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ABSTRACT

This work discusses the relationship between art and science by the study of the
fundamentals of light alongside an experimental process that emphasizes the transformation of
matter, through which the main material of exploration is glass.

Being exposed to scientific subjects throughout the master program facilitated a great
interest and countless curiosities towards the nature of light from the point of view of an observer,
but also as an experimenter and a maker. Through these inquiries, | recognized a relationship
between the interaction of energy and matter, similar to the interaction of the artist with matter
and space. Consequently | began a pursuit in which | immersed myself in a universe of light to
later analyze its possible influence on my artwork and inevitably becoming part of the experiment
myself.

With this work, | seek to translate the above-mentioned interactions in order to create a
visible artistic language. This is an attempt to approach science in a yet to be experienced way.
Through glassmaking, | attempt to transform and materialize ideas about the nature of light in
order to make a physically tangible vocabulary that will, hopefully, promote further understandings
of light, life, the universe, and the world around me.



INTRODUCTION

| am neither an artist, nor a scientist.

Nevertheless, | am undertaking this research in the fields of art and science, seeking to
turn my personal circumstance into a premise for this thesis. Thus, | will consider the
interdisciplinary practice, both scientific and artistic, within this framework in order to explore the
effects caused by dwelling between them. One of the aims of this work is to make concrete the
influence of both disciplines in the experimental work and/or the experimenter and maker: me.

This research is an opportunity to re-explore the fundamentals of light that | certainly
learned some time ago. Yet, they did not grow as many curiosities back then as they are growing
now. Currently, | have been amazed by the rediscovery of the subject, as much as a child would
be on his first visit to a science museum. | was encouraged and driven by my new inquiries to
engage in a full immersion on the topic in order for the information to be absorbed, breathed in,
thought over, digested, spoken and reused. Once the knowledge starts residing in my
consciousness it can influence, affect and join other thoughts and ideas, mutating, deforming,
multiplying and reconstructing each other. This would urge the formation of new blocks of
understanding, letting me recognize the way | perceive the world, motivating an awareness of and
within myself, and the way | shape reality.

One of the main subjects of this work, as previously mentioned, is the nature of light from
a scientific point of view that gave way to a conceptual exploration: the interaction of energy and
matter in allusion to the interaction of the artist with space and matter. It is also an unconventional
artistic approach to the fundamentals of light, seeking to translate phenomena invisible to the
human eye into a physical and material language.

The work is presented in two main chapters: the scientific fundamentals of the nature of
light and the parallel experimental process.

The first one is almost a synopsis of the vast universe regarding light, energy and all the
subsequent wonders involved with it, as well as a quick review to some of the major experiments
that helped me understand these remarkable events better than a description itself. | decided to
place a real significance on this section, hoping that it might be as insightful to others, as it has
been for me; perhaps giving one a second chance to be astonished and reengaged in the
fascinating way our universe works, and therefore reconnecting to a whole. It is a personal way to
honor science, every person who has contributed to the discoveries that lead us to our present
understanding, the irrepressible human curiosity, the ever-growing desire to go further, the
accelerating technological progress, our implacable thirst for knowledge and for having a greater
consciousness. It is about our own existence, the world we live in, and finally the dark and distant
universe, tiny and immeasurable at the same time. It is in fact a way to honor science, because
through it, we have been able to encapsulate infinity in our illuminated imagination.

The second part explores the making, concretizing and materializing thoughts. It speaks
about a process that is constantly evolving, cultivating and transforming ideas. It contemplates
these ideas, nurturing and letting them reproduce and continually adding new directions to give
rise to nonexistent species, enabling a fluid way of thought. It also considers the maker as a
propagator of new connections, a vehicle of information that will, hopefully, reach into a new and
versatile vision of the Real.



. FUNDAMENTS AND METHODOLOGY

]

"We all know what light is, but it is not easy to tell what it is.
Samuel Johnson

A. Energy (Light)

Light was, for many centuries, the subject of many disputes. Throughout history several
scientists would agree on Isaac Newton's corpuscular theory where particles are emitted by light
sources and propagate in straight lines, yet, many others would support Christian Huygens'
description of the light's behavior similar to a water wave.! It was only at the beginning of last
century that the wave-particle duality of light was finally acknowledged.

As Brill, Falk and Stork advice in their book Seeing the light, one should try to shape an
understanding of light's nature relying on the scientists' classic experiments instead of chasing
the historical path: "...we shall use the well-tested method of scientist to discover what light does,
and thereby understand what it is." 2 Through these experiments, it is now possible to state that
light has a rectilinear propagation, traveling from a light source and it is possible to observe, not
the light beam itself but the object affected by it, which redirects the light into the human eye.

Day

Figure 1. Sunlight reflecting on the moon

In the past, scientist thought that light needed a medium to propagate, like sound waves
in air, and it had an infinite speed. Nowadays, it can be asserted that light travels at a finite speed
through the vacuum, not being dependent of a medium to carry it. One of the fundamental
constants of nature is the speed of light in a vacuum:

c=3x10"cm/s (1-1)

Nevertheless, the medium of propagatlon does affect the speed of light. The denser the
medium, the slower light travels, as in water. L|ght can also bend, so when it passes from one
medium to another, refraction happens, changing the direction of the ray of light.

Newton discovered that white light could be separated through a prism into pure colors.
This separation is called dispersion. Dispersion is interconnected with the previous definition of

! Brill, Dieter; Falk, David; Stork, David, Seeing the light, Optics in Nature, Photography, Color, Vision, and
Ho/ography, John Wiley and & Sons, p.3, 1986

Idem p.3

Jenklns, Francis A.; White, Harvey E., Fundamentals of Optics - Fourth Edition, McGraw-Hill International
Editions, p.6, 1981
4 Idem, p.8



refraction. At the same time, color is directly related with the light energy and therefore with the

wave frequencies. °
The concepts of refraction, reflection, dispersion and visible light, will be further explored

in the coming chapters.

1. Wave

Concerning the wave nature of light, it is important to understand the basic defining
parameters of a wave, since they have a direct influence on this work.

The figure (#) pictures the oscillation of a simple wave, where the amplitude a, refers to
the vertical displacement of the wave from the average or the rest position. The distance between
peaks is called wavelength A, and the frequency v is the amount of oscillations a wave completes
per second.

Wavelength

Amplitude

Figure 2. Sine Wave motion

Two centuries ago, James Clerk Maxwell, defined light as electromagnetic waves. The
electromagnetic spectrum consists of radio waves, microwaves, infrared radiation, visible
spectrum, ultraviolet radiation, x-rays and gamma—rays,.7 The theory proposed that single light
waves were formed by electric and magnetic waves. The magnetic waves oscillate on the
horizontal axis (x), while electric waves on the vertical axis (y) and both vibrate through the (z)
axis, called the wave propagation vector. They are also in phase and perpendicular to each other.
It is the interaction between both, the electric and the magnetic field, that generates the
propagation of the wave.?

s Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, p.4, 1980

6 Idem, p.2

! Fowles, Grant R., Introduction to modern Optics, Dover Publications, p.2, 1989

8 Brill, Dieter; Falk, David; Stork, David, Seeing the light, Optics in Nature, Photography, Color, Vision, and
Holography, John Wiley and & Sons, p.10, 1986



Electric
Field

A = Wavelength

Figure 3. Electromagnetic Wave

Although the magnetic field is an essential component of the electromagnetic waves, the
electric field is the one that interacts with electrons and the electric fields in atoms. As Brill claims
in his book Light: "This electric vector interaction produces refraction, reflection, and transmission
of the wave, in addition to color, chemical reactions, and heating effects in most materials." 9

A good example of this interaction happens in transparent materials, such as glass. As
previously mentioned, the speed of light in vacuum is constant, yet in glass, the electric fields of a
light wave energize de electrons in the material and these emit new waves. The charges add to
the original wave, decelerating its speed.

It is worth to mention that all kinds of radiation consist of electromagnetic waves, so as
visible light. They simply interact with matter at different wavelengths, depending on their
frequencies.

2. Particle

Previously, scientist knew that waves were propagating disturbances carrying energy, but
not matter. This was the fundamental struggle to understand the dual nature of light; the
properties of light also needed to be acknowledged through the particle theory.

