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Brain Dimensions


The cubists Jean Metzinger and Albert Gleizes considered themselves to be innovators of modern art and were quite outspoken about their self-perceived role as front runners. In their 1912 manifest on cubism,. Metzinger  Jean, Gleizes Albert. Du cubisme. xxxxxxxx 1912. they saw their own work under 
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the angle of the fourth dimension, and this for several reasons. They lived in a period of major scientific breakthroughs, and they wanted to find the link between the latest results of science and their revolutionary art.  The discovery of higher dimensions was one of the major scientific achievements and thus became pivotal for the cubist movement. With the metaphor of the fourth dimension, the cubists also wanted to explain how they depicted their subjects - they approached them from a multitude of viewpoints while the classical artists stuck to only one viewpoint. Last but not least, the fourth dimension challenged the hitherto cherished conceptions of absolute truth, and this made it a powerful symbol of revolt and iconoclasm.. Henderson Linda Dalrymple. Reintroduction to the fourth Dimension and Non-Euclidian Geometry in Modern Art. Cambridge: The MIT Press, 2012.  Three years earlier, the violent and shocking futurist manifesto had been published,. Marinetti Filippo Tommaso and the Futurist group, Gazzetta dell'Emilia, Bologna, February 5, 1909. and the cubists intended to follow this line. Thus, their fourth dimension was only to a small part a physical concept - it was most of all battle cry of artists who had been belittled for cluttering a canvas with little cubes.

Still, the cubists claimed that the saw and felt this fourth dimension - they said that they lived in it like fish in water. This brings us to the question whether the fourth dimension of physics and geometry is something which you can perceive and feel.  Many scientists think that they know the answer:  the human brain, they claim, is hardwired in a three dimensional world, and therefore, higher dimensions will always remain a theoretical construct. That would mean that the cubists were victims of an illusion.

In order to approach this conflict, we set out to examine the dimensions of the human brain. What then is a brain dimension? Let us define what we mean by this term: dimensions of the brain are properties  - quantities or qualities - which the brain either perceives or constructs. Theoretically, space is perceived and an esthetic preference is constructed. You may think that there is a fundamental difference between perception and construction but you will later discover that there is a lot of overlap between the two. Brain dimensions are more or less circumscribed entities. Everybody knows, seems to know, what space is, a clearly defined dimension. However, each dimension is interlinked with many others. Some dimensions such as space and time are so closely interconnected that they form a unity, a single dimension of space-time. One out of twenty people carry a condition, called synesthesia, where stimulation of one pathway leads to automatic, involuntary experiences in another pathway. Wassily Kandinsky who painted the “Yellow sound” was such a synesthetic – he always saw a color when he heard a sound. 
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Brain dimensions determine human behavior and – most importantly - the areas where the brain handles a dimension can be measured, usually by neurophysiological techniques. Neurophysiology also sees how centers interconnect and how a dimension - such as space - interacts with another dimension such as self consciousness. Even the most “objective” brain dimensions such as space and color are entirely subjective - your color red is not like mine.. Humphrey Nicholas. Seeing Red. Harvard University Press. Cambridge and London 2006
 Thus, we will not talk about space but about your space, your world. This indicates the limitations of neurophysiology and also its strength: it describes what happens in the real brain, your brain, and not in the imagination of a painter, poet or philosopher who thinks that he knows your brain. Many people are afraid of neurophysiology because they think that it may steal their individuality, but bear with us: we will not transform you into a zombie. Quite to the contrary: you will detect new forms of liberty..



Non-Euclidean scientists and artists
In this section, we will talk about physical dimensions in order to understand the scientific concepts behind the cubist’s manifest.

