The Pythagoreans
There is little known for certain about Pythagoras himself, there are, however, biographies of his life from the third century by Roman writers, but there is no evidence to suggest that these are true accounts of his life.  It is believed that he had three teachers, Anaximander, an atheist, and Pherekides, a believer in reincarnation, and Thales, who is regarded to be the first to create a School of Philosophy.  It is also claimed that much of his knowledge was gained from the Egyptians.  There are many myths attached to the name Pythagoras, such like, he was of virginal birth, he had journeyed into Hades (the Greek land of the dead) and had a previous life which he could remember.  It is because of these stories that many believe that Pythagoras did not exist but was merely a story to impress the gullible.  What is for certain is the influence that his school had upon the world of mathematics, physics, politics and even art.

By tradition, Pythagoras left no written testimony of his work, so what is known to us about his school is through the writings of Philolaus of Croton, one of his followers.  It was from his texts that Plato learned the Pythagorean ideals
.  Also, we learnt of the doctrines of the Pythagorean School (not the teaching of Pythagoras himself) through Aristotle’s manuscripts
.  The school itself was much the same as every other community; it had its own rules and ideals to follow, and in many ways were far more advanced to the than our society at the beginning of the twentieth century, for example, the Pythagorean School regarded men and women equally which is not something which was introduced into our society until after World War 2.

The Pythagoreans not only studied numbers, but they studied the significance each number had.  For example, the number one was the creator of all other numbers and is the number of reason, number two is the first female number and the number of reason, number three was the first male number and the number of harmony and unity, number four was justice, five was marriage, six was creation, etc
.  They thought that they had found how the universe worked, and they believed that everything had to do with whole numbers.  They represented each number with dots and arrange them into shapes; they had the “square” numbers, “oblong” numbers and “triangle” numbers.  It was also believed that the number ten was a very important number and the triangular representation of the number was the secret sign of there organisation.

The Pythagoreans also thought that harmony lay in musical ratios.  It s said that Pythagoras heard the sound of a blacksmith hitting an anvil with a hammer and noticed how the sounds were pleasant only if the ratio of the weights were small integer numbers:

· Unison 1:1

· Diapason 2:1

· Diapente 3:2

· Diatesseron 4:3

The story of the blacksmiths is obviously untrue as it is known that sound has not relation to weight, but what is certain is that if two notes are played together on two strings then they will sound pleasant if the strings are either the same length (unison), one string is half the length of the other (an octave), the strings are in a ratio of 3:2 (a fifth) or they are in a ratio of 4:3 (a forth).  The Pythagoreans believed that these ratios wee the source of all being.

Sandro Botticelli

Sandro Botticelli, real name Alessandro di Mariano Filipepi, was one of the leading painters of the Florence Renaissance. Of all his paintings one of his most famous, Primavera, displays a great deal of Plato inspired geometry.
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In this painting, you can see how there is a sort of symmetry in the picture, although it is not about the centre, it is about Venus, the principle figure in the painting.  You can also see that there are four figures to her to the left side and three to the right, this is the ratio that the Pythagoreans believed to be the most important relationship between all things.
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This picture also displays influences from Alberti’s text “De Re Aedificatoria”
.
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By taking the sections described by Alberti, you can see how he has placed Venus in the centre of the two Double Sesquialteras (or Double Diapente).  These are created by taking the least number of areas, in this case it is four, and then lengthened it to the first Sesquialtera, which makes six, and then add the Sesquialtera of this to make the nine
.  The first of these being along the top:
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And the second along the bottom
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He also placed the second most important figure, the cherub above Venus, in a triangular section of the Alberti Sesquialtera.  Alberti based the ideas in his books on Plato’s spiritual doctrine but took a more measured way of implementing them.

In his painting “Birth of Venus”, Botticelli uses another of Alberti’s ratios, in this case however he uses the Double Diatessaron.  This is created in the same way as the Double Sesquialtera, with the length and breadth as nine and sixteen and the longer side containing the shorter length twice
.
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As you can see, the principle figure, Venus, is positioned on the line that connects the caesuras nine, measured from the left on top and from the right on the bottom.  The lines that surround the Winds and the Nymph in the top left corner form the sides of a triangle whose apex is the top of the sloping axis on which Venus is positioned
.

