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Close to the Edge, Event Horizons, Black Holes and the Mandelbrot Set

(or everything | know about the Universe | learned from the Mandelbrot Set)
by Lori Gardi

Abstract

Using the complex plane as my spdicee manifold and the iterative functiorygsem)
z=z"2+c to model the dynamics and evolution of this manifold, | am able to reproduce to
a great extent the complex dynamics that we observe in our Universe. In this manner, the
Universe could be thought of as an iterated function system that hegeatngroperties
that manifest as fractal patterns and complex dynamics. This greatly differs from the
current model of the universe where only differentiable manifolds are allowed.

Introduction
The concept of fractals is relatively new, developet @opularized by (the late)
Benoit Mandelbrot in the 1980's. Mandelbrot actually coined the term "fractal” to
describe geometric shapes that have fractional dimensions. Before that, there was no
concept of "fractal" and therefore no language with whidalescribe them. Even
Stephen Hawking admits that he does not know to fit fractals into the standard model of
cosmol ogy. I n the introduction to his paper
following statement:

00One might e x girecfdam to havesverg qpraptioated structure, with an

involved topology. Indeed, whether space -time has a manifold structure on these scales

is open to question. It might be a fractal. But manifolds are what we know how to deal

with, whereas we have no idea howtoformulat e physi cal |l aws on a fracte

Exploring the fractal nature of the universe requires a paradigm shift in the way we
think about the structure of our universe. A
using standard techniques becatmszd are no clear boundaries with which to make
measurements. In other words, calculus does not work on fractal manifolds and
therefore, the main tool with which all of cosmology is based, cannot be used. New tools
need to be developed in order to studg guantify the fractal nature of our universe.
(See: fAMat hemati cal Model for Fractal Mani f o

In this paper, | present an alternative way of looking at the universe through the eyes of
one of the simplest iterative function systems Waknow; The Mandelbrot Set {9et).
UsingtheMSet as my fAmicrosaopel/ erdtecco@pel paadg iz
every aspect of this mathematical anomaly in great detail. What | discovered was a
universe not unlike our own. | found black hoknd event horizons; galaxies and galaxy
clusters. | was also able to simulate particle dynamics much like what you would see in a
bubble chamber experiment from a particle accelerator. Last but not least, | was able to
create a universe, or somethingttloeks very much like a universe from scratch, using
only the Mandelbrot Set iterative function system.



Mandelbrot Set

In my model, the Mandelbrot Set refers to the set of all points in the complex plane as
iterated through the function z=z"2%8ee: Appendix A for details on the Mandelbrot
Set and Julia Set algorithmsTechnically, the set called Mandelbrot refers to the set of
points in the complex plane that never reach escape velocity during the iteration process.
These are the points thare traditionally painted black as seen below. These are the
points that are analogous to black holes in my model.

Figure 1. The Mandelbrot Set. Black = Inside : Blue = Outside.

In the above image, the blue points represent points that are abbch escape
velocity (given dinite number of iterations), and the black points represent points that
can never escape the boundary (giveménite number of iterations).

The Mandelbrot Set is a Universe in its own right. It is a perfect exaaifiounded
infinity. The M-Set curve is an infinitely complex one dimensional curve that is bounded
in two dimensions. It is technically a bounded boundless boundary. This is the boundary
that separates OUTSIDE points (blue) from the INSIDE points (hplétokould be
thought of as a horizon, and in my model, is analogous to the event horizon of a black
hole.



SpaceTime Manifold

In my model, the whole of the complex plane is my sgane manifold. Each point
from the complex plane (r,i) represert particular point in space (i) and time (r) which
makes it a spaettme manifold by definition. This is a fractal manifold when iterated
through the function z=z"2+c, therefore, it cannot be differentiated. Instead of
integration, we will be employingarious iterative techniques or algorithms in order to
analyze and understand this particular manifold, and its behaviours.

Figure 2. MSet, Spacdime Manifold

Notice that | assign the dimension of space tartfaginary component and the
dimension of time to theeal component of the complex plane. When you think about it,
it makes sense to assign asymmetric dimension to time, since time is asymmetric (as in
the arrow of time). As well, since space is seen to have symmetry, the symmetric
dimension (the imaginary dimension) should be assigned to space.

Defining time as real and space as imaginary is contrary to the standard model of
cosmol ogy. For example, in AA Brief History
real and imaginarwhich effectively clears up the singularity of the Big Bang. In this
case, the complex plane would be map of tinree rather than spadene. It is also
possible that each dimensions of the universe has both a real and imaginary components
(2). This may b the case, however, for the sake of this analogy; I will stick with the
notion that the complex plane is a sptoge manifold.