By means of Newton's research, it is possible to understand the corpuscular theory of
light, where individual particles are emitted by light sources. This argument was later, expanded
by Albert Einstein. In 1905, he introduced the concept of "quanta", as particles of light that
carried energy and possessed momentum.'® Max Planck defined the quanta or photon's energy
expressed through the following equation”’

E=hv (1-2)

in which the energy E (emitted radiation) is proportional to its frequency v and h is Planck's
constant:

h=6.626x 10°*J's (1-3)

o Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, p.7, 1980

10 Feynman, Richard P., QED - The Strange Theory of Light and Matter, Princeton University Press,
pp.9,14, 1985

! Haken, H, Light Volume 1, Institut fiir Teoretische Physik, p.56, 1981



This energy defines the different colors of light, so that each color represents a photon with a
different energy. Consequently, since the quanta energy is proportional to its frequency, each
color can also be related with a specific light wave frequency.

In order to better understand the particle theory of light, it is of great use to mention its
direct effect on matter. A good example to picture light particles is the Photoelectric Effect, where
incident ultraviolet light (photons) causes the emission of electrons within atoms on a metal plate.
The electrons absorb the quanta energy, promoting a kinetic energy and finally leaving the
metallic surface.™

The electrons are to be found regularly in a ground state. However, when the incident
light, in this case the ultraviolet light, hits the electrons, in an excited state, these jump to a higher
energy level. If the energy provided is higher than the ionization energy, the electron will leave the
metal surface carrying that extra amount of energy. In this way, it is possible to take advantage of
the Photoelectric Effect, through which the light energy is transformed into an electric energy.

light

electron @

X

RN

metal

Figure 4. Photoelectric Effect

3. Quantum Theory

The equation to unify the quantum theory of light is based on Planck expression (I-1).
However, if, frequency v relates with wavelength A

c=vA
it means another correspondent way to express Planck's equation would be'

E = hc/A (1-4)

In this case ¢ should be fixed as the speed of light (I-1). From these understandings we can
conclude that the light quanta is directly proportional to the frequency and inversely proportional
to the wavelength. In other words, as the frequency increases or the wavelength decreases, the
energy of the photon will be higher.

12 http://galileo.phys.virginia.edu/classes/252/photoelectric_effect.html
13 Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, p.4, 1980



Concerning emitted radiation, on the wave model, the intensity of light is obtained by the
square of the amplitude a of the electric wave. In the particle model the intensity is related to the
photon density.

The point where the theories finally confluence, is through the theory of quantum
electrodynamics, combining Maxwell's explanation of the electromagnetic propagation of light
and Einstein's definition of the photons' energy, intimately related to the interaction of light and
matter.

4. Interaction of Light and Matter

"A luz é, afinal de contas, a mais refinada forma da matéria."
Louis de Broglie

Most of the known chemical and biological events happen because atoms and molecules
are affected differently by each radiation. All phenomena, besides gravitation and nuclear
phenomena, can be explained through the theory of quantum electrodynamics. They are
produced by the interaction of electromagnetic radiation with matter, more specifically light's
energy with particles in matter."

Light is emitted and absorbed in discrete packets of quanta. Regardless of the flux of
photons carried by a light beam, these cannot be observed. Here, the insistence on the
interaction of light and matter; it is a fundamental evidence concerning the existence of quanta.

( Radio J (Microwave ] (Infrared ] (Visible) (Ultraviolet ) (X-ray) (Gamma Ray)
10* 10? 1 107 107 10° 107 10"° 102
Wavelength in centimeters

[P p Se; o
I 7w fL

Buildings Humans Honey Bee Pinhead  Protozoans Molecules Atoms Atomic Nuclei

Figure 5. Electromagnetic Radiation

Some of the phenomena concerning this interaction are better known as the basic properties of
light, such as reflection, refraction, dispersion, absorption and emission. They all contributed to
the discovery of the principles of modern physics and will be discussed later.

The electromagnetic spectrum has a wide range of radiations differing from each other
through their frequencies (and wavelengths). The frequency will determine the behavior of light
interacting with matter. This event is also subject of the detectors for these frequencies, because
the charges in matter have resonance frequencies that need to be coherent with the frequencies
of light. In other words, the different types of electromagnetic waves do not necessarily interact
with every material they encounter. There needs to be a relationship in the scale they coexist.

1 Feynman, Richard P., QED - The Strange Theory of Light and Matter, Princeton University Press, p.77
1985

10



Concerning the receptors in matter, the photoreceptors in the eye would make a great
example to illustrate this process.

Within the human eye, behind the cornea, the eye-lens and the vitreous humor, lies the
retina, at the back of the eyeball. The retina consists of three layers, one of them containing the
photoreceptors called cones and rods. The cones cells are responsible of the high resolution and
color vision, absorbing light of high levels (photopic conditions), whereas, rods are sensitive to the
low levels of light, providing peripheral and under-dark (scotopic) conditions' vision.

These receptors absorb the visible light entering the eye through a light-sensitive
chemical, produced within the cell. When light hits one of the molecules, its electrons resonate,
causing a change in the shape of that molecule. This action generates an electric signal,
releasing a neurotransmitter that passes through the synapse to the optic nerve and to the brain.
All the information transmitted to de brain is processed to, ultimately, produce a symbolic neural
representation of the scenery: the sight."

The photoelectric effect previously described, is another example of the interaction
between light and matter. It exemplifies the transmission of energy from photons to electrons.

It is important to mention the photosynthesis as the main interaction of light and matter
related to humans and life itself. This is the process in which the energy of light is collected by
plants and transformed into chemical energy "feeding" all living beings on earth and therefore
enabling life."®

These examples are an essential evidence of the major role that light has played in the
evolution of the world and the human history, confirming that as a continuous universal event it
has determined our whole way of living and how we have perceived and shaped reality.

5.Reflection, Refraction, Dispersion and Transmission

Light travels through the vacuum in straight lines until encountering material obstacles.
When this event occurs, an interaction happens on the surface of matter and consequently the
ray of light can be refracted, reflected, absorbed or transmitted. These are just some of the
possible phenomena that can result from this reciprocated action and will contribute to determine
the appearance of an object.

When the light encounters another medium, it can bounce back into the first one. In
Physical Optics this effect is called reflection and it is determined by a principal law in nature, in
which the angle of an incident ray of light is equal to the angle of the reflected ray.17

There are, however, two types of reflection: the specular and the diffused reflection.
Specular reflection occurs on smooth and polished surfaces, whereas diffused reflection is
characteristic from an irregular interface.

15 Brill, Dieter; Falk, David; Stork, David, Seeing the light, Optics in Nature, Photography, Color, Vision, and
Holography, John Wiley and & Sons, pp.144-156, 1986

16 Idem, p.27

7 Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, p.44, 1980

11
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Figure 6. Reflected and Refracted Ray

Refraction is related to the effect that materials have on light. When a ray of light passes
from one medium to another, light bends. In other words, light is redirected while entering in a
material. This is a consequence of the interaction of light with the molecules within matter that
affects the velocity of light. In vacuum the velocity of light is constant, but for every other medium
the velocity decreases.

Therefore, the index of refraction n of a medium determines the ratio between the
.v%ocity or speed of light in vacuum and the velocity of light in a medium. Its algebraic expression
is

n=c/ (I-5)

where c is the constant speed of light in a vacuum and v the velocity of light in the medium.

Thanks to the accurate example made by Brill, it is possible to better understand the
refraction index with this citation: "...because water has a refractive index of 1.33, visible light will
trav% 1.33 times slower in water than in a vacuum..." '® Other values for the refraction indices
are:

Vacuum: n =1

Air: n =1.000292 or n = 1.000 (For practical purpose)
Glass: n = 1.520

Diamond: n=2.4

Most of the characteristics that determine the index of refraction have to do with the
temperature, the density of a medium and the wavelength of light. For the purpose of this
research, only the last two subjects will be discussed.

Concerning the density of a specific medium, which refers to the amount of particles
(mass) in a specific volume, the greater the density of the medium, the higher its index of

18 Jenkins, Francis A.; White, Harvey E., Fundamentals of Optics - Fourth Edition, McGraw-Hill International
Editions, p.10, 1981

19 Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, pp.45,46, 1980

20 Jenkins, Francis A.; White, Harvey E., Fundamentals of Optics - Fourth Edition, McGraw-Hill International
Editions, p.9, 1981

12



refraction and therefore the slower light will propagate in this medium. At the same time, the
shorter the wavelength, the higher the refraction index and the greater the dispers,ion.21

Figure 7. Refraction: The straw looks as if it was bent, since the n for water is greater than the n for air,
making the light refract from its original path.

Dispersion needs to be defined within the parameters of refraction. Sunlight, or white
light, for this matter, is a mix of all the visible colors represented by different wavelengths
traveling at the same speed in vacuum. However, when the light beam strikes a transparent
surface like glass, the ray of light is refracted and decomposed in different wavelengths traveling
at a different speed. The dispersion of wavelengths from this white light creates a spectrum of
visible colors from the shortest wavelength being violet and the longest wavelength being red. All
the other colors are to be found between these two. As mention above, the longer the
wavelength, the lower the refraction index (propagates faster) and the smaller the dispersion
relative to the incident path. Such is the case of red light. Whereas for the shortest wavelength,
violet, the index of refraction is higher, traveling slower in the medium with a greater dis,pers,ion.22
In general the higher the index of refraction in a medium, the wider the dispersion it produces.

