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1. Introduction 

 

Mathematics is essential for understanding life and things that surround us. It exists in 

structures of buildings, in music, art and in our every-day life. We can see the Golden Ratio 

everyday without being aware of it. It can be found in the growth of plants from sprout to 

flower, architecure, but also in different shapes of animal bodies and human built.  

The Golden Ratio was used all through the antique period, Renaissance, medernism and up to 

the present day.  The Golden Ratio or the Divine Proportion is the most perfect ratio in nature, 

simply perfect to the human eye. It is a harmony between extreme precision and chaotic 

imperfection. Wherever we notice outstanding beauty and pleasure, we will most probably 

find the presence of the Golden Ratio. It is a concept that connects mathematics, nature, 

music, technology and art in a very interesting way.  The Golden Ratio makes mathematics 

the universal knowledge that is present in different parts of life and different periods of human 

existence. It inspired many people in different disciplines. This Golden Ratio truly is unique 

in its mathematical properties and impressive in its appearance throughout nature.  

The Greek letter Phi (ɸ) represents the Golden Ratio. Phi unveils an unusually frequent 

constant of design that applies to so many aspects of life. Phi is an irrational number with an 

infinite number of digits after the decimal point. Phi is the Golden Ratio that results when a 

line is divided in one very special and unique way. It occurs when the ratio of the large piece 

to the smaller piece is exactly the same as the ratio of the whole string to the larger piece. Its 

value is 1.618033988749895...  

What makes this so much more than an interesting exercise in mathematics is that this 

proportion appears throughout creation and extensively in the human face and body. It is 

found in the proportions of many other animals, in plants, in the solar system and even in the 

price and timing movements of stock markets and foreign currency exchange. 

The description of this Golden Proportion as the Divine Proportion is perhaps fitting because 

it is seen by many as a door to a deeper understanding of beauty and spirituality in life, 

unveiling a hidden harmony between things. The line between its mathematical and mystical 

aspects is not easily drawn. 

 
 

 

 
 

Golden Ratio and Phi 

 

Photo taken from http://article.sapub.org/image/10.5923.j.arts.20110101.01_003.gif. 
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2. Golden Ratio through history 

 

It is proved that the human body is perfectly proportional. That is of crucial meaning for 

knowledge about proportional beauty. Not only because humans act and make choices 

according to their size or the size of places where they move, but because humans are the ones 

that say what is beautiful and what is not. If we look at it in that way, then there is no absolute 

beauty, one beyond humans. People decide what is beautiful alone and feel what proportion is 

beautiful. With this leading feeling of beauty throughout millions of years human has built 

and inherited the ideal of beauty that exists inside him. That is how a human became the 

measure of all things, the foundation of proportion in all art.  

 

The Greeks made the most perfect apprehension of beauty, following an ideal human image. 

Roman architect Marcus Vitruvius Polio in his book “De architectura libri decem” wrote 

about the symmetry of churches, and their proportions he compared to proportions of human 

body. Vitruvius described the human figure as being the principal source of proportion among 

the Classical orders of architecture. He placed the human body in a circle, what many years 

later also did Leonardo Da Vinci. The Greeks found out that the diameter of a human body 

from one side to other is 1/6, and from navel to kidney 1/10 of its height in total.  

 

 

 
 

Proportions of Golden Ratio on human body 

Drawing taken from Neufert, E. (1952): Pravila građevinarstva. Beograd: Građevinska knjiga. 

 

Greek sculptor Phidias in 5th century B.C. used the Golden Ratio in design of his sculptures 

and building of Parthenon. Greek mathematician Euclid was the first one to make a clear 

definition of the Golden Ratio in his book “Elements” in about 300 years B.C. This Divine 

Proportion was a notable concept even in Old Greek times. Golden Ratio can be proved to 

exist in the best buildings of that time, especially Doric churches. It can also be seen on plant 

ornaments on Corinthian capitals. Renaissance artists used the Golden Ratio in their paintings 

and sculptures to get the perfect balance and beauty. Leonardo da Vinci used it to measure the 

proportions of “The Last Supper” and “Mona Lisa”. 
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In year 1202, in Gothic period, Leonardo from Pisa, called Fillius Bonaccio (Fibonacci) 

studied the mating of rabbits and came to the conclusion that they follow the rule of Golden 

Ratio in preservation of their kind. He started counting and writing down the sums of 

newborn rabbits. Starting from the first two rabbits, the number of new rabbits increased: 

1,1,2,3,5,8,13,21,34,55,89… Every next number is the sum of the two previous ones. 

