
 

 

 



 

 

Chasing Light: A journey into the duality 

of light in science and personal practice

 

 

 

 

 

 

 

Kinga Elliott 

BA(Hons) Painting 

Robert Gordon University. Gray’s School of Art 

Aberdeen, Scotland 

2020 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

“What do artistic and scientific experiences have in common? 

Where the world ceases to be the scene of personal hopes, 

wishes, wants, where we face it as free creatures, admiring, 

questioning, beholding, there we enter the realm of art and 

science. We do science when we reconstruct in the language of 

logic what we have seen and experienced; but when we 

communicate through forms whose connections are not 

accessible to the conscious mind, yet we intuitively recognize 

them as something meaningful—then we are doing art. Common 

to both is the loving devotion, the being above the personal, 

removed from our will.” 

The common element in Artistic and Scientific 

Experience,  Albert Einstein,  published February 1921, 

in Menschen. Zeitschrift neuer Kunst 4 (1921):19. 

(Einstein 1981)  
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Introduction 

I have long held an interest in the concept of light, be it optics, theoretical 

physics, or from a theological aspect. 

 

Asking the question what is light seems innocuous. We all know when we 

see light around us and a complete absence of light is almost impossible 

to experience in our daily lives. Whether it is streetlights or starlight, light 

penetrates even the darkest of nights for most of us. Light is all around 

us, we see it, we move in it, we alter it, we switch it on and switch it off, 

we write about light and we paint about light. We tend therefore to take 

light for granted, but is there more to light than this? We rarely talk about 

the nature of light, even though we spend our waking hours immersed in 

light. 

 

For a painter, light has a special significance and it is often the concern of 

the painter to “capture the light” as best as possible. A painter wishes to 

create surfaces on the canvas that reflect the light, perhaps in a similar 

manner to how it might be reflected from a real object or real scene. It is 

an attempt to capture a fleeting moment, as light inevitably changes 

constantly around us. 



 

With this essay I intend to interrogate current and historical scientific 

knowledge about light and explore how this informs and dictates my 

personal studio practice. I will introduce experiments and processes which 

appear in my studio work and which all have the common denominator of 

light in their production and purpose. These concepts, processes and 

experiments serve as inspirations or starting points for particular ideas. 

The essay further journeys into the history of light, exploring what 

science has to offer in terms of knowledge regarding the nature of light, 

including the process by which humans came to understand the concept 

we call light. The exploration of light as an entity has itself evolved over 

the centuries revealing conflicting ideas, scholarly dilemmas. Progressive 

engineering and technology has helped measuring and quantifying light 

itself.  

 

Scientific explorations started with the idea of an atomic and corpuscular 

system then moved into the theory of light as wave, to return back to the 

former, but at the elevated level of particle theory.  Finally, an exploration 

of the coexistence of the two theories, which when teased apart reveals 

the intertwined nature of the two very different viewpoints. 

 

The journey into the history of light turned out to be as much as a 

scientific quest into a physical phenomenon independent from human 

existence, but equally also an exploration, a case study at its best, into 

the way the human race led by unquenched innate curiosity, grapples 

with evolving ideas about the nature of light. This journey of exploration 

challenges the extremes of human science, of human potential and of 

existentialist thought regarding our place in a vast universe (Krane 2012). 

 



In the latter part of the essay I interpret the findings regarding the 

history of light in my own art practice, exploring representations which 

relate to aspects of light. I offer an insight into the creation of art works 

centered on the qualities of light, conveying the complexity of the concept 

by not just centering the theme on light, but using light in the process of 

the making as well. 

 

 

Visualization of Sound using Laser Light and Mirror 

 

The following set-up connects sound and light, producing a variety of 

images that represent this connection in a visually engaging and 

informative way.  

  

 

 

Equipment for visualizing sound waves (Fig. 1a, 1b, 1c) 

 



I enclosed a small, cylinder shaped, battery operated Bluetooth speaker in 

a larger and relatively heavy open container. I stretched a strong elastic 

membrane over the open top of this larger container, and then glued a 

small piece of mirror, - about 1 cm x 1 cm in size, onto the membrane.  

Using a single-beam laser pen and a suitable stand to hold the pen as 

steady as possible, I directed the beam of laser light onto the mirror.  

 

As the laser light reaches the mirror, it reflects off the surface and hits 

the wall of the studio. When music is played from the speaker, the 

reflected laser beam creates interesting, ever changing patterns of 

endless curving lines on the studio wall. These lines are devoid of sharp, 

angular turns, resembling to a cacophony of sine waves. 

