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Prime numbers have captivated mathematicians for centuries due to their 
simplicity and profound complexity. As the building blocks of integers, primes are 
central to number theory, cryptography, and the Riemann zeta function, a 
cornerstone of analytic number theory. The Riemann zeta function encodes the 
distribution of primes through its analytic properties, and its zeros hold the key to 
one of mathematics' greatest unsolved problems, the Riemann Hypothesis. This 
paper introduces prime-based fractals, a novel approach to visualizing the 
interplay between primes and iterative dynamical systems. By using integer 
primes and Gaussian primes as coefficients in Mandelbrot-like formulas, we 
generate fractals that reveal intricate geometric structures and stability patterns. 
These fractals provide a visual and analytical framework for exploring prime 
distributions, offering insights into the chaotic and ordered dynamics inherent to 
primes. Furthermore, the connection between these fractals and the Riemann 
zeta function highlights their potential as tools for understanding prime-related 
phenomena in higher dimensions and beyond. 
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Abstract 

Prime numbers, fundamental to the structure of integers, hold a deep connection 
to the Riemann zeta function and the mysteries of number theory. The 
exploration of primes in non-traditional contexts has led to fascinating 
intersections between discrete mathematics and geometric visualization. In this 
paper, we introduce novel prime-based fractals, generated using iterative 
dynamics influenced by integer primes and Gaussian primes, and analyze their 
geometric properties and implications. 

These fractals, visualized as Mandelbrot-like structures, provide new perspectives 
on the distribution and interplay of primes within the complex plane. Using 
integer primes as coefficients in iterative formulas, we uncover symmetrical lobe 
structures and dynamic escape patterns. Extending this framework to Gaussian 
primes—a generalization of primes to complex integers—reveals radial 
symmetries, intricate petal-like patterns, and interference phenomena arising 
from prime interactions. 

We further discuss how these fractals relate to the Riemann zeta function, a 
cornerstone of analytic number theory. The chaotic yet structured escape 
dynamics observed in the fractals echo the distribution of non-trivial zeros of the 
zeta function, offering potential analogies for visualizing prime distributions and 
the critical line Re(s)=1/2. Additionally, the Gaussian prime-based fractals connect 
to the Dedekind zeta function, suggesting broader implications for studying 
generalized zeta functions. 

By bridging the realms of fractal geometry, prime number theory, and analytic 
dynamics, this work provides a fresh approach to understanding primes and their 
relationships. The insights gained from these fractals could have implications for 
research in number theory, complex systems, and beyond, while opening 
pathways for future exploration into prime-based chaos and its connection to the 
Riemann Hypothesis. 
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1. Introduction 

 

This paper aims to merge these two seemingly disparate domains—prime 
numbers and fractals—by introducing prime-based fractals. Specifically, we 
generate fractals using integer primes and Gaussian primes (a generalization of 
primes to complex numbers) as coefficients in iterative formulas. These fractals 
not only provide a visual representation of prime interactions but also offer a new 
way to explore their geometric and dynamical properties. 

The motivation for creating prime-based fractals lies in the potential to uncover 
hidden patterns in prime distributions and to bridge the gap between discrete 
number theory and continuous dynamical systems. By leveraging the iterative 
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dynamics of fractals, we can investigate how primes influence stability, 
divergence, and self-similarity in the complex plane. Additionally, the connection 
between these fractals and the Riemann zeta function offers a unique perspective 
on one of the most studied objects in mathematics. 

Through the visual and analytical exploration of prime-based fractals, this work 
seeks to inspire further research into the interplay between primes, chaos, and 
geometry. By introducing novel ways to represent and analyze prime numbers, 
we aim to shed light on their mysterious nature and deepen our understanding of 
their role in mathematics and beyond. 