We can then extend this manifold to four dimensions by using quaternions (r,i,j,k) in
place of complex numbers. In thiase, there is one real dimension of time and three
imaginary dimensions of space.



Black Holes

Black holes are cosmic objects with massive gravitational fields that curvetspace
so drastically that nothing, including light can escape the boundameat horizon of
the black hole, not even light. A big part of my hypothesis hinges on the idea that the M
Set is analogous to a black and/or is a black hole generator. As it turns outSttte M
does generate similar dynamics to that of black holeshawihigll be demonstrating in the
next few pages.

Iteration = Energy

Figure 3. Black region = point of no return.

In my model, iteration is analogous to energy and therefore an increase in iterations
represents an increase in energy and vice viénsavell known that the closer one gets
to the event horizon of a black hole, the more energy it takes to escape its gravitational
field. In a similar manner the closer you get to the Mandelbrot Set boundary, the more
iterations it takes to for the aldttrm to reach escape velocity.

Conversely any object that finds itself on the inside of a black hole will find that it
takes an infinite amount of energy to escape, and therefore it will be trapped forever on
the inside of the black hole. In a simitfaanner, | find that the points from the INSIDE
of the MSet (as iterated through the function z=z"2+c) never escape the boundary of the
M-Set and are forever trapped on the inside of the Mandelbrot Set even after an infinite
number of iterations (or ergy). In this manner, the black hole analogy holds true.



Event Horizons

An event horizon is the boundary that separates the outside of a black hole from the
inside. Once inside, nothing can escape the event horizon of a black hole. It is often
refered to as the boundary of no return.
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Figure 4. MSet Event Horizon

The boundary of the Mandelbrot Set is an event horizon in the truest sense. It is the
boundary that separates the outside of thEa&¥lfrom the insi€; it is the boundary of no
return, just like in the black hole model. This horizon, unlike the event horizons in
theoretical physics, is a fractal, and consequently, this black hole DOES have hair. This
fractal horizon has the property of ssimilarity and scaling so you will find many self
similar copies of the original Abl ack hol eo
horizon. Contrary to the standard model of theoretical physics, where it is said that black
holes have no hair, | will demonstean this paper that the black hole in my model (the
M-Set black hole) behaves very much like the real black holes found in nature.

In my model, the whole of the galaxy represents the event horizon of the black hole
(bl ack whol e?) .ctioB ®renore tietails BnGrasl Imothgravords ethe
event horizon of a black hole is a fractal.



Gravity

In order to explain the black hole nature of theSkt, | need to have an analogy for
gravity in my model. It is well known that large gratidaal bodies such as the earth
and the sun are not homogeneous; rather they appear to have an increase in density
toward the center and a decrease of density toward the surface. This change in density is
referred to as a de reayofrglatigty, maddivecelestial | n Ei nst e
bodies curve spad@ne creating giant vacuum density gradients. The largest
gravitational fields, especially around black holes, will produce the largest gradients.

Figure 5: MSet as a Density Gradient

In the above image, each region (alternating black and white) represents a region of
similar mass/energyl/iteration. The points farther away from tf&elblack hole have
| ower fimass/ energy/iterationd and therefore
closer to the black hole have higher mass/energy/iteration and therefore take longer (more
iterations) to reach escape velocity.

In this image, you will notice thajpacetime curvature increases as you look closer
to the black hole region, much asuywould expect from a gravitational field around a
black hole. Also, since iteration is equivalent to energy/mass in my model, then the
gradient generated by this algorithm can be interpretedlassity gradient. Notice how
the slope of the gradient agre to increase as you look toward the black hole region?
This reinforces the notion of gravity in my model. In this manner, gravity can be seen as
an emergent property of the spacee manifold.

In my model, all the forces are merely the emergenperties of the complex nen
linear dynamical system(s) that generates the universe.



Singularities

To further my analogy, | must be able to demonstrate how the Mandelbrot Set
generates singularity. As | mentioned earlier, each point on the complexgenerates a
unigue dynamic when iterated through the function z= z*2+c. The points from the outside
of the MSet eventually reach escape velocity fly away to infinity. The points from the
inside of the Mandelbrot however, appear fall toward a singtg pothe complex plane.

This is point represents singularity in my model.