 

              Sinusoid type chaotic laser pattern (Fig. 2a) 

Sound is always created by some form of vibrating source and a 

surrounding medium that this vibration passes through. When there is no 

medium, there is no sound, just like in the eerie vacuum of the outer 

space.  

In this set-up it is the speaker that generates the vibrations, which then 

travel through the surrounding air inside the container. As the vibrating 

air hits the rubber membrane of the outer container it causes the 



membrane to vibrate too. The small mirror glued to the membrane 

represents a sample movement of this membrane. It is noteworthy that 

the mirror fragment is deliberately not in the centre of the membrane 

where vibrations more likely to cancel each other out, but it is glued to 

somewhere off-centre. 

 

 As the membrane moves to the sound waves, the mirror moves on it too, 

and any movement in the mirror will change the direction of the reflected 

laser beam hitting off from the mirror. 

 

While the movements in the membrane are hardly noticeable with the 

naked eye, they get magnified, in proportion with the distance of the wall 

from the mirror, resulting in well-visible images on the wall. The use of 

laser light is significant here, because laser is a highly coherent light with 

its energy focused in a small spot even in a long distance away, therefore 

it serves as an excellent “pointer” for this experiment. 

 

The speaker is sitting in a constrained space alongside an amount of air 

trapped in the container; the trapped air does not just vibrate, but also 

resonates. This resonation is the result of the interaction between the 

sound waves and the reflected waves that return after hitting the 

container wall, making the large container around the speaker act as a 

resonance chamber. The air in the chamber resonates, and when the 

sound from the speaker reaches the resonating frequencies of the trapped 

air inside the chamber, it results in surges of amplitudes, that add even 

more undulations to the membrane, which itself has its own resonating 

patterns and frequencies. The constant interaction between the 

membrane and the air inside of the container creates the complex 

movements of the membrane, and is consequently responsible for the 



merry but chaotic pattern that we see when music is played from the 

speaker.  

 

 

                                 Standing wave (Fig. 2b) 

 

When the speaker emits certain constant frequencies, the membrane 

takes on a somewhat “stationary” formation called standing waves 

(Someda 1998), and during these times the mirror undulates both 

vertically and sideways with an unchanging amplitude, creating a very 

regular pattern, as it can be seen in the above illustration. 



 

                   A rotating pattern of an unchanging shape (Fig. 2c) 

 

When combining several standing frequencies the resulting pattern will 

not be stationary anymore, but rotates.  A constant pattern still emerges, 

yet it is a very complex one. These forms can have a hypnotizing beauty. 

 

Experiments with polarizer sheets 

Polarizer sheets are thin, transparent plastic sheets, not unlike acetate 

sheets, with a slight tinge of grey to them.  

 

 

 

 

 

    Polarizer sheet  (Fig. 3) 



However a polarizer sheet have a specific property: it  consists a myriad 

of microscopic size slits, uniform in size, all aligned in the same direction. 

When light hits the polarizer, only those components of the 

electromagnetic light waves which are aligned with the orientation of the 

slits are able to pass. This change in the light’s structure is not normally 

noticeable to our eyes. 

 

Light polarization (Fig. 4) 

 

However when two polarizer sheets are placed on top of each other we 

start to lose some of the light that tries to pass through, unless their slits 

are completely aligned . In the special case where the polarizer sheets are 

positioned perpendicular to each other, no light is able to pass through at 

all, as the images below demonstrate it. 

 

  

 

 

(Fig. 5a, 5b, 5c) 



One of the many important practical applications of polarization is that it 

can be used to detect structural defects or stresses in transparent 

materials. Placing a transparent material between two polarizing sheets 

reveals these physical stresses. 

 

      A transparent item between two polarizer sheets showing optical   

birefringence (Fig. 6) 

 

 Polarized light is inherently sensitive to direction. If this kind of light 

travels through transparent but anisotropic materials, materials that 

display different physical properties depending on the direction of contact 

(Isaacs 2003), for example through transparent plastics that have been 

stretched, bent or otherwise deformed, then the direction of the polarized 

light will change depending on the stress/force/pressure applied to the 

plastic. The change in the direction of the polarized light varies from point 

to point with the amount of stress the material undergoes at that given 

point. Points with different stress levels will produce different colours after 

passing through the polarizers, therefore giving a clear visual indication of 



the different stresses or defects these materials have in them. This 

phenomenon is known as optical birefringence. 