 “If we wished to tie the painters space to some particular geometry, we should refer to the non-Euclidean  scientists” - this was one of the statements made by Metzinger and Gleizes in their manifest. Whom were they referring to? Apart from some popularizers who worked directly in the ranks of the cubists, the towering figure in France at the time was Henri de Poincaré.
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Think of any modern development in mathematics and theoretical physics and you will fall on Poincaré’s name. He developed, at the same time as Einstein, a theory of special relativity. He was also the founding father of what has later become to be known as the chaos theory. Higher dimension geometry and mathematics were integral parts of this work.
 Poincaré’s success with the artists may be explained by his character. Logic, he said, limits creativity; it only helps to structure what has been discovered by intuition. He was compared to a bee flying from flower to flower because he refrained from spending too much time on one single problem. The unconscious, he said, continues to look for solutions when the will has been withdrawn, and even during sleep problem solving continues. Poincaré had, one could say, an artistic mind; he was the living proof that subjectivity which the cubists held in high esteem was at the basis of any type of creativity, artistic or scientific alike. We will come back to this later. 
The basic idea of non-Euclidean geometry is simple. Euclid drew parallel lines on a flat surface - here, they never meet. Cut them out and paste them on a European football - or even worse - on the American variety. For doing this, you will have to wrinkle your paper to fit it to the curved surface and the lines will meet somewhere in space. We may conclude that Euclid’s geometry of a flat surface with its quasi-absolute truth is just one out of countless truths.
The theoretical foundations of non-Euclidean geometries with higher dimensions and curved spaces were elaborated by German theoreticians in the fifty years before Poincaré. An amusing way to enter the world of dimensions was offered, twenty years before Poincaré, by the English writer Edwin Abbott.. Abbott Edwin A. Flatland; A Romance of Many Dimensions. Blackwell Oxford 1884   In his novel Flatland, the
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hero is a square living in the two-dimensional world of flatland where the women are simple line-segments. After having been taken to spaceland by a sphere teacher, the square hero raises the possibility of the existence of even higher spatial dimensions. Offended and incapable of comprehending, the sphere relegates the square back to Flatland where the authorities persecute and even kill anybody raising the mere possibility of higher dimensions.
Could a dweller of flatland ever see three dimensions? Yes, he could, particularly if he looked at a hologram. Take your VISA card and look at the pigeon on its back. Thanks to a technique which exploits the wave character of light it beats its wings and flies through space – thus, it is possible to produce three-dimensionality in a two dimensional picture. It is even possible to have an impression of four dimensions by drawing a four-dimensional hypercube. In the end, you can move into any dimension with your multiple cube construction. Thus, even a flatland dweller – and a painter working on a canvas – is not limited by two dimensions. 
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One hundred years after Flatland, in the eighties of the twentieth century, the string theory was developed in an attempt to explain all of the elements and fundamental forces of nature. This theory is based on ten dimensions. Along the same lines, a recent theory comes to eight dimensions provided that space is compressed into one dimension.. Gefter A. Beyond space time. NewSci 2011, Aug 6, 34-37. Thus, the vision of the square of flatland have become true. 
Were the cubists  the first artists to conquer this novel territory of the fourth dimension? Not really. Many of the Renaissance painters whom the cubists criticized for being the slaves of perspective experimented  with alternative visions of space,. Verstegen I. A classification of perceptual corrections of perspective distortions in renaissance painting. Perception. 2010;39:677-94. and some of them may even have attempted to to deal with higher dimensions (see Michelangelo figure!).. Paluzzi A, Belli A, Bain P, Viva L. Brain 'imaging' in the Renaissance. J R Soc Med.2007;100:540-3. Cezanne’s still lives often depict the same object as seen from different angles and perspectives.. Conway BR, Livingstone MS. Perspectives on science and art. Curr Opin Neurobiol. 2007;17:476-82. Amusingly, it has been claimed that 
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squinting painters who are unable to see the world in true perspective are more at eay when painting higher dimensions on a two-dimensional canvas. Be it true or not - it shows that by changing the “normal” view we can perceive aspects which so far were hidden. We live in a multidimensional universe and should stop behaving like an ant crawling on  a football – be it European or American.. Westheimer G.Illusions in the spatial sense of the eye: geometrical-optical illusions and the neural representation of space.Vision Res. 2008 Sep;48:2128-42.