 

2. Methodology 

This section describes the mathematical framework and computational 
techniques used to generate the prime-based fractals presented in this paper. 
Two types of primes—integer primes and Gaussian primes—are employed as key 
parameters in iterative dynamical systems. These primes influence the fractal 
structures through their interactions within the complex plane. Additionally, we 
detail the parameters used to produce Figures 1 and 2, and discuss the 
computational challenges and optimizations implemented to handle these 
inherently complex systems. 

 

2.1 Iterative Formulas 

2.1.1 Integer Prime-Based Formula 

 

This formula mimics the Mandelbrot set's structure but substitutes the constant 
ccc with integer primes. Each prime introduces unique dynamics into the system, 
influencing how quickly points in the complex plane escape or remain bounded. 
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The final fractal is a composite visualization, combining the effects of multiple 
integer primes as coefficients. 

2.1.2 Gaussian Prime-Based Formula 

 

2.2 Influence of Primes on Fractal Structure 

The inclusion of primes in the iterative formulas introduces unique properties into 
the fractals: 

• Integer Primes: Each integer prime ppp modifies the stability regions in the 
complex plane. Primes closer to zero tend to create larger, smoother 
structures, while larger primes introduce finer, more chaotic patterns. 

• Gaussian Primes: The real and imaginary components of Gaussian primes 
interact with the zn iterations, leading to complex radial symmetry and 
petal-like patterns. The fractals reveal how the distribution of Gaussian 
primes affects stability and divergence in the complex plane. 

By iterating over multiple primes, the final fractal becomes a composite of these 
interactions, showcasing the cumulative effect of prime-based dynamics. 
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2.3 Parameters Used for Figures 

 

The parameters were selected to balance computational efficiency with the level 
of detail required to visualize intricate fractal structures. 

 

2.4 Computational Challenges and Optimizations 

Generating prime-based fractals poses several computational challenges due to 
the iterative nature of the formulas and the large number of primes involved: 

1. Prime Generation: 

o Integer primes were generated using the Sieve of Eratosthenes, 
while Gaussian primes were identified by testing the norm  for 
primality. 

o For Gaussian primes, additional checks ensured the uniqueness of 
prime factors in the complex plane. 

2. High Resolution: 

o Visualizing fractals at high resolutions requires significant 
computational resources. Grid sizes of 1920×1080 and 1280×720 
were used to balance runtime and clarity. 
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3. Iteration Limits: 

o Limiting iterations to 64 or 128 ensured that the fractals could be 
computed within a reasonable time frame without sacrificing 
significant detail. 

4. Parallelization: 

o The computational workload was parallelized across multiple CPU 
cores using libraries like NumPy, enabling faster iteration over the 
grid and prime sets. 

5. Dynamic Scaling: 

o Logarithmic scaling was applied to the escape count values to 
enhance contrast and reveal finer details in the fractal structures. 

These optimizations allowed for the efficient generation of visually complex and 
mathematically meaningful fractals, paving the way for further exploration of 
prime-based dynamical systems. 

 

3. Results and Analysis 

The results of the prime-based fractal generation provide visual insights into the 
interplay of primes, iterative dynamics, and complex systems. This section 
analyzes the properties of the two fractals—one generated using integer primes 
and the other using Gaussian primes—highlighting their unique structures and the 
influence of primes on their formation. 
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3.1 Figure 1: Integer Prime-Based Fractal 

3.1.1 Patterns and Symmetry 

Figure 1 reveals a symmetrical structure characteristic of Mandelbrot-like fractals. 
The most striking features include: 

• Lobes: The fractal displays distinct lobe-like structures, with larger lobes 
centered around specific points in the complex plane. 

• Bifurcations: Smaller lobes emerge at the edges of the larger lobes, 
suggesting areas where the iterative formula transitions between stability 
and divergence. 