 

Stress in a material is often created by added pressure which alters the 

thickness of the material. This alteration of thickness can be very slight; 

however it can be detected with the help of polarizers using the above 

mentioned method (Graham-Smith and King 2000). In my art practice I 

deliberately create transparent materials with alterations in thickness 

within them, in order to observe the light phenomena produced by the 

polarized sheets when this “defective” transparent material is sandwiched 

between the two polarized sheets.  

 

I make images out of transparent materials by layering them in different 

thickness. This can be as simple as placing Scotch tape pieces on 

cellophane in a random way, or it can involve a highly planned 

transparent picture made from layers of transparent materials. I place 

these transparent creations between polarizer sheets and use the 

resultant images as starting points for my artworks.    

 



 

 

 

 

 

 

 

 

 

               Untitled images. Artist’s own collection. (Fig. 7a, 7b) 

 

 

 

 

 



Optical Experiments using dichroic cube, biconvex 

lenses and triangular prism 

 

These experiments have been carried out in the relative dark of the 

photography studio. I set up two cameras in order to capture two views of 

the optical outcomes of the different configurations. I used a dichroic 

cubic prism, two lenses, a long triangular prism, a mirror and a strong 

light source from a LED torch to create experimental set-ups. Having so 

many interacting components in the set-ups make results unpredictable 

and experimental.  

 

 

   An example of images. Artist’s own collection  (Fig. 8) 

 

 



 

The components and their effects on the light: 

Dichroic Cube Prism (Fig. 9)   It splits 

the light as it travels through the prism 

into two separate light beams of 

different colours. These two light beams 

leave the prism in directions that is 

perpendicular to the entering light 

beam, yet directly oppositional to each 

other, forming a shape of a letter T. 

 

Triangular Prism (Fig. 10)  

It is perfect for dispersing the entering 

composite white light into a spectrum of 

coloured beams. 

 

 

 

Biconvex Lens (Fig. 11)     

It alters the direction of the passing light 

beam in a special way. Parallel light 

beams get focused; on the other hand if 

the light source is placed into the focus 

point of the lens, then a collimated beam 

of light is created. 

 



 

Corpuscular view of Light 

 

“Let there be light “ 

  Genesis 1:3 (Bible) 

 

“In Nature’s infinite book of secrecy / A little I can read.” 

 William Shakespeare, Anthony and Cleopatra 

(Shakespeare 2008)) 

 

 

 

Humans have always wondered about the characteristics of light, 

inquiring and forming ideas about the composition of it. Ancient Greeks 

believed that the natural world was built from invisibly small, 

indestructible particles known as atoms.  Atomism being the prevailing 

natural philosophy of ancient times,  it is not surprising that the first 

theories about light also required it to be made out of tiny particles. This 

early theory has been attributed to Pythagoras who believed that these 

small particles were sent out by the objects themselves towards the eye 

of the viewer. It was another 300 years later when the Greek 

mathematician Euclid set out an alternative hypothesis, “that the eye 

sends out visual rays which then strike an object and cause the sensation 

of sight” which coined the expression “Cast your eye upon it! (Sobel 

1987) 

 

 

 

 

 



“Are not the rays of light very small bodies emitted from shining 

substances?”  

 Isaac Newton, Opticks 

(as cited in Graham-Smith and King) 

 

 

Over the coming centuries it became clear that light is not emitted by the 

eye or by all and every object that we see, but by light sources, let it be 

the Sun, or fire, or burning candles and torches or electrical light sources. 

However the corpuscular viewpoint about the nature of light remained 

dominant over the coming centuries. According to Sir Isaac Newton light 

was a stream of particles travelling in straight lines, reflecting and 

refracting according to the well-established rules of optics (Mansuripur 

2002), which were published in his book Opticks in 1704. 

 

 

Astronomers of ancient times believed that light travelled with infinite 

speed. This theory stayed undisputed into the early 17th century. It was 

supported by Galileo, the “father of modern science”, famous for 

championing heliocentricity as opposed to the accepted geocentric world 

view of the age. Galileo became convinced of the infinity of light speed 

after a series of experiments involving sending flashes of light beams 

back and through between distant hilltops and measuring the time the 

light took to cover the journey (Jenkins and White 1976). Despite the 

relatively big distances involved he could not detect any lagging. Light 

seemed to appear instantaneously. 

 

  

It was not until 1849 that the speed of light was measured here on Earth. 