Quotient of the two consecutive numbers is 1.618- Phi, the Golden Ratio. This sequence is 

known as the Fibonacci sequence. 

 

 
 

Fibonacci Sequence 

Photo taken from  

https://qph.ec.quoracdn.net/main-qimg-fc6e2b83c94dcad3a53ef1f4c86d0948-c. 

 

Luca Pacioli (Italian priest in 15th and 16th century) in “De divina Proportione”explains how 

the Golden Ratio could be the proportion of God. He names it the Divine Proportion. 

Johannes Kepler found a similarity between numbers by adding, subtracting, dividing and 

multiplying them. He proved that the Golden Ratio is a quotient of consecutive Fibonacci 

numbers, and described the Golden Ratio as a "precious jewel". 

Charles Bonnet connected the repetition in plant growth with the Golden ratio and Fibonacci 

sequence. 

 

Golden Ratio is a natural repetition rule, independent from humans and their feelings. Many 

scientists found the connection not only between human, animal and plant proportions, but in 

the cosmos as well. The whole universe is made of calculated facts, even though they may 

seem accidental. 
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3. Pleasant to the human eye 

 

There is nothing in the world that humans appreciate more than beauty. It is in human nature 

to care about beauty, even though they do not know why. People crave for beauty daily, for 

external beauty and for internal, deeper one. Who holds the credit for that? For that unusual 

value that is irresistibly imposed. 

 

Beauty of nature offers a kind of pleasure. That is the same kind of pleasure as the one offered 

by a beautiful face or a portrait. These pleasures could only be different by intensity, but the 

essence of both of them is the same. Even though people have different tastes, there exists a 

pattern that everyone likes. Some might think that this is something in people’s heads, 

something we are born with. And it probably is. Still, no one can exactly explain why we like 

the Golden Ratio. But the fact is that we do. 

 

It might be thoroughly believed that the choice of what is beautiful is accidental or a matter of 

taste. The Pyramids could have been built the way they are built, simply according to the taste 

of Egyptian architects. Geometrical relations that have been found prove even more clearly 

the existence of harmony between refined taste and legality. How much more we like the 

Golden Ratio than any other ratio showed an excellent experiment by G. Th. Fechner from 

1876. Fechner asked hundreds of males and females to choose the most beautiful rectangle 

out of ten different ones. Among those ten was the rectangle made using the Golden Ratio of 

21:34 and beside it a rectangle with a very similar ratio. The results presented in percentage 

showed that the majority liked the rectangle with sides made using the Golden Ratio best. 

Male and female voices are equally divided to different shapes. The results suggest that the 

Golden Ratio is worth much more, and seems as a proportion of beauty.  

 

 

 
Experiment by G. Th. Fechner 

Drawing taken from Neufert, E. (1952): Pravila građevinarstva. Beograd: Građevinska knjiga. 

Proportion and symmetry are critical factors in facial attractiveness, and the Golden Ratio has 

unique mathematical properties that no other number has to create both recursive 

proportionality and bilateral symmetry. The evidence shows that it provides a very good 

foundation in unveiling and understanding the mathematics of beauty.
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       4. Golden Ratio in nature 

 

There are a lot of examples of the Golden Ratio in the world around us. It is present in plant 

growth, body composition of animals as well as human body composition. A spiral is the key 

nature tool, and was for a long time considered as the most important shape in different 

structures. A Golden spiral or a logarithmic spiral is a spiral whose growth factor is Phi 

(the Golden Ratio). Its growth is perfectly equal and balanced. The 17th century 

mathematician Jakob Bernoulli named it the “Spira mirabilis” or "miraculous spiral". 

 

In a rectangle where the ratio of the larger side to the smaller one is the Divine Proportion, the 

ratio of the sides of the "daughter rectangles" will still conform to the Divine Proportion when 

squares are cut from the original rectangle. Connecting the points where this series of 

"whirling squares" divides, the sides will generate a logarithmic spiral that coils inward. 

 

 
 

The Golden Spiral 

Photo taken from  

https://qph.ec.quoracdn.net/main-qimg-6223f44ef9b4c2672c6405744c550c04-c. 

