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Introduction 

 Many people do not see a connection between mathematics and theology.  

However, over the centuries, many mathematicians have tried to argue for the existence 

of a higher power.  No mathematician has yet succeeded in proving the existence of 

God, and the argument is still subject to much debate. 

 One significant mathematician who believed that there was a direct link between 

mathematics and a higher power was Sir Isaac Newton (1642-1727).  Newton was an 

outstanding mathematician as well as a very religious man.  He believed that the 

existence of the earth along with its consistency was proof enough for the existence of 

God.  To Newton, the existence of the earth alone meant there must be a creator, and 

this creator must also have designed the consistencies that surround us in the universe 

(Livio, Is God a Mathematician? 100, 114). 

 Newton was correct about mathematics; it does surround us everywhere in our 

everyday lives.  While we all know that mathematics is being used every time we visit 

places like the grocery store or bank, many people do not realize that many of the 

beautiful elements of nature encompass mathematical principles.  From the solar system 

to flowers to snowflakes, we can describe many patterns in nature mathematically.  But 

what conclusion can we draw from these observations?  

 In order to see what conclusions can be drawn from mathematics, one must 

understand why mathematicians like Newton believe that mathematics supports the 
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belief in the existence of a higher power.  The following sections will attempt to 

demonstrate this belief by looking at various places where the Fibonacci Sequence, 

Golden Ratio, and fractals exist in nature, examining the views of Mathematical 

Platonism, and addressing if mathematics is a discovery or an invention.  Only then will 

we be able to attempt to draw a conclusion about the relationship between mathematics 

and theology. 

Fibonacci Sequence 

I.  History and Explanation of the Fibonacci Sequence 

 Fibonacci was a nickname given to a man named Filius Bonacci (Walser 69) by 

Guillaume Libri in 1838 (Devlin, Man of Numbers 145); today, we know this man as 

Leonardo Fibonacci (ca. 1175-1250).  Leonardo Fibonacci is acknowledged as the most 

brilliant, although unrivaled, mathematician of the Middle Ages.  He is also known as 

Leonardo of Pisa because Pisa is where his father had specialized in the mercantile 

business.  Leonardo Fibonacci actually spent part of his childhood in Bougie in northern 

Africa where his father was working as a customs manager.  Being exposed to his 

father's profession at a young age, Leonardo Fibonacci became interested in 

mathematics while he was still a child.  His trips to Egypt, Sicily, Greece, and Syria only 

furthered his knowledge of and enthusiasm for mathematics (Eves 261).   

 Shortly after Leonardo Fibonacci returned to Italy, he wrote and published his 

most distinguished book, the Liber Abaci, in 1202 (Eves 261).  The original book from 
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1202 and his second edition from 1228 are both missing; the only remaining works that 

we have today are fourteen copies, most of which are just small portions, of his second 

edition.  These remaining texts are housed in the Biblioteca Nazionale Centrale di 

Firenze in Florence, the Biblioteca Laurenziana Gadd in Florence, the Biblioteca 

Riccardiana in Florence, the Biblioteca Ambrosiana in Milan, the Biblioteca Nazionale 

Centrale in Naples, the Bibliothéque Mazarine in Paris, and the Bibliothéque Nationale 

de France in Paris (Devlin, Man of Numbers 153).   

 The Liber Abaci contains mathematical works in arithmetic and elementary 

algebra.  The book demonstrates and encourages the use of the Hindu-Arabic numeral 

notation and did much to advance the establishment of the Hindu-Arabic numeric 

system in Europe.  Throughout the work, Leonardo Fibonacci explains how to read and 

write the numbers, ways to compute mathematical problems involving integers and 

fractions, how to calculate square and cubic roots, and ways to solve linear and 

quadratic equations.  He also gives applications of these mathematical principles as 

they relate to business and geometry.  The problems that Leonardo Fibonacci authored 

in the Liber Abaci kept subsequent mathematicians intrigued for centuries (Eves 261-3). 

 Leonardo Fibonacci is most renowned for one particular problem that appears in 

his Liber Abaci.  During the time period that Fibonacci was alive, the problem was 

considered just that: a problem; it lacked the magnitude of importance that we associate 

with it today (Devlin, Man of Numbers 143).  The solution to this problem is what we 
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have deemed as the Fibonacci Sequence, and the sequence, not the problem itself, is 

what we find so astonishing. 

 This particular problem is about an expanding rabbit population.  Leonardo 

Fibonacci did not actually create the problem; it originally came from Indian 

mathematicians who had invented the Hindu-Arabic number system that he illustrates 

and promotes in the Liber Abaci.  He included this problem in his book because it was a 

good way for sharpening people's skills in using the Hindu-Arabic number system that 

he was newly introducing to Europe (Devlin, Man of Numbers 143).   