Piero Della Francesca
Piero Della Francesca was another of the early Italian Renaissance painters.  He mostly painted religious scenes but was also interested in mathematics and geometry, fields in which his work is quite well known.

In his piece, “Virgin and Child with Saints”, he uses many Pythagorean ideas.
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This picture is divided into two in both height and width, the principle figure sits on the line dividing the picture length ways, and her head touches the line that divides it horizontally.  It is also composed on the Pythagorean ratio of 2:3.  You can also see that Francesca has placed every person in the picture within a large circle; this large circle intersects with another smaller circle that he uses to create the roof of the vault.  The apex of the larger crosses the centre of the smaller circle at one third of the length of the diameter.  This smaller circle has yet another circle inside it, which again crosses the centre of the circle which forms the roof of the vault at one third of the diameter.  In addition he places a dark band on the wall; this band is positioned so that the height of it is two thirds of the overall height of the painting
.  If you construct a hexagon within the largest of the three circles with the top side parallel to the bottom edge and extend the two uppermost diagonals until they meet you can see that they meet in the centre of the arch.  This apex determines the height of the vault, and so in spite of the recession this composition is similar to a Pythagorean solid
.  If another hexagon is created in the largest circle, this time with the side parallel to the vertical edges and vertical and horizontal lines beginning at the corners of the hexagon it makes a square that contains the Virgin Mary.  Francesca also placed the Virgin Mary in such a position so when you connect the bottom two corners to the central divider at the top, and the top two corners to the central divider at the bottom, a diamond shape encompasses her.
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In this picture, “The Baptism of Christ,” Francesca, again, uses another of the ratios commonly used by Alberti.  Here he uses the tree trunk to divide the total width in the ratio of 2/3 and the dove is place in the same ratio to the height.  Another thing to notice about this painting is that Saint John is also placed on line which too divides the width into thirds, and the centre of Christ’s body divides the bottom “half.”  The dove is in such a position that above it is the same height as half of height below it, so he has constructed the height in a ratio of 2/3 as well
.

“The Flagellation” is a very interesting painting as Francesca uses a number of different techniques in the construction of the picture.
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Here you can see how he uses linear perspective to draw your attention to the flogging of Christ, which at first does not seem to be the focal point of the picture as it is set in the background.  He also uses the technique of layering, this means that he creates the illusion of a 3D image by making people in the foreground larger and the people in the background smaller.  In addition to this, he also uses colour to give the impression of depth, the “warm” colours such as reds, oranges and greens make the onlooker feel that these colours are closer, whilst the “cold” colours, blues and whites, make the observer feel these objects are in further away
.  As you might expect, Francesca again uses another musical ratio to place the characters in the picture.  In fact in this case he uses a Double Diapente to place Christ and to separate the three men in the foreground from the rest of the picture.  Christ is placed 4/9’s of the way across the picture, whilst the next line is 6/9’s of the way across the picture is where the first of the three men is standing.
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Pieter Bruegel
Bruegel is different from the artists featured earlier in this project as his use of the Pythagorean ratios that are characteristic of the others are used in a different way.  Instead he divides his paintings into nine horizontal sections and nine vertical sections which recall the musical divisions, and he uses diagonal lines to give the impression of movement.  This is seen in his piece “Parable of the Blind.”
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The same happens in his painting “Children’s Games,” although this time he also uses linear perspective which is taken almost to the top of the picture.
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Rembrandt
As well as working with the geometric shapes and Pythagorean ratios, Rembrandt also liked to use the medium of light and dark in his work.  In “The Anatomy Lesson” he separates the characters in the painting using four points chosen carefully from the ratio 4/6/9, the double diapente, to form a parallelogram which leaves two virtually identical triangles in the top corners.  He also bisects the parallelogram reserving the top half for the faces and almost the entire bottom half for the corpse
.  In the picture only the important figures can be seen, the less important background is shrouded in shadow.
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A similar scheme can be seen in “Portrait of the Artist with Saskia.”
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Again, the parallelogram contains the figures of Rembrandt and his wife Saskia and the top triangle is left entirely for their faces.  He once more uses light to illuminate only the characters in the picture leaving the background in shadow.
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Another of the musical ratios characteristic to Rembrandt is based on the 9/12/16 double diatessaron.