Your space and its perception
In the context of perception, the number of dimensions of the cosmos is of little interest. Theoretical physics is one thing, perception of he world yet another. Do you perceive the world as it is? Surprisingly, the answer is “yes”. When the properties of the world - its colors, distances, surface textures and movements - are measured, there is - with important exceptions to be mentioned later - a good correspondence between these measurements and your perceptions. In the following sections, you will see that this good correspondence is all but evident.

We mentioned the projection of Euclidean parallel lines on a football where they follow the laws of non-Euclidean geometry. Now replace the football by the retina of your eye, this inner lining of an almost-sphere, and you will understand why non-Euclidean geometry has been used to describe the shapes of retinal images. When the same lines arrive in your perception, they are again Euclidean - your visual system is perfectly capable to switch between the two systems, forward from Euclidian to non-Euclidian and back again. 

The major mystery is yet to come after this tour de force into higher dimension geometry. Your visual world seems to to “you”, your consciousness, be extensive and continuous across time. However, the manner in which you sample it is neither extensive nor continuous.. Tatler BW, Land MF. Vision and the representation of the surroundings in spatial memory. Philos Trans R Soc Lond B Biol Sci. 2011;366:596-610. Just one example: at irregular intervals your eyes perform rapid side movements, so called saccades. Try to see, while you read a text, your own saccades in a mirror: you cannot do this while an outside observer can. Why? Because you are blind to your own saccades. In addition, perception is interrupted during a saccade. This is one of the many mechanisms which protects your brain from too much information.
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The stream of visual information undergoes massive weeding in the brain. Of 1000 pieces of information, 999 or more are eliminated. The rest of the stream - still a large amount of data - is divided into two:. Kravitz DJ, Saleem KS, Baker CI, Mishkin M. A new neural framework for visuospatial processing. Nat Rev Neurosci. 2011 Apr;12(4):217-30. one half, the “what” part, flows through the bottom of your brain, where the question is asked: “What is this?” Let’s assume that the answer is: “It is a bicycle”. The other half of the stream, the “how” part, rises to the top of the brain which remembers your past bicycle rides, recognizes saddle and  pedals and lets  you avoid a lamppost. In the frontal part of your brain, the two streams meet again, visual images are constructed and the question is asked, whether in this lousy weather it would not be wiser to take a bus. And where are the three dimensions in all this? For your brain this not an interesting question. It wants you to get safely to your destination, by bike or bus, and not end up in the hospital. Three dimensions, four or more? Anything goes, the images which you perceive are anyway a construction.  

When you want to cast a glimpse behind the curtain and catch the brain committing some errors, you may use geometrical-optical illusions.. Westheimer G.Illusions in the spatial sense of the eye: geometrical-optical illusions and the neural representation of space.Vision Res. 2008 Sep;48:2128-42. Two examples are given in figure 6.  6a shows the famous parallel lines of Euclidean Geometry. The short lines, crossing the longer lines 
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at an angle, fool your brain into seeing the parallel lines at an angle to each other. Figure 6b shows four discs, each one with an inner segment lacking. Your brain projects a white square into this figure. The explanation, described by an Italian psychologist in the same year as the cubist manifest, is called “Gestalt effect”, meaning the form-generating capability of your senses, particularly with respect to the visual recognition of entire figures instead of just a collection of simple lines and curves, and  "the whole is greater than the sum of the parts". 

In spite of all these daring constructions and occasional errors, your brain gives you a convincing illusion of an extensive and continuous visual world. Fortunately - imagine that you would have to decipher an urgent message while a furious mammoth is running towards you. The survival of humanity has, from its beginning, depended on multidimensional illusions and constructions. An almost perfect imitation of the world has turned out to be the solution which suits you best. 