 In the Liber Abaci, Leonardo Fibonacci states the rabbit population expansion 

problem as: 

How many pairs of rabbits are born of one pair in a year? < Someone placed a pair of rabbits in a 

certain place, enclosed on all sides by a wall, to find out how many pairs of rabbits will be born 

there in the course of one year, it being assumed that every month a pair of rabbits produces 

another pair, and that rabbits begin to bear young two months after their own birth.  (Vorob'ev 2) 

 

He then gives a full explanation of the solution to the problem and also displays a table 

showing this solution.  The table shows that each number (after the first two) is the sum 

of the two numbers that come before it.  Thus, in the beginning, we have one pair of 

rabbits, which produces two pairs of rabbits, which produces three pairs of rabbits, et 

cetera.  The sequence for the first year looks like this: 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 

233, 377.  Therefore, at the end of the year, there will be 377 pairs of rabbits.  While the 

focus of this problem is only to find the total number of pairs of rabbits born of one pair 

in a year, each number in the sequence represents the population of the rabbits (in 
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number of pairs) during any month of that year (Devlin, Man of Numbers 144-5).  While 

Leonardo Fibonacci began his sequence with the initial numbers of 1 and 2, today we 

usually write the sequence as beginning with the initial numbers of 1 and 1; note that 

this does not change any of the other numbers in the sequence.  We can also give this 

sequence as a recurrence relation (an equation that defines the elements in a sequence 

using previous elements in that sequence): an+2 = an+1 + an, for the natural numbers n ≥ 1, 

where a1 = 1 and a2 = 1 (Walser 69).  This sequence of numbers was named the Fibonacci 

Numbers in the 1870s by Edouard Lucas, a French mathematician (Devlin, Man of 

Numbers 145).   

 Why is this one problem about a fictitious rabbit population so important in the 

history of mathematics?  The fact is that the Fibonacci Sequence represents much more 

than just a rabbit population.  Over the centuries since Leonardo Fibonacci wrote the 

Liber Abaci, these numbers have been discovered in numerous places--particularly, in 

nature.  Some common but important places where the Fibonacci Sequence exists in 

nature are in flower petals, leaf arrangements, seed heads, and family trees. 
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II.  Flower Petals 

 Johann Kepler (1571-1630), an outstanding German mathematician and scientist 

(Eves 322-5), discovered in the 1700s that the Fibonacci Sequence shows up rather 

frequently in plants.  In fact, the number of petals that are on flowers is usually a 

number in the Fibonacci Sequence (Monteferrante).  For example, a white lily has one 

petal, euphoria has two petals, trilium has three petals, columbine has five petals, 

bloodroot has eight, petals, black-eyed 

Figure 1 (Kim): These four different 

flowers represent four numbers that are 

in the Fibonacci Sequence. 

 

 

 

 

black-eyed Susans have thirteen petals, daisies (depending on the type) can have 

twenty-one, thirty-four, or fifty-five petals, and larger sunflowers can have either 

eighty-nine or one hundred forty-four petals (Monteferrante).   

 Not all flowers have a number of petals that is in the Fibonacci Sequence; 

however, it is more likely than not that the number of petals will be one that is included 

in the sequence (Devlin, Man of Numbers 145).  A few theories have been given to 

explain this, but the model that is the most accepted was given in 1992 by Stéphane 
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Douady and Yves Couder, scientists from the Laboratory of Statistical Physics in Paris.  

They found that the petals on flowers grow so that there is as little overlap as possible.  

If petals were to overlap, the front or top petal would be blocking the light from the 

back or bottom petal, which would result in the flower not receiving enough sunlight.  

The numbers in the Fibonacci Sequence give the least overlap when it comes to petals 

growing on flowers because of their relation to the Golden Ratio (Monteferrante), a 

topic which we will explore in a later section.  

III.  Leaf Arrangements 

 Another place where the Fibonacci Sequence exists in plants is in their leaf 

arrangements (called phyllotaxis).  There are actually two places where the Fibonacci 

Sequence is exhibited in plant phyllotaxis.  The leaves on plants grow in a spiral 

formation up the stem.  First, starting at one leaf, if you ‚count the number of complete 

turns of the spiral before you find a second leaf directly above the first‛ (Devlin, Man of 

Numbers 146), you will get a Fibonacci number.  Secondly, while you are looking at 

these complete turns, if you count the number of leaves between the first and last ones 

but not including the first one, you will also get a Fibonacci number (Devlin, Man of 

Numbers 146).   

The ratio of the number of complete turns to the number of leaves is referred to 

as the divergence of the plant.  Divergences that contain Fibonacci numbers originate 

from some very common trees and plants.   Elm, lime, and some common grasses have 
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a divergence of  
1

2
 .  Beech, hazel, blackberry, and sedges have a divergence of  

1

3
 .   Oak, 

cherry, apple, holly, and plum have a divergence of  
2

5
  .  Poplar, rose, pear, and willow 

have a divergence of  
3

8
 .  Almond, pussy willow, and leeks have a divergence of  

5

13
  

(Devlin, Man of Numbers 146).  Because Fibonacci numbers are so common in plant 

divergences, it is hard to believe that this can happen purely by mere coincidence. 

In fact, leaves grow in this manner for the same reason that petals do: to prevent 

overlap so that they are able to obtain enough sunlight, and Fibonacci numbers tend to 

work best to achieve this goal (Monteferrante).  Thus, the Fibonacci Sequence can be 

observed, not only in the number of flower petals, but in leaf arrangements of a wide 

variety of plants as well. 

