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In this paper, we explore the profound implications of iterative dynamics in the
emergence of complexity from simple initial conditions. Focusing on the first
iteration of a fractal system, governed by Euler’s Identity, we analyze how the
transition from a smooth, ordered state to intricate and self-similar patterns
begins. The first iteration represents the moment when simplicity gives way to
the non-linear dynamics that will shape the evolution of the system, introducing
floral-like patterns, tendrils, and other early signs of fractal behavior. This study
bridges the gap between mathematics and cosmology, drawing parallels between
the first iteration of a fractal and the early stages of the Universe's evolution,
when simple rules led to the formation of galaxies and large-scale cosmic
structures. By examining the first iteration in detail, we gain insight into how
complex systems—both mathematical and physical—unfold through repeated
application of simple rules, highlighting the beauty of mathematical emergence
and its connection to the natural world.
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1. Introduction
Purpose of the Paper

This paper explores the concept of using iterative processes as a model for
understanding the emergence of complexity in the Universe. Specifically, it
focuses on the first iteration of a fractal system as the foundational step in this
progression from simplicity to complexity. In many complex systems—both in
nature and in mathematical models—order does not arise instantaneously but is
rather the result of repeated applications of simple rules or transformations. By
examining the first iteration of such a system, we gain insight into the
mechanisms that initiate the transition from a basic state (a pre-iterative
condition) to an increasingly intricate structure. The purpose of this paper is to
highlight the importance of this initial step and its role in shaping the eventual
complexity we observe in systems governed by iterative dynamics.

Context and Motivation

Iterative dynamics are a central theme in both mathematics and physics, where
they are often used to model systems that evolve over time or through repeated
operations. In mathematics, fractal geometry and recursive functions reveal how
repeated application of simple formulas can lead to highly complex and self-
similar structures. Similarly, in physics, iterative processes underpin models of
cosmic evolution, where the Universe's structure emerges from simple initial
conditions through processes like inflation, particle interactions, and gravitational
collapse.

The concept of iteration is particularly significant in cosmology, where the
evolution of the Universe from its simplest, most uniform state (such as the
conditions immediately following the Big Bang) to the highly complex structures
we observe today—galaxies, stars, planets—can be seen as a series of steps
governed by fundamental physical laws. These steps may mirror the
mathematical operations seen in fractal systems, where each iteration introduces
new levels of complexity and organization.

Motivated by the parallels between iterative mathematical models and the
physical processes governing the Universe, this paper seeks to analyze the first
iteration as a critical moment in the development of complexity. By focusing on



this initial phase, we aim to draw connections between the abstract mathematical
world of fractals and the tangible structures of the cosmos.

Thesis Statement

The central thesis of this paper is that the first iteration of a fractal system,
governed by mathematical laws such as Euler's Identity, serves as the crucial
starting point for the emergence of complexity from simplicity. This initial step
introduces the dynamics that will later give rise to intricate patterns and
structures, whether in a mathematical space or in the physical Universe. By
examining the nature and behavior of this first iteration, we can gain a deeper
understanding of how order and complexity originate from seemingly simple
rules. This exploration is not only mathematically significant but may also offer
valuable insights into the processes that have shaped the cosmos since its earliest
moments.

2. Mathematical Foundations
Complex Numbers and the Complex Plane

Complex numbers, denoted generally as z=a+bi, where a and b are real numbers
and iii is the imaginary unit (i*2 = -1), extend the familiar concept of numbers
beyond the real line into two dimensions. The complex plane is a geometric
representation of these numbers, where the horizontal axis represents the real

part of a complex number (a) and the vertical axis represents the imaginary part
(b).

In this plane, any point corresponds to a unique complex number. For example,
the number z=1+2i would be represented as the point (1,2) on the complex plane.
This geometric approach allows us to visualize the behavior of complex numbers
as they undergo transformations, such as rotations and scalings, making it an
essential tool for studying iterative dynamics.

