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Introduction 

As a student of surface pattern and design we study the formation of pattern on all surfaces, and through this, learn how to create pattern with a certain structure or sequence to create a design with a rhythm that is visually pleasing to the eye. When it comes to designing I tend to use chaotic geometric patterns using inspiration from nature. With this in mind, this piece of writing will discuss how patterns are naturally formed with no guiding hand of a human, and how the unlimited detail of the living world can provide inspiration for many designers. This will include fractal mathematician Bernoit Maselbrot who discovered the science of fractals and how he found the never ending self similar patterns in nature through a simple math equation. It will also touch on how many artists such as Jhane Barnes, Zuhair Murad and Yannis Tzannis utilize this within their work and how the discovery of fractals has expanded the fields of art and design, by unifying science and art in a way that has never been seen before. This will lead on to the second chapter which will discuss the rhythm and repeat within design and how these principles of design can be useful when used correctly.  It will include examples of work from artists such as Chuck Close by explaining how his artwork is somewhat like a visual illusion and how his painting reflects the way fractals are perceived through a microscope with his use of random rhythm. Other uses of rhythm will be examined by looking into artists such as Escher and his use of alternating rhythm. Information on how Escher uses this useful technique within his motifs to avoid the viewer losing interest along with why rhythm can be used to create a visually pleasing design. When coming to the end of chapter 2, this piece of informative writing will discuss Optical art. This is a type of rhythm that is used to fool the viewers visual perception. One particular artist that uses this Bridget Riley. Bridget uses science in her work by showing center surround antagonism, which distorts the viewers vision, thus making this an illusion. In my final chapter the use of the golden ratio within design will be discussed. This will include why the mathematical ratio creates such a beautiful aesthetic for designers and why it appears so frequently in nature. Artist Salvador Dali, will be discussed through this piece of writing, after analysing how his painting of the last supper initially gages the viewers attention when exact measurements of the golden ratio has been found within his paining.

Patterns are everywhere they can either be manufactured by a designer themselves by working with structure and sequence or found naturally within nature. Trees, clouds, animal markings and weather are only a few examples of naturally formed patterns. Despite the huge variety of their structures within the complex system the features between them are comparable. Philip Ball (2012) states that patterns within nature are “…typically formed through simple, local interactions between many components of a system – a form of physical computation that gives rise to self organisation and emergent structures and behaviors.” (Ball.P, 2012, p.23). One example of formation of pattern within nature is the Giants causeway which is based in county Antrim of Northern Ireland. Where it is clear that there is a beautiful structure of the igneous rock that resembles a geometric honeycomb like form, this can be seen in figure 1. When thinking in terms of architecture design by reflecting on the Giants Causeway, it is as through a great amount of specific construction and preparation has taken place. This is with every individual factor cut into a certain shape and set into a place which is measured accurately, but in fact the patterns have been produced through the forces of nature. It has formed without any blueprint or foresight of design showing an excellent example of a spontaneous pattern formation.   
 Figure 1
[image: ](Morris,S. 2012)
The regularity of pattern formation in earlier times was seen as clear evidence of what is described as “..Gods guiding hand” (Ball.P 2012 p.23), where as now we know that no intelligent agency is needed to create pattern formation within nature due to the advances in science and knowledge of the world. These patterns repeatedly appear within the living world and also the inorganic natural world, and the cause of the formation of these coincidental patterns are formed from their interaction between their many component parts. These component parts can be anything from molecules that stick together in clusters, particles that blow in the wind and flow in liquid or simple grains of sand. From the behavior of these components many patterns are formed, these patterns are said to be self-organised. When studying their composition you start to see fractals. Fractals are a form or a shape that split into a smaller-scale that duplicates itself when magnified. They are perceived as a similar pattern repeated over and over. 