IV.  Seed Heads 

 Another common place in nature where the Fibonacci Sequence occurs is in the 

seed head formation in plants (Peterson).  Some of the most common places where we 

can find easily visible seed heads are on pinecones and sunflowers. 

 Pinecones and sunflowers both contain seed heads growing in ways that exhibit 

the Fibonacci Sequence.  If we count the number of spirals formed by the seed heads on 

a pinecone or sunflower, we will get a Fibonacci number.  In pinecones, we only see two 

different Fibonacci numbers: there are 8 seed head spirals in the clockwise direction and 
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13 in the counterclockwise direction (see Figure 2).  In sunflowers, however, we see a 

much greater range of Fibonacci numbers.  The sunflower can have 21, 34, 55, 89, or 144 

spirals going clockwise, and 34, 55, 89, 144, or 233 going counterclockwise (Devlin, Man 

of Numbers 145-6). 

 

 

Figure 2 (‚Patterns in Nature‛):  This figure 

highlights the counterclockwise direction of 13 

spirals in a pinecone. 

 

 

 

 Like petals and leaves, the seed heads of plants have a reason for growing in this 

pattern, but this time, it is not to obtain sunlight.  The seed heads develop in this 

manner in order to achieve the most ideal packing.  The seeds end up being very evenly 

distributed with no clumping and hardly any wasted space, and it also allows the space 

between the seed heads to remain fairly constant.  In fact, Fibonacci numbers work best 

to obtain this optimal packing (Peterson).   
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V.  Family Trees 

 Fibonacci’s famous problem looked at a fabricated family tree of rabbits; 

however, family trees containing the Fibonacci Sequence do occur naturally in some 

animals.  Specifically, we are going to be examining the family tree of a drone (a male 

honey bee) (Walser 70-1).  

Figure 3 (‚Fibonacci Tree‛): The 

family tree of a drone (male 

honeybee). 

 

 

 

 A drone develops from an unfertilized bee egg, while queen bees and worker 

bees originate from fertilized eggs.  Therefore, queen bees and worker bees have two 

parents, but a drone only has one (a mother) (Walser 70).  This results in a family tree 

like the one that is pictured in Figure 3.   

As we can see from the labels, the numbers that correspond to the number of 

bees at each level of the family tree are the first seven numbers in the Fibonacci 

Sequence.  The relation of this family tree to the Fibonacci Sequence does not stop here.  

Take a look at each branch that stems off from the original queen.  If we count the 

number of bees in each level, starting at the bee directly after the original queen, we get 

the sequence 1, 2, 3, 5, 8 for the left branch and 1, 1, 2, 3, 5 for the right branch.  Even 
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though the levels of the branches are not identical, they illustrate the Fibonacci 

Sequence separately from one another and also when they are combined together.  As 

the family tree is continued further into the future, larger and larger numbers that exist 

in the Fibonacci Sequence will appear.  Thus, penned rabbits are certainly not the only 

animals to have a Fibonacci family tree. 

 

Golden Ratio 

I.  History and Explanation of the Golden Ratio 

 The Fibonacci Sequence is closely related to a ratio (a relationship between two 

numbers that is often expressed as a fraction of the two) that is often referred to as the 

Golden Ratio.  The ratio dates back to the third century B.C. when it was first defined in 

Euclid’s Elements.  Euclid originally referred to it as the ‚extreme and mean ratio‛ 

(Devlin, Man of Numbers 146).  In the 1500s, Luca Pacioli, an Italian mathematician, 

named it the ‚Divine Proportion‛, and he went on to publish a lengthy work under that 

title.  It wasn’t until 1835 that the ratio was deemed the ‚Golden Ratio‛ by Martin Ohm 

(Devlin, Man of Numbers 146).   

 Euclid developed the Golden Ratio by studying ratios of a line segment.  If we 

take a line segment and divide it so that the ratio of the larger sub-segment to the 

smaller sub-segment is equal to the ratio of the whole segment to the larger sub-

segment, we get the Golden Ratio.  Therefore, if the whole segment is of length 1 and 
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the larger sub-segment is of length x, we get the equality: 
x

1-x
 = 

1

x
 .   Cross-multiplying 

this equality, we obtain the equation: x2 = 1 – x.  Pulling everything to the same side, we 

get x2 + x – 1 = 0.  Now we are able to use the quadratic equation (x=
a

acbb

2

42

) to 

solve for x.  After solving for x, we obtain the two solutions: x1 = 
2

51
 ≈ 0.61803 and 

x2 = 
2

51
 ≈ -1.61803.  However, since x is a length, it must be the positive of the two 

solutions, so x = x1 = 
2

51
 ≈ 0.61803; this number is often denoted by ρ.  The 

reciprocal of ρ, 
2

51
 ≈ 1.61803, is the Golden Ratio, which is frequently represented by 

Φ or τ (Walser 2-4). 

