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Fractal transformations of recursive walks in the Julia fern

Transformaciones fractales de caminatas recursivas en el helecho de julia
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Abstract

One of the most studied fractals corresponds to the Julia
Set and one of its elements can be obtained with the
following recursive formula in the complex plane: Zi+1 =
Zi2 - 1, the result depends on the chosen starting complex
number. We can define the Julia set of a complex variable
polynomial as the boundary of the set of points that escape
to infinity when iterating this polynomial. This means that
the orbit of an element of the Julia set does not escape
infinity.
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Resumen

Uno de los fractales més estudiados corresponde al
Conjunto de Julia y uno de sus elementos se puede obtener
con la siguiente férmula recursiva en el plano complejo:
Zi+1 = Zi2 - 1,el resultado depende del nimero complejo
de partida escogido. Podemos definir el conjunto de Julia
de un polinomio de variable compleja como la frontera del
conjunto de puntos que escapan al infinito al iterar dicho
polinomio. Esto significa que la orbita de un elemento del
conjunto de Julia no escapa al infinito.
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Introduction

The dynamic dialogue between form and content
embodied in the spirit of fractal geometry, which
precisely bridges the quantitative and qualitative
aspects of objects in nature. As previously
mentioned, the appearance of fractals as such
coincides with the publication of Les objets
fractals: Forme, hasard et dimension, in 1975
and republished in 1977, in which Mandelbrot
gives a series of definitions of fractals:

That it has a form, either highly irregular,
or highly interrupted or fragmented, and remains
so at whatever scale it occurs.

That it contains distinctive elements
whose scales are very varied and cover a very
wide range.

They had dealt with some of these
assemblages, but had not built any theory about
them, and had not, therefore, needed a specific
term to designate them. Once the author has
shown that nature abounds with objects whose
best representations are fractal sets, it is
necessary to have an appropriate word that is not
shared with any other meaning: A fractal is, by
definition, a set whose Hausdorff-Besicovitch
dimension is strictly greater than its topological
dimension. Sets with non-integer D are fractals.
Mandelbrot coined the term fractal to encompass
the various mathematical "monsters" that
progressively increased in number, accompanied
by those "monsters" that were discovered in
nature. The word fractal derives from the Latin
adjective fractus, meaning fragmented, broken
or irregular, which corresponds exactly to the
graphic characteristics of fractal objects and
their respective dimensions.

Nevertheless, some fundamental
characteristics can be extracted which, if one or
all of them are fulfilled, one could speak of a
fractal set. Thus, a fractal set would be:

A set that is sufficiently irregular because
it cannot be described with the usual geometric
language, both locally and globally:

D_x((0))=D_y™((0))=k"((0))
D_x™((n))=(y/z)"n k((0)),n=0,1,2

A set that exhibits some form of self-
similarity, which may be approximate or
statistical:
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(D_x™n)/(D_x™M((n+1) ) )=6 x=14(2, n=0,1,2)

Usually:  (Dy™((n)))/(D_xN((n))) =
(L_y"2n)/(L_x"2n), there are also some
additional characteristics of fractal structures in
the following Julia's Fern:

The length between each leaf of its
perimeter is infinite.

a — = - —
(2+T V)R +yRV T =0

We will see how a curve of infinite length
(perimeter) encloses a finite area and its

construction is as follows:

You take a segment, divide it into three
equal parts.