Your self and your space
One of the authors (E.W,) had a personal experience with higher dimensions when he underwent chest surgery. While general anesthesia was initiated, he left his body and rose to the ceiling of the operating room. From there, he watched the surgical team and heard them exchange technical remarks and jokes. Since his downward view was partly blocked by the operating lamp, he crossed the ceiling and arrived at a tunnel. At its end was a sun-like opening. Arriving here, he heard a male voice saying,  in a foreign language, something like: “Now I know, and I also know why so far I could not know what it’s like”. After waking up from anesthesia, E.W. wanted to tell other people what he had learnt but refrained from it because he did not remember the words pronounced in the foreign language. However, for years to come, he lived without fear of illness and death. When he saw Hieronymus Bosch’s painting “Ascent of the Blessed” he felt comforted because somebody else had witnessed before him what it was like to enter higher dimensions. 
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The second part of this event, the tunnel vision, frequently occurs in so called near-death experiences. In the decennia after E.W.‘s experience, thousands of patients with cardiac arrest who were successfully reanimated had similar experiences but the Bosch painting gives evidence that you need not to be near death to have a tunnel vision. It is likely that particular brain areas are responsible for this event.. Blanke O, Diegue S. Leaving body and mind behind: out-of-body and near-death experience.In: Laureys S. ed.The Neurology of Consciousness: Cognitive Neuroscience and Neuropathology. Elsevier Amsterdam 2004, pp 303-325. The first part of  E.W.’s account, rising to the ceiling and watching ones own body, is an out-of body experience. It may also occur in near death situations but is much more frequent. Out-of-body experiences can be produced by electrical stimulation of circumscribed brain areas.. De Ridder D, Van Laere K, Dupont P, Menovsky T, Van de Heyning P.
Visualizing out-of-body experience in the brain. N Engl J Med. 2007;357:1829-33. Could you also have out-of-body experiences? Yes, theses experiences can be provoked in the laboratory by robotic technology. As a consequence, healthy subjects locate themselves in a virtual copy of their own body and, most importantly, report an altered first-person perspective.. Ionta S, Heydrich L, Lenggenhager B, Mouthon M, Fornari E, Chapuis D, Gassert, and Blanke O. Multisensory mechanisms in temporo-parietal cortex support self-location and first-person perspective. Neuron 2011;70:363-374. Again, the same
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 brain areas as in near-death experience and brain stimulation are implicated. The altered first-person perspective implies that in order to be yourself you have to be able to locate yourself. Without proper location - you in your body and your body in space - you cannot be self-conscious in the “classical” sense. Add to that all other physical spaces - odor space, tactile space, temperature space, to name a few - in which you live and you will understand that your self is embodied. No body no self.

This then describes the limitation of entering higher dimensions. Your brain would not have problems in constructing - for a change - higher dimension worlds, but you would have to learn to self-locate yourself there and to develop a new type of self-consciousness. Well, do not give up so easily. Mystics, meditators and spiritualistic media do it all the time - and why not you?. We refrain from discussing the question whether religious practices open the way to higher dimensions.      


Your space-time
When E.W. was repairing a roof, he fell - together with a stack of tiles - from an  altitude of 5 meters to the ground. His first thought, while starting to fall, was related to his ridiculous position - like a figure from a Wilhelm-Busch cartoon he would hit the ground with his buttocks first. He next remembered his collaborators: they needed him - what would they do after he was severely injured? If only he could slow down his body so that the tiles arrived before him! Could he may be learn something from his past experience?  First, E.W. saw a film of his childhood events but it was not helpful for the actual situation. As an adolescent, he almost fell from a cliff but did not hurt himself in the end - not helpful either.  As an adult, he had bicycle accident with some ligament strain, again nothing to learn from. How ridiculous, to be so helpless. While E.W. started to laugh sarcastically, he hit the ground. He remained fully conscious and came away with some minor injuries.

Many people who survive falls in the mountains report that during their fall they saw their entire past life like a movie. What is impressive in the case of E.W. is the low falling distance and thus the short duration of the fall. In just one and a half seconds he was able to see the film of his past life and to ponder his present situation from several angles. This shows how much the brain can pack into an instant and how malleable subjective time is: an instant can last an eternity or time flies.  