This was achieved by French physicist Armand Fizeau by an ingenious 

method. He placed a rotating clogged wheel of hundreds of teeth into the 

path of an intense and highly focused light beam. The toothed wheel cut 



the light beam into short pulses, which were then reflected back from a 

mirror about 8.5 kilometers away. Fizeau increased the speed of the 

rotating wheel until the returning pulses lined up exactly with the 

adjacent gap on the wheel from where they left from. At this point a peek 

of intensity was observed in the light, because the returning light-ray 

wasn’t obstructed. Noting the rotational speed of the wheel and the 

numbers of the teeth Fizeau was able to measure very short intervals. It 

took around 1/18000 second for the light to travel the 17 kilometers long 

return journey and from this Fizeau was able to calculate the speed of 

light in air (Jenkins and White 1976).  

 

 

In the following hundred years many improved measurements were taken 

by using Fizeau’s concept as well as other methods, and more and more 

accurate values were determined for the speed of light in air, which is 299 

706 km/s. 

 

 

 

Light as a wave 

 

 

As time passed it became clear that some observed optical phenomena 

did not seem to fit the established theory. Studies by Francesco Grimaldi, 

an Italian Jesuit scholar, were published in 1665. Grimaldi’s careful 

observations focused on how light behaved when a very small obstacle 

was placed in its path. He showed that light could be observed just a 

fraction behind the object from where the straight shadow should be 

starting, and that this penetrating light showed the characteristic black 

and white alternating interference stripes. It could only be explained 



satisfactorily if light was treated as a wave. The stripes would be created 

by the meeting light waves enhancing each other’s effect when crest met 

with another crest, resulting in the bright parts of the pattern, or 

completely cancelling each other out if crest met with a valley, producing 

the black stripes (Hariharan 1992).  

 

 

It is only fair to say that Newton was aware of Grimaldi’s work and indeed 

he himself observed interference patterns of his own creations, known as 

“Newton’s rings”. Newton knew that applying wave theory would give the 

simplest explanations for this particular optical phenomenon; however he 

chose to emphasize the corpuscular theory of light.  

 

 

It was the Dutch physicist Christiaan Huygens who championed the wave 

theory of light against Newton. However Newton’s weight as a scientist 

was such that the wave theory of light did not seriously resurface for 

another 150 years. Eventually it was an experiment by French physicist 

Leon Foucault that really brought the wave theory to the forefront. 

According to Huygens’s wave theory light should be travelling slower in 

water than in air, while the consequence of Newton’s corpuscular model 

was the opposite. Foucault’s experiment was designed to compare the 

speed of two light beams, one traveling through water, another through 

air, but it did not provide any numerical values. However he indisputably 

proved that light travels faster in air than in water (Hecht 1998), putting 

the wave theory firmly on the table. 

 

 

The 19th century saw rapid development in knowledge about electricity, 

magnetism and the intertwining connection between them. The century 

started with the discovery of how to build electric batteries, by Italian 

physicist Alessandro Volta, yet by the 1860s the Scottish theoretical 



physicist James Maxwell published his four succinct laws of 

electrodynamics, synthesizing electricity and magnetism. Maxwell 

introduced the idea of electromagnetic field, and was able to show purely 

theoretically that the energy of the electromagnetic field propagates as a 

transverse wave, meaning the oscillations are perpendicular to the 

direction of the wave (Krane 2012). 

 

 

Illustration of transverse nature of electromagnetic waves as opposed to 

the longitudinal nature of sound waves  (Fig. 12) 

 

 

Maxwell also developed a formula for the speed of the electromagnetic 

wave in the form of c= 1/(exu)*1/2 where e and u were empirically 

determined values. Substituting accurately measured values for e and u 

Maxwell has found the speed of electromagnetic waves which coincided 

with the speed of light. It was an inevitable conclusion that light must be 

an electromagnetic wave! (Nayfeh and Brussel 1985) 

 



Within the same substance all electromagnetic waves travel with the 

same speed, however these electromagnetic waves form a whole 

spectrum of different frequencies, and visible light is just one part of this 

spectrum.  

 

 

At the time of Maxwell, electromagnetic waves only existed in theory; 

their existence had not yet been evidenced. This meant that the 

calculations only predicted that light must be an electromagnetic wave. It 

was eight years after Maxwell’s death that German physicist Heinrich 

Hertz managed, for first time ever, to generate and detect 

electromagnetic waves in a form of radio waves.  