One important concept in the complex plane is the argument (or angle) of a
complex number. The argument, denoted as 0, is the angle between the positive
real axis and the line connecting the origin to the point representing the complex
number. This angle, measured in radians, plays a crucial role in the



transformations of complex numbers, especially in systems that involve
exponential functions and rotations, such as those driven by Euler’s Identity.
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Pre-lteration State of the Complex Plane

The pre-iteration image of the complex plane illustrates the initial state of the
system before any iterations are applied. Each point in the image corresponds to
a complex number, with the color representing its argument (angle). This initial



condition is crucial because it serves as the starting point for the iterative
process. The symmetry and smooth gradients seen in the image reflect the
regular, undisturbed state of the complex grid before the introduction of
feedback dynamics.

In iterative systems, the initial distribution of complex numbers and their
arguments determine how the system will evolve. As we apply iterative
transformations to these numbers, small differences in their initial angles can lead
to significantly different trajectories, giving rise to the complex and often chaotic
behavior observed in fractal systems. The pre-iteration state, then, is not just a
neutral starting point but a crucial component that sets the stage for the
emergence of complexity.

Euler’s Identity and Iterative Dynamics

Euler's Identity is one of the most beautiful and profound equations in
mathematics, elegantly connecting five fundamental constants: e (the base of the
natural logarithm), i (the imaginary unit), it (the ratio of a circle's circumference to
its diameter), and the numbers 1 and 0. The identity is expressed as:

€™ +1=0

In our system, however, Euler’s Identity takes on a more dynamic role. Rather
than being a static equation, it is applied iteratively to the complex plane, where
it introduces rotation, feedback, and the potential for exponential growth or
decay. The iterative equation we use in this system is:

Zp1=exp(i-m-0)+2Z2+C
Here’s a breakdown of how this equation operates:

1. 8 and Rotation: The term €XP(7 * ™ - 0) jntroduces a rotation in the
complex plane. Since the exponential of an imaginary number corresponds
to a rotation, this term rotates each point in the complex plane by an angle
determined by 6, the argument of the complex number.
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2. Quadratic Feedback: The term Zn, introduces feedback into the system. By
squaring the current value of Z, we magnify differences in magnitude,
allowing points to diverge or converge at different rates. This quadratic
feedback is essential for creating the intricate, self-similar structures seen
in fractal systems.

3. Addition of the Complex Grid C: The constant C represents the initial
condition of each point in the complex plane. It remains unchanged
throughout the iteration process and serves as an anchor, ensuring that the
transformation of each point is influenced by its original position in the
plane.

Together, these components drive the iterative process that generates the fractal
structures. The rotation term derived from Euler's Identity ensures that points are
shifted angularly, while the quadratic feedback amplifies small differences in
magnitude, and the complex grid maintains the original structure of the system.
Over successive iterations, this interplay between rotation, feedback, and
structure leads to the emergence of complex patterns, such as the floral and
spiral shapes seen in the visualizations of the first iteration.

This equation is the foundation for the first iteration, and it will continue to shape
the dynamics of the system as additional iterations are applied. By examining the
first iteration in detail, we can observe how these mathematical principles come
together to initiate the development of complexity in the system.

3. The First Iteration
Initial Condition

The initial condition of the system is represented by the pre-iteration complex
plane. This is the undisturbed starting point for the iterative process, where each
point in the plane corresponds to a complex number. In this state, the complex
numbers are spread uniformly across the plane, with their positions determined
by their real and imaginary parts. The argument (or angle) of each complex



number is also well-defined at this point, and it plays a critical role in determining
how each point will evolve once the iteration begins.

The pre-iteration condition acts as the "canvas" upon which the fractal patterns
will eventually emerge. The significance of this starting point cannot be
overstated: it sets the foundation for the entire system. The smooth, radial
gradients and symmetry that define this initial condition (as shown in the image)
are what will give rise to the complex behavior seen after the first iteration. Just
as a blank canvas holds the potential for any artwork, the pre-iteration state holds
the potential for the development of intricate fractal structures once the system
begins to iterate.