 To calculate the Golden Ratio using the Fibonacci Sequence, we take each 

number of the sequence and divide it by the number that precedes it.  In essence, we are 

creating a new sequence: {
n

n

a

a 1 }, where the numbers in the ratio come from the 

Fibonacci Sequence and for the natural numbers n ≥ 1.  As n approaches infinity, we get 

closer and closer to the Golden Ratio.  The first eight ratios of the sequence are: 
1

2
 = 2; 

2

3
 = 1.5; 

3

5
 = 1.667; 

5

8
 = 1.6; 

8

13
 = 1.625; 

13

21
 = 1.615; 

21

34
 = 1.619; 

34

55
 = 1.618.  When n is 
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equal to infinity, the ratio of the numbers in the Fibonacci Sequence is equal to the 

Golden Ratio (Devlin, Man of Numbers 147). 

Figure 4 (‚0018-fig002‛):  The construction of 

a Golden Rectangle by placing the largest 

possible square inside of an already existing 

Golden Rectangle (starting with g and 

working through the alphabet backwards). 

 

 The Golden Ratio leads us to another shape: the Golden Rectangle.  A rectangle is 

deemed golden if its length-to-width ratio is equal to the Golden Ratio (Paulos 99).  

There is something very interesting about Golden Rectangles: each time we place the 

largest square we possibly can inside of a Golden Rectangle, we create another Golden 

Rectangle (Vorob’ev 60).  See Figure 4. 

 We can also approximate the Golden Rectangle by using the Fibonacci Sequence.  

If we start with two squares whose sides are one unit in length and attach a square 

whose sides are two units in length, then one of three units in length, five units in 

length, eight units in length, etc., we will begin to approach the shape of the Golden 

Rectangle, where the length-to-width ratio is equal to the Golden Ratio (Walser 72).  

This is the complete opposite of what we did by placing the squares inside of the 

already existing Golden Rectangle, so it would be the same as looking at Figure 4 and 

going through the alphabet forward. 
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Figure 5 (‚golden8 42988.‛): A Golden Rectangle 

with the Golden Spiral inscribed within it. 

 

 

 There is one more ‚golden‛ entity that has not yet been mentioned.  If we take 

the Golden Rectangle in which we have inscribed the largest possible squares and draw 

quarter-circles properly inside of each square, we can obtain what is referred to as the 

Golden Spiral.  The Golden Spiral is the logarithmic spiral (an equiangular spiral, 

meaning that the angles at any two points on the spiral are equal) whose growth factor 

is the Golden Ratio (Walser 36); that is, as the spiral gets wider, it does so by a factor of 

the Golden Ratio.  The result is pictured in Figure 5. 

 Just like the Fibonacci Sequence, the Golden Ratio can be found in various places 

in nature.  Some interesting places where the Golden Ratio is exhibited nature are in 

animal shells, plants, Peregrine Falcons, and galaxies. 

 

II.  Animal Shells 

 The Golden Spiral appears in animal shells like the nautilus shell pictured in 

Figure 6.  A nautilus is an animal that is related to squids and octopuses; however, it has 

a hard shell, unlike its relatives.  The body of the animal rests inside the first and largest 
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shell chamber, and the rest of the chambers are filled with gas for buoyancy 

(‚nautilus‛).  

  

Figure 6 (‚nautilus1.‛): A nautilus shell 

superimposed with the Golden Rectangle and 

Golden Spiral. 

 

 

 

 

There is an explanation for why the nautilus shell is shaped like the Golden 

Spiral; it is not mere coincidence.  When the nautilus is growing, it needs to enlarge the 

chamber that its body occupies.  It does not have the ability to change its shape; its body 

simply grows larger.  To account for its body’s growth, the shell grows in the most 

efficient way possible: in the shape of the Golden Spiral; this way is the most efficient 

because it allows enough room for the body of the animal as well as enough space for 

buoyancy chambers (Devlin, ‚Good Stories‛).  Thus, efficiency is key for explaining 

why the Golden Spiral exists in animal shells like that of the nautilus. 
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III.  Plants 

 Previously, we have examined places where the Fibonacci Sequence exists in 

plant life.  Because of the close relationship between the Fibonacci Sequence and the 

Golden Ratio, plants exhibit properties that reflect the Golden Ratio as well (Devlin, 

Man of Numbers 147).  Plants have a single, central apex from which they grow.  On the 

apex, primordia (small bumps) form.  From these bumps, leaves or petals grow in a 

spiral shape.  In 1837, Auguste Bravais and Louis Bravais discovered that the angle 

between any two successive primordia is approximately 137.5°.  This angle is 

explementary (angles that sum to 360°) to 225.5°, which is approximately 
360

, where 

Φ = 1.618 (the Golden Ratio) (Monteferrante). 

 The Golden Spiral is encountered in the leaves and petals of plants for the same 

reason that the Fibonacci Sequence is: so that petals and leaves are not blocking the light 

from their predecessors.  If the angle at which they grew was a rational fraction of 360°, 

a spiral would not exist, primordia would line up, and light would be blocked.  

Irrational fractions of 360°, such as 
360

 and 
360

, result in primordia that never line 

up, and the least overlap comes from one irrational fraction: the one containing the 

Golden Ratio (Monteferrante). 
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IV.  Peregrine Falcon 

 Some birds exhibit the Golden Ratio in the way that they hunt their prey, 

specifically Peregrine Falcons.  Peregrine Falcons (Falco peregrinus) are between thirteen 

and nineteen inches in height.  They are fierce hunters who fly at great heights and then 

dive at speeds up to 175 miles per hour, the fastest speed of any bird, to kill their prey 

by impact with their talons (‚peregrine falcon‛).   