 

 

It was over 40 years after Focault’s experiment that the speed of light in 

water was measured with high accuracy by physicist Albert Michelson, 

who became the first American Nobel laureate. Michelson spent most of 

his academic life developing experiments which provided increasingly 

accurate measurements for the speed of light as it travelled through 

different substances, for example through water or through glass or in 

vacuum. Having accurate means to measure these speeds proved to be 

vital for the further development for the understanding of our universe 

(Jenkins and White 1976).  

 

 

“The ether, this child of sorrow of classical mechanics.”  

Max Planck, quoted by Jean-Pierre Luminet in Black Holes 

(as cited in Graham-Smith and King) 

 

It was the prevalent belief of that time that the universe is filled with a 

substance, called ether which would facilitate the transmission of energy 

through space such as light and heat from stars reaching Earth. This 



energy travels through the universe; therefore it made sense that there 

must be some material out there which facilitates this transmission of 

energy.  

 

 

In 1888, an experiment, perhaps the most famous experiment with light, 

was carried out by Michelson and his colleague Edward Morley (Hecht 

1998). Previous observations indicated that theoretical ether is something 

at absolute rest, and that the planets move within it. Michelson and 

Morley attempted to detect Earth’s movement through ether by 

measuring changes in the speed of light as Earth moves relatively 

towards or away from the light source and through ether. But despite 

much repeated experimentation during the coming years, no ether could 

be detected!  The experiments also revealed that light moves with the 

same speed, irrespective of the speed of the light source (Yang and 

Hamilton 1996). 

 

 

“Light is always propagated in empty space with a definite velocity c 

which is independent of the state of motion of the emitting body.” (A 

Einstein) 

(as cited in Graham-Smith and King) 

 

This is a result for which our experience has not prepared us. The 

“principle of the constancy of light’s speed, regardless of the velocity of 

the source and observer” became the starting point of Albert Einstein’s 

theory of special relativity published in 1905. 

 

 



The duality of light 

 

 

 

Einstein built his theory of special relativity on the postulate resulting 

from the Michelson-Morley experiment, which is that light travels in 

vacuum with a definite speed of c, which is invariant, meaning it is the 

same in whichever reference frame we observe it, let it be stationary 

reference frame or one that is moving compared to the light source. The 

results of his theory are similarly unexpected.  

 

 

Einstein shows that length, mass and time are not what we thought they 

are (Ridgen 2005). Everyday experiences indicate that for example, a 

trains’ physical size and mass does not change when it starts to move out 

of a station compared to its size and mass just an instant before, when it 

was still stationary. Similarly, time seems to pass at exactly the same 

rate on the train than before, when waiting on the platform. However, 

according to special relativity, as an object moves, its length contracts, its 

mass increases, meanwhile the time interval experienced will be shorter, 

compared to a stationary observer.  

 

 

These effects are negligible in ordinary circumstances, although atomic 

clocks on satellites orbiting Earth do fall behind the same clocks on Earth 

by about 7 microseconds a day, as special relativity predicts it, and have 

to be regularly adjusted. However, at speeds comparable to the speed of 

light the situation becomes very different. The mathematical formulas 

make it clear that, as the speed of an object approaches the speed of 

light, the object’s mass tends towards infinity, making it impossible for it 



to move faster. Nothing can move faster than the speed of light! (Yang 

and Hamilton 1996) 

 

 

This seemingly restrictive conclusion, however, opens up an immensely 

huge vista. If light travelled with infinite speed, then all observable 

cosmological events among the distant stars would be instantly visible at 

all other points of the universe. Indeed this is what astronomers of 

ancient times believed. However, light not having an infinite speed means 

that it takes time for light from distant parts of our universe to reach us. 

This delay can be significant, given the immense size of the universe.  

What astronomers physically observe now, has actually occurred some 

time ago. The bigger the distance is between Earth and a cosmological 

event in space, the longer is the time delay for the phenomena to be 

observed.  

 

 

Therefore the finite nature of light speed enables us to see back in time in 

the universe. We see snippets of past events. Nevertheless, putting 

together a meaningful continuum of events of cosmological scale remains 

an exciting challenge. 

 

 

 

Despite the successes of the wave theory, it became evident that some 

phenomena cannot be sufficiently accounted for by treating light as a 

continuous electromagnetic wave. In the last years of the 19th century 

Max Plank, a German professor of physics was working on a theory of the 

blackbody radiation problem, which is concerned with the light spectrum 

emitted by any heated object. The experimental data he analyzed led him 

towards a daring and momentous departure from any previous ideas in 

physics. 



 

 

The radiation Plank had been examining was due to oscillating atoms and 

it was reasonable to expect a continuous spectrum of energies displayed 

accordingly by these atoms. However Plank found only discrete energy 

levels of 0, e, 2e, 3e, and so forth (Graham-Smith and King 2000).   