This theory was discovered by a fractal mathematician called Benoit Mandelbrot (1970). Mandelbrot (1970) discovered that through his previous technology and talent with IBM, which is a data visualization practice, he had used high-powered computers that repeat equations. This gave Mandelbrot the ability to discover the infinite complexity of these beautiful patterns through a comparatively simple mathematic equation. The never ending pattern that is considerably complex is then repeated in a ongoing cycle over and over again. When closely examining nature through a microscope you start to see this repeating or self-similar mathematical patterns, geometrically they exist in our daily surroundings as nature is full of fractals. Mandelbrot believed that “…fractals were found nearly everywhere in nature, at places such as coastlines, mountains, clouds, aggregates, and galaxy clusters” (Donhue M.J 2000). It is with no surprise, that this unlimited detail of the living world provides inspiration for photographers, designers and other artistic fields, who look for inspiration. Although these reoccurring patterns are microscopic in the world around us, designers manage to closely examine them and uncover their intricate geometry. Mandelbrot claims that “…Clouds are not spheres, mountains are not cones, coastlines are not circles, and bark is not smooth, nor does lightning travel in a straight line.” (Shally, A. 2018) The world is far more complex than a collection of simple shapes, it is full of accidental beauty that has inspired “over 200 fields of art and design” (Munro, 2018)  
Figure 2
[image: ](Briggs.J p.37. 1992)
Figure 2 is an example of a fractals in nature. When looking at a leaf through a microscope you start to see the branching patterns of these structures. This image was taken by a psychiatrist fascinated by the atheistic of science, nature and art. Wolberg had stated “why does the representation of some artists so often resemble microscopic structures?” (Briggs.J  p.37). One possible answer to this question could be that fractals are everywhere, without even knowing artist could be inspired by them as they are almost impossible to avoid. This unpredictability within pattern formation may occur within the natural world but also is found in human social systems, these pattern appear in many forms such as “ the evenly spaced waves of congestion that might appear in moving traffic”(Ball, 2012, p.23). This occurs due to the free will of humans, congestion can not be predicted showing it is as equally unpredictable as the patterns within nature. 

No matter how unpredictable all these patterns are, designers manage to look at the world surrounding them and organize the chaos. As the world of technology has advanced, this gave the field of design the endless possibility of embracing the visual potential of geometric fractals. “Fractals are mathematic equations, which set out to integrate the design process beginning” (Murno, 2018). By scanning the fractal geometric images into computers CAD, the system program then generates the art work, this way of textiles design is exclusively based on mathematics.

Figure 3
[image: ](Barnes, J. 1999)
An artist that used this system of design within her work is Jhane Barnes “ in 1997 Jhane designed with Photo-Realism, a new printing process that allows images to be transmitted directly from computer to printer”(Barnes History) this in turn helped revolutionize the world of textiles as CAD is now being used all around the world. Early on in her work she used a handloom weaving her designs, but when the technology advanced it gave her the possibility of designing through computers and math, giving her the incentive to push the boundaries of her creative thoughts “She is thought as one of the foremost American designers today”(Munro 2018) it is not a surprise that Barnes’ designs where extremely successful, as you can see in figure 3 her repeat patterns are visually pleasing to the eye, with a flow and rhythm that could necessarily be translated to any garment or home interiors. By creating a pattern that can fit into multiple surfaces she has enhanced her opportunities within the field of design “These fabricated textiles are created for men's wear, footwear, as well as carpets and home dcor”(Munro 2018), this was all made possible for Barnes through computer technology. What’s interesting about her designs is that she has translated a microscopic image by magnifying the fractals showing you the detail which you normally can not see with the naked eye and creating a pattern that is unique and innovative.  

Not all designers create fractal patterns through a computer, many of them just like the self similarity of patterns that appear in nature, and their beautiful forms that can attract attention through their colour and limitless detail. Lebanese designer Zuhair Murad’s is a perfect example of this, with his collection of ‘Enchanted forest’ shown in Figure 4 below. This collection shows barren trees spiraling in self similar patterns. Her organic geometry of hand-embroidered trees and prints really push the boundaries of fractal textiles and is applied so beautifully, showing that there is so much inspiration in the natural world. She translates the natural from of branches and applies it to the garment by wrapping the branches around the body creating a sense of femininity and reflecting the sensuality of women. When looking at the image on the left, Murad gages the viewers attention through the obscure start of the branches, it is not easy to see where the branches end and the woman’s body starts. This draws the attention to this part of the dress initially, as the mind is trying to work it out, this could almost be perceived optical illusion. 
 