• Vertical and Horizontal Symmetry: The fractal is symmetric across both the 
real and imaginary axes, reflecting the behavior of the iterative formula and 
the inherent symmetry of the complex plane. 
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3.1.2 Color Transitions and Escape Dynamics 

The color map in Figure 1 encodes the "escape count," or the number of 
iterations required for each point z0 to exceed the escape threshold ∣z∣>2: 

• Bright Yellow Regions: Points in these areas exhibit slower divergence, 
requiring more iterations to escape. These regions correspond to zones of 
relative stability influenced by smaller primes. 

• Dark Purple Regions: These represent points that diverge rapidly, often 
influenced by larger primes, which disrupt stability and accelerate escape. 

• Smooth Gradients: The transitions between bright and dark regions 
indicate zones where the dynamics shift gradually, reflecting the prime-
based interactions. 

3.1.3 Influence of Integer Primes 

Integer primes directly affect the fractal structure through their role as the 
constant term in the iterative formula: 

• Smaller Primes: Primes such as 2, 3, and 5 generate broader, more stable 
regions, as their smaller values allow for slower divergence and smoother 
transitions. 

• Larger Primes: Primes such as 97 or 89 create finer, more chaotic patterns. 
Their larger values accelerate divergence, introducing localized instability 
that fragments the fractal structure. 

• Cumulative Effects: The final fractal is a composite of the influences of all 
primes in the specified range, creating a multi-layered structure that 
combines stability and chaos. 
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3.2 Figure 2: Gaussian Prime-Based Fractal 

3.2.1 Radial Symmetry and Petal-Like Structures 

Figure 2 showcases a visually distinct pattern characterized by radial symmetry 
and intricate petal-like features: 

• Radial Symmetry: The fractal radiates outward from the center, with 
repeating patterns that echo the circular distribution of Gaussian primes in 
the complex plane. 

• Petal-Like Structures: These repeating "petals" or lobes extend 
symmetrically around the origin, creating a visually striking floral pattern. 
Each petal corresponds to the influence of specific Gaussian primes. 
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3.2.2 Interference and Localized Patterns 

The fractal exhibits regions of localized complexity, particularly near the center 
and along the axes: 

• Prime Interference: The overlap of regions influenced by multiple Gaussian 
primes results in intricate interference patterns, where stability and 
divergence interact dynamically. 

• Localized Stability Zones: Certain regions, particularly at the center of the 
fractal, show slow divergence and high stability, reflecting the influence of 
smaller Gaussian primes such as 1+i. 

• Complex Boundaries: The sharp boundaries between petals highlight areas 
of chaotic transition, where the interplay of primes creates abrupt shifts in 
the fractal's behavior. 

3.2.3 Interplay of Real and Imaginary Components 

Gaussian primes, with their real (a) and imaginary (b) parts, introduce additional 
dimensions of complexity to the fractal: 

• Real Components: These determine the horizontal displacement of the 
petals and influence the fractal's width. 

• Imaginary Components: These affect the vertical alignment and add depth 
to the fractal, creating a balance between the axes. 

• Combined Effects: The interaction between real and imaginary components 
results in the fractal's highly symmetric and intricate structure, showcasing 
the richness of Gaussian primes in the complex plane. 
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3.3 Comparative Analysis 

A comparison of the two fractals highlights the unique contributions of integer 
and Gaussian primes: 

• Figure 1 is defined by the discreteness of integer primes, creating a 
structure with clear boundaries, lobes, and gradients. 

• Figure 2 extends this dynamic into two dimensions, with Gaussian primes 
introducing radial symmetry, petal-like patterns, and interference effects. 

While both fractals reflect the chaotic yet structured nature of primes, the 
Gaussian prime-based fractal reveals richer geometries due to the interplay of 
real and imaginary components. These differences underscore the potential of 
prime-based fractals as tools for visualizing and understanding the properties of 
primes. 

 

These results provide not only aesthetic representations of prime distributions 
but also insights into their dynamical properties and potential connections to 
broader mathematical concepts, such as the Riemann zeta function. Further 
exploration of these fractals could deepen our understanding of the relationship 
between primes, geometry, and chaos. 