 The Peregrine Falcon has very keen eyesight, but its eyes are fixed with one on 

either side of its head.  Since the bird dives at extremely fast speeds, it needs to keep its 

prey within its eyesight throughout its entire dive.  When the Peregrine Falcon begins 

its dive, it turns its head about 40° to one side in order to keep one eye focused on its 

prey; it continues to keep its head in this position throughout the entire dive.  Since the 

bird has its head at a constant angle throughout its dive, the path it flies in also has a 

constant angle.  Thus, its path is an equiangular spiral, and the spiral ends up having a 

growth factor of the Golden Ratio (Devlin, ‚Good Stories‛).   

 

V.  Galaxies 

 Galaxies, specifically spiral galaxies, exhibit the Golden Ratio.  Spiral galaxies are 

made up of a flat, rotating disk that has an ellipsoidal center with two or more spiral 

arms extending from it.  The majority of the galaxy exists in the center where mostly 

older stars reside; the spiral arms are made up of younger stars, interstellar gas, and  
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dust.  The Milky Way, the galaxy in which we reside, is an example of a spiral galaxy 

(‚spiral galaxy‛). 

Figure 7 (‚spiral-galaxy-wallpaper‛):  A 

picture of a spiral galaxy.  The spiral arms of 

the galaxy can be clearly observed. 

 

 

 

 

 The arms of spiral galaxies are not connected to the center disk because of the 

disk rotation: the galaxy would not have survived very long if the arms were attached.  

The arms are actually density waves.  These density waves gather gas as they move 

through the disk and compress it.  This results in the formation of new stars that light 

the arms of the spiral galaxy.  The spiral arms that the newly created stars form are in 

the shape of the Golden  Spiral (Livio, ‚The Golden Ratio‛).   

 

Fractals 

I.  History and Explanation of Fractals 

 A fractal is an object ‚that contains more but similar complexity the closer one 

looks‛ (Paulos 84).  In other words, fractals are said to be self-similar, where self-



 

- 20 - 

 

similarity denotes that parts of an object are copies, or at least extremely similar in 

shape, to the whole object (Walser 7).  Thus, if we take a piece of a fractal and compare it 

to the whole, both will be very similar in shape, although different in size.  This will 

hold true as we continue to take pieces of the pieces of the whole.  Not only will these 

smaller and smaller pieces look similar to the whole, but they will also look similar to 

the pieces from which they came.  It is mathematically accepted that this self-similarity 

holds true for infinitely smaller pieces of the whole.  Note that, while in some objects 

self-similarity can be easily seen, it can be somewhat varied in others (as seen in the 

following sections) (Peitgen 77). 

 Over the past century and a half, mathematicians have been exploring fractals.  

Mathematicians such as Georg Cantor (1845-1918), Helge von Koch (1870-1924), and 

Waclaw Sierpinski (1882-1969) have been responsible for these findings.  Despite all of 

the advancements made by past mathematicians, Benoît Mandelbrot (1924-2010), a 

twentieth century mathematician, is considered the father of fractal geometry (Peitgen 

75). 

 In 1924, Benoît Mandelbrot was born in Warsaw, Poland.  After World War II had 

started, Mandelbrot’s family moved to France.  He received his bachelor’s degree in 

mathematics at the École Polytechnique in Paris, his master’s degree in aeronautics at 

the California Institute of Technology, and his doctorate in mathematics at the Sorbonne 

in Paris.   He researched linguistics, Brownian motion, economics, random noise on 
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telephone lines, and natural phenomena, which resulted in his intense study of fractals 

("Mandelbrot, Benoit‛).  

 In Mandelbrot’s well-known paper, ‚How long is the coast of Britain?‛, he shows 

that the length really depends on the intricacy of the person taking the measurement.  

The more detailed we want the measurement to be, the longer in length the coastline 

will appear.  As we get more and more detailed, the measurement will approach infinity 

(‚Mandelbrot, Benoit (1924-)‛).  

 Before Mandelbrot’s work on fractals had become widespread and accepted, 

people had never realized their significance; they considered fractals to be just shapes: 

alterations of the norm, but not the norm itself.  Mandelbrot may not have been the first 

person to discover a fractal, but he was the first person to characterize an object as being 

one. He took all of the fractal creations and observations of past mathematicians, such 

as Cantor, Koch, and Sierpinski, and combined them with his own in order to create a 

completely new geometry, called fractal geometry, along with the language to describe 

it (Peitgen 75-6). 

 Mandelbrot also discovered that many fractals are related to objects that are 

found in nature.  He wrote The Fractal Geometry of Nature in 1982 to demonstrate these 

similarities (Peitgen 76).  But fractals are perfect whereas natural objects are not, so how 

can we refer to something natural as a fractal?  We consider the planets to be spheres, 

even though they are not perfect.  This allows for us to discuss their properties much 
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more easily.  Natural objects can be discussed as fractals in the same way.  They are not 

perfect fractals, but understanding them as fractals makes for a much better model 

(Peitgen 120).  Some important and interesting places where fractals and nature meet 

include snowflakes, vegetables, trees, and forest fires. 