After a beam of light has been emitted at certain incident angle, the ray is refracted when
entering in the transparent medium and some reflection occurs. The light is dispersed,
propagating along the material, and finally, it leaves the glass at the same angle and velocity as it
entered. This phenomenon is called transmission of light. Notwithstanding, in a horizontal plane,
the point where the ray leaves the material is displaced from the entering point. This shift is
subject to the thickness of the glass and its index of refraction.”

6. Electromagnetic Spectrum

There are many types of electromagnetic radiation and they all affect in one way or
another the molecules in matter, if they happen to interact. The variation between
electromagnetic waves is defined by their specific frequencies and wavelengths. They were
named differently in reference to their use, and their scales can vary from wavelengths with a
distance in miles, to wavelengths the size of the nucleus of an atom.

2 Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, p.46, 1980
2 |dem, p.11
2 |dem, p.44
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The Electromagnetic Spectrum

Wave A f E

AM ragio | 10%m | 1 MHz|10%ev |
FM, TV 1m| 100 MHz 107 ev
Radar : 0.1 m 1000 MHz 10 ev
Microwaves | 102m| 10'Hz |10°ev

Infrared 10'5mf 10'3Hz 11026V
Visilelight | 107 m | 10®Hz| 1ev
Utraviolet | 10%m | 10'°Hz| 10V
Xrays  [10%m | 10" Hz| 1 kev
Gamma rays 10%m| 10%He 1 MeV.

ittt

SRR

Table 1. Electromagnetic Spectrum

Humans do not see ultraviolet light, because the resonance frequency in the detectors of
the eye does not match the high frequencies of U.V light, they are out of phase.24 Ultraviolet
radiation wavelengths are shorter than visible light. As mentioned by Brill, Falk and Stork:
"...there is very little interaction between the radiation and the system - the radiation just passes
through the system." % In other words, the receptors within the eye do not perceive this type of
energy. Nevertheless ultraviolet radiation does have effects on human skin, because it interacts
with atomic structures, affecting the cells in the epidermis.

For the electromagnetic radiation to be used, specific instruments have been developed
in order to "translate" the wave's intrinsic information into a language that humans can perceive.
So is the case of the antennae. This object captures radio waves, magnifying them and finally
converting them into mechanical vibrations that result in sound.”®

7. Visible Light and Color

Within the electromagnetic spectrum, the range between 400nm to 700nm is to be found
and is called visible radiation or visible light. This is a very limited fraction of the spectrum.
However, this portion of wavelengths, has determined human life. That is because the human eye
responds to frequencies in the visible range.

As previously mentioned, the eye is the instrument that human posses to detect visible
radiation, transmitting the information carried by light in the brain and finally creating an image,
producing the sensation of colors, shapes, textures, transparency, brightness and depth. The
study of all phenomena contained in this range is called Optics.

2 Brill, Dieter; Falk, David; Stork, David, Seeing the light, Optics in Nature, Photography, Color, Vision, and
Holography, John Wiley and & Sons, p.12, 1986
% 1dem, p.19

% http://missionscience.nasa.gov/ems/05_radiowaves.html
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In the late 17th century, Newton discovered how to recreate the diffraction of light. For it,
he would perform an experiment in which a ray of white light would go into a polished glass prism
refracting and dispersing the beam in a range of six different colors that could not be separated
further. These intervals would go from the shortest wavelength, violet, through the color blue,
green, yellow, orange, to the longest wavelength, the color red. These are all components of
white light.”

The dispersion, as explained before, happens as a result of the light bending while going
into a different medium. In a vacuum, the mix of all colors, or white light, travels at the same
speed. As soon as the beam of light strikes the prism each component wavelength refracts at a
different range, causing the dispersion of the white ray. The color blue, for instance, has the
shortest wavelength, therefore the highest index of refraction resulting in a greater dispersion.

Red
Orange
Yellow
Green
Blue
Indigo
Violet

White Light
Glass Prism

Figure 8. Dispersion through a prism

The brightness of light is related to the amplitude of the wave. In the wave model,
intensity of light can be measured through the square of the amplitude a of the electric field from
an electromagnetic wave.”®

| = ka® (1-6)

In this sense, the intensity of a wave can be defined through its amplitude, thus the greater the
electric field, the more energy it carries.

In the particle model, the density of photons of a beam needs to be measured in order to
determine the intensity of the light.

The color might be expressed as a sensation produced by the brain by means of the
detection of light through the eye. It responds to the wavelengths and light energies contained in
light beams. In sunlight, or white light all wavelengths are present, being a mix of all colors. When
the incident light illuminates object, these absorb some of the wavelengths and reflect others. The
wavelength that has not been absorbed is reflected, giving as a result the visible color
determining its appearance. For example, an object green in appearance is absorbing all
wavelengths but the green one, which is being reflected.”

The saturation of a color refers to the dominant wavelength present in an object. Hence
the color reflected is complementary to the dominant wavelength.

2 Brill, Thomas B., Light - Its interaction with Art and Antiques, Plenum Press, p.11, 1980
8 Idem, p.5
% |dem, p.64
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400 450 500 550 600 650 700
Wavelength (nm)

Table 2. Color wavelengths in nanometers

Apparent white objects are due to the reflection of all the wavelengths present in light. As
it was previously mentioned, white light is the combination of all spectral colors. On the contrary,
black objects absorb all wavelengths and reflect none.

Newton invented a disc, which was segmented in 7 parts, one for each color of the
spectrlé(r)n. While the disc was spinning, it appeared white, due to the combination of all the
colors.

% http://www.britannica.com/science/color#ref383833
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B. Matter, Glass as a medium

As previously mentioned, in the past, light was wrongly thought as needing a medium to
propagate. It was inconceivable to imagine a light beam radiating into the void, instead it was
thought to have traveled through a medium called aether.

In allusion to this mistaken, nevertheless, poetic belief, | propose glass as the
hypothetical medium for light to "circulate" throughout this work.

Glass plays a main role in the history of light, since it was crucial for the understanding of
its essence. Experiments conducted with glass, like the refraction of light through a prism, enable
the scientist to finally grasp the behavior and properties of this luminous body: light
The minuscule fraction of time involved when light enters the glass is in fact the moment when
the paramount interaction between energy and matter occurs and also what guides my thinking in
this work. Light bends as it is going into the vitreous medium and thus a number of important
events take place.

Through my work | seek to emphasize some of these events, resulting from the above
mentioned interaction. Through a process of experimentation including, both traditional and
unconventional approaches to making, | use glass as the main character to tell this story.

C. Language and Concepts

This chapter is a parenthesis in the thesis, which has, until now, followed a scientific
approach. However, this moment acts as a link between the artistic, that | will now describe as
the experimental work, and the scientific ideas presented to me within the master program

Language has many connotations. It is however, essentially related to a system of
symbols that embody specific meanings with the intent to express. In other words, language is a
transmission of information.

The symbols within language are most commonly spoken, performed or written and
although these characteristic features allude to the categories of human language, it does not
exclude the rest of the animal kingdom. Language enables humans to communicate. The spoken
language, for instance, relies on vocal sounds emitted by the movements of the organs
associated with the mouth and the throat. The sound that consists of vibrating waves propagating
through the air joins and mixes these noises producing words. Connecting words creates
sentences, and the expressions of ideas and thoughts can finally result from these formulations.
By way of explanation, language needs some physical effort, linking the body with the reasoning.

Communication is mostly an interaction between a sender and a receiver. The human
language allows people to share information, knowledge, thoughts, feelings, emotions,
unequivocally influencing others. That is why it has been critical for the formation and
development of societies.”’ It defines how people relate to one another or to other systems.
Language, as a mean of transmission of information, also empowers humans with understanding.
It relates people to their community, context or locality, granting them with a sense of belonging.

In the chapter "geometria e pensamento”, Tavares suggests in his book Atlas do Corpo e
da Imaginacgéo, that as a structure that determines what belongs to a territory and what does not,
the thinking defines spaces: "The intellectual understanding is a physical understanding (...). To
understand is to locate." > One could say that through reasoning it is possible to localize
intangible realities. For instance, the universe. The main key in this process of locating is the
imagination. It allows us to create a visual understanding, an image of the unseen. In a way we
reach out to those far places through knowledge. Through science we can glance at the cosmos,
so as through art we can peek at the inner universes within ourselves, which might be, in my
opinion, equally distant.