 

4. Connection to the Riemann Zeta Function 

The Riemann zeta function, ζ(s), lies at the heart of number theory and analytic 
mathematics. Defined as: 

 

the zeta function establishes a profound connection between prime numbers and 
complex analysis. Through its Euler product formula, the function encodes the 
properties of all primes, linking their distribution to analytic structures in the 
complex plane. In this section, we explore how prime-based fractals relate to the 
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Riemann zeta function, offering geometric analogies and potential insights into its 
deeper mysteries. 

 

4.1 Overview of the Riemann Zeta Function 

 

4.2 Fractals as a Geometric Analogy 

The prime-based fractals generated in this study act as a geometric counterpart 
to the zeta function, encapsulating the behavior of primes in visual form. This 
analogy can be drawn through several features: 

4.2.1 Chaotic Escape Dynamics 

• The escape dynamics of points in the fractals—whether they remain 
bounded or diverge—mirror the chaotic and yet structured nature of the 
zeros of ζ(s). 

• Integer Prime-Based Fractal (Figure 1): The zones of stability and 
divergence reflect how primes create order and randomness in their 
distribution. 

• Gaussian Prime-Based Fractal (Figure 2): The radial symmetries and 
interference patterns provide a visual analogy for the multi-dimensional 
complexity of the Dedekind zeta function, which generalizes ζ(s) to fields 
involving complex integers. 
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4.2.2 Connection to Zeta Zeros 

• The intricate patterns in the fractals suggest parallels to the distribution of 
non-trivial zeros of ζ(s). For example: 

o Stability Regions: Areas where points remain bounded correspond to 
regions of the zeta function where zeros are found. 

o Divergence Regions: Zones of rapid escape mirror areas where ζ(s) 
grows rapidly, such as along the critical line. 

 

4.3 Gaussian Primes and the Dedekind Zeta Function 

The radial symmetries and petal-like patterns in Figure 2 could serve as analogies 
for the complex structures arising in the Dedekind zeta function, especially in how 
these functions encode the properties of primes in multi-dimensional spaces. 

 

4.4 Visualizing Prime Interactions 

The fractals allow us to visualize interactions between primes that are often 
hidden in purely analytical treatments: 

• Integer Primes (Figure 1): The interplay of different primes creates layered, 
self-similar structures, suggesting hidden patterns in how primes influence 
dynamical systems. 

• Gaussian Primes (Figure 2): The complex symmetry of the fractal reflects 
deeper structures in the Gaussian integers, where the real and imaginary 
components of primes interact dynamically. 
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These visualizations hint at underlying structures in prime distributions, 
potentially shedding light on open questions in number theory. 

 

4.5 Potential Links to the Riemann Hypothesis 

The fractals suggest new ways to think about the Riemann Hypothesis and the 
critical line Re(s)=1/2: 

• Stability and Divergence: The regions of stability (bounded points) and 
divergence (escaped points) in the fractals may correspond to zeros of ζ(s) 
and regions of rapid growth. Studying these transitions could offer insights 
into the distribution of zeros. 

• Visualizing the Critical Line: The symmetries and patterns in the fractals 
might provide analogies for understanding why the critical line is special, 
potentially connecting to the stability dynamics observed in the fractals. 

• Gaussian Primes and Critical Strips: The Gaussian prime-based fractal could 
offer insights into how generalized primes behave in higher-dimensional 
analogs of the zeta function, providing a new perspective on the critical 
strip. 

 

4.6 Implications for Further Research 

By combining the visual power of fractals with the analytical depth of the 
Riemann zeta function, these prime-based fractals offer a novel approach to 
exploring: 

• The relationship between primes and chaos. 

• Patterns in the distribution of primes, including Gaussian primes. 

• The stability and dynamics of zeta function zeros. 