 

 

II.  Snowflakes 

 The fractal that resembles a snowflake is called the Koch curve (or Koch 

snowflake).  It was presented in 1904 by Helge von Koch, a Swedish mathematician.  

Although it is called a curve, it is not smooth like we would normally believe a curve to 

be.  This curve has the same kind of complexity that Mandelbrot’s coastline does: the 

more detailed we get, the longer the curve becomes (Peitgen 103-4). 

 To construct this curve, we start with an equilateral triangle.  The initial objects 

(or initiators) of the Koch curve are the lines that constitute the sides of this equilateral 

triangle.  We take each side, divide it into three equal portions, and replace the middle 

portion by another equilateral triangle with its base removed.  We have now completed 

the basic construction step and have the figure that will be employed in the subsequent 

steps; this figure is called the generator.  We continue the process an infinite number of 

times, taking each line segment that exists in our figure, dividing it into three equal 
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portions, and replacing the middle portion by an equilateral triangle with the base 

removed (Peitgen 104).  The first four steps are pictured in the Figure 8. 

Figure 8 (‚koch-

curve-diagram‛): The 

first four steps in the 

construction of the 

Koch snowflake. 

 From the construction of the Koch curve, we can see that it is self-similar.  The 

generator is the object that is repeated throughout the entire construction, so any step is 

one third smaller then the step before it, and is thus self-similar to the previous step and 

to the figure as a whole (Peitgen 105). 

 The Koch curve was introduced as a model to a problem that had been 

discovered by Karl Weierstraß in 1872.  Weierstraß characterized a curve that was not 

possible to differentiate; that is, a curve that does not have a unique tangent line at any 

of its points (a tangent line is a line that touches a curve at exactly one point without 

intersecting it at that point).  One element that can cause a curve to be non-differentiable 

is a corner.  There is no one unique tangent that we can draw at a corner; we can draw 

infinitely many.  Because the Koch curve is made up of infinitely many corners, unique 

tangents cannot be drawn at any of its points, and it is therefore non-differentiable 

(Peitgen 105). 
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Figure 9 (‚snowflake1‛): A real snowflake that 

resembles the Koch snowflake. 

 

 

 

 The Koch snowflake is generated purely by mathematical concepts, so how can it 

be found in nature?  While no natural snowflake may resemble the Koch snowflake 

exactly, some natural snowflakes do have certain observable similarities.  See Figure 9 

for an example of a real snowflake that is similar to the Koch curve (Peitgen 104). 

 

III.  Vegetables 

 Some vegetables are fractals that we do not need to construct since they naturally 

exist.  Even though they do not contain the perfect form that fractals do, we can still 

model them as if they are such.  Cauliflower is one vegetable in which fractal properties 

can be easily seen. 

Figure 10 (Ross): All of these pieces are from 

the same cauliflower head, yet they all look 

very similar to any of the other pieces. 
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 Self-similarity is the most important fractal property that cauliflower 

demonstrates.  If we take an entire head of cauliflower and remove a branch from it, 

that branch will look very much like the original head of cauliflower.  Likewise, if we 

remove a branch from the branch, we will have a piece that looks like the branch from 

which it came and the cauliflower head as a whole.  This breakdown can continue into 

smaller branches, which will hold the same properties (see Figure 10).  The self-

similarity exists until the branches become so small that they can no longer be broken 

down.  The ideal fractal can be broken down infinitely many times, and while we may 

not be able to do this with the cauliflower, the cauliflower does immediately 

demonstrate the self-similarity that is characteristic of fractals (Peitgen 77). 

 

IV.  Trees 

 A Pythagorean tree is a fractal that resembles trees in nature.  The construction of 

a Pythagorean tree is fairly simple, and we can get different tree shapes by altering it 

slightly (Peitgen 143).  To demonstrate this, we will begin with the basic construction of 

a Pythagorean tree and alter it from there to get a slightly different result. 

 We begin the construction process with a square.  Next, the hypotenuse (the side 

opposite the right angle) of a right isosceles triangle (a triangle with a right angle and 

two equal sides in length) is attached to one of the sides of the square.  To the two open 
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sides of the triangle, we attach two more squares.  To those two squares, we attach two 

right isosceles triangles in the same way as before, and the process continues infinitely 

many times (Peitgen 143).  Figure 11 pictures this construction.  Our resulting 

Pythagorean tree is obviously self-similar since we use repeating shapes throughout the 

entire process.  

 

Figure 11 (‚pythagoras2‛): This 

figure depicts the basic construction 

of the Pythagorean tree. 

 

 

 To obtain different trees, we can modify what kind of triangle we use in the 

construction.  Let us use an isosceles triangle that does not have a right angle, but an 

obtuse one (an angle greater than ninety degrees).  If we repeat the same process that 

we did for the basic Pythagorean tree except using the altered triangle, the result we 

obtain is pictured in Figure 12.  The branching of this tree is more like the branching of 

 

Figure 12 (Peitgen 146): A Pythagorean tree 

constructed using an obtuse isosceles 

triangle.  The branching appears to be 

broccoli or cauliflower-like. 
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broccoli or cauliflower.  We could continue to draw different types of trees by using 

different triangles in the construction process (Peitgen 147). 