Your body handles time according to these two metaphors. Since all life functions are rhythmic, you are full of clocks, from single clock molecules regulating cell functions to a full grown precision instrument sitting on the nerves of your eyes. All these clocks adjust rhythms according to your present needs. The centers which evaluate time in the brain work similarly: When salient moments occur, the number of registered emotional moments increases during that time and, as a consequence, subjective time dilates; the contrary happens during dull periods.. Craig A. D. (Bud). How do you feel — now? The anterior insula and human awareness. Nature Reviews Neuroscience  2009;10:59-70. This means that the brain centers get input from at least three dimensions simultaneously: your time, your emotions and your self consciousness, and they do not even try to separate the mixture - unless, of course, you hold a stopwatch in your hand during a a bicycle race. Your brain has some centers which measure absolute time. Teki S, Grube M, Kumar S, Griffiths TD. Distinct neural substrates of duration-based and beat-based auditory timing. J Neurosci. 2011;31:3805-12. - thus, you will in the end, while glancing at your stopwatch, know how much time the winner needed for the race course, but relative time keeping is much more important for your life. To understand relative time, just make a little experiment yourself and take a quick glance at the second hand of your clock. Immediately, the tick will pause momentarily and appear to be longer than the subsequent ticks. Yet, all ticks last exactly 1 second.. Wassenhove V. van, Wittmann M, Craig AD, Paulus MP. Psychological and neural mechanisms of subjective time dilation. FrontiersNeurosci 2011;56:1-10.  

The perceptions of time and space closely interact. Notice that most words to describe time come from the world of space. Originally, the word time (tempus) itself referred to space. Time is long or short, events are ahead of us or behind. You live in space-time, your perception of time is influenced by space. Conversely, space perception is influenced by time,. Casasanto D, Fotakopoulou O, Boroditsky L. Space and time in the child’s mind: evidence for a cross-dimensional asymmetry. Cognitive Science 2010; 34 :87–405. but to a lesser degree because time is such an abstract concept while space speaks to all your senses. In your brain, many space centers also handle time as a sideline job, and in the end, time has its centers a little bit everywhere and nowhere. Time fares better when your brain raises question of causality: it considers two events which follow each other to be causally related.. Kranjec A, Cardillo ER, Schmidt GL, Lehet M, Chatterjee A.J. Deconstructing events: the neural bases for space, time, and causality. Cogn Neurosci. 2011 Aug 23.[Epub ahead of print] This is one of the most frequent errors of humans: they constantly assume that an event is caused by another event simply because it happens afterwards. 

Since the human brain lives in space-time, it is astonishing and even amusing how many problems people had at the beginning of the twentieth century to come to terms with Einstein's theory of special relativity. For their brains, nothing should have been easier to comprehend. Even the forerunners of progress, the cubists, were not too hot about space-time. For Metzinger and Gleizes the fourth dimension was geometrical. Boccioni  included some aspects of time in his progressive view and wrote: “The unique dynamic form that we proclaim is nothing other than the 
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suggestion of a form in motion”,. Boccioni (Umberto) Futurista. Pittura Scultura Futuriste (Dinamismo plastico). Edizioni futuriste di “poesia”, Milano 1914.  and his sculpture “Unique Forms of Continuity in Space” is a magnificent illustration of his intentions. Marcel Duchamp and later artists such as Charles Sirato and Paul Lafolley completed the artistic conquest of the space-time dimension.. Henderson LD. The fourth Dimension and Non-Euclidian Geometry in Modern Art. Conclusion. Leonardo 1984;17:205-210.
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Your moving world
Back to Boccioni’s statement on motion: it was based on an idea of the highly influential French philosopher Henri  Bergson. He claimed that space was filled with ether and that matter  “resolves itself into numberless vibrations all linked together in uninterrupted continuity”.. Henderson Linda Dalrymple. Reintroduction to the fourth Dimension and Non-Euclidian Geometry in Modern Art. MIT Press Cambridge 2012. The ether hypothesis has long been disproved by modern physics, but the poetical beauty of the concept, materialized in Boccioni’s “Continuity in space”, can still be felt albeit wrong - wrong in a physical sense but not wrong for your brain, as we shall see.