 

The Golden spiral is everywhere around us, somewhere more and somewhere less noticeable. 

The most famous example of the Golden spiral in nature is Nautilus (a Mollusk). Its shell has 

grown following the law of the Golden Ratio. It is stated that spiral galaxies 

and nautilus shells are related to both Phi and the Fibonacci series. This pattern allows the 

organism to grow without changing its shape. 

Nautilus shell 

Photo taken from http://www.maths.surrey.ac.uk/hosted-sites/R.Knott/Fibonacci/fibnat.html. 
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Scientists, beginning with Leonardo da Vinci, observed that the displacement of leaves 

around a stem occurs in patterns defined by the Fibonacci series. Rotating of the plant for a 

certain angle and the arrangement of new branches, leaves and flowers is regulated by the 

Golden Ratio. Each new branch, leaf or flower that begins to develop in the central part of the 

plant grows in a new direction and always rotates at the same angle. In the case of roses an 

angle that is congruent to 360 degrees by the Golden Ratio (137.5 degrees) separates the 

petals from each other. The angle of 137.5 degrees is the Golden angle. The number of petals 

on most flowers is also a Fibonacci number.  

 

Fibonacci numbers can also be seen in the arrangement of seeds on flower heads. Seeds seem 

to form spirals curving both to the left and to the right. If those spirals are counted, one will 

find that the pair of numbers (counting spirals in curving left and curving right) is consecutive 

numbers in the Fibonacci series. This phenomenon occurs in pinecones and the hearts of 

sunflowers  

 

 

A 1000 seed seedhead 

Photo taken from 

http://www.maths.surrey.ac.uk/hosted-

sites/R.Knott/Fibonacci/fibnat.html. 

 

If an apple is cut in half, one will notice that apple seeds are in the shape of a pentagram, and 

pentagrams are in relation Φ. In a bee community, there are always a smaller number of males 

than females. The number obtained by dividing the number of female bees with the number of 

male bees in the hive is Φ. Bees also build proportional homes - the honeycomb. 

Bodies of many animals are in the Golden Ratio for example: butterflies, snails, dolphins, 

birds, penguins, ants and many other animals. Our bodies are filled with Golden spirals as 

well. We can notice them in our ear, a clenched hand, a strand of hair, fingerprints, and even 

in the structure of DNA. Perfect human body is in a ratio of 1: 1.618. 

If one looks at the sky, water or wind, one will notice the forms of the Golden spiral. Large 

storms such as hurricanes and tornados are in a shape of a spiral. The universe is full of spiral 

galaxies. One of them is the Milky Way. The planet Saturn is also in the ratio of the Golden 

Section. If one calculates the distance from Earth to the Moon, one will notice that number Φ 

appears here too. Kepler was the first one to notice these connections and he named them 

“Sectio Divina”. 
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5. Golden Ratio in architecture 

 

The Great Pyramid of Giza is one of the oldest of the Seven Wonders of the World. It was 

built around 2500 years BC as the tomb of the pharaoh Cheops. It is composed of four 

equilateral triangles located on a square basis. It was built using the Golden Ratio as well as 

many other Egyptian objects.  

Chinese wall was built around 3000 years BC and was built on the basis of the Golden 

Section. 

 

 

 

 

The Great Pyramid of Giza 

Photo taken from 

https://www.goldennumber.net/great-pyramid-giza-

complex-golden-ratio/. 

 

The Golden Section served in Greece architecture. It is believed that it was used by Ancient 

Greek architects for the construction of the Parthenon and many other Greek buildings, 

sculptures and paintings. Parthenon, an ancient temple dedicated to the goddess Athena, built 

in the 5th century BC on the Athenian Acropolis, is the symbol of the ancient Greece and one 

of the most famous monuments. Dominating on the Athenian Acropolis, it is the most 

harmonious building of all time. Golden rectangle appears in several places in the design of 

the Parthenon. Ratios of the sizes of individual components of the temple, down to the 

smallest, represent the ratio of the Golden Section. Greek artists understood and used this 

principle not only as the ratio of lengths, but also as the ratio of surfaces providing incredible 

shapes. 

 

 

 

 

 

Parthenon 

Photo taken from https://s-media-cache-

ak0.pinimg.com/736x/aa/18/8e/aa188e3cea1721c

b436c72306a3b5c9f.jpg. 