First Iteration Process

The first iteration of the system is where the transformation from simplicity to
complexity begins. As we apply the iterative equation:

Zp1=exp(i-m-0)+2>+C

to each point in the complex plane, several processes start to take place:

1. Exponential Rotation: The term exp(i - - 0) applies a rotation to each

point based on its argument 8. This rotation changes the position of the
point in the complex plane, effectively altering its angle with respect to the
origin. Since each point has a different initial argument, the rotation affects
each point differently, introducing diversity into the system.
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2. Quadratic Feedback: The quadratic term Z, magnifies differences in
magnitude between points. Points that were initially close in magnitude
may diverge significantly after the quadratic term is applied. This feedback
introduces nonlinearity into the system, causing some points to move
rapidly away from their initial positions while others may remain closer to
their original locations.

3. Addition of the Constant Grid C: Finally, the constant C (which represents
the initial positions of the points in the complex plane) is added back into



the system. This term anchors the transformation of each point, ensuring
that its evolution is still influenced by its original position in the plane.

Together, these processes introduce rotation, scaling, and feedback into the
system, which begins to create the first hints of complexity. The initially smooth
and uniform complex plane now starts to exhibit non-linear behavior, with points

rotating, diverging, and shifting in a way that sets the stage for more intricate
fractal patterns in subsequent iterations.



Visualizing the First Iteration

The visual output of the first iteration reveals the earliest signs of fractal
complexity emerging from the initial condition. As shown in the image below, the
once smooth and symmetric plane now displays floral patterns, tendrils, and
regions of varying iteration intensity.
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1. Floral Patterns: The most prominent feature in the first iteration is the
emergence of floral-like patterns. These patterns appear as swirling, petal-
like structures that grow outward from a central point. These structures are



characteristic of fractal dynamics, where self-similarity and recursive
patterns begin to take shape. Each petal represents a region where the
iteration has amplified small initial differences in angle and magnitude,
creating a highly structured, repeating pattern.

2. Tendrils: Surrounding the floral patterns are tendrils—thin, elongated
structures that extend outward from the main pattern. These tendrils are
the result of points that diverge more slowly from their original positions.
The tendrils represent the slower-moving regions of the system, where the
effects of the iteration are more subtle, but they still contribute to the
overall complexity of the fractal.

3. Iteration Intensity: The color gradients in the image correspond to the
number of iterations before a point either stabilized or escaped beyond a
defined threshold. The brighter regions represent areas where the system
iterated more intensively, with points undergoing more dramatic
transformations. In contrast, the darker regions are areas where the
iteration had less of an effect, and points remained closer to their initial
positions.

4. Nonlinearity and Complexity: The first iteration introduces nonlinearity
into the system, breaking the initial symmetry of the complex plane. What
was once smooth and ordered now shows signs of chaos and complexity,
with points moving in a highly non-linear fashion. This nonlinearity is the
key to the development of fractal patterns, as it allows for the emergence
of structures that are both self-similar and infinitely complex.

Conclusion of the First Iteration

The first iteration is where the transformation from a simple, ordered state to a
more complex, fractal system begins. Through the application of Euler's Identity
and quadratic feedback, the initially uniform complex plane starts to show signs
of self-similarity and pattern formation. While this is only the beginning, it sets
the stage for the more intricate fractal structures that will emerge in later
iterations. This moment is crucial, as it marks the point where simplicity gives way
to complexity, and where the system starts to evolve into a fractal-like form.
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4. Emergence of Complexity
From Simplicity to Complexity

The journey from simplicity to complexity begins with the application of the first
iteration in a fractal system. Initially, the system is represented by a pre-iteration
state—a smooth, ordered complex plane where each point corresponds to a
complex number with a well-defined real and imaginary part. In this state, there is
no visible complexity; the plane is defined by simple radial symmetry, and the
values of the complex numbers are predictable and orderly. This pre-iteration
state is essential because it serves as the blank canvas upon which the iterative
process begins to paint increasingly complex and intricate patterns.