Figure 6: MSetFractal Dynamic Field

Above is an example of what happens to the points from the inside of8et bt
they are iterated through the function z=z"2+c. Tlded@t represents the starting point
or initial conditions of -ttimes fdwsttaim.t ilonroef €
yellow dots represent all the points generated by the iteration process. | refer this as a
Afract al dy nami c peéarseolbe acollap§itgifiedd wteyerthee points a p
are spiralling in toward a centre region or what | refer to as singularity. Given this
anal ogy, | coutlidme afyl u htau atai dgisp agener at es a
that coll apses to Asingularity?o

| believe | am justified in calling this a singularity, at least in my model where iteration
is equivalent to energy. In the above example, it will take an infinite number of iterations
to generate or resolve this field. It will never escape awillihever stop collapsing. In
my model, this is analogous to the infinite mass/energy of a black hole singularity.



Singularities continued.

Each point in the black part of the Mandelbrot Set generates a different singularity,
some more complex thaother depending on how far the initial point is from the event
horizon. Below is an example of a beautiful singularity generated from a point from the
inside of the Mandelbrot Set. The initial point for this singularity was close to the event
horizon ofthe M-Set and therefore it is much more complicated than the one on the
previous page.

Figure 7. MSet Singularity: Close to the Edge of the Event Horizon

What i s interesting about these Asingul arit
to the rest of the dynamic. If the singularity were perfectly centred, then this figure would
have circular symmetry and therefore, it would be completely predictable. Since this is a
chaotic system, the output of this system is not predictable. In factfcdlibering these
singularities down to 500 decimal places or more (I had to write my own math library to
extend the digits of precision of my-B& computer), | discovered that these fractal
singularities are actually falling toward and/or generatingiamal numbers. Each time
you iterate, the dynamic collapses further so you need more digits of precision. As you
add more digits of precision and continue to iterate the dynamic collapses further. This
can only continue indefinitely if the resulting sitguty is an irrational complex number.
Turns out, the points from the inside of the Mandelbrot Set are complex irrational number
generators when iterated through the function z=z"2+c



Singularities continued.

Here is another example of a Mandelbiagslarity.

Figure 8. MSet Singularity

Figure 9. Plant Growth

Interesting how these singularities seem to replicate they dynamics of plant growth.



Galaxies

Below is an example of a real galaxy, NGC 1232 (top image), and a fractal galaxy
(bottom image) generated using the traditionabbt algorithm. Clearly you can see the
similarity in structure and texture; bright spots vs the voids; the mini galaxy extending to
the left; the distinctive paths of the spiral arms.

Al t hough the fractal gal axy is a bit Acontr
similarities are striking and suggestive that a similar dynamical process was involved
the creation of these patterns. This demonstrates that at least this galaxy halik&actal
morphology which suggests that some-tiorar dynamical feedback process was
involved in its creation and evolution.



Galaxies continued

Here is anotheexample showing the fractal morphology of galaxies. Notice the
finger-like configurations coming off both the fractal galaxy and the real one.

Figure 12: MSet Galaxy

Figure 13: Colliding Galaxies? Arp 292

This unlikely configuration could not have evolved by accident. More likely, it
evolved through some ndimear feedback process that promotes fractal morphologies.
Since black holes afeund at the centre of all galaxies, | believe that black holes might
actually participate in the feedback process that generates these patterns. In this sense,
black holes could be considered as creators rather than destroyers. | also believe that
theres a possibility that the two supposedly i
colliding at all. This image could represent the morphology of a dynamical system that is
creating this fractal pattern. In other words, this is how they formed ahconilnue to
form in the future. Is there any proof that these galaxies are colliding?



Galaxy Clusters

Using the same method used to generate the singularities, | am able to generate a
pattern that looks very similar to a real galaxy cluster. Theenaathe bottom (left) was
generated by plotting the trajectory of a point selected from inside one of the mandel
buds near the boundary of the $ét.

Figure 14. MSet , point selected inside fAMan

Figure 15. MSet Galaxy Cluster (left) Abel-370 Galaxy Cluster (right)

Notice the similarity between the clustering of the fractal pattern (left) and that
of the real galaxy cluster (right). As can be seen from the above image, this algorithm is
able to reproduce the morphologies of galaxytelssvery accurately.



Generating a Universe From Scratch

In the image below, | randomly selected points from the complex plane and iterated
them through the function z=z"2+c. | plotted the points accordingly. Using this
algorithm, | was able to gerage a universe from scratch, at least something that looks
very much like a universe as promised.

Figure 16. Random spatiene fluctuations.

Figure 17. Cascading random spd#ioee fluctuations.

In the bottom image, | selected one point from ¢cbmplex plane. | iterated that point
(100 iterations), and plotted its trajectory. Then, | repeated that process for all the points
in the original trajectory. The results of that experiment are shown in above image. This
looks very much like a star féto me. Many of the galaxy shapes are represented here.