These connections open exciting opportunities for further research, potentially 
bridging geometric intuition with the analytical rigor of number theory. 
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5. Discussion 

The prime-based fractals presented in this study illustrate the intricate 
relationships between primes, geometry, and iterative dynamics. By comparing 
the fractals generated from integer primes and Gaussian primes, we can gain 
insights into their unique properties and explore their broader implications. These 
fractals also present intriguing possibilities for new methodologies and 
applications in mathematics, physics, and beyond. 

 

5.1 Comparison of Integer Prime-Based and Gaussian Prime-Based Fractals 

5.1.1 Integer Prime-Based Fractal (Figure 1) 

• Symmetry and Simplicity: The fractal generated from integer primes 
exhibits clear vertical and horizontal symmetry, reflecting the fundamental 
properties of integers in the complex plane. 

• Lobe Structures: The distinct lobes and smooth transitions between stable 
and unstable regions result from the influence of discrete integer primes. 
Smaller primes create larger, more stable regions, while larger primes 
introduce localized instability and finer structures. 

• Dimensionality: This fractal exists in a two-dimensional plane, but the 
primes themselves remain one-dimensional, defined purely along the real 
axis. 

5.1.2 Gaussian Prime-Based Fractal (Figure 2) 

• Radial Symmetry: Unlike the integer prime-based fractal, the Gaussian 
prime-based fractal exhibits radial symmetry, with intricate petal-like 
structures radiating outward from the center. This reflects the two-
dimensional nature of Gaussian primes in the complex plane. 

• Interference Patterns: The interaction between real and imaginary 
components of Gaussian primes creates overlapping patterns and localized 
complexity. This highlights the additional degree of freedom introduced by 
extending primes into the complex domain. 
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• Richer Geometry: The fractal’s structure is inherently more complex, with 
its geometry influenced by both the magnitudes and orientations of 
Gaussian primes. 

5.1.3 Comparative Insights 

• Dimensional Contrast: The integer prime-based fractal reflects the 
simplicity of primes as one-dimensional objects, while the Gaussian prime-
based fractal demonstrates the richness of primes in two dimensions. 

• Dynamics: Both fractals showcase the interplay of stability and chaos, but 
the Gaussian prime fractal introduces more dynamic features due to the 
complex interactions of real and imaginary components. 

• Visual Representations: Together, these fractals provide complementary 
visualizations of prime distributions, offering insights into how primes 
behave in different domains. 

 

5.2 Prime-Based Fractals as a Geometric Toolkit for Studying Prime Distributions 

Prime-based fractals provide a novel, geometric perspective on the properties 
and distributions of primes: 

• Visualizing Hidden Structures: Fractals reveal self-similar and emergent 
patterns that may hint at previously unnoticed relationships between 
primes. For example, the radial symmetries in the Gaussian prime fractal 
suggest connections to the Dedekind zeta function and higher-dimensional 
prime behavior. 

• Dynamical Insights: The stability and divergence of points in these fractals 
mimic the chaotic yet structured nature of prime distributions. Studying 
these dynamics could offer new tools for understanding the irregularities 
and symmetries of primes. 

• Bridging Discrete and Continuous: By encoding discrete primes into 
continuous fractal structures, this approach provides a bridge between 
number theory and geometry, potentially enabling cross-disciplinary 
insights. 
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Future research could focus on: 

• Zooming into Fractal Regions: Detailed analysis of specific regions might 
uncover finer patterns and relationships. 

• Extending to Higher Dimensions: Generalizing these fractals to three or 
more dimensions could provide even richer visualizations of prime 
behavior. 

 

5.3 Potential Applications of Prime-Based Fractals 

The interdisciplinary nature of prime-based fractals opens up exciting possibilities 
for applications in a variety of fields: 

5.3.1 Cryptography 

• Prime-Based Algorithms: Primes are central to modern cryptographic 
systems, such as RSA encryption. Visualizing primes through fractals could 
inspire new algorithms that leverage the chaotic and structured properties 
of prime-based systems. 

• Fractal-Based Keys: Fractal geometry, combined with prime-based 
dynamics, could be used to generate secure cryptographic keys with high 
entropy and unique patterns. 