3 http://www_.britannica.com/topic/language
Tavares, Gongalo M., Atlas do corpo e da imaginagéo, Editorial Caminho, p.31, 2013, Translation by
Maria Renée Morales Lam
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Tavares also introduces the concept as a place to organize and categorize ideas,
recalling the metaphor from Bachelard: "The concepts are drawers that classify knowledge." *®In
this sense, concepts arrange thoughts and once they have been understood or classified they
become static. When we create an understanding around things, we often stop thinking of them.
That is when they become still. As we do not understand those concepts, we deform them; we
turn them around, play with them, seeking to find a side that fits our reasoning. Once we make
sense out of them, we place them inside of those classifying drawers, letting them fall in a static
oblivion, like old books on library shelves, covered with dust.

To this solidification of thoughts, the Portuguese writer makes a counter proposal that is
to let the thinking be flexible and dynamic. A thought in motion changes with disagreement or
questioning, and by using new ideas as points of departure and curiosity. Here, they serve as
mediums to grow new inquiries, proliferating new ideas, new understandings and therefore new
languages.

This might be the appropriate moment to reiterate the leading intention of the present
work. My aim is to deform (shape, bend, borrow) and activate otherwise static concepts of light's
nature and turn them flexible for artistic interpretation. The new system of expressions will
attempt to transform thought into something visible in an effort to create an understanding of a
universe that the human eye cannot see. Most of all, the artwork serves to scale the
imperceptible in which the interaction of light and matter happens. Subsequently, a universe of
concepts that does not exist in a physical realm will be materialized as artwork.

It is also worth mentioning that language has been, in part, responsible for much
ambiguity. For instance, language has hindered the recognition of colors and has interfered in
their individual definitions by virtue of its limitations. Being incapable of naming all existing colors,
we have limited the color spectrum to our 5personal benefit and cultural needs, economical
positions, and technological developments.3 Therefore it is essential to describe the new
language resulting from this work, as a system not only consisting of words, but one formed by
symbols, interpretations, figures, drawings, objects, phenomena, effects, actions and all kinds of
representations that can enhance and contribute to shape a new comprehension of light's nature.

To continue with the idea of flexible concepts, Tavares suggests to analyze these as
though they were a case of study in a laboratory: "If we will, every concept is a bacteria, a virus
that our language should explore, as the microscope or many other instruments that explore
matter: magnifying the size of what is being observed (...) - creating the conditions, infinite if
possible, for an intense replication of a concept-virus." %

In this sense, the imaginary language (the art work) | propose in my work, will serve as
the microscope to examine and consider the quantum probabilities concerning the behavior of
"light-bacteria", seeking to scale its main properties and futures to formulate an understanding of
the unseen world around it. The ultimate goal will be to construct a visual or physical map of the
Invisible in a quest to locate it within my reasoning, establishing new starting points for fresh
curiosities and therefore new understandings, and so on.

"Aquilo que existe pode ser desenhado, mesmo que nao seja facilmente localizavel
pelos olhos.”
Gongalo M. Tavares

i Bachelard, Gaston in Atlas do corpo e da imaginagéo, Tavares, Gongalo M., Editorial Caminho, p.29,
2013

3 Tavares, Gongalo M., Atlas do corpo e da imaginagao, Editorial Caminho, p.29, 2013,

% Gage, John, Colour, Art of Science, Cambridge University Press, p.175, 1995

B nge quiseramos, cada conceito € uma bactéria, um virus que a nossa linguagem deve explorar, como o
microscopio e multiplos outros aparelhos exploram matérias: aumentado o tamanhoda coisa observada (...)
- criando as condigdes para a procriagao intensa, se possivel infinita, de um conceito-virus.", Idem, p.37,
translation by Maria Renée Morales Lam
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D. Maps and Scales

“Light played a paramount role in the discoveries of modern physics. One reason was
simply that our curiosity was reaching ever farther beyond the earth and the solar system, and
light is the only reliable and available messenger from these distant places."”

Brill, Thomas B.

Scales can be defined from many different perspectives, a ratio of dimensions between a
model and the original object, a ratio of the distance in a map with the actual distance between
places, a sequence of parameters or circumstances, etc. They commonly indicate a range of
measurable references.

As humans we need those maps as starting points and references, may it be to start a
journey, head to a new destination or begin a project. Every circumstance has an origin based on
specific precedents.

Feynman states in his book, QED, that all things can be given a value in a sequence of
determined parameters: "Things have been checked at distance scales that range from one
hundred times the size of the earth down to one-hundredth the size of an atomic nucleus."
Regardless of the size and human capacity to rely on their senses, it has been possible to
measure colossal eventualities in the universe just like quantum particles that are invisible even
to the most potent microscoge. For this Hecht states in his book, Optica: "...and all matter,
including light, is quantified." 8

Humans have invented and developed creative instruments to interpret the intrinsic
information within matter, and in general all known phenomena, being able to estimate and
provide concrete and comparable measurements in their referential scales. Analogous to this
scale system, language translates abstract (immeasurable) thoughts into communicative
(concrete) ideas through words. To a great extent, these interpretations can be made due to the
interconnection of previous thoughts, experiences or set of references. This will be, however, the
subject of the coming section.

Throughout this research, scales have been mostly mentioned in allusion to the different
types of energies within the electromagnetic spectrum. We know now, that electromagnetic
waves have characteristic frequencies inversely proportional to the size of their wavelengths, and
they determine the way the energy interacts with matter.

The human body is equipped with several "instruments" to serve as detectors and
translators of the external information concerning, essentially, the interactions mentioned above.
Still, we cannot rely only on these mechanisms, for they are configured through history’s evolution
to respond mainly to human's survival needs. In this sense, people are not granted with a vision
capable to see a shower of Iight, recalling the metaphoric description of Feynman about light
particles being as "raindrops".3 Our eyes can only perceive and interpret, together with the brain,
the light reflected from the objects. It does not observe, whatsoever, the stream of particles
emitted from the light source.

In other words, we are basically at the mercy of our corporal receptors in order to
perceive the world around us. Lotto recalls Berkeley's statement, in his TED TALK, Optical
lllusions show how we see: "We have no direct access to our physical world other than through
our senses." ** Here what is significant is how we handle the information that we receive through
these senses. It will (this information), at a certain point, become the affirmations of the world

37 Feynman, Richard P., QED - The Strange Theory of Light and Matter, Princeton University Press, p.7,
1985

8 Hecht, Eugene, Optica, Second Edition, Fundacdo Calouste Gulbenkian, Translated by José Manuel N.
V. Rebordao, p.75, 2002

% Feynman, Richard P., QED - The Strange Theory of Light and Matter, Princeton University Press, p.14
1985

40 Berkeley, George through Beau Lotto, TED TALK, Optical illusions show how we see
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around us. However these should not be constant or rigid, they should be ever-changing realities.
If there is a truth within science it is the fact that no universal truth exists, because our knowledge,
technological and scientific development, just as our consciousness have limitations. Things are
in a continual transformation. This can only means that new discoveries are ready to be found
unexpectedly, and with them theories will keep on adjusting. Thus, like thoughts, the formation of
the Real should be dynamic, we should be constantly seeking for different ways to approach the
information, letting knowledge be fluid, interacting with new concepts.

E. Metaphors and Analogies

The metaphor and simile are rhetoric figures of speech, contained within language.
Primarily, they will contribute to the understanding of less known (new) concepts through the
comparison of more familiar references, very much like the previous discussion about scales. The
implied resemblances transfer borrowed attributes from the source to the unrelated target.
Similes differ from metaphors through the usage of the words "like" and "as" to link the
comparisons. They both promote new relationships and the more these connections are made in
a free, malleable and creative way, they will result in further unconventional courses of thought. In
a way they seem to be the perfect tool to keep knowledge in motion, interconnecting old concepts
with new ideas.

One should not forget that metaphors will be employed in the conceptual and therefore in
the experimental work, as a creative instrument to build a language capable of articulating new
understandings. As Tavares suggest: "The imagination seen, not as ignorance or as an accident,
but a reasoning, a free reasoning that constructs a logic for itself, a methodology.“41

| propose the creation of a new physical (material) language to understand the interaction
of light, similar to the action of changing the angle from where a person stares at another, in an
effort to recognize him or her by glancing to other facial features from a different perspective. In
other words, | will try to grasp knowledge through new approaches.