 

 

This result is against our ingrained principle of continuity. Imagine being 

able to travel at 40 m/h and 50 m/h but not at any speed in between, The 

analysis of the blackbody radiation shows that the world at the atomic 

level is very different from our everyday experience. Plank’s work led to 

the development of Quantum Theory, which is concerned with matter at 

subatomic level. 

 

 

Connected to the blackbody radiation is another phenomenon called 

photoelectric effect. It was observed that ultraviolet light can cause an 

electric current to run between two metal plates separated by vacuum. 

The energy of the resultant current was not affected by the intensity of 

the light, only by its frequency. In the case of weak illumination the 

energy of the observed photoelectron was much bigger than the amount 

of energy of the wave. The only possible explanation pointed towards the 

quantum character of light (Aitchison and Hey 2003). 

 

In 1905 Einstein proposed that light consists of small packets of highly 

localized energy and each is able to transfer its full energy to a single 

atom or molecule (Harris 2005). We call these energy bundles photons.  

Photons have no mass, and they travel in vacuum with the maximum 

speed of light, which is 299 792.458 km/s (Yang and Hamilton 1996). 

 

 



“All these 50 years of conscious brooding have brought me no nearer to 

the answer to the question ‘What are light quanta?’. Nowadays every 

Tom, Dick and Harry thinks he knows it, but he is mistaken.” (Albert 

Einstein, A Centenary Volume, 1951) 

(as cited in Graham-Smith and King) 

 

 

So what is light?  

 

 

Is it made of a stream of photons, or is it a wave? There is convincing 

evidence for both via its scientifically observed and measured 

characteristics. By 1926 German physicist Werner Heisenberg and 

Austrian physicist Erwin Schrödinger established a new theoretical 

framework called quantum mechanics (Yang and Hamilton 1996).  In 

quantum mechanics every particle has a group of waves associated with 

them. It is a theory that holds together both the particle and the wave 

properties of light and extends it to matter as well. It is a solely 

mathematical concept, that does not lend itself to visualization.  

 

 

Quantum mechanics applies at atomic level and extends to ordinary 

every-day systems too, but breaks down at cosmological scale. Attempts 

to fuse quantum mechanics with general relativity in the quest of a 

“theory of everything” have so far failed. 

 

 

The consequences derived from quantum mechanics are very 

counterintuitive. They are also very relevant to light as well. On the 

particle level quantum mechanics only allows to calculate the probability 

of the location of a particle, furthermore it denies the possibility going any 

further. The principle of indeterminacy, as it became known, shows that 



at the atomic level it is not possible to calculate both the position and the 

momentum of a particle with perfect accuracy, because if one is pinned 

down accurately then the other becomes completely uncertain (Graham-

Smith and King 2000).  

 

 

The same indeterminacy applies to the character of light. According to the 

Danish physicist Niels Bohr, who received the Nobel Prize in Physics in 

1922 for his contribution to the quantum theory, the wave and the 

corpuscular character of light are just complementary ways of looking at 

the same phenomenon and the principle of indeterminacy means that no 

experiment can ever show them both in all detail simultaneously (Jenkins 

and White 1976). 

 

       

I argue that this duality is the most fascinating aspect of light. We are not 

able to explain the nature of light in one uniform method, but have to 

treat it sometimes as a wave and sometimes as a stream of particles. We 

could argue that reasoning about light we face our limitations as humans. 

Light may transcend to a higher dimension, be this higher dimension in its 

literal meaning for the purely scientifically minded or as a metaphorical 

expression for the spiritually inclined. 

 

 

Light is crucial in the development of our knowledge about the physical 

world. We are constantly faced with new questions arising, some we 

might never be able to answer. Who knows why exactly 299 792.458 

km/s is the speed of light in vacuum; 6,62607004x10*-34 Js is the value 

of the Planck constant, or 9.109x10*-31 kg is the minimal weight of an 

electron and so on? The quest will continue, being it investigations into 

supersymmetry, into multiverses and beyond; always towards new 

possibilities and discoveries. 