5.3.2 Quantum Mechanics 

• Fractals and Quantum Systems: Fractals often appear in quantum systems, 
such as electron clouds and energy level distributions. Prime-based fractals 
could provide a framework for modeling quantum systems that exhibit 
both chaos and regularity. 

• Prime Interference and Quantum States: The interference patterns seen in 
Gaussian prime-based fractals resemble quantum superposition and 
entanglement phenomena. These fractals might offer insights into how 
primes relate to quantum mechanics, particularly in systems governed by 
discrete structures. 
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5.3.3 Complex Systems and Chaos Theory 

• Modeling Complex Dynamics: The chaotic behavior observed in the escape 
dynamics of prime-based fractals mirrors that of complex systems. These 
fractals could serve as models for understanding stability and chaos in 
natural systems, from weather patterns to economic models. 

• Nonlinear Interactions: The interplay of primes in these fractals provides a 
testbed for studying nonlinear interactions in mathematical and physical 
systems. For instance, the Gaussian prime fractal could model interference 
patterns in wave phenomena. 

 

5.4 Broader Implications 

Prime-based fractals are more than just mathematical curiosities—they represent 
a new way of thinking about primes and their relationships to geometry, 
dynamics, and real-world systems. By uniting the discrete and continuous, these 
fractals open up a visual and analytical language for exploring the mysteries of 
primes and their applications across disciplines. This geometric toolkit could lead 
to breakthroughs not only in pure mathematics but also in fields like 
cryptography, quantum computing, and systems theory. 

Further exploration of these fractals, particularly their connections to the 
Riemann zeta function and generalizations like the Dedekind zeta function, 
promises to deepen our understanding of one of mathematics' most profound 
and enduring mysteries. 

 

6. Conclusion 

This study introduced and analyzed prime-based fractals, generated using integer 
and Gaussian primes, to explore their geometric, dynamical, and analytical 
properties. These fractals, inspired by the iterative formulas of Mandelbrot-like 
structures, provide new visual insights into the behavior and interactions of 
primes in the complex plane. By bridging the discrete and continuous realms, they 
offer a novel perspective on prime distributions, fractal dynamics, and their 
potential connections to the Riemann zeta function. 
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6.1 Summary of Findings and Insights 

1. Integer Prime-Based Fractal: 

o The fractal generated using integer primes reveals structured and 
symmetrical lobe patterns, with stability and divergence zones 
influenced by the size of the primes. 

o Smaller primes create broader regions of stability, while larger 
primes introduce finer, more chaotic details. 

o The escape dynamics of the fractal mirror the interaction between 
order and randomness in prime distributions. 

2. Gaussian Prime-Based Fractal: 

o Using Gaussian primes as coefficients adds a new dimension to the 
fractal's structure, resulting in radial symmetry and intricate petal-
like patterns. 

o The interplay of the real and imaginary components of Gaussian 
primes leads to localized interference patterns and richer 
geometries. 

o The fractal suggests deeper connections to the Dedekind zeta 
function, a generalization of the Riemann zeta function for Gaussian 
integers. 

3. Fractals as a Geometric Toolkit: 

o Prime-based fractals serve as visual representations of the interplay 
between primes, stability, and chaos, offering a novel way to study 
the dynamics of prime distributions. 

o The patterns observed in the fractals provide analogies for 
understanding the zeros of the Riemann zeta function, particularly 
their connection to stability and divergence in the critical strip. 
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6.2 New Avenues for Exploring Number Theory and Zeta Functions 

Prime-based fractals open up innovative avenues for research in number theory 
and the study of zeta functions: 

• Visualizing Prime Distributions: 

o The fractals provide a visual framework for analyzing prime behavior, 
allowing researchers to detect hidden structures and relationships 
that may not be evident in purely analytical approaches. 