Analogy is "a similarity in proportional relationships".* In a sense, analogies themselves
are equivalent to scales; they both serve as representations to interpret difficulties in
understanding. These comparisons can show a similarity of two things, two objects or two results
in which one of them might be unknown but can be deducted through the first one. The similarity
can also be functional as Aristotle stated: “As A is to B, so Cis to D" *°

Seeking to understand the metaphoric universe surrounding light and its interaction with
matter, | embark myself in a pursuit to create an imaginary language to translate the intricate and
sometimes not evident fundamentals of light into a visible map of possibilities. For this, | will make
use of different tools, like metaphors, making free comparisons and analogies, shaping concepts,
drawing unconventional connections, scaling invisible phenomena and finally, materializing these
probabilities through different experimental processes related to glass making.

In reference to the previous sections, a starting point is needed in order to explore new
inquiries. A reference, a concept, a hypothesis, a metaphor, a value, a decision...no matter how it
might be called, one needs to assume a group of settings to start generating a chimerical

MRV imaginagdo vista, ndo como uma ignorancia ou um improviso mas uma racionalidade, uma
racionalidade livre que constréi para si propria uma légica, uma metodologia." Tavares, Gongalo M., Atlas
do corpo e da imaginag¢do, Editorial Caminho, p.33, 2013, translated by Maria Renée Morales Lam

42 BRITANNICA, article "analogy", http://www.britannica.com/topic/analogy-reason

43 Aristotle, article "Analogy", idem
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language. Therefore, the first parameters to begin the experimental process will be defined
through a metaphor and an analogy.

The first metaphor or starting point presented for the development of the experimental
work is: "The artist is a translator."”

1. METAPHOR: Artist = Translator

In support to the relevance of the imaginative process and the deformation of concepts, |
cite Feynman's great remark regarding the difficulty to replace Newton's laws of motion: "One had
to lose one's common sense in order to perceive what was happening at the atomic level." 4

The process will be enriched by the unrestricted leaps between disciplines. Considering
that the master program of Art and Science of Glass, for which this research is being held, build
upon its dual nature. |, myself, dwell between vocational worlds and personal curiosities, facts
that allowed my organic incorporation of ideas into this interdisciplinary exploration.

2. ANALOGY: "The interaction of light and matter as the interaction of the artist with
space and material."”

Light is energy, which is constantly traveling in the inter-atomic void from the moment it is
emitted from a source until encountering an obstacle. When the ray of light hits the object, an
interaction at the very surface of matter starts to happen, triggering an infinite amount of possible
wonders. Metaphorically, the same extent of opportunities can occur when the artist, analogous
to the energy, confronts the material and space in which she or he creates, concretizing this
interaction through the transformation of matter.

The experimental process will be performed with emphasized awareness of this analogy,
especially because the term interaction implies motion. This last one has been acknowledge
several times throughout the work and will become an essential precedent, as it is the main
attribute of a dynamic, non-static thinking.

F. Defining the Experimental Process

Having recognized the parameters, | can assume a starting point in order to begin the
experimental process. For that, | will adopt a curious concept that is closely related to the subject
of our senses: the synesthesia.

Synesthesia is a condition related to the cognitive functions and perception of humans,
where the stimulation of a sense triggers other senses. For instance, a synesthete might smell
colors, perceive noises through visual stimulus, or taste flavors while hearing music. This is a gift
only few people possess in the world. Nevertheless, the perceptions they get from their senses
are as real as anyone else's who does not experience this condition.*

The term synesthesia comes from the Greek words syn (together) and aisthesis
(perception) alluding to a joined perception. These neuro-cognitive features open a great
opportunity to question ourselves about how we individually perceive the world, for synesthesia is
an undeniable proof of the limitations we encounter towards the comprehension of our
consciousness and our conception of the Real.

4 Feynman, Richard P., QED - The Strange Theory of Light and Matter, Princeton University Press, p.5
1985

45 Video, Britannica, http://www.britannica.com/topic/synesthesia

21



Based on this premise, | will start the exploration towards the formulation of a new and
personal language in an effort to better apprehend the nature of light. | work by emphasizing my
own interaction with materials and the space things occupy (or not), as an analogy of the
interaction of energy and matter. | will lend the characteristic aspects of synesthesia seeking to
mimic the behaviors of light through unconventional approaches, bringing them into a new visible
or evident scale.

The very first synesthetic attempt to transform rigid concepts into malleable
approximations is introduced through the next hypothesis: Turn a frequency of light into a
hearable experience. | will consider the graphical representation of the light waves, containing
intrinsic information of each color, and grant them a human-visible scale. In other words, | will
enlarge the wavelengths, converting their values in nanometer into centimeters, carrying out the
beginning of the translation.

From this moment on, it is possible to anticipate that the work will ramify into endless and
unexpected arteries, drawing an intricate net of curiosities and discoveries. Many new beginnings
will have to be set throughout the experimental process. They will be, nonetheless, assumed as
part of the artist's direct influence in the transformation of matter: the work.
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Il. EXPERIMENTAL DESIGN

Simultaneously with the theoretical research, the experimental work was developed in a

range of materials. Nevertheless, glass was the focal point throughout this practical process.

A. Artificial conversion of graphic frequencies and wavelengths

The first step in the experimental process was the conversion of wavelengths from a

scale in nanometers into one in millimeters.

Color Wavelength in nm | Wavelength in mm
Violet 400nm 4mm

Indigo 450nm 4.5mm

Blue 500nm 5mm

Green 550nm 5.5mm
Yellow 600nm 6mm
Orange 650nm 6.5mm

Red 700nm 7mm

Table 3. Color wavelengths in nm into mm

From this conversion, and because wavelengths embody the distance between peaks in
a wave, the points representing these wavelengths were marked in a horizontal line. This process
was repeated for each color of the visible spectrum: violet, blue, (indigo)46, green, yellow, orange
and red. (ref. Figure 1 in annex) Also new graphical wave frequencies were drawn with the values

in millimeters.
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Figure 9. Dotted lines representing each color wavelength

The next step is of great interest to the whole work. After drawing the new frequencies,
there was an urge to put them in motion. Therefore a wood piece was made, embodying the
frequency of a color from the visible spectrum. So the distance between points did no longer

5 |saac Newton (1642-1727), suggested his seven color spectrum had a correlation with the musical
diatonic scale. (http://www.hps.cam.ac.uk/library/universalharmony/newton.html)
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represent a horizontal and linear period of time. The wave was brought into a three-dimensional
plane and | started using the wood piece as a tool to draw with India ink.

Figure 10. Wood tool with India ink
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Figure 11. India ink drawings made with the wood tool
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After some free experimenting with the wood tool, a circular motion was constantly
reproduced with ink on paper. | began relating my gestures with the rotations of a vinyl disc
played on a record player.
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Figure 12. India ink drawings showing spinning motions

Keeping this last idea in mind, | produced float glass plates with a diameter of 30cm, in
allusion to the size and shape of vinyl records. On them, | laser engraved information related to
the wavelengths of colors. Many experiments were done, representing the spacing between
peaks in different ways. Still, for the record player to be able to move the needle around the plate,
there needed to be a continuous line, instead of rings. Therefore a spiral made out of dots was
finally drawn, in which the space between points would stand for the wavelength of each color.
Seven engraved plates were finally reproduced and recorded with a record player in collaboration
with the Portuguese sound producer, Mike Stellar.

Picking up the idea of the wood tool, | produced seven borosilicate glass tools in
reference to each corresponding color from the ones mentioned above. (ref. Figure 2 in annex)
Subsequently, seven plaster molds of 35cm x 35cm x 3cm, in relation with the dimensions of a
modern record player, were built. Later, each glass tool was placed in the center of a mold and a
circular motion was performed, holding on to the end of the tool. After letting them dry, the flat
areas of the mold were sanded. (ref. Figure 3 in annex)
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B. Bending the Space-Time

Simultaneously to the glass plate making, | was exploring the idea of bending of the
Space-Time. For it, | produced several square plaster and silica molds, which were later hand-
carved with deep depressions, alluding to the warping of the time-space and the funnel-like shape
characteristic of wormholes.

Figure 13. Hand-carved plaster mold

Float glass sheets were placed on the top surface of the molds and were fired at a
temperature of 750°. The deformed glass sheets resulting from the slumping process were placed
on an old projector to amplify the texture of the glass through the projected images.
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Figure 14. Slumped float glass on overhead projector

Figure 15. Projection of the slumped glass
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In order to achieve the depressions, related to the warping of the surface by effect of
gravity, | also experiment letting heavy planet-like objects fall on semi-liquid plaster. Some of the
two objects employed were: a hollow ceramic sphere and a basketball filled with plaster.