Figure 4
(Murad, Z. 2013)                   
Many designer use nature as there mains source of inspiration, this is clear to see within the work of a Blogger and fashion design graduate Bianca Luini. Luini started a blog Called ‘Where is fashion’ which Yannis Tzannis (2015) describes within her article about how she assembles fashion photos and photography of design and nature next to each other creating an accurate connection between them. This personal blog that she began to build started off as a personal archive, but after a year and half her blog managed to attract over 400,000 readers that are on the look out for visual stimuli and inspiration. Luini’s blog became a unintentional success, and the thought that she was helping artists find inspiration in mind, she then made it her own personal project,“Luini always felt that simply reblogging ‘pretty’ images wasn’t enough and thus began experimenting with ways in which she could breathe new life into them”(Tzannis.Y 2015) her work shows that pattern formation in nature is everywhere within design, sometimes without designers even realising but when she put these images together you start to see the correspondence. 
                                                        
                                                                       Figure 5
[image: ] (Samsøe,S. 2013) (Ermolae,A. N.D)
An example of a consistent pattern in nature is branching, which I previously discussed when zooming into the cells of a leaf or the branching of Zuhair Murad’s collection. Branching can also be shown in neuron cells, lighting strikes and river networks just like the rivers networks shown in image 3. The reason behind the branching of the river networks is from the geological process of the landscape wearing away or crumbling, where the water sculpts out the scenery into a pattern formation becoming the source of the pattern itself. Weather it is branching of the pattern within the river networks when looking from a distance in image 3 or patterns that appear within the branching of a microscopic leaf “…these natural branching and fractal patterns serve to highlight the intuition of nature”(Octopus 2015 p.194) suggesting that the more we investigate deeper into such patterns, whether they are man made or not, designers can then make the links between everything around us, just like Luini does with ‘where I see fashion’ this is a way of showing the inseparable empathy with life itself. Whether it is deep within the human body or outside of them its important as a designer to observe them and have a understanding, which can create more opportunities and possibilities for making your pattern design more effective. Whether the resemblance between these images is coincidental or not they still exist everywhere. Whether looking through a microscope or telescope, the same pattern breathes everywhere so it isn’t shocking that the worlds of science and art often collide. 

Figure 6
[image: ] (Close,C. 2001) 
Pattern within nature is somewhat like a visual illusion. When stepping back and looking at nature it seems ever so simple, but when closely examining it you can start to see pattern within a pattern, just like Closes’ screen print shown in figure 6 above, this is an example of random rhythm. There are many types of rhythm and repeat within the principles of design that should to be explored. Rhythm, pattern, unity, line, colour and form are all building blocks of art, so when a piece of work is analysed it can be described in worlds that make an image successful and visually pleasing. As every successfully designed image is led by the eye it suggests that “…artists set up every element on their surface in such a way as to draw a viewer in and lead their gaze around on a certain path” ( Principle Gallery 2017). For example with the image on the left your gaze is drawn into the screen print through the use of random rhythm, at first you see a mans face, then your attention is draw to the pattern of shapes that make up the image, then further into the shapes within the shapes making you aware of the visual illusion. Random rhythm is not the only type of rhythm that is utilised in design or that is present within nature. Regular Rhythm is created by repeating similar or identical shapes or images that are spaced evenly such as on a grid system. These patterns lack variety and can struggle to draw the eye to one point as “the eye “likes” to be drawn to outstanding elements”(Soegaard.M 2018). One way to avoid this is to use alternating rhythms, they are similar to regular rhythms but slightly more complex, more than one element can be repeated and the orientations may change. 