 

 

 

 

 

 

 

Pantheon, in Rome, is a rare ancient monument preserved to our days. Although built in 

different stages, it is complete. On the floor plan lines of the Pantheon Golden Section is 

located in a place where entrance and dome connect. 

 

Arch of Constantine, located very close to the Coliseum, is the largest and most complex arch 

from the Roman Empire. Its dimensions of the main elements are obviously in the ratio of the 

Golden section, very popular with the Roman architects. 
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Hagia Sophia in Istanbul is a masterpiece of Byzantine 

architecture and art. Its interior in its design has several 

Golden rectangles. 

 

St. Mark’s Basilica in Venice is famous for its rich and 

magnificent interior. With its designs and gilded 

Byzantine mosaics it became a symbol of the Venetian 

wealth and power. In its layout several Golden 

rectangles are noticeable. 

 

 

 

St. Mark’s Basilica 

Photo taken from 

http://kaplanpicturemaker.com/yahoo_site_admin/assets/images/stMarksIllust.25981106_std.j

pg. 

 

Architects of medieval churches and cathedrals approached designing in the same way as the 

Greeks. Their goal was a harmonic structure and beauty. Design of these magnificent 

churches and cathedrals was kept in perfect ratio, just like the Parthenon. Inside and out the 

building had a complicated design based on the Golden Section and other rules of 

proportions.  
The west facade of the famous Gothic cathedral, Notre Dame is rich in relations defined by 

the Golden Section. 
                            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                Taj Mahal 

 

 

Notre Dame 

Both photos taken from https://www.goldennumber.net/architecture/. 

 

In the construction of the Taj Mahal the Golden Section was also used. This is why it looks so 

perfect. Rectangles that are used for the outer frame of the main building are Golden 

rectangles. The frame of the main door is in the form of the Golden rectangle as well. 

Many of the world’s greatest architectural achievements are based on the Divine proportion. 

CN Tower in Toronto also contains the Golden Ratio in its design. Its presence is inevitable in 

achieving not only beauty, but efficiency as well. 
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          6. Golden Ratio in art 
 

Just as the Golden Section is found in the structure and beauty in nature, it can also be used to 

achieve beauty, balance and harmony in art and design. Artists use their works to inspire 

people and as a way of expressing their thoughts and feelings. A lot of world’s best paintings 

have been made by using the Golden Ratio. In those masterpieces one can get a glimpse of 

secret science of the Divine Proportion.  

A genius, Leonardo da Vinci has long been associated with  the Golden Ratio. He created the 

illustrations for the book “De Divina Proportione” (The Divine Proportion) by Luca Pacioli. 

Pacioli was a contemporary of Da Vinci’s, and the book contains dozens of beautiful 

illustrations of three-dimensional geometric solids and templates for script letters in 

calligraphy. Da Vinci’s use of the Divine Proportion is evident in some of his own works, 

even before his collaboration with Pacioli. All the key dimensions of the room, the table and 

ornamental shields in Da Vinci’s “The Last Supper” were based on the Golden Ratio, which 

was known in the Renaissance period as The Divine Proportion.  
 

 

 

 

 

The Last Supper 

Photo taken from 

https://www.goldennumber.net/leonar

do-da-vinci-golden-ratio-art/. 

 

 

 

 

 

 

Divine proportions are also found in a drawing by Leonardo called “Vitruvian Man”. It is 

based on the correlations of ideal human proportions with geometry described by the ancient 

Roman architect Vitruvius in his book “De Architectura libri decem”. Vitruvius determined 

that the ideal body should be eight heads high. Leonardo’s drawing is traditionally named in 

honor of the architect. These proportions are a characteristic of a pentagon too. That is why 

the pentagon is considered to be the basis of human proportions.                  

 

 

 

 

 

 

 

 

Vitruvian Man  

Photo taken from https://s-media-cache-

ak0.pinimg.com/736x/4d/36/c2/4d36c251444e173e4b8

b2584aae53836.jpg. 
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Da Vinci likely used the Golden Section in the creating of “Salvator Mundi”. People 

appreciate this painting because it reveals not just the genius of Da Vinci’s artistic technique, 

but because of his design and composition as well. There are some very interesting distinct 

Golden Ratios that point to its use in the overall composition.  
  