Figure 16. Plaster mold with an impact

C. Gravity and Impact

Following the impacts of heavy objects onto plaster molds, | began hitting layers of float
glass. Because the early experiments were made in small squares, less than 10cm x 10cm, | first
hit the glass with a hammer, in an effort to control the location of the impact. | tried different
numbers of layers, from a single sheet up to ten sheets stacked together. As the size of the
sheets increased up to 35cm x 35cm, in relation to the size of the previous mold, | employed
other alternatives, a cannon ball and the filled basketball.

The shape was modify from a square into a circle and went from two layers of glass with
20cm in diameter to a three layer round piece with 60cm in diameter. The utilized glass sheets
were 3mm thick. In order to hold the pieces together through the impact, the stacks of glass were
wrapped in masking tape.
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Figure 17. Three layers of float glass hit by a basketball filled with plaster

Afterwards, the broken pieces were fired at a temperature of 705° to fuse them back
together, laying in a bed of kaolin to hold the deformations caused on the glass surface and a
1mm ceramic fiber paper to prevent the powder from going into the cracks.

Some of the final pieces were mirrored through the deposition of a thin film of metallic
silver. The mirror is produced by the reduction of silver nitrate by an aldehyde, in this case,
dextrose. (ref. Figure 4 in annex)

To prepare the solution the followings compounds were employed:

- Silver Nitrate (AgNO3)

- Ammonia (NH3)

- Potassium Hydroxide (KOH)
- Dextrose (CeH1206)

- Distilled Water (H20)
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Here the quantities used to mirror the piece with 60cm in diameter (for 3.5L mirroring solution):
AgNO3=32.3g
KOH=40.5g¢g
CeH1206=57.5¢g
NHs = Undefined *
D. Funnels

In an effort to achieve the funnel shape, different sizes of funnels were hand blown with
the assistance of Professor Robert Wiley and the master student Carissa Baktay.

Figure 18. Hand-blown glass funnel

E. Water wave

The last piece produced was a closed borosilicate tube for which many tests were
conducted during the experimental process towards the exploration of the shadows produced by
the borosilicate glass.

After many attempts | designed a very simple piece that consisted of a borosilicate tube
of 5 cm in diameter and 100 cm long, closed from both ends and half-filled with distilled water.
The piece was produced by José Luis Pereira, flame-working technician of Vicarte.

" There is no exact ammount of Amonia, since it is poured slowly drop by drop until it reduces the solution
and it appears completely clear.
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Figure 19. Detail of the glass tube half filled with water

31



lll. RESULTS AND DISCUSSIONS

A. Synesthetic Spectrum (Translating matter)

The first result obtained from the experimental process was the translation of graphical
interpretation of the color wavelengths and frequencies into a familiar scale in centimeters, which
were marked as points and curves. Transcribing the information inherent in light into visible
drawings was the first step to the de-solidification and deformation of rigid scientific fundamentals.
The "body" of an abstract concept was just starting to be outlined.

The act of drawing the waves by hand, mimicking the frequencies of color, initiated a
creative dialogue between my artistic awareness and the concepts that were being articulated,
aligning my consciousness to the new traced ideas.

Constructing a functional tool out of the graphical models enabled a new dimension of
possibilities; a brand new field of experimentation. | was able to move the piece on different axis,
attributing motion to a static representation. Even though light travels in straight lines, meaning it
transits in space, this new way of ambulation referred to a less restricted one, in terms of the
directions of propagation.

With the new representation of the frequency of light, | was able to draw other lines and
curves, as well as rings. This last action brought me to a new awareness. There was a
relationship between the circular gestures of my hand and a turning vinyl on a record player. That
was also a main precedent to link light, in its graphic representation, with sound. Consequently,
an opportunity to transcribe visible light into a hearable experience arose.

| explored different possibilities of representing wavelengths in engraved glass plates in
the same direction | had started with the drawings. One of them was an engraving of a spiral with
decreasing frequencies, ranging from the lowest (red) to the highest (violet). The one chosen was
the spiral with spaced dots serving as the peaks between crests in a wave. After being engraved,
the glass plates were played in a record player, being able to listen to distinctive sounds out of
each plate. The records were named after the color they represented.

At this point | was very pleased to have embodied a hearable spectrum of colors.
Nevertheless, | was not fully content about the aesthetic properties of the project, so | started
exploring the morphology of the wood tool as | previously described. | came up with a rectilinear
design of it that was later flame-worked in borosilicate glass. The new instrument could trace the
physical path of light. Having in mind the premise concerning the interaction of light and matter, |
performed the circular motion on different surfaces and materials such as sand, clay, and finally,
plaster. The property this last material posses to harden quickly, allowed me to accentuate the
valleys that the glass tools were forming as they turned. New analogies and metaphors emerged
for me from this process. For instance, the spinning of the glass and the rings resulting from it
suggested a similarity with the way radars work.

Afterwards, | produced a mold for each glass "frequency" with the evidence of its
spinning path. The tools were left standing in the plaster, as if they were frozen while performing
this constant rotation. A representation of the track of light for every color of the visible spectrum
had been materialized.

The quest to translate the visible spectrum into sound, motivated by the simultaneous
stimulation of multiple senses that synesthets experience, derived in many artistic possibilities.
Nevertheless, two main bodies of work were completed and presented as a whole: the sound of
colors and the physical track of light in matter. Together, they were named Synesthetic Spectrum
and were shown at the group exhibition "1180°" at the Bilblioteca Camdes in Lisbon. The
recordings of the sounds of color were played as part of the installation with the plaster pieces, so
people could experience color through different senses. (ref. Figure 5 in annex) It was possible to
see the path left in the matter by the frequencies of color and their respective sounds. Still there
was no visible color within the pieces, just their interpretations to be experienced through different
means.

As a continuation of this project | recorded the rotation of the tools on many different
materials like sand, glass frit, paper, sandpaper, rice and other seeds.

32



While having a critique and photo shoot of the group exhibition where | presented
Synesthetic Spectrum for the first time, Marcio Vilela, photographer of the exhibition, mentioned
that he could almost hear the sounds emitted by the pieces, not having at that point any
explanation about the project. This was evidence that suggesting these rigid concepts in flexible
way could motivate people to think from a different perspective. Thereby the work was stimulating
an uncommon way to interpreting information around us and encouraging an awareness of things
that we are not used to see through our human eyes.

B. Bending the Space-Time (Matter interacting with space)

Remembering the influence of gravity in the whole universe, | explored the idea of
bending space-time. For it, | began experimenting with the deformation of surfaces. In space, the
mass of a planet warps the invisible mantle of space—time.48 First, for this project | proposed an
inverse representation of this distortion, also known as geodetic effect. | assumed the physical
weight of an invisible mass and deformed material surfaces.

Once again plaster played an important role since it is a very malleable material. |
produced flat molds that | later carved by hand, a process that | have been implementing in my
work since | started working with glass. For these molds, | was influenced by the graphic
representations of the smooth transition curves that a planet causes when warping space-time. |
also tried a different way to obtain a planet's "impression" on the mold, letting a sphere fall on the
liquid plaster. Although it created a sharp crater rather than a fluent curve, it did leave evidence of
the physicality of the collided object.

It is worth mentioning that getting physically involved in the experimental process was
highly important. This fallows the parameter for which the artist should emphasize in its
interaction with the material.

Having glass as my hypothetical "aether" material to conduct light, | was able me to
recognize an analogy between the bending of space-time and the evidence of gravity within the
glass slumping process. So after solving several molds, | decided to lay a sheet of glass on top of
the carved surfaces and fired them, in an effort to translate the physical memory of gravity's
presence into glass. Later decided to carve holes through the molds for two main reasons: letting
the glass slump at a higher extent; avoiding the air from getting trapped between the glass and
the mold; seeking to achieve a funnel-like shape.

The resulting slumped pieces did not match my expectations regarding their form. Only
smooth concavities were produced, instead of pronounced valleys. Glass is a difficult material to
domesticate. Nevertheless, | was playing a game of transformations, transcriptions, forming free
analogies and flexibly connecting concepts. Therefore, | chased other solutions to keep on netting
my ideas. | tried to arrange layers of slumped glass, achieving a sense of depth, or placing two
plates facing their backs, resulting in an empty sphere-like space.

Even though the possibilities were speaking to my creative awareness, still | was aiming
for something different.

48 Hawking, Stephen, El universo en una cascara de nuez, Editorial Planeta, p.18-21, 2002
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C. Projections (Looking into the structure of matter)

Slumped pieces

In the case of the slumped glass pieces, | brought light back into the equation, allowing
myself to experiment in other peripheries. | first used a flashlight, to cast shadows through the
glass pieces. The resulting shadows recalled my first year exhibition work, Frecuencia Etérea, in
which the extended shadows, projected on the walls, were as significant as the glass installation
itself. | found in the new shadows very captivating elements from the slumped glass sheets. (ref.
Figure 6 in annex) Somehow these features seemed hidden from a regular glance. So | decided
to not only expose them, but also magnify them through an overhead projector.