Figure 7
(Escher. 1942)
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Figure 7 is an excellent example of this. This type of rhythm isn’t often seen in nature as it tends to require planning. On the other hand a rhythm that is abundant in nature is flowing rhythm, “flowing rhythm is created by undulating elements and intervals, bending and curving motifs and spaces” (Flye.R.2011) this is clear to see in the branching patters that were previously discussed. In reference to visual art, rhythm expresses the way that the elements such as colour, line, value and composition work with each other and flow, therefore there is a certain movement to the way we experience the image. To aid with the understanding of the concept it can be thought about in the terms of music, when looking at figure 7 for example, your eyes move in result to audible sounds.“Would the sequence of sounds be “legato”, a musical term referring to notes that slowly and easily flow into one another, or more “staccato”, which refers to abrupt changes and vivid contrast?”(Principle Gallery 2017) when considering this question the painting is visualised in musical terms thus helping the viewer appreciate the elements of colour, line, value etc, that the artist has arranged. These different types of rhythm has explored by artists throughout, with artist previously discussed, such as Murad’s “enchanted forest” collection. She used random rhythm of branches which accentuate the feminine features of the body gaging the viewers attention. Where as if a different type of rhythm was used, it may not have had the same effect. Thus suggesting that depending on what you are designing for, different types of rhythm is used for the purpose of creating an outcome of a design that is visually pleasing and is used for the effect in which the designer wants to fur-fill.   

There is also a type of visual art movement which fashion brands popularised, this movement has a certain structure or sequence to the rhythm of the image, which fools the eyes of the viewer rather than easily flowing in the Escher’s motif system in the image above. This is called op art. Op art is a movement that started during the 1960s, which plays with the viewers visual perception, relating to the geometric designs that generate the feeling of movement, for example, warping, swelling or even flashing vibrations, which is seen when looking at the surface of a image or design “The notion that eyes are drawn to areas of contrast is foundational to visual neuroscience”(Gottesman,S 2016) this is through the contrast of light and dark colours attracting the viewers attention and becoming overemphasised through visual perception. 

Visual perception can be played with though the use of colour, the way colour is perceived can be altered by playing with contrast “A black circle on a white background, for example, will appear darker than the same black circle on a gray background” (Gottesman, S 2016)| In science this is known as centre surround antagonism. Not only can this play with how you see a shade of a colour it can also make you see colours that aren’t there. For example the image below is only made up of black and white lines but the eye perceives parts of the image as being grey.                        
Figure 8
(Riley,B. 1963)
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Artist Bridget Riley worked with a contrast of black and white to what she describes as “organise a field of visual energy which accumulates until it reaches maximum tension”(Tate 2010) through her use of a vertical curve that is repeated and the contrast between the use of black and white, this then creates an optical frequency that creates a rhythm that distorts the viewers vision creating the sense of movement and in ways is somewhat impossible to look at for a long period of time. Although when analysing the upper part of the painting seen in figure 8, there is a gentle and relaxing rhythm but as your eyes move down towards the bottom, the curve is a lot more compressed “The composition verges on the edge of disintegration without the structure ever breaking” (Tate2010). This shows that her use of rhythm through line, colour and contrast was was carefully selected to create the optimum effect of visual illusion. Two years after this painting, Bridget’s work excelled was exhibited in The Museum of Modern Art amongst other optical art designers “Fashion brands soon popularised the bold patterns of Op Art through their “Mod” designs”( Artsy 2018) therefore optical art is still powerful in today’s times as both artists and neuroscientists are still studying how the eye processed lines, form and colour. 