As soon as the first iteration is applied—using the iterative equation

—the transformation of the system begins. This iteration introduces nonlinear
dynamics into the system, where each point in the complex plane is affected
differently based on its initial conditions. The smooth, predictable behavior of the
pre-iteration state is replaced by chaos and variability, with some points in the
plane rapidly diverging, while others remain stable or converge to particular
values.

The result of this first iteration is the emergence of complexity—the moment
when order gives way to intricate, self-similar patterns. The floral shapes,
tendrils, and spirals that begin to form are early signs of this complexity. These
patterns are not random; rather, they are the product of recursive processes that
create self-similarity—the hallmark of fractal geometry. The system, which was
initially simple and uniform, now shows signs of structure and organization, albeit
in a way that is not immediately intuitive. This is the nature of complexity: it arises
from simple rules, but its manifestations are rich and unpredictable.

This transition from simplicity to complexity is a defining characteristic of many
natural systems, from the formation of galaxies to the branching of trees to the
growth of crystals. What the first iteration demonstrates is that complexity can
emerge from simple iterative processes, and that the initial conditions—no
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matter how orderly or symmetrical—will inevitably give rise to more intricate and
detailed structures once the system begins to evolve.

Fractal Dynamics

The fractal-like behavior that begins to emerge after the first iteration sets the
stage for even greater complexity in subsequent iterations. A fractal is a
geometric structure that exhibits self-similarity at different scales, meaning that
the same patterns repeat over and over again, regardless of how closely you
zoom in or out. This is one of the key characteristics of fractal systems: they
contain infinite detail within finite bounds.

In the first iteration, we observe the initial hints of fractal behavior. The floral
patterns, spirals, and tendrils that appear are not just isolated shapes; they are
repeated patterns that can be found throughout the complex plane at different
scales. As the system continues to iterate, these patterns will become more
defined and more intricate, eventually leading to the complex, infinite structures
that define fractals.

. : : 72 . , .
The nonlinear feedback introduced by the quadratic term 7 in the iterative
equation is what drives this fractal behavior. By squaring the complex numbers at
each iteration, we magnify small differences in their values, causing the system to
evolve in unpredictable and chaotic ways. This feedback loop is what allows the
system to generate complexity out of simplicity: small variations in the initial
conditions are amplified, leading to the formation of self-similar structures that
repeat at different scales.

As the system iterates further, these fractal patterns will become more
pronounced. The floral shapes will branch out into more intricate forms, the
spirals will become more tightly wound, and the tendrils will grow more
numerous and more detailed. Each new iteration adds another layer of
complexity to the system, as the recursive processes continue to build upon
themselves. This is the nature of fractal dynamics: the complexity grows with
each iteration, but the underlying patterns remain the same. The system becomes
infinitely detailed without ever losing its essential structure.

Fractal behavior is not just a mathematical curiosity; it is a fundamental aspect of
many natural systems. The branching patterns of trees, the growth of snowflakes,
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and the distribution of galaxies in the Universe all exhibit fractal characteristics.
The iterative processes that drive these systems are similar to those that generate
fractal patterns in mathematics. The first iteration of a fractal system is just the
beginning of a journey toward infinite complexity, and it provides a glimpse into
how order and structure can emerge from simple rules.

In the context of cosmology, the first iteration can be thought of as analogous to
the early moments of the Universe, when simple, uniform conditions began to
give rise to the complex structures we observe today. Just as the first iteration in
a fractal system introduces complexity into the complex plane, the early
processes of cosmic evolution—such as inflation and gravitational collapse—
introduced complexity into the Universe, leading to the formation of galaxies,
stars, and planets. The study of fractal dynamics offers valuable insights into how
complexity emerges in natural systems, and the first iteration is the starting point
for understanding these processes.

