
Fractals are repeated patterns given by some function that, when 

magnified, resemble the pattern as a whole. The iteration of this 

function makes the entire fractal extremely sensitive to initial 

conditions and slight disturbances, a theory known as “the butterfly 

effect”. This results in chaos, creating dramatic, unpredictable 

changes that strongly influence subsequent pattern formation. How 

could a chaotic mathematical monster of such disorder stay in 

accordance with the original form and produce such beautiful 

configurations? Along with self-similarity, fractals have another 

unique feature. While the structure has a finite boundary, the segments 

of which it is made are infinitely long, and therefore can never be 

measured. A sphere viewed from far away may look like a two-

dimensional circle, and even further away, a zero-dimensional point. 

These same problems of perspective from different vantage points 

account for the other intrinsic property of fractals, called fractal 

dimensionality. 

In the future, I hope to use a ray 

tracing program so as to be able to calculate the fractal dimensions of these setups 

myself, and compare the results to the ones given above.
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Geometric optics describes reflection and refraction 

of light rays, as well as the resulting image formed 

when they come into contact with mirrors or lenses. 

By creating certain systems according to these 

principles, fractal geometry can be formed in the 

reflected patterns. To effectively generate fractal 

trajectories, a mirrored sphere, referred to as a Sinai 

diffuser, must be introduced to the system so as to 

circularly scatter the light rays in chaotic trajectories 

that, like fractals, are sensitive to the initial 

conditions. When these light rays are reflected from 

the sphere onto the walls of a well ordered system, 

the mirrored cube, they are continuously reflected, 

creating infinite geometrical magnification on 

smaller and smaller scales. 
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Trajectories with and 

without a Sinai diffuser:

The report that inspired this project had predicted fractal 

dimensions for method 1 and 2 of 1.6 and 1.8 

respectively [2]. Although method 2 didn’t produce as 

good of a result as it would have using mirrors, the 

patterns generated were still visually more complex than 

the patterns shown in the first, as theorized.
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Fractals are detailed patterns that are scale invariant, or self-similar on every 

scale. When magnified, smaller features reveal higher levels of intricacy and 

hidden patterns that resemble the structure as a whole. While the common 

conception of a fractal is a computer generated pattern or work of art, fractals 

actually take on several different forms. They are ubiquitous in nature, found 

in plants, seashells, snowflakes, lightening blots, river networks, coastlines, 

and even the structure of the universe. 

Even more intriguing, fractals patterns are found not just in the matter 

surrounding us, but in the matter that creates us. Some examples are blood 

vessels, cells, DNA and the brain. Fractals can also be processes in time such 

as weather, epidemics, biological evolution, physiology, fluctuations in 

economic systems, turbulence, and inflation, some of which form fractal 

structures as well. 

These examples show that the above equation is true, since they accurately calculate the 

topological dimensions for iterated lines and squares. The same equation can be used to 

determine fractal dimensions, which will always exceed the object’s topological 

dimension by a fraction of the topology. 

Koch Curve:

Two different methods were used to create fractal reflection patterns which 

used reflective ornaments to obtain circularly scattered light. Method 1 used 

four ornaments instead of a mirrored cube, and method 2 used the setup 

initially described. It was predicted that the walls of the cube had a greater 

influence on the fractal scaling patterns created than the Sinai diffuser. This 

would result in more chaos in the system, producing reflected fractal patterns 

with visibly higher complexity, and therefore a larger fractal dimension.

Fractal dimensions denote the complexity 

of a fractal, where a higher number 

corresponds to a higher level of intricacy. 

Since the patterns are too simple to fill an 

area, yet too detailed to be described as a 

line, fractals can have a non-integer 

dimension between 1 and 2, or sometimes 

even higher. A dimension D can be 

calculated by comparing the number of self-

similar segments n created as the result of 

each change of scale s by the equation
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Method 1:

Four reflective ornaments were 

stacked in a pyramid formation 

without having the mirrored cube 

to create reflections off of an 

ordered boundary. Red, green and 

blue light were shone into three of 

the openings, while the fourth 

opening was used to observe the 

fractal pattern created by the 

iterated reflections. 

Method 2:

A single reflective ornament was 

hung from the top of the cube. The 

cube was made from reflective 

paper rather than mirrors. Openings 

were made in the top 4 corners so 

the same colors of light could be 

shone in three openings, while the 

remaining was used to capture the 
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“Where chaos begins, classical science stops. For as long as the world has had 

physicists inquiring into the laws of nature, it has suffered a special ignorance 

about disorder in the atmosphere, in the turbulent sea, in the fluctuations of 

wildlife populations, in the oscillations of the heart and the brain. The irregular 

side of nature, the discontinuous and erratic side---these have been puzzles to 

science, or worse, monstrosities.” -James Gleick, Chaos: Making a New Science.