The glass pieces were 35cm x 35cm, the same dimensions as the Synesthetic Spectrum
project and the projector also happened to measure the same. Recognizing this coincidence, |
decided to pay more attention to these small, almost imperceptible details. In the next attempts, |
considered the small technical details and coincidences, even if they were known only to me, in
order to reinforce the interconnection between concepts and the artwork as a whole.

The resulting projections were completely unexpected. It was much more like looking
through a microscope into a cell or any biological system rather than a simple glass with a small
concavity. The texture was amplified, creating shadows and shapes, even colors that were simply
invisible just looking at the glass. The image also resembled a crater of the moon or the previous
plaster mold hit by the sphere, both conferring a sense of depth.

There is an analogy between projecting light through the slumped glass and a scientific
technique to determine atomic and molecular structures of crystals, called X-Ray crystallography.
This method consists in the emission of a beam of X-rays into crystals, crystallized proteins or
other molecules. These elements cause the diffraction of the beam in different directions, creating
a pattern from which a three-dimensional map can be produced, displaying information about the
atomic arrangement, the electron density, the structural symmetry and chemical bonds.*

In this sense my work needed to be exposed to radiation, as in the method described
above, in order for the invisible structure to become visible. Once again intrinsic information within
matter was being transferred into a legible scale.

Curious about the sense of depth, | explored different surfaces to project the image.
Reflecting the projection onto a mirror, would amplify it, but also made it lose some definition. |
tried then translucent fabrics, seeking to project the image in several layers. The resulting
artwork, then, occupied the space between layers, perhaps echoing the inter-atomic void within
matter. It could also be a metaphor to the chemical explanation of glass' transparency.

Essentially, light propagates until striking an obstacle. If the material happens to be glass,
light will be partially reflected, while another portion will be refracted and finally transmitted. The
interaction of light with glass particles is essential to understanding its transparent appearance.
The atoms in glass absorb light, causing the vibration of the electrons within them. If the
frequency of the light does not match the resonant frequency of the electrons, it will be reemitted,
keeping its propagation path. This absorption and reemission happens until the beam of light
leaves the material and that is the reason one can see through glass.

So the space between atoms, in which light travels, should be highlighted as a
comparison to the space among the layers of translucent fabric, letting the projection go through
them just like it happens within glass, enabling the body of work to interact with the room in which
it will reside.

The images projected on the layers of fabric also make evident the propagation of light.
Without the cloth one would only be able to see a single projection on the closest surface, but due
to the translucent screens one can observe the path of light throughout the room and its
suggested physicality.

“9 http://www.ncbi.nim.nih.gov/pmc/articles/PMC1186895/
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Wave projections and Prism effect

Taking advantage of the overhead projectors, | began playing with many different pieces
in order to study their shadows. Having in mind the refraction effect | began to fill up borosilicate
tubes of different diameters with water. The water would create intricate patterns of light rays and
it would work as a prism, performing a dispersion of colors. The shadows cast from the water in
motion alluded, in an effortless way, to the sine wave. It is a great example of the wave motion
and the refraction of light, as well as the interaction of energy (movement/artist) and matter
(water/body of work/).

D. Gravity Mirrors (Transforming matter)

Physical Transformation

Based on the experiments in which | created an impact on a plaster mold with a ceramic
sphere, | began hitting glass surfaces. The idea of breaking glass was a great metaphor of the act
of breaking rigid concepts. The techniques involved in glass making rely on the enhancement of
the vitreous material, attributing a sense of beauty or a functional purpose. Here the challenge
was to accentuate an action that would be considered in other circumstances a defect or a
mistake throughout the production process.

| began piling layers of glass. The impact on the surface would propagate through the
entire stack of transparent sheets, displaying the inner cracks. While trying with fewer layers and
after firing the pieces back together, something else was revealed in the process. The depression
of the impact was kept visible, as the evidence of the object that once hit the surface and very
much like the glass pieces that mimic the bending of space-time.

It caught my attention that even though gravity had a paramount influence on the
universe, on our planet and therefore in our lives, it is through a very silent presence. This subtle
occupancy was comparable to the underrated existence of light. In other words: two uninterrupted
cosmic events, underestimated by the rush of life. | came to the awareness of this massive
precedent for future work.

| also made a great discovery through the process of letting those objects loose and
hitting the glass. | was materializing the morphology of gravity through the memory of an impact,
as well as revealing previous eventualities as | was giving shape to my actions. The emerging
pieces also speak to the weight and materiality of things.

About those small technicalities | previously mentioned, | set the distance of the impact in
relation to my own height; 150cm, meaning that the object traveled the distance between my
head and my toes before colliding with the glass. Although this may seem ftrivial, it is of the
utmost importance to me.

Chemical transformation

The work was intended to be left transparent, in order to cast shadows from the broken
pieces. However black spots appeared between the glass layers throughout the firing process. To
solve this misstep, | decided to apply the formerly tested process of mirroring, through the
deposition of a silver thin film on the glass surface.

Usually, this chemical reduction produces a mirror coat on the glass. However, the
previous treatments left an uneven, somehow rough surface, resulting in a partially reflective
appearance. Nonetheless, it contributed to an interesting loss of the vitreous attributes of glass.
The piece presented a contradiction between its glass-like broken features and the metallic
surface, making it difficult to interpret its material composition and therefore what it truly was.
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E. Funnels

The hand blown glass pieces, that | call funnels, seemed to have little connection to the
rest of the work at first sight. Notwithstanding, it was necessary to review its interconnection with
the rest of the elements and concepts before making any further assumptions.

The quest for such that shape arose from the endeavor of achieving that concavity with
an open end, tested during the slumping process. Much of the influence came from the graphical
representation of a wormhole, which consists of two funnel-like ends joined by a tunnel. However
the shape easily referred to a phonograph's horn.

The phonograph is the mechanical version of the record player and if we go back to the
body of work Synesthetic Spectrum, one can see that early in this investigation, such equipment
was already taken in account as the leading analogy to develop the sound related project. The
function of a horn from a phonograph was that of a speaker, used to augment the sound waves
transmitted from the source to the air.

It is now possible to recognize the significance of this simple object, as a great magnifier
of translated information. That is why | decided to employ it as the item to amplify the sound
produced by the turning of the glass tools representing the color frequencies.

F. Exhibition

An exhibition named "Evidéncia intangivel de uma agao reciproca" took place on the 29th
of March of the present year, showing the work simultaneously created with this research. It was
intended to reflect the ideas presented throughout this investigation. However, this work was
created not as a literal representation of the analyzed fundamentals of science, but as a freely
shaped expression of the creative process with constant attention being paid to the
interrelationships of the suggested analogies and metaphors.

A large numbers of experiments and works of art were developed around these subjects.
However, it was necessary to select the pieces that would express the process as a whole,
translating the written ideas and the experimental work into universes dwelling in the same
exhibition room.

The place chosen to hold this exhibition is the Espagco Santa Catarina. The building,
Palacio Cabral is owned by the Misericordia perish in the center of Lisbon. The exhibition room
consisted of a corridor 18m long and 3,5m wide, accentuated by a black stone floor. On the right
side of the room a wall extended along the corridor and on the left side five brick columns. Next
to these columns, another corridor with the same length but only 1,30m wide was used. (ref.
Figure 7 in annex)

Seven

The first piece to be chosen was the physical translation of the color frequencies into
glass tools. However some alterations were made resulting in a new body of work. The seven
borosilicate-tools stand in a 120cm block of limestone. This time no physical paths were
engraved, only the interaction of light with the glass pieces was evident, casting shadows on the
top of the white surface. The stone lies on a 75cm height metal frame. The height of the
pedestals is exactly half of my own height.
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Invisible Spectrum

Along with the first piece, the second piece is a glass horn joined to a metal tube that
performed a loop of sound of the rotating glass pieces on sand. The object was held with a strap
to one of the room's columns at the height of my ear.

Untitled

The closed borosilicate tube half-filled with water was hanged from the ceiling close to
the wall, creating a visual effect with the cast shadows of the waves in motion. People were
allowed to touch and interact with the hanging piece.

Gravity Mirror

A body of work consisting of a 60cm in diameter round piece mimicked the impact of a
heavy object. The surface showed layers of broken and partially mirrored glass. The piece had a
surrounding metallic frame from which it was hanging from the ceiling close to the wall.