There also a diagram within design that has been used for centuries. Normally it finds huge application within print design such as marketing materials, posters and visiting cards and many more, trying to achieve rhythm to a design when understanding the concept. This is called the Golden Ratio. The Golden Ratio is a ratio of mathematics, frequently found in nature when it’s used in design, it promotes natural looking and organic structures that are aesthetically pleasing to the eye. Through simplifying the golden ratio it exists “…when a line is divided into two parts and the longer part (a) divided by the smaller part (b) is equal to the sum of (a) + (b) divided by (a), which both equal 1.618”(Canva.N.D) This irrational number is regarded as the 
Golden Ratio. 

Figure 9
[image: ](Hedge,P. 2017)
This can be a hard concept to grasp, but when considering the Golden Ratio within design it can create very beautiful aesthetics as the proportions it creates are very visually pleasing. The ratio naturally draws the eye around an image, when used correctly it is a very useful tool to avoid an uncomfortable design or layout. As shown below (figure 10) a spiral is created when drawing a curve from square to square, this golden spiral is one of the most “ubiquitous shapes that you’ll deal with when working with the golden ratio”(Gendelman,V. 2015). It is ever present in nature from the spiral of a shell to the arrangement of petals on a flower, this helps explain why we find these layouts so pleasing and comfortable, as we are constantly seeing it in our natural surroundings, creating an inescapable familiarity with nature and design.

Figure 10
(Gendelman,V. 2015)

This beautiful aesthetic has been identified within design for centuries “from the Pyramids in Giza to the Parthenon in Athens; from Michelangelo’s The Creation of Adam on the ceiling of the Sistine Chapel to Da Vinci’s Mona Lisa” thus suggesting that it is a very successful technique to employ as these designs are timeless. The brain has a subconscious attraction to the golden ratio due to its strong presence in our natural surroundings, so when images are tweaked to resemble the dimensions of the golden ratio it has a large impact on the way we perceive it. To get this impact within designs it is important to consider the negative and positive spaces, these small details can somewhat be a dealbreaker to the final result. This can be difficult to do as you have to determine the spacing of your elements carefully but when using the golden ratio it will do that for you “start with the Golden Ratio diagram and let the squares guide where you place each element” (Canva 2018) suggesting that the proportions and spacing of your design will be calculated rather than deciding the proportions instinctively. This can be an incredibly helpful technique when there are multiple elements to arrange, multiple golden ratio diagrams can be used when positioning elements in order to keep proportions in tune. The Golden Ratio can be utilised here to define the widths of panels, sidebars and also height of the views, to achieve this you have to use a “…layout of width 960px. Dividing this by 1.618 approximately gives us 594px (593.325..)” (Hegde,P. 2017) when achieving this, it will position your hight of your views.


There are many types of golden shapes that are used equally in design, such as golden circles, golden rectangles golden spiral and the golden triangle, each diagram having a purpose depending on what you are designing for. An artist that uses the golden ratio is the famous surrealist painter, Salvador Dali, whether he did it deliberately is unknown but “…His entire painting is in fact framed in a golden rectangle”(Silka,P. 2016) Although Dali may not have known about the Golden ratio, his knowledge of it could have come from years of practice of positioning his elements within his paintings, therefore has a awareness of creating a perfect balance which shows within his painting of the ‘last supper’ suggesting that he instinctively understands what is visually pleasing to the viewrs eye. “Dali positioned the table exactly at the golden section of the height of his painting”. (Silka,P. 2016), this is a unique talent, as not every artist can visually organise there paintings in a way that is nearly identical to the measurements of the golden ratio, but as there is a limitless reflection of the Golden Ratio within our daily lives it is still possible.
 
Figure 11
(Dali,S.1955)
[bookmark: _GoBack][image: ]

As previously discussed the golden ratio in mathematical terms is a irrational number, meaning it isn’t possible to achieve the perfect design, and in designing it isn’t something that is necessarily needed to create a successful outcome as not every design utilises the Golden Ratio. Although through the discovery of the Golden Ratio it has created a useful tool to guide the proportions within design and as the “…Use of golden ratio in artistic composition brings in a natural balance and visual harmony” (Sikla,P) due to its natural presents in the patterns of nature it creates a natural stability and visual harmony and through this it gives a unquestionable aesthetic appeal, so there is no wonder that designers use this as it can urge the viewer to have more of a connection with an image that may not relate to them at all. An example of this is Last supper in figure 11 above, the religious subject of the painting may not initially engage a viewer but it’s composition is what keeps the attention.