5. Implications for Cosmology and Mathematics
Cosmological Relevance

The iterative dynamics demonstrated in the first iteration of our fractal system
offer an intriguing analogy to the early stages of the Universe's evolution. In
cosmology, the transition from the simplicity of the early Universe—when it was
nearly uniform and homogenous after the Big Bang—to the complex structures
we observe today, such as galaxies, stars, and planets, can be seen as a
progression from order to complexity driven by relatively simple laws.

In much the same way that the first iteration introduces complexity and structure
into the complex plane, the early Universe underwent processes that led to the
formation of structure from its initial state of near-perfect uniformity. For
example, cosmic inflation, a period of rapid expansion that occurred fractions of a
second after the Big Bang, can be thought of as a kind of “iteration” that took an
almost featureless space and introduced the seeds of structure—tiny quantum
fluctuations that eventually grew into the large-scale structures we see today.
These quantum fluctuations were magnified by inflation, much like how small
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differences in the complex plane are amplified through quadratic feedback in our
fractal system.

The analogy between fractal dynamics and cosmic evolution becomes even more
compelling when we consider the self-similar patterns observed in both systems.
In fractal geometry, self-similarity means that the same patterns repeat at
different scales. Interestingly, this kind of structure is also observed in the
Universe: galaxies cluster into groups, groups cluster into larger structures called
superclusters, and superclusters form vast, interconnected web-like structures
across the Universe. These cosmic structures exhibit a form of hierarchical self-
similarity, much like fractals.

This raises the possibility that the large-scale structure of the Universe might be
governed by principles similar to those seen in fractal geometry. The Universe
could be thought of as a fractal-like system, where simple initial conditions—such
as those present immediately after the Big Bang—evolve through iterative
processes like gravitational collapse and cosmic expansion to create increasingly
complex structures over time. If this is the case, studying fractal dynamics could
provide insights into the emergence of cosmic structure and help cosmologists
better understand how complexity arises on such vast scales.

Moreover, the iterative nature of fractal systems might offer a new way to think
about time and evolution in the Universe. In fractal geometry, each iteration
introduces a new layer of complexity, much as each era in the Universe's history
introduces new forms of structure and organization. Just as we observe the fractal
system evolving from simple shapes to intricate patterns through iterative
feedback, we can imagine the Universe evolving from the simplicity of the early
Universe to the complex web of galaxies, stars, and planets through a series of
cosmic iterations.

Thus, the study of iterative dynamics not only enhances our understanding of
mathematical systems but also opens new avenues for exploring the evolution of
the cosmos. The same principles that drive the emergence of fractal patterns may
be at work on a much larger scale, shaping the Universe we inhabit.
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Mathematical Beauty and Emergence

At the heart of this exploration lies the profound elegance of mathematics,
particularly in the form of Euler’s Identity. Euler’s Identity, often celebrated as
one of the most beautiful equations in mathematics, elegantly unites five
fundamental constants: e (the base of natural logarithms), i (the imaginary unit),
Tt (the ratio of a circle's circumference to its diameter), and the numbers 1 and 0.
What makes this equation so remarkable is not only its simplicity but also its
ability to reveal deep connections between seemingly unrelated mathematical
concepts.

When applied iteratively, as in our fractal system, Euler's Identity becomes a
powerful tool for generating complexity from simple initial conditions. The
iterative equation we use combines the rotational symmetry of Euler’s Identity
with the quadratic feedback of the fractal process, leading to the emergence of
intricate and self-similar patterns. This process demonstrates how mathematical
rules, when applied repeatedly, can give rise to unexpected and complex
phenomena.

The beauty of mathematics lies in its ability to describe and predict patterns in the
natural world. In this case, Euler’s Identity serves as the foundation for a system
that transforms a simple, symmetrical plane into a rich, complex landscape. What
begins as a static equation takes on a dynamic role, driving the evolution of the
system through a series of iterations that introduce new layers of complexity with
each step.

