside with their diffusion rates, which are functions of difference operators for each of the morphogens, are
considered for (n) different morphogens.

b) The functions of concentrations of morphogens are deemed to be linear in the respective morphogens.

¢) The diffusion rates, which are functions of difference operators can be difference operators, not only of second order,
but of any higher order difference operators.

5. CONCLUSIONS

The present paper analysis whether and to what extent the process of morphogenesis could be generalized and what
conditions are to be fulfilled so that the generalizations take place. It is taking into consideration the dynamic of fractals,
that is to say the evolution of fractals’ shapes, based on underlying factors (morphogens) generating the respective
shaping process of the fractals. One other way to deal with the dynamics of shaping process in the fractals, based only on
the fractals’ shapes coordinates evolving in time, is presented in [11].

The theory of morphogenesis, as proposed by A. Turing can be generalized for large scale and very small scale
phenomena, under the assumption that the random physical quantity that is accountable for the shaping process and
changes over time can be made dependent on its variation in time, the two ones being thus interdependent. This fact is
rising two important questions to answer to: one is to identify the two main factors underlying the shaping process is
depending upon and the two ones should have the same type. The second one is that the identified factors have to be
dependent on both: their variation in time, in the respective shaping process and on the other factor identified.

Hence, the issues within the presented process of generalization in the present paper are determined by the fact that the
factors underlying the shaping process cannot be always identified, or these factors do not exist or they cannot be made
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dependent on their variation in time or on the other factor, in such a manner that the system of morphogenesis can exist.
In many cases there are much more than only two interacting factors in the shaping process, and in this case, either only
the most important two interacting factors should be taken into consideration and the others should be neglected, or the
system should be generalized to (n) morphogens, as presented above, in the Chapter 4 of the Paper.

There are also difficulties related to the generalizations presented in this paper. The first one is determined by the fact
that the shaping process presented for generalization in the large scale phenomenon (shaping of a mountain top line) is
taking to infinitesimal slow speeds and hence not observable by the naked human eye. The second one is determined by
the fact that the shaping process presented for generalization in the quantum scale phenomenon (recorded positions of
two interacting particles) is taking to infinite speeds and are, again, not observable by the naked human eye. Both
difficulties can be surpassed by using the nowadays available technics and technologies, capable to generate instruments
for measuring both processes, but also using the present computing power, which were neither one available some time
ago.

Unlike the approach in the paper [11], where the dynamics of the shaping process are analyzed by means of coordinates
of the end shape, the present paper is dealing with the underlying factors generating the shaping process and has the aim
to explain the end shape, based on these underlying factors. In conclusion, based on this paper’s approach, not only the
identification of underlying factors and the establishment of system’s equations, but also the technology to measure the
physical quantities and their diffusions and the large amount of necessary computing power are determinant to ensure the
best results when applying the subject generalizations. Both, the method for fractal’s shape analysis presented in this
paper and the one presented in [11] can generate a system of two methods, in which, each one of the methods can check,
reciprocally, the results of the other one.
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