 

“All nature is but art unknown to thee,/ All chance, direction which thou 

canst not see;/ All discord, harmony not understood.” (Alexander Pope, 

An Essay on Man) (Pope 2018) 

 

 

 

Painting with light: Cyanotypes 

 

As part of an artistic exploration into the nature of light, I found a very 

apt process in cyanotypes. Light is central to cyanotypes, as it is the light 

that, after traveling through a translucent layer, activates a chemical 

reaction. This creates the shapes, patterns and lines that we see in the 

resultant artwork. In this sense cyanotypes have a closer relationship to 

light than paintings or drawings, because light plays an active part in the 

creation of the images. The outcome can be influenced by placing 

different obstacles into the pathway of the light. 

 

Cyanotype was the first successful non-silver photographic process, 

invented by English astronomer John Herschel in 1842 (Fabbri and Fabbri 

2006). This was the method used in the first photographically illustrated 

book, a nature book about algae and other plant forms by Anna Atkins 

(Webb and Reed 1999). 

 

This alternative photographic process utilizes the light sensitive property 

of the mixture of two chemicals, ferric ammonium citrate and potassium 

ferricyanide. When this mixture is exposed to light, an UV catalyst 



chemical reaction takes place, which produces ferric ferricyanide 

(Anderson 2019). This dries to a rich blue Prussian blue colour, making 

cyanotypes essentially blue. 

 

                     

An UV light bed made by the author (Fig. 13) 

 

Blueprints, used as an effective photocopying method until the invention 

of the modern photocopy machines were essentially cyanotypes. (Webb 

and Reed 1999) 

 

I see the blue colour of cyanotypes as another connotation to light, 

because we associate daylight with blue, in the resemblance to the colour 

of the sunlit skies. When the sun rays travel through the atmosphere they 

become scattered from the air molecules. This scattering is dependent on 

the wavelength of the light making blue the prominent colour of the sky 

(Jenkins and White 1976). 

 

It is possible to create a cyanotype by digitally inverting a grayscale 

image and printing this on a transparent surface. When this digitally 

created negative is placed on a paper which has previously been covered 

with light sensitive solution, it will alter the intensity of the UV light as it 



passes through it. At those parts of the paper where the light is blocked 

off the paper beneath will remain white, while the other parts will turn 

blue. The variation in the intensity of the blue depends on the degree of 

transparency of the negative. This way an accurate “blue photograph” can 

be achieved. 

 

 

“Sean”  Cyanotype by Kinga Elliott (Fig. 14) 



However, this method is limited to the size of the negatives that one’s 

printer is able to handle. Trying to overcome this limitation propelled me 

to find my own alternative way of making negatives, or transparencies, as 

I like calling them. 

 

I developed a way of making my own large scale transparencies by using 

tracing paper and some adhesive material, usually BluTack. I layer the 

tracing paper, creating areas of different thickness. The more tracing 

paper covers an area the less light will travel through it, leaving the 

surface less exposed to the effect of the cyanotype chemical, therefore 

lighter blue in colour. Due to the thinness of the tracing paper I am able 

to create very fine grading in values between white and the darkest of 

Prussian blue. 

 

 

A cyanotype transparency created by the author (Fig. 15) 



 

In my process, three dimensional volume gets colour coded into a two 

dimensional image. As shapes appear at the intersection of the different 

layers, the thickness of the layers influence the shade of the appearing 

colour.  

 

The BluTack dots that I use to fix the layers to each other are not 

transparent, leaving distinctive white dot marks on my cyanotypes. These 

dots, unarguably the thickest of the obstacles, block the light out 

completely. It is a beautiful aspect of cyanotypes that the least known 

and most mysterious areas, where no light can shine in, will appear the 

most brilliant white, as opposed to black. We associate black with 

darkness, with lack of insight, with the unknown and the mysterious. 

Cyanotypes reveal a more upbeat outlook, an outlook where the unknown 

in its whiteness is more inviting and less scary. To underpin this is the 

fact that it is the white light that has the most to offer in complexity, 

since it is the unison of all colours, embracing the whole visible spectrum 

of electromagnetic waves. 

 

 

 

 

 

 

 



Application of Geometry in Cyanotypes 

 

Mathematical theorems from the field of geometry offer excellent visual 

materials for cyanotypes. In the centre of the cyanotype below there is an 

ordinary triangle, meaning that all its sides are different in length, so 

essentially this triangle can represent all triangles. The lines and circles 

that construct this complex image all have mathematical significance; 

none of them are random, only the triangle they have stemmed from. I 

extended every line to the full length of the transparency and omitted any 

mathematical symbols. 

Triangle I.    (Fig. 16) 

In Triangle I. the viewer is able to trace the altitudes of the central 

triangle, connecting each vertex to the opposite side, intersecting it in 



right angle. These lines all go through the same point, the orthocentre of 

the triangle.  