Based on what has been discussed, to conclude there has been findings that many designer’s are repeatedly inspired by nature, science and math, partially within the fashion world. One of the reasons for this is because nature is self organised through the “local interactions between many components of a system” (Ball.P, 2012, p.23). Studying the patterns caused by these interactions gives designer’s an unlimited detail of the organic patterns that are constantly growing and changing around us. Therefore when examining their everyday surroundings, designer’s can begin to uncover different shapes, patterns and textures. These may seem as though they are guided by the human hand but in fact they are produced through the forces of nature (Ball,P. 2012) thus creating a natural harmony when used in design. Benoit Mandelbrot who is a famous mathematician, had studied these compositions within nature and uncovered the self similar mathematical pattern, leading to the discovery of geometric fractals. When examining nature though a microscope using high powered computers, Mandelbrot uncovered an equation inspiring over “200 fields of design” (Munro, 2018). This led to artists such as Jhane Barnes using fractal technology within her work. As technology advanced this gave Barnes the incentive to embrace the visual potential of geometric fractals as she was inspired by Mandelbrot’s discovery. Mandelbrot’s work played a huge role in Barnes’ design. Barnes used fractal technology by scanning fractal images into a computer CAD, which turned the artwork into a textile design based on mathematics. This in turn helped revolutionise the world of textiles, as CAD is now being used all around the world (Munro.2018). Science of nature inspired Barnes and with the advanced technology of CAD she has been given the ability to push her creative thoughts further then before. However as discussed not all designers use computer calculations based on math to express their inspiration from nature. Many designers use the self similarity of patterns that appear in nature. One designer called Zuhair Murad translated the natural form of branches and by applying it to her garments she pushed the boundaries of fractal textiles, showing that there is much more inspiration to the natural world when we examine the details of our surroundings closer. Whether they are man made or not, by showing their inseparable empathy with life itself, designers can make links between everything around us. Further on in the dissertation it is clear to see that influences form nature have been applied in the principles of rhythm and repetition as well. These principles are used within many fields of art to create an image that is visually pleasing. Including the work of artist Chuck Close who used the technique of random rhythm. These findings have shown that his use of random rhythm in his screen print (figure 6) reflects nature, this is clear to see as when you look at this image from a far you see a mans face, but when closely examining your start to see patterns of shapes that make up the image, then as you look further you see the shapes within the shapes, showing that whether designers know It or not they may be influenced by nature. Another rhythm that is abundant in nature is flowing rhythm, “flowing rhythm is created by undulating elements and intervals, bending and curving motifs and spaces”(flyschool. N.D) this creates a design that can reflect the flowing waves in the sea or the flowing branches, such as the ones that appear in Zuhair Murad collection of the ‘enchanted forest’ (figure 4). In chapter 3 a diagram called the Golden Ratio was discussed, this diagram is frequently found in nature and used in design. It is a ratio of mathematics that is aesthetically pleasing and promotes natural looking and organic structures that naturally draw your eyes  around an image. When considering a layout for your design it can be somewhat difficult, as you have to determine the spaces of elements carefully, but when using the golden ratio it will guide your elements to a comfortable place therefore its good to “start with the Golden Ratio diagram and let the squares guide where you place each element” (Canva. 2018) thus creating a aesthetically pleasing outcome. Therefore as the golden ratio appears so frequently in nature such as within the spiral of a shell and the arrangement of petals on a flower it explains why we find these layouts so pleasing and comfortable, as we are constantly seeing it in our natural surroundings, creating an inescapable familiarity with nature and design. Therefore to sum up, nature, science and maths have been used across many fields of art, in turn inspiring many artists and designers by uncovering the possibilities of new ways to design and create.
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