Void
A three-layer installation of translucent fabric exposed the projections from the slumped
glass sheets, in allusion to the magnified inner structure of matter. Two head projectors created

the images, one on each side of the fabric installation. They automatically alternated the image
every five minutes. The projectors were standing each on a 75cm tall metallic pedestal.
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CONCLUSIONS

SCIENCIE IS NOT BORING! It is, however, an encrypted language and just as with all other
things worth discovering, it remains hidden from the negligent eye.

The present research was conducted in order to create a better understanding of the
nature of light. The fundamentals reviewed throughout this work were distant topics from my
previous studies. During the process | was able to experience being a bit of a scientist and an
artist. This investigation has brought new understandings, awareness and great discoveries, as
well as a series of experimental curiosities that led to new artistic bodies of work. Without
science, my current artwork could not exist.

Although the dual nature of light was the main concern for many scientists around the
globe and essential to our existence, it could not be acknowledged until the beginning of the last
century, even after countless efforts. This does not mean, whatsoever, that the universe was any
different from what it is now, regarding light phenomena. Yet, we did create an overcast reality of
what we could not fully understand. This precedent should warn us about our ability to distort
history to our own benefit, for we do not feel comfortable with notions we cannot grasp. That is
why we should be permanently questioning ourselves, reshaping our existence, as reality should
be found in a continuous permutation.

It was more useful to rely on classical experiments in order to form an understanding
around the nature of light, than trying to solve the confusing and highly controversial puzzle
portraying its chronological history.

It was also easier to recognize the effects of light on matter instead of trying to shape a
description of it. Descriptions are, oftentimes, ambiguous and worthless efforts to encase things,
words filled with personal opinions, for they were first formulated by humans with early visions of
those things. In this sense, the existing descriptions of light were too ambiguous in order to
penetrate my consciousness and that is why | had to formulate my own metaphoric language out
of those descriptions.

In a very similar way, words are too limited and definitive to describe ideas fully. That is
why in my writing (and thinking), | frequently employ several adjectives, analogies and metaphors
to create a spontaneous mesh of interconnected meanings in order to explain a single concept.
This is also reflected in my artwork, seeking to articulate diverse interpretations of the same
concern, but manifested through material expressions.

The imperceptible scale on which the interaction of energy happens, exposed the
physical limitations we have towards the perception of the world. Adding to it, we have been
taught to look at certain things or think in a specific direction and be sensitive towards particular
circumstances. Yet, we are handed over just a fragment of the Real. Very similar to our visible
range, it is a silent way of restraining our thinking and worse, society. However, the more we look
for answers, the more we learn and expand our "reality spectrum”, and as we broaden our
"vision", we will be liberated from a preconceived and prefabricated mind. It is in connecting the
fragmented that the word magic will become necessary.

There are no "right" words to talk about magic without sounding silly, as there is no
simple way to relate our existence to the universe without getting dramatic. | believe coincidences
(magic) happen due to the interconnection of everything as a whole, a universal correspondence
that surpasses our human awareness. There must be still deep inside our consciousness'
"memory" some reminiscence which points to the fact that we are all stardust that came from the
same distant place.

The interaction of energy and matter is fundamental to the explanation of most known
phenomena. The encounter of light with an object in allusion to the interaction of the artist with
space and matter, results in countless possibilities in regard to the physical transformation of all
material bodies. These are evidences of the scope that the universal events, as well as our
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actions, have upon all things surrounding us, for everything is interconnected to a whole. They
also show the inevitable uncertainty we face towards the future, as we are barely sparkles of
probabilities.

This reflection generated a state of mind comparable to the one experienced through this
factual, still, extremely poetic phrase expressed by Professor Fernando Pina: "Photons emitted
from the sun, travel for 8 minutes through the void before reaching the earth, just to die in our
eyes". Awe, is still not powerful enough a word to describe this notion. Our human and limited
mind is incapable of imagining and understanding the precision of the universe and how we
contribute to its functioning. Yet, here we are as an incomprehensive and enigmatic part of it.

It is science that, for me, has pointed the way to where the universe is, and yet art is the
tool to feel it. Art also serve as the eyes with which | see this invisible universe and the medium |
chose to relate to the world.

Concerning human sight, there is a long process that involves the reception of
information, translation, transmission, interpretation and representation between the eye and the
brain, before one can actually see something. This sequence of reactions is similar to the creative
process of art making and how it results in an afterimage reflecting a given society at a given
time.

The discussion about art and science brought up many questions, even related to the
integrity of art itself. First came the basic doubts: What is art? What do we need it for? The
answers for those were almost intuitively engendered, because as subjective as they can be, they
are still quite personal. | recognize art as the place where alchemy and magic should be
practiced; a shelter from the ones that no longer believe in it. In my opinion, artists are
courageous beings for streaming their emotions to the rest of the world, while fighting to be free
from restrained thought. However, the verity of it lies quite distant from this utopian and childish
vision. Nowadays, there is something very wrong with art. It does not feel right. It is becoming
more the norm to find artwork that lacks of these streaming emotions, quite akin to the quotidian
reality: empty.

Is it possible that not even art will survive this tyrant society? One that does not stimulate
questioning but instead imposes a trail for thinking. This inquiry revealed what this work was
conferring. It was making me commit to pursue a genuine artistic path and an incorruptible course
of thought devoted to the Real and loyal to the child within. As | do not accept what seems to be
art that is empty of magic.

Numerous times throughout the research | felt the need to apologize, for the work was
becoming too poetic, too fantastic. However, not only did | realize that it is a personal work not
intended to please but to be shared, it is also impossible to avoid the fact that we live in a world
that is perpetually radiated by universal poetry.

One more question arose: Why do we do art? Does it have to do with our impotence
towards the uncertainty that rules the universe? The past is far away, the future is unreliable and
the present does not exist. It might be that artists are trying to slow down the speed of light,
stopping time in an effort to create a timeless present. | will think about it, deeply.

For now | know science is completely necessary for my artwork. My work has a story
behind it that comes from its fundamentals. At the same time, making art is the magic and the
poetry that allows me to have a silent and intimate encounter with the universe. As | grow an
awareness of that infinite universe and a new perspective of how | make sense of the world
around me and within myself, | also begin to understand who | am.
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ANNEX

Figure 1. Newton's color wheel and correspondent musical scale

l

Figure 2. Flame-worked borosilicate glass tools

40



Figure 3. Seven plaster molds each one with a glass tool representing the wavelength of a color
from the visible spectrum
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Figure 4. Mirrored glass with impact

Figure 5. Synesthetic Spectrum, Installation with sound, Group Exhibition 1180°, Biblioteca Cambes,
Lisbon, 2015
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Figure 6. Frecuencia Etérea / 6m x 3m x 1.5m, 25 panels of slumped float glass, First year final Exhibition
for the Master of Glass Art and Science, FCT, Portugal, 2014 (Frecuencia Etérea is part of the permanent
art collection of the FCT Library)

o |
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2. Seven

3. Gravity Mirror
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Figure 7. Map of the exhibition in Espago Santa Catarina.
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FINAL EXHIBTION

Exhibition's general View

Untitled, detail
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Untitled in motion, detail # 1

Untitled in motion, detail # 2




Seven

Seven, detail # 1
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Seven, detail # 2

Seven, detail # 3




Gravity Mirror, detall

Gravity Mirror
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Gravity Mirror and Invisible Spectrum
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Invisible Spectrum
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Invisible Spectrum, detail
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Void
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Void, detail # 1
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Void, detail # 3

Untitled

5cm in diameter x 100cm

Flame-worked borosilicate glass, water, wire
2016

Seven

95cm x 111cm x 35¢cm

Flame-worked borosilicate glass, limestone slab, metal frame
2016

Gravity Mirror

62cm in diameter

Slumped and mirrored float glass, metal frame
2016

Invisible Spectrum

225cm x 102cm x 95¢cm

Hand-blown glass funnel, steel tube, column, strap, sound system
2016

Void
385cm x 390cm x 450

Slumped float glass, hand-blown glass funnel, overhead projectors, sheer fabric, wire, aluminum

tubes, borosilicate tubes
2016
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FIG. 18
Kristin Von Jarmersted

FIG. 19
David Pereira

ANNEX

FIG. 1
http://www.hps.cam.ac.uk/library/universalharmony/18_large.jpg

FIG. 2
Kristin von Jarmersted

FIG. 3
Kristin von Jarmersted

FIG. 4
Kristin von Jarmersted

FIG.5
Marcio Vilela

FIG. 6
David Pereira

FIG. 7
Map of the Exhibition room of the Espago Santa Catarina

FINAL EXHIBITION

The pictures of the final exhibition were taken by the Portuguese photographer David Pereira.
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