This process of emergence is central to both mathematics and nature. In
mathematics, emergence refers to the phenomenon where simple rules or
operations lead to complex behavior that cannot be easily predicted from the
initial conditions. This is precisely what we observe in our fractal system: the
initial conditions are simple and ordered, but the iterative application of Euler’s
Identity and the feedback dynamics leads to the emergence of fractal
structures—patterns that are infinitely complex and self-similar across scales.

Similarly, in nature, emergence describes how complex systems and patterns
arise out of relatively simple interactions. This can be seen in everything from the
formation of snowflakes to the growth of biological organisms to the structure
of the Universe. The same mathematical principles that govern the emergence of
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fractal patterns in our system may also underlie the laws of nature, driving the
formation of complex structures from simple building blocks.

In reflecting on the elegance of Euler’s Identity and the power of iterative
processes, we are reminded of the deep connections between mathematics and
the natural world. The emergence of complexity from simplicity is not merely a
mathematical curiosity; it is a fundamental principle that shapes the world we live
in. Whether we are studying the fractal patterns in a mathematical system or the
cosmic structures in the Universe, the same underlying processes are at work,
revealing the profound beauty and order that lies beneath the surface of
complexity.

The mathematical beauty of Euler's Identity, combined with the power of
iteration, offers a glimpse into how the Universe may have evolved from a simple,
uniform state to the complex and structured cosmos we observe today. Through
the lens of mathematics, we gain a deeper appreciation for the elegance of
nature, where simple rules lead to stunning complexity and infinite detail.

6. Conclusion
Summary of Key Points

This paper has explored the significance of the first iteration in an iterative fractal
system, focusing on how simple, ordered initial conditions transform into complex
structures. By analyzing the behavior of the system after its first iteration, we
have seen the emergence of intricate patterns, including floral shapes, tendrils,
and self-similar structures. These patterns arise from the interaction of rotational
forces, quadratic feedback, and the initial configuration of the complex grid, all
governed by the elegant and powerful Euler’s Identity.

The first iteration serves as a foundational step in this process, where the
smooth, uniform state of the pre-iteration complex plane begins to break apart,
giving way to nonlinear dynamics and fractal complexity. This transition from
simplicity to complexity mirrors many natural processes, where simple rules
applied repetitively generate the elaborate and often beautiful structures we
observe in the world. Whether in the growth of trees, the formation of
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snowflakes, or the clustering of galaxies, this iterative dynamic is at the heart of
many systems in both mathematics and nature.

By focusing on the first iteration, we have highlighted the importance of initial
conditions and how they influence the subsequent evolution of a system. This
first step is crucial because it sets the direction for the emergence of complexity,
introducing the basic patterns that will evolve and multiply through further
iterations. The first iteration represents the moment when order begins to break
down into chaos, creating the seeds of the self-similar fractal patterns that define
the system's behavior at later stages.

Future Directions

While the focus of this paper has been on the first iteration, there is much more
to explore in the realm of iterative systems. Future research could delve into the
effects of additional iterations, analyzing how the patterns introduced in the first
step evolve and grow in complexity over time. As the system iterates further, the
fractal behavior will become more pronounced, and new structures will emerge,
each iteration adding a layer of complexity to the system.

Exploring higher iterations would allow us to trace the full development of the
fractal system, from its initial state through multiple stages of complexity. This
would provide deeper insights into the process of self-similarity, where patterns
repeat at different scales, and how this phenomenon manifests in both
mathematical and natural systems.

Another promising direction for future research is the application of the iterative
model to other physical systems. For example, in cosmology, we might apply
similar principles to study the formation of cosmic structures in the early
Universe, where simple initial conditions gave rise to galaxies, stars, and planets.
The self-similar patterns observed in fractal systems could potentially be
analogous to the hierarchical clustering of galaxies, suggesting that iterative
dynamics may play a key role in shaping the large-scale structure of the cosmos.