 In nature, fractals tend to manifest themselves as what is called an exchange 

profile.  Non-natural examples of an exchange profile are a radiator and combustion 

engine.  Both of these objects are designed to exchange as much heat as possible over 

the largest surface area possible.  The fractal nature of trees also exhibits an exchange 

profile: branching allows for the best absorption of sunlight.  Because sunlight is needed 

for photosynthesis, trees exhibit a carbon dioxide to oxygen exchange.  Fractal shapes 

allow trees to best accomplish this feat (Walser 7-8). 

 

V.  Forest Fires 

 Sometimes natural objects do not have obvious self-similarity.  Take, for example, 

the coastline Mandelbrot was studying.  If we zoom into a natural coastline, we will not 

be able to tell that the magnified coastline is a part of the original.  There is an element 

of randomness in the natural object.  Thus, to obtain a more natural looking object from 

a perfect fractal, we need to inject some type of randomness or probability into it 

(Peitgen 380). 

 We will begin by discussing a triangular lattice in which each small triangle in 

the lattice is an individual entity.  Each small triangle has a probability as to whether it 

is colored black or left as white.  We will let this probability be represented by p, and 
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since p is a probability, 0 ≤ p ≤ 1.  How colored our overall triangle becomes depends on 

what we let p equal.  If p = 1, the overall triangle is completely black; likewise, if p = 0, 

the overall triangle is completely white.  Choosing different p values between 0 and 1, 

we obtain different colorings of the overall triangle (see Figure 13).  At some probability, 

p will hit the critical level, in which almost all of the smaller black triangles seem to be 

 

 

Figure 13 (Peitgen 386): This figure 

depicts the results of different p values 

in our tessellated triangle. 

 

 

 

 

 

bound to one another throughout the overall triangle; in other words, there will be large 

clusters of small black triangles around smaller clusters of small white triangles.  

Additionally, at the critical level, we have an actual fractal that can be obtained 

experimentally and sometimes analytically (Peitgen 386-7). 

 Percolation is the ability of something to permeate or penetrate something else.  

In the case of fractals, the ability to percolate is the greatest when p is at the critical 
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level.  The amount of the color black in our triangle determines the level of percolation: 

the greater the number of small black triangles we have (the greater p is), the greater the 

percolation (Peitgen 387). 

 Let us consider each small black triangle as a tree in a forest.  Fire cannot spread 

across the ground because it needs something to burn; thus, it can only spread from tree 

to tree (or black triangle to adjacent black triangle).  The critical level then becomes very 

important in determining how far the fire can spread.  If we have a small number of 

small black triangles (p is a low probability), the trees will be relatively spread apart.  

Thus, the fire cannot travel very far and will burn out.  On the other hand, if we have a 

large p value, the trees in the forest will be rather dense.  The fire will be able to spread 

much farther and much more quickly because it has material to burn.  At the critical 

level, the fire will spread very far, but it will also last the longest amount of time.  

Modeling forest fires as fractals does not help us to find better ways to fight them; it is 

only useful for us to understand how they spread (Peitgen 387-8).  

 

Mathematical Platonism 

 Mathematical Platonism follows the belief system of the Greek philosopher, Plato 

(ca. 427 B.C. - ca. 347 B.C.) (Eves 106), and is based on three main ideas.  The first idea is 

that mathematics exists; in other words, there are mathematical entities.  The second 

idea is that mathematics is abstract—that is, mathematics exists in the human mind and 
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is not a concrete object that we can touch.  The third and final idea is that mathematics 

is independent; its independence signifies that it transcends human language, thought, 

and practices (Linnebo).  These three beliefs are widely accepted by most 

mathematicians.  Primarily, it is the conclusions that are drawn from these three ideas 

that are the main subject of debate.   

 While all mathematicians can agree on the importance of mathematical proof in 

reproducing mathematical findings, convincing others of mathematical findings, and 

even convincing oneself of one’s own mathematical findings, Mathematical Platonists 

tend to be more lax when depending on mathematical proof.  This laxity relies on the 

belief that proof should be used only for the reasons that were listed previously, not for 

creating theories or for creating mathematics itself.  This lies within the belief of 

Mathematical Platonists that mathematics only describes what is happening in the 

universe around us; we may invent the language and notation to describe mathematical 

occurrences in the world, but we do not create the places in which these mathematical 

concepts exist (Mazur). 

 Thus, Mathematical Platonism is completely consistent with the belief in a higher 

power; if we do not create the places where mathematics exists, then something must 

have.  Hence, Mathematical Platonists believe that mathematics must be a discovery, not 

an invention.  However, one must not blindly accept the Mathematical Platonic view 

that mathematics is a discovery; in order to draw one’s own conclusions, the debate 
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between mathematics being a discovery versus an invention must be looked at as a 

whole. 

 

Discovery or Invention? 

 The question that all mathematicians face at some point in their careers asks: Is 

mathematics a discovery or an invention?  ‚The notion of ‘discovery’ implies 

preexistence in some universe, either real or metaphysical. The concept of ‘invention’ 

implicates the human mind, either individually or collectively‛ (Livio, Is God a 

Mathematician? 227).  If mathematics is a discovery, it would suggest the existence of a 

higher power since it would have existed before humans thought; but, if it is an 

invention, it would have been purely created by the human mind.  So, which of the two 

is it? 