In a physical sense, motion simply implies that matter moves through space and time. Therefore it would be possible to predict the brain’s reaction to motion once you know how it reacts to form, space and time. Nothing could be more wrong.
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Recognizing movements, particularly of biological objects and even more importantly of human beings, is crucial to your survival. As a newborn, you were already an expert in recognizing facial movements such as smiles. You learnt complex motor actions by observation and imitation. Feeding, courtship, your entire social interaction is based on the recognition of motion. Thus, your brain has developed highly efficient mechanisms to detect human motion. It perceives the slightest hint of such a motion - this is one of its most amazing achievements. After detection, the signals enter the two streams of perception (see section on perception): the upper stream mainly analyzes kinematics, the lower stream form.. Jastorff J, Orban GA.Human functional magnetic resonance imaging reveals separation and integration of shape and motion cues in biological motion processing. J Neurosci. 2009;29:7315-29. Thereafter, your large “social brain” takes over. Giese MA, Poggio T. Neural mechanisms for the recognition of biological movements. Nat Rev Neurosci. 2003;4:179-92. and evaluates what is there to be learnt, what to be felt, how to profit, how to react. This is a full time job: In your wake state, you are immersed into an uninterrupted continuity of motions - too much for your vision, as we have shown. Add to it that you are in motion all the time and that the autonomy of your own motion. Tsakiris M, Longo MR, Haggard P. Having a body versus moving your body: neural signatures of agency and body-ownership. Neuropsychologia 2010;48:2740-9. and of motions which you are observing is part of your self-consciousness -  yes, the moving world is a dimension on its own.

But then: Boccioni’s “Continuity in space” does not move, nor does Metzinger’s 4D-cyclist move, nor Duchamp's Nude Descending a Staircase! How does your brain recognize movement in a painting or a photograph?  Clearly, it has learnt through experience to associate static object snapshots with motion because they frequently co-occur. A nice achievement, but do not be too proud of it - monkeys can do it, too.. Kourtzi Z, Krekelberg B, van Wezel RJ. Linking form and motion in the primate brain. Trends Cogn Sci. 2008;12:230-6.
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Your visions and decisions
It should be clear by now that the human brain is not a logical machine. It is not strictly regulated by your conscious self.  Its decisions are not objective, rational, and cannot be predicted by logical reasoning. While everybody agrees on this, the views on the true human nature vary widely. 

Melzinger and Gleizes adhered to a subjective view; they postulated in their manifests that there was no reality outside ourselves. Boccioni went even further and declared that “what needs to be painted is not the visible but what heretofore has been held to be invisible, that is, what the clairvoyant painter sees.”. Quoted by Coen Esther. 1988. Umberto Boccioni. New York: Metropolitan Museum of Art, p. 239  The higher dimensions - real or not - are, when one follows these arguments, only accessible by inward vision, and, along the same line, intuition but not logical reasoning is part of this inner, true and real world. Poincaré would have agreed to this.

In the years before the manifests of the trio Melzinger, Gleizes and Boccioni, Bergson, developed an entire philosophical system based on intuition; he considered logical, discursive thinking to be hostile to the  ‘Elan vital’,the driving forces of life, in particular to creativity.. For further details, see: Blum André L, Poeppel David.  Intuition. In:  Interesse für bedingtes Wissen, Wechselbeziehungen zwischen Wissenskulturen. Caroline Welsh und Stefan Willner ed.  Wilhelm Fink, Paderborn 2008, pp. 379-404.  In order to characterize Bergsons ideas, one is tempted to use the metaphor of the emotional dog and its rational tail. Haidt, J. The emotional dog and its rational tail: a social intuitionist approach to moral judgement. Psychological Review 108 (2001): S.814-834. : it is the dog which wags his tail and not vice versa. 