Additionally, there is potential to apply the iterative model to biological systems,
such as the branching patterns of plants, the growth of crystals, or even the
formation of neural networks in the brain. Many of these systems exhibit fractal-
like behavior, where complexity emerges from simple rules applied repeatedly
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over time. By studying the first iteration in these systems, we might gain new
insights into the processes that drive growth, organization, and complexity in
living organisms and natural phenomena.

In conclusion, the first iteration is just the beginning of a journey toward infinite
complexity. Whether we are studying fractal systems in mathematics or exploring
the evolution of the Universe, the principles of iteration and self-similarity
provide a powerful framework for understanding how order emerges from chaos.
By continuing to explore these concepts, we can deepen our understanding of the
fundamental processes that shape the world around us, from the smallest fractal
patterns to the largest cosmic structures.
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Python Code Iteration 0

import numpy as np
import matplotlib.pyplot as plt

# Set the resolution for the output
width, height = 2000, 2000

# Define the range of values for the complex plane
re_min, re_max=-2.0,2.0
im_min, im_max =-2.0, 2.0

# Define the grid of complex values

re, im = np.linspace(re_min, re_max, width), np.linspace(im_min, im_max, height)
X, Y = np.meshgrid(re, im)

C=X+1j*Y #The grid of complex numbers

# Visualize the initial complex grid (pre-iteration)

plt.figure(figsize=(10, 10))

plt.imshow(np.angle(C), cmap="twilight', extent=(re_min, re_max, im_min,
im_max))

plt.title("Initial Condition of Complex Grid (Pre-Iteration)")

plt.xlabel("Re")

plt.ylabel("Im")

plt.colorbar(label="Angle of C")

plt.show()
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Python Code Iteration 1

import numpy as np
import matplotlib.pyplot as plt

# Set a higher resolution for the output
width, height = 2000, 2000 # Increased resolution for more detail

# Define the range of values for the complex plane
re_min, re_max=-2.0,2.0
im_min, im_max =-2.0, 2.0

# Number of iterations for the fractal
max_iter = 500 # Increase iterations for more detail

# Define the grid of complex values

re, im = np.linspace(re_min, re_max, width), np.linspace(im_min, im_max, height)
X, Y = np.meshgrid(re, im)

C=X+1j*Y #The grid of complex numbers

# Function to compute the first frame of the fractal
def compute_first_frame(C, max_iter, param):
Z = np.zeros(C.shape, dtype=np.complex128)
fractal = np.zeros(C.shape, dtype=int)
for n in range(max_iter):
# Calculate theta using the angle of Z and apply the parameter as a scale
Theta = np.angle(Z) + param * C # Vary the scaling factor with the parameter

# Euler's Identity applied to theta with a power term
Z = np.exp(1j * np.pi * Theta) + Z**2 + C # Combine Z*2 to create a fractal-
like feedback

# Prevent overflow by clipping Z's absolute values to a reasonable range
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Z = np.where(np.abs(Z) > 1e10, 1e10, Z) # Clip large values to prevent
overflow

# Update the fractal based on escape time
mask = np.abs(Z) < 100 # Adjust escape threshold
fractal[mask] = n

return fractal
# Set the parameter for the first frame
param = 0.5 # Initial parameter for the first frame

fractal_first_frame = compute_first_frame(C, max_iter, param)

# Adjust the colormap for better contrast in the darker regions
plt.figure(figsize=(10, 10))

plt.imshow(fractal_first frame, cmap='magma’, extent=(re_min, re_max, im_min,

im_max), vmin=0, vmax=150)

plt.title("First Frame of Euler Identity Fractal - Enhanced Dark Region Contrast")
plt.xlabel("Re")

plt.ylabel("Im")

plt.colorbar(label="Iterations")

plt.show()
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