There is a part of mathematics that suggests it is an invention.  Concepts and 

ideas exist only in the minds of humans; animals, plants, and nonliving things do not 

have the mental capabilities to process thoughts.  Thus, it would be valid for us to say 

that we, as humans, invent mathematical concepts (Livio, Is God a Mathematician? 238), 

since without us, they would not exist on Earth.  For example, consider Mandlebrot’s 

study of the coastline of Britain.  Mandlebrot did not make the coastline; he was merely 

studying it.  What he did invent was the concept of a fractal.  Mandlebrot took 

something he was observing in nature and invented the language and notation to 
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describe it.  This is consistent with the beliefs of Mathematical Platonists that we only 

describe natural phenomena with mathematics.  This is also where the notion of 

mathematics being an invention ends. 

 We have looked at only a few examples of where the Fibonacci Sequence, Golden 

Ratio, and fractals exist in nature.  While we have discussed the most important places 

where these mathematical concepts exist, there are many other places where they can be 

found, and it is likely that there are some places where these concepts have not yet been 

discovered.  Additionally, there are mathematical concepts other than these three that 

exist in nature: tessellations and chaos theory, to name a few.  All of this points to the 

fact that mathematics exists everywhere around us; it is, in other words, omnipresent.  

The formal definition of omnipresent is ‚present in all places at the same time‛ 

(‚omnipresent‛).  What is interesting is that omnipresent is a word that is usually 

associated with a god (‚omnipresent‛), but we cannot deny that mathematics itself can 

also be described as being omnipresent. 

 Not only is mathematics omnipresent, but ‚it is above the power of humans to 

alter, direct, or influence it‛ (Livio, Is God a Mathematician? 2).  For example, we cannot 

will the nautilus to grow its shell in a different shape that is not the Golden Spiral.  This 

exemplifies the fact that we are not able to alter mathematics on personal whims.  

Furthermore, recall that years after Fibonacci published his sequence, Kepler discovered 

the sequence in plants; then years after that, Douady and Couder discovered why 
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plants grow in this manner.  Fibonacci, Kepler, and Douady and Couder made 

advancements with the Fibonacci Sequence that were miles and years, even centuries, 

apart.  Kepler and Douady and Couder did not direct mathematics to act in a way that 

would exhibit Fibonacci’s sequence; they just discovered ways to describe what they 

were seeing in nature.  The omnipresence and inalterability that we have discussed are 

both consistent with Mathematical Platonic thought: they both support the belief that 

mathematics is independent.   

 Hence, mathematics has both an invention and a discovery component.  

Mathematicians invent language and notation to describe discoveries that have been 

made in nature.  The relationship between the inventions and the discoveries is so 

intertwined that it must be said that the answer to our original question would be that 

‚mathematics is a combination of inventions and discoveries‛ (Livio, Is God a 

Mathematician? 238).   

Conclusion 

 We have established that mathematics exists and is abstract, independent, 

omnipresent, and unalterable.  It also has both a discovery and invention component.  

All of this is consistent with Mathematical Platonic beliefs as well as beliefs of 

mathematicians like Newton (recall that Newton believed that mathematics suggests 

the existence of a higher power). 
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 Additionally, it can be no surprise that many mathematicians find a link between 

mathematics and theology.  While there may not be enough proof to convince atheists 

of this, people who already believe in God only strengthen their beliefs through 

mathematics.  For instance, consider how we have described mathematics: it exists, is 

abstract, is independent, is omnipresent, and is unalterable.  Anyone who believes in 

God associates these same five ideas with the divine.  Because of this intimate 

correlation, it is hard to not believe that mathematics came from God.  Who else would 

be able to create something so perfect, and make it exist everywhere in the universe 

around us?  The notion of discovery also supports the idea of a higher power since 

something or someone would have had to create the places where mathematics exists in 

nature before we were able to discover these places.  Additionally, the consistency of 

these places would not exist if it were up to us because mathematics would vary by 

personal whims.  However, none of this is a formal proof of the existence of a higher 

power. 

 But, everything mathematical cannot even be proved by mathematics.  This was 

proven in 1931 when Kurt Gödel made a significant breakthrough in mathematical 

proof.  Using mathematics, Gödel proved that everything that is mathematical cannot 

be proven mathematically, and even if currently unprovable concepts are eventually 

proved, new unprovable concepts can be constructed.  He even explained how to 

construct these new unprovable concepts (Nagel 3, 86).  Thus, we know for a fact that 
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mathematics cannot prove everything, so what makes us think that mathematics can 

prove or disprove the existence of God?  It may just be unprovable. 

 Belief in God is firmly rooted in faith where faith is belief that is not based on 

proof (‚faith‛).  People have believed in God for centuries without any formal proof, so 

why do we feel the need to prove the existence of the divine?  Maybe mathematics 

exists to strengthen our faith, but not to make us believe.  Maybe it is here to serve as a 

reminder that we are not alone in the universe.  Mathematics may be God’s way of 

telling us that sometimes you just need to have a little faith.  
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