Boccionis appeal to clairvoyance leads to yet another level of perceiving higher dimensions: mystical thinking. Bergson himself was an advocate of mysticism, and the Czech cubist František Kupka, another contemporary of the cubist trio, invoked a sixth sense. It allowed to view the higher dimensions of space in conjunction with the dimensions of music and motion. Kupka was by no means an isolated case: at the 
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turn of the century spiritism boomed, and in countless séances the dead stepped down from higher dimensions, sharing, through the help of a medium, their experiences with the believers. Two of the founding fathers of modern psychology, Sigmund Freud and Carl Gustav Jung, quarreled because the former believed that psychological problems residing in the unconscious could only be solved by lifting them into the rational mind while the latter adhered to mystical -and occasionally spiritistic - beliefs beyond rational understanding. 

Twenty years ago, some researchers discarded the blooming metaphors previously used to describe intuitive, creative, clairvoyant and mystical visions of higher dimensions.They dryly assessed how the brain decides when people play games and handle money. The way of acting of those players was not logical at all; they claimed that they wanted to earn as much money as possible but they  appeared to act against their own conscious intentions. The interpretation given was that unconscious tendencies interfered with conscious tendencies or supplanted them completely. Does that mean that the decisions did not follow any rules? No, not at all, it just means that the decisions did not follow conscious logic and  could not be predicted by using standard probability tests - those tests which predict, say, the likelihood of getting a six when throwing a dice. For years, better models of prediction were looked for, and recently, the rules of quantum mechanics were applied to these strange decisions. Surprisingly, they predicted the brain’s work much better than logic and standard probability tests.. Busemeyer JR, Pothos EM, Franco R, Trueblood JS.  A quantum theoretical explanation for probability judgment errors. Psychol Rev. 2011;118:193-218.

Follow us for a short swerve into quantum mechanics. Quantum events seem odd to a three-dimensional mind. Imagine that you let an electron beam go through a slit, collect the electrons behind the slit, then block the slit, open another slit and collect 
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the electrons again. Now try to predict what will happen when you open both slits. The correct answer in “your” world would be: the average of what has happened in each of the two one-slit experiments. Wrong! The pattern is very different, a strange interference is taking place and, even more weird, the properties of the electrons do not even exist until they are measured. In order to predict the outcome, a model with a multidimensional space needs to be developed. Remember this when you open Google next time: the mathematics of its search machines are similar to those of quantum theory, and their aim is, after all, to best suit the brain of you, the user.. For more details see: Buchanan M. Quantum minds. NewScientist 2011,September 3, pp34-37.

You may ask: where is volition in all this - clear rational thinking? Do a little experiment on your own: lift a finger.  Prepare yourself and then say: Now”. Before you decide to lift the finger, this decision has already been taken by your brain. Without asking your conscious self, the brain has given the order of “one finger up”. What you consider as your free will and decision is in fact not your decision at all but a make-believe that your precious self is in command. Does that mean that your free will is just an illusion? Many people, even neurophysiologists, believe this, but such a view is an oversimplification, as wrong as the old view that free will is the master of human existence. Your self can argue with the other players and, in the worst case, veto the plan or interrupt it. That means that decisions are reached by a multidimensional system where the conscious self plays a part, at least sometimes.   

Back then to quantum mechanics. Your brain is working according to the rules of quantum mechanics and can only be understood by a multidimensional model. Does that mean that it is a quantum computer? No, for the time being. So far, there is no direct proof for it. But is it conceivable? Erwin Schrödinger, one of the Nobel laureates of quantum physics, speculated that living organisms would do everything they could to block out the fuzziness on quantum physics. Brooks Michael. The weirdness inside us. NewScientist 2011, October 31, p. 34-37.  Recently however, his view has been challenged.  A whole series of functions is based on quantum events: metabolism in bacteria, vision in the bird’s eye and even the sense of smell. And who knows what precisely happens in the synapses, those structures which link nerve cells in your brain and store your memories! There is a quadrillion of syapses in your brain, and their subatomic function has not yet been investigated. Whatever will come out of a future study, it is clear today that brain function is not well characterized by logical and three dimensional models. To come back to the cubists and their manifests: when you do not impose three dimensional rules to your brain, it will find its way into the higher dimensions - it is built for that.
   

Your esthetics
In the end, nothing of all that really matters when you visit our exhibition. You like it or you don’t - that is what counts for you. Thus, we enter the esthetic dimension.