VY — QO Uoxg —— VP, = 0

Ne
Py — N Py
ﬁ—i—Ue VPe+yePeV Ue—E‘FAlIJa—E‘FBa—E?’—O

The central part is replaced by two parts
of equal length making an angle of n/4 radians
(60-90-120°), to be iterated as shown in the
following fractal chart:
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Step 1: Perform the substitution for
every element by their algebraic expression
formula, in theory it does not matter what value
is given to these probabilities, but in practice it
is necessary to assign a probability according to
the area covered by each transformation in order
to optimise the speed of representation:
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Step 2: Replace every variable with their
value in the formula and with the levels of confidence
required of the fractal model, there are many natural
shapes that are so irregular and fragmented that,
compared to Euclid's geometry (ordinary geometry),
nature not only has a higher degree of complexity but
the complexity is at a completely different level,
since the number of length scales of the various
natural shapes is, for practical purposes, infinite.
Undoubtedly, one of the most remarkable aspects of
fractal geometry is that it offers an alternative model
to other geometries. It seeks a regularity in the
relationships between an object and its parts at
different scales.
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From step 3 is solved every mathematical
operation, until have a final result:

Step 3
1,2 3,12
ERE = f(0-99)(7) 039 [099+066+033) 4]
(3)066)(3) T+7+7) /2
[ 03921 ans-1 2013(4?2")
» T (1052 )
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The repetition of the topological patterns
of these fractals (at different scales) leads to their
being called self-similar. They contain parts that
are scaled-down versions of the whole object. In
the case where random variations can be applied
to the reduced scale subparts, the fractal is said
to be statistically self-similar.

Step 4
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ERE = (0.0066)(0.12) [ 233 —(1.24) ] (9.26)(21.43)(0.12)
T (0.00027)(0.00031) " |-7632906313755.56 (48.59)(9.85)(—0.00031)
7.92x107% 1.09 23.81
ERE = =N |
8.37x1078 " |-7.63x1012 (48.59)(9.85)(—0.00031)
7.92x10~%4 23.81
ERE = — . (—1.42x1013) + =—
8.37x10°8 -0.14

By transferring and copying the
generator to the appropriate scale, the different
steps or iterations in the generator process can be
generated:

Step 5
ERE = 9462.36 (1.42x10'%) + (—170.07)

ERE = 1.35x107° 4+ (—170.07) = (-170.07)
=170.07|

ERE Step 6: Transforming absolute value and
obtained the logarithmic number.

ERE =Log170.07 = 2.23

Step 7: Apply the indexing process =
(2.23)(100)(100)=2.23%

In Z0= 1.05 + 0.3i produces a finite orbit
in the complex plane for 2.2% acceptance in its
fractal coordinate, precisely, fractal geometry
has an internal irregularity with a certain
ordering, and describes the boundary between
the ordered and chaotic motion of the trajectories
of a system. The contribution of fractals to the
understanding of the world results in a kind of
natural philosophy, an integrated view of the
world, an organising element.

Axg) = lim 1l df™(xo)
X = 5w nl dx,
Conclusions

As we observed the concept of fractal can be
approached from several points of view,
however it is commonly accepted that a fractal is
a geometric object composed of elements, also
geometric, of variable size and orientation, but
of similar aspect, with the particularity that its
dimension must be dependent on the scale or
resolution in its topological calculation.
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After presenting Hausdorff's definition
of dimension, we could ask ourselves if it does
not correspond to a mere mathematical
instrument, but this is the way we have defined
the theory of numerical fractals and we have
developed an assumption about the theory of the
real number based on the positional number
systems, different from Dedekind's of the cuts in
the field of rational numbers and Cantor's of the
completeness of the metric space of rational
numbers.

That is to say, in the decimal numbering
system, the integers are those which are written
with a finite number of digits to the left of the
decimal point (without any decimal point),
including zero, while rational numbers are those
which result from adding to any integer
(including zero), a number less than one with a
finite number of decimal places (to the right of
the decimal point), or an infinite number of
decimal places with period (group of digits that
repeats indefinitely), the remaining numbers are
the irrational ones, our theoretical basis is that
the numerical fractals have the power of the
continuum and their dimension is less than one
(which is that of the real numbers).

Numerical fractals are not closed sets for
addition, subtraction, multiplication or division,
because the sum, difference or product of two
numbers of the same numerical fractal may not
belong to the same one and the one is equal to
the number formed by zero followed by a
comma and infinitely many equal digits for this
broken geometry.
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