 

 

 

Salvator Mundi 

Photo taken from 

https://www.goldennumber.net/leonardo-da-vinci-salvator-

mundi/. 

 

 

 

 

 

In Michelangelo’s painting “The Creation of Adam” on the ceiling of the Sistine Chapel, 

Golden ratios can also be found. The finger of God touches the finger of Adam precisely at 

the Golden Ratio point of the width and height of the area that contains them both.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Creation of Adam 

Photo taken from  

https://www.goldennumber.net/discovery-michelangelo-creation-of-adam-golden-ratio/. 
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Raphael’s “The School of Athens” provides another wonderful example of the application of 

the Golden Ratio in composition. A small Golden rectangle at the front and center of the 

painting signals the artist’s express intent in the use of this proportion.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The School of Athens 

Photo taken from https://www.goldennumber.net/raphael-golden-ratio-in-renaissance-art/. 

 

Botticelli composed “The Birth of Venus” such that her navel is at the Golden Ratio of her 

height, as well as the height of the painting itself.  

 

The French impressionist painter Georges Pierre Seurat is said to have “attacked every canvas 

by the Golden Section.”   
 

The Golden Ratio can also be used in other forms of art, for example in music. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Birth of Venus 

Photo taken from https://www.goldennumber.net/botticelli-birth-venus-golden-ratio-art/. 
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7.  Golden Ratio in modern technology 

 

From Vitruvius and Euclid, through the Renaissance to the present day, mathematical 

constant the Golden Ratio people can find in everything-from art and architecture to nature. It 

is used in newest web designs as well as design of credit cards. The Golden Ratio is noticed in 

the design of iPod.  

 

Beauty isn’t in the eye of the beholder but can be measured using mathematics.  

Apple Company uses the Golden ratio in designing their cell phones, the logo and 

applications. Their worldwide popular logo in the shape of an apple and the ratio of the 

iPhone5 are in the Golden Section. Other than Apple Company, many other use the Golden 

Ratio in their logo design, some of those are: National Geographic, Pepsi and Toyota. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Apple logo 

Photo taken from https://images-cdn.9gag.com/photo/177190_700b.jpg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

iPod 

Photo taken from 

https://s-media-cache-ak0.pinimg.com/736x/aa/1f/ca/aa1fca45261ce48bbaddf8beaca2fc93.jpg 
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8. Conclusion 

 

Life and the world around us are truly incredible. So is the fact that all the beauty of the world 

and the universe can be summed up in one number. A number that our eye perceives in 

everything that is beautiful and attractive. The Golden Ratio can be used in more elegant ways 

to create aesthetics and visual harmony in any branch of the design arts. Proper understanding 

of the Golden Ratio is of a great importance for all kinds of designing- evolution, architecture, 

art, sculpture, web design… Even though it is a mathematician concept, it is used in many 

other branches. It represents a compromise between two kinds of people, two ways of 

thinking- analytical and creative. It stands somewhere in between the logical left side of the 

brain and the imaginative right side of the brain. It blends art and science. 

 

Humans are extremely emotional and sometimes even irrational beings. They are often 

confronted by a lot of difficulties and made to make decisions that are not entirely clear. In 

most of those situations people decide badly or are led by some kind of an instinct. In order to 

live a steady life, people have to make the right choices. If we are led only by instincts, we are 

no different than animals. A part of growing up is thinking and deciding for oneself.  

 

We mustn’t distinguish the world only by the things that we like and the things we don’t or 

the things that are beautiful and things that aren’t. But these things do matter in our life after 

all. If we aren’t sure whether we like something or not then we are caught up in a great 

confusion. And that is something that we must try to avoid through our life.  

 

The Golden Ratio can help people in making the right decisions. It could help in deciding 

what to wear, where to live or even what job to get. If people are confused about their options 

and opportunities, then there is a very small chance that they’ll make the right choices. It is 

good to know and to understand that there is something that leads us to certain choices, that 

those aren’t only instincts. Everyone should know at least a little about the Golden Ratio in 

order to make each life steadier and a little bit easier. 
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Datum predaje: ______________ 

 

  

Komisija: 

Predsednik  _______________ 

Ispitivač             _______________ 

Član             _______________      

 

Komentar: 

 

 

 

 

 

 

 

 

Datum odbrane: _____________   Ocena__________ (___) 

 