Neuroesthetics deal with the question how your brain concludes that something - a painting for example - is beautiful and 
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esthetical. There are certain brain areas dealing with beauty:  they are stimulated when you consider a piece of art to be beautiful. The same areas do not react when the work appears ugly to you. Surprisingly, ugliness stimulates the areas responsible for your body motions. With these areas, you could block your eyes, run away or smash the object.. Kawabata H, Zeki S. Neural correlates of beauty. J Neurophysiol. 2004 Apr;91(4):1699-705. The judgements of your brain are of course biased by your prior experiences and expectations,. Kirk U, Skov M, Hulme O, Christensen MS, Zeki S. Modulation of aesthetic value by semantic context: an fMRI study. Neuroimage. 2009;44:1125-32. but simply knowing that something is art puts your brain into a favorable mood.. Lacey S, Hagtvedt H, Patrick VM, Anderson A, Stilla R, Deshpande G, Hu X, Sato JR, Reddy S, Sathian K. Art for reward's sake: visual art recruits the ventral striatum. Neuroimage. 2011;55:420-33. Good visit then to our art exhibition! 

Conclusions
The human brain is a multidimensional system, the dimensions are interdependent and influence each other. Some dimensions have non-Euclidean characteristics. Each act, each decision is driven by several, often by all of these dimensions. Thus, it should be one of the simpler tasks for your brain to understand the fourth dimension in the work of the cubists.

Figure suggestions

1a: Something related to the publication “Du cubisme”. What? The book? The authors? That depends on the other illustrations in the catalogue, to be discussed. Are there photographs showing that Metzigner had strabismus?

1b. Kandinsky Der gelbe Klang?


2A: Something related to Poincaré. There is a nice photo in Google images: Poincaré discussing with Mme Curie and Einstein watching from behind, Einstein and Poincaré had a little personal problem which could be mentioned in the figure legend.... 

2b: The cover of the book Flatland, designed by the author himself, is quite nice

3: Hypercube and Hologram. There is a multitude of possibilities. The hypercube is easy. A good hologram may be difficult and expensive to reproduce.

4. Take figure 4 from the Paluzzi paper, see footnote 7, “The Creation of Adam; Michelangelo Buonarroti. Sistine Chapel, (1508-12).“ Alas, the painting is so beautiful and the cartoon is so ugly. The figure legend would be taken from the Paluzzi paper (Michelangelo neurophysiologist..)

5. Saccades: show eyes of Mona Lisa or a composite picture of a woman with superimposed saccades, it is on Google images

6.a. Zöllner illusion:  the parallel long lines seem to converge. The illusion is created by the short lines which cross the parallel lines at an angle.
6 b: Kanizsa square: while this figure is only composed of 4 circles missing a piece, you perceive a square in the middle.

7. Hieronymus Bosch, Ascent of the Blessed, 1500-1504.

8. Out of body experience: there is a William Blake picture of the soul leaving the body at death - may be there is something better (out-of-body experience is NOT a harbinger of death).

9. show Boccioni’s book, it has a nice cover.

10. Boccioni’s sculpture is certainly shown at other places in the catalogue - if not, show it here, it’s a masterpiece of 20th century art. I wonder whether you want to show something of Paul Lafoley, for example a drawing of a Klein bottle or  the painting “Dimensionality, the Manifestations of Fate, Catalogue Hamburger Bahnhof P. 64/65

11. Bergson: a photograph, he looks nice with his mystical eyes

12. Duchamp’s nude descending a staircase (if it is not shown elsewhere), it’s a must
 
13. Kupka: there is a big choice of his “higher dimension paintings” of the period 1910-5, some of them really beautiful (one on space, music, movement)


14. Quantum mechanics: here I am not sure what to show, may be the 10/11D superstring theory model (it is on Google image). Or may be the head fom NewSci 2011, 3Sept,p35 oder 37

15. Neuroesthetics: Here I am not sure, may be a painting showing a skeptical visitor in an art exhibit or somebody fleeing or destroying a work of art