                                                                                                                 

In the painting “The Blinding on Samson,” Rembrandt uses this ratio.  The main parallelogram is again split into to triangles, the bottom one is reserved for almost all the light in the picture, whereas in the top triangle only the figures are visible. 

Pierre Puvis de Chavannes

Puvis de Chavannes studied mathematics and was preparing to go to polytechnic before becoming an artist.  Unlike other artists who stuck with the rigid, classical ratios used in art, he used methods to construct his paintings that suggest a deeper understanding of the mathematics behind them.  In many of his paintings he splits the scene into eight sections across and four up
.
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This is seen in “Scared Grove,” the wall is split into sections and then diagonal lines are used to place the figures.  As you can see each group of people are put in there own triangle.  There are also angles supported on a long diagonal that crosses the entirety of the scene.

In this painting, “Ludus Pro Patria,” Puvis uses the same technique as in the other.  He first split the width of the painting in half, and then split each half into halves again, he continued doing this until he had eight sections of equal length.
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He also uses triangles to place the groups of people again.  In addition to the eight sections in the width, he bisects the height of the painting.  He leaves the top half exclusively for the heads of the people and the background, whereas the bodies of the figures and the foreground are in the bottom half.

Georges Seurat
Instead of using long, regular brush strokes, Seurat used a collection of small dots to create his pictures.  Although seeming very simple and stylised his pictures are very complex.  His work on large canvases was not to assert himself as a great artist but to enable himself to express the complexity of the scene he was painting
.  He studied Chevreul’s dissertation and found in it, the law of simultaneous contrast of colours, this was the start of his studies in optics.

In his picture “La Grande Jatte,” he chooses a ratio of 2/3 
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Linear Perspective

Leon Battista Alberti

Alberti devoted his life to the study of Latin, architecture and perspective in painting.  His many books on the subjects of architecture and perspective are still today believed to be some of the most important works in these fields.  In his book, “On Painting,” he describes the methods he used to create the impression of depth in his paintings.

Albrecht Dürer

Albrecht Dürer was born in the Imperial Free city of Nürenburg in 1471.  He was the third son of a Hungarian goldsmith and jeweller. As a young child, he learned the skills of his fathers trade from helping in his workshop, but by the age of thirteen he was already a skilled painter, as can be seen from the self-portrait he did at the time.  He became an apprentice painter and woodcutter to Michael Wolgemut who suggested that he travel to expand his knowledge and skills.  Whilst travelling he met Jacopo de Barbari, an Italian artist who told him of the mathematical works of Pacioli and the importance of his theories to art.  He became interested in the influence mathematics had on art.  He read Eulicid and Vitruvius, and became familiar with the work of Alberti and Pacioli.  The influences of mathematics can be seen in his most famous engraving, “Melancholia” in 1514:
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In the top right hand corner of the engraving there is the first example of a magic square seen in Europe.  An enlarged version is shown here:

As you can see from the enlarged picture Dürer has arranged the magic square to incorporate the date of the engraving.  Even his engraving “Adam and Eve” show mathematical influences.  In this engraving, created in 1504, he used entirely ruler and compass constructions to draw the figures of Adam and Eve:


His study of perspective and geometry is seen clearly in his series of woodcuts “Life of the Virgin”.


In this example, “The Visitation”, you can how he uses linear perspective to make the woman on the left of the conversation the focal point.


Another example of this is “The Presentation of Christ in the Temple”.

In this you can again see how he uses linear perspective to focus on a point of the woodcut, only this time instead of making the focus of the woodcut the foreground he draws your attention to a smaller character in the background.


Nicolas Poussin
Poussin is another painter that uses musical ratios in his paintings, only he uses them in his own unique way.  Instead of using them to place object or people he uses them to place the vanishing point, although sometimes he uses the golden section for the same purpose.  He also uses his own formula to transform the regular three number ratios into ratios with just two numbers.  For example, in “The Rape of the Sabines” the vanishing point is established with a ratio of 9/12 in both directions.


                                                                                                                 

He uses a similar technique in “The Plague of Ashdod”


                                                                                                                 

Again he uses the same ratio in both directions to determine the position of the vanishing point.
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