The three perpendicular bisectors of the triangle are also present, each of 

them is perpendicular to a side and passing through the midpoint of that 

side. These three lines also meet in one point, the circumcentre of the 

triangle, which is the centre of the triangle’s circumcircle. 

And lastly, the three medians are also visible on the image. These are the 

lines that connect the vertexes with the opposite midpoints. The medians 

of the triangle also intersect in one point, the midpoint or centroid of the 

triangle. 

 

                                      Euler line (Fig. 17) 

 

Euler proved in 1765 that in any triangle these three points, the 

orthocentre, the circumcentre and the centroid are collinear, and the 

image also depicts this Euler line (Crilly 2007). 



There are many other interesting properties of the Euler line, only some 

of which are represented in Triangle series of cyanotypes. However there 

is one more significant point on the image, the incentre of the triangle, 

which is the centre of the largest inscribed circle in the triangle. The 

incentre is the intersection of the three angle bisector lines. The incircle or 

inscribed circle is also visible on the image, alongside the circumcircle. 

                                          

 

Triangle ll  (Fig. 18) 

“Triangle II” offers a take on the dual nature of light, representing both 

characteristics of light on a symbolic level. The triangles and circles in the 



image were built on mathematical ideas, on theories that could be 

transferred into equations, which could be on some level interpretations 

of waves. On the other hand the image is peppered with white dots, 

emulating a myriad of light photons. Here the wavelike and the 

corpuscular co-exist in the duality of the highly particular and the very 

accidental. The underlying theoretical concepts have allusions to the 

wave-like, while matter manifests itself in the dots and other white 

corpuscles. 

 

The cyanotype below is coated in resin. While building up the resin 

surface, layer by layer, many more dots were incorporated into the work. 

These are either painted on or collaged within the distinct layers. The 

resultant system of dots resembles to images of our cosmos, a feeling of 

vast scales and deep space, traversed by light only. (Fig.19) 



The resin layer has an effect on how the viewer sees the underlying 

cyanotype because the thickness of the resin alters the path of light, while 

it travels through it, hits the surface of the paper and reflects back to the 

observer. It offers different reflections depending on where the audience 

stands in the room. 

 

 

 

(Fig. 20) 

I applied a thin layer of coloured ink on top of the cyanotype above in 

order to represent ether. The ink lying above the surface is   

corresponding to the belief in the existence of ether in the higher regions 



of the sky. The ink layer alters the emphasis of the different elements 

within the composition, highlighting areas, while also holding together the 

elements; similarly, it was believed that ether held all in place in the 

universe. 

 

The cyanotype below alludes to the indeterminacy principle of quantum 

mechanics. Particles are represented by indistinct patterns of movement 

and size, making it impossible to pin them down accurately. 

                                              (Fig. 21) 



Summary and Conclusions 

 

 

Interpreting, customizing and experimenting with scientific knowledge via 

artistic thought processes, we find connections and potential between the 

visual art practice and scientific understanding of light. This essay outlines 

analysis of experiments conducted using the framework above. Described 

are visual representations of sound waves using laser light, experimental 

use of polarizer sheets and of the use of optical devices such as prisms, 

lenses and dichroic cubes, which are all connected to the properties of 

light. 

 

 

Researching the evolution of experiments and theoretical frameworks 

which form the history of scientific understanding of light, it is revealed 

that science offers unexpected answers for questions about light. A 

paradox arises, a conflicting set of ideas which are at once opposing yet 

somehow sit side by side in the human conceptualization of light. These 

answers therefore pose more questions, and some are difficult to answer, 

is light a wave or is it a stream of particles?  

 

 

There is convincing evidence for both, yet the two contradict each other 

because of the assertion that light is both, but the two characteristics are 

incompatible.  

 

 

So, we know what light is, but at the same time we do not know. In light 

we touch the intangible, something which is almost beyond our 

understanding, but at the same time it exists all around us. The 



complexity of light leads us to conflicting realities at the extremes of 

human knowledge. 

 

 

One cannot be ignorant to the fact that looking into the history of the 

development of understanding of light, one also observes a showcase or 

research into the workings of human reason. 

 

 

Finally, the duality of light provides fertile ground for experimentation and 

exploration in art practice, because at once it offers contradictions and 

conflicts as well as concepts impossible to pin down. The application of 

the aptly relevant process of cyanotype which utilizes light in the making 

of artworks, demonstrates a possibility for an art practice to convey a 

parallel sense of duality to the scientific understanding of light. 
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