• Geometric Insights into Zeta Functions: 

o The chaotic escape dynamics and stable regions in the fractals mirror 
properties of the Riemann zeta function, offering new ways to 
conceptualize its zeros and their implications for prime distributions. 

• Extending to Generalized Zeta Functions: 

o The Gaussian prime-based fractal hints at the potential to explore 
Dedekind and Epstein zeta functions through similar geometric 
frameworks, bridging algebraic number theory and fractal geometry. 

 

6.3 Suggestions for Future Research 

The prime-based fractals presented here lay the foundation for further 
exploration. Several promising directions for future work include: 

1. Zooming into Specific Regions: 

o Detailed analysis of specific regions in the fractals may uncover finer 
structures and self-similar patterns. This could help identify new 
relationships between primes or provide visual evidence of 
previously conjectured properties. 

2. Exploring Modular Primes: 

o Extending the methodology to include modular primes or primes 
defined in other algebraic structures could reveal novel fractal 
geometries and dynamics. 
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o Modular arithmetic combined with prime-based iterations may 
introduce periodicity or additional layers of complexity in the 
fractals. 

3. Higher-Dimensional Fractals: 

o Moving beyond two-dimensional representations, prime-based 
fractals could be extended to three or more dimensions, offering 
new perspectives on prime distributions in higher-dimensional 
spaces. 

o Such explorations might provide analogies for understanding higher-
dimensional zeta functions and their generalizations. 

4. Linking Fractal Structures to Zeta Zeros: 

o Developing computational techniques to rigorously analyze the 
relationship between the fractals' stability zones and the zeros of the 
Riemann zeta function could provide insights into the critical line 
Re(s)=1/2 and the Riemann Hypothesis. 

o Numerical experiments could explore whether specific features in 
the fractals, such as escape thresholds or interference patterns, 
correlate with the distribution of zeta zeros. 

5. Applications to Cryptography and Quantum Systems: 

o Investigating how prime-based fractals can be applied to real-world 
problems, such as generating secure cryptographic keys or modeling 
quantum systems, could expand their utility beyond theoretical 
mathematics. 

 

6.4 Final Thoughts 

Prime-based fractals exemplify the beauty and complexity of mathematics, 
uniting discrete structures like primes with continuous systems like fractals. They 
provide a visual and analytical framework that complements traditional 
approaches to number theory and zeta functions. By merging the visual intuition 
of fractals with the analytical depth of prime theory, this study opens new 
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pathways for understanding some of the most fundamental questions in 
mathematics. 

Future work in this field has the potential to reveal deeper connections between 
primes, zeta functions, and fractal dynamics, while also inspiring applications 
across mathematics, physics, and cryptography. These fractals are more than 
mathematical curiosities—they are tools for uncovering the hidden symmetries 
and chaos that govern the world of numbers. 

 

Appendices 

The following appendices provide the complete Python scripts used to generate 
the prime-based fractals discussed in the paper. Each script is self-contained and 
includes all necessary parameters and dependencies. These scripts can be 
modified to explore variations of the fractals, such as different ranges of primes, 
resolutions, or iteration limits. 

 

Appendix A: Code for Integer Prime-Based Fractal 

The code below generates the integer prime-based fractal, visualized in Figure 1. 
Integer primes are used as coefficients in the iterative formula to create the 
fractal's structure. 

python 

Copy code 

import numpy as np 

import matplotlib.pyplot as plt 

from sympy import primerange 

 

# Function to generate a list of primes 

def generate_primes(limit): 

    return list(primerange(0, limit)) 
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# Fractal parameters 

width, height = 1920, 1080  # Resolution 

x_min, x_max = -2.5, 1.5 

y_min, y_max = -1.5, 1.5 

max_iter = 128  # Maximum iterations 

prime_limit = 100  # Upper limit for primes 

 

# Generate primes 

primes = generate_primes(prime_limit) 

 

# Create the fractal grid 

x = np.linspace(x_min, x_max, width) 

y = np.linspace(y_min, y_max, height) 

X, Y = np.meshgrid(x, y) 

Z = X + 1j * Y  # Complex plane 

output = np.zeros((height, width)) 

 

# Iterate over the grid 

for prime in primes: 

    C = prime 

    Z_temp = np.copy(Z) 

    for i in range(max_iter): 

        Z_temp = Z_temp**2 + C 
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        mask = np.abs(Z_temp) > 2 

        output[mask] += 1  # Color based on escape count 

        Z_temp[mask] = 0  # Stop further iteration for escaped points 

 

# Normalize and color the fractal 

output = np.log(output + 1)  # Log scaling for better contrast 

plt.figure(figsize=(12, 8), dpi=150) 

plt.imshow(output, extent=[x_min, x_max, y_min, y_max], cmap='inferno', 
interpolation='bilinear') 

plt.colorbar(label="Escape count (log-scaled)") 

plt.title("Integer Prime-Based Mandelbrot-Like Fractal", pad=20) 

plt.xlabel("Re") 

plt.ylabel("Im") 

plt.tight_layout() 

plt.show() 

 

Appendix B: Code for Gaussian Prime-Based Fractal 

The code below generates the Gaussian prime-based fractal, visualized in Figure 
2. Gaussian primes, which are complex numbers with prime norms, are used as 
coefficients to create the fractal's structure. 

python 

Copy code 

import numpy as np 

import matplotlib.pyplot as plt 

from sympy import isprime 
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# Function to generate Gaussian primes 

def gaussian_primes(limit): 

    primes = [] 

    for a in range(-limit, limit + 1): 

        for b in range(-limit, limit + 1): 

            if a**2 + b**2 > 0 and isprime(a**2 + b**2): 

                primes.append(complex(a, b)) 

    return primes 

 

# Fractal parameters 

width, height = 1280, 720  # Resolution 

x_min, x_max = -2.0, 2.0 

y_min, y_max = -2.0, 2.0 

max_iter = 64  # Maximum iterations 

gaussian_limit = 5  # Limit for Gaussian primes 

 

# Generate Gaussian primes 

gaussian_primes_list = gaussian_primes(gaussian_limit) 

 

# Create the fractal grid 

x = np.linspace(x_min, x_max, width) 

y = np.linspace(y_min, y_max, height) 

X, Y = np.meshgrid(x, y) 
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Z = X + 1j * Y  # Complex plane 

output = np.zeros((height, width)) 

 

# Iterate over the grid 

for C in gaussian_primes_list:  # Use Gaussian primes as coefficients 

    Z_temp = np.copy(Z) 

    for i in range(max_iter): 

        Z_temp = Z_temp**2 + C 

        mask = np.abs(Z_temp) > 2 

        output[mask] += 1  # Color based on escape count 

        Z_temp[mask] = 0  # Stop further iteration for escaped points 

 

# Normalize and color the fractal 

output = np.log(output + 1)  # Log scaling for better contrast 

plt.figure(figsize=(12, 8), dpi=150) 

plt.imshow(output, extent=[x_min, x_max, y_min, y_max], cmap='inferno', 
interpolation='bilinear') 

plt.colorbar(label="Escape count (log-scaled)") 

plt.title("Gaussian Prime-Based Mandelbrot-Like Fractal", pad=20) 

plt.xlabel("Re") 

plt.ylabel("Im") 

plt.tight_layout() 

plt.show() 
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Notes on Usage 

1. Dependencies: 

o Install the required Python libraries using: 

bash 

Copy code 

pip install matplotlib sympy numpy 

2. Customization: 

o Modify parameters such as resolution, iteration limits, and prime 
ranges to explore different aspects of the fractals. 

3. Performance: 

o The Gaussian prime-based fractal may require more computation. 
Consider reducing resolution or the Gaussian prime range for faster 
results. 

These scripts serve as a foundation for further exploration of prime-based fractals 
and their connections to number theory and geometry. 
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