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With the rapid advancement in technology, Artificially With the rapid advancement in technology, Artificially 
intelligent systems can now perform actions that were intelligent systems can now perform actions that were 
once considered to be only available by the cognitive once considered to be only available by the cognitive 
functions of the human mind. Consequently, artificial functions of the human mind. Consequently, artificial 
intelligence started to take over repetitive or dangerous intelligence started to take over repetitive or dangerous 
tasks, thereby allowing more human workforce tasks, thereby allowing more human workforce 
for areas such as arts which involve creativity that for areas such as arts which involve creativity that 
machines cannot possess. However, with the recent machines cannot possess. However, with the recent 
development of incorporating AI and machine learning development of incorporating AI and machine learning 
algorithms, machines are becoming increasingly algorithms, machines are becoming increasingly 
capable of demonstrating those human-qualities, and capable of demonstrating those human-qualities, and 
one of the major outputs of this occurrence is Artificial one of the major outputs of this occurrence is Artificial 
Intelligence Art. Intelligence Art. 

AI art is an art piece created by or with the assistance AI art is an art piece created by or with the assistance 
of artificial intelligence. In order to create AI-generated of artificial intelligence. In order to create AI-generated 
artwork, the artists carry out content curation: artwork, the artists carry out content curation: 
a process of gathering, selecting, and organizing a process of gathering, selecting, and organizing 
collection of images. Then, Generative Adversarial collection of images. Then, Generative Adversarial 
Network, which is an algorithm designed by Ian Network, which is an algorithm designed by Ian 
Goodfellow in 2014, is used to generate new data based Goodfellow in 2014, is used to generate new data based 
on the images given. In GAN two neural networks, the on the images given. In GAN two neural networks, the 
“Generator” and the “Discriminator,” constantly contest “Generator” and the “Discriminator,” constantly contest 
one another. The generator creates fake images by one another. The generator creates fake images by 
sampling the random inputs that have gone through sampling the random inputs that have gone through 
pre-curation. The fake and real images reach the pre-curation. The fake and real images reach the 
discriminator, while it classifies image output from the discriminator, while it classifies image output from the 
generator whether the images are fake or real. The two generator whether the images are fake or real. The two 
adversaries compete in the form of a zero-sum game, adversaries compete in the form of a zero-sum game, 
where one’s gain is equivalent to another’s loss. When where one’s gain is equivalent to another’s loss. When 
the discriminator successfully differentiates real and the discriminator successfully differentiates real and 
fake images, a result is “generator loss” and when it fake images, a result is “generator loss” and when it 
fails to do so, the result is “discriminator loss”. Through fails to do so, the result is “discriminator loss”. Through 
this process, the algorithm produces a variety of output this process, the algorithm produces a variety of output 
images and the artists select their desired outcome.                         images and the artists select their desired outcome.                         

From start to finish, the artists maintain an active hand, From start to finish, the artists maintain an active hand, 

meaning that they are involved in both pre-curation meaning that they are involved in both pre-curation 
(selection of input images) and post curation (selection of input images) and post curation 
(selection of output images), with their decisions (selection of output images), with their decisions 
affecting the final outcome. Rather than machines affecting the final outcome. Rather than machines 
simply producing new outputs, artificial intelligence simply producing new outputs, artificial intelligence 
art stimulates an interplay between artists and art stimulates an interplay between artists and 
AI. The interesting and unexpected integration of AI. The interesting and unexpected integration of 
images that AIs generate becomes a rich source of images that AIs generate becomes a rich source of 
inspiration for the artists to create innovative work inspiration for the artists to create innovative work 
beyond human cognition and their original capacity.                                                                          beyond human cognition and their original capacity.                                                                          

Although artificial intelligence is becoming highly Although artificial intelligence is becoming highly 
competent in demonstrating human qualities, it competent in demonstrating human qualities, it 
cannot yet produce works of true art on its own. Art cannot yet produce works of true art on its own. Art 
itself is defined as “the expression or application of itself is defined as “the expression or application of 
human creative skill and imagination” that is created human creative skill and imagination” that is created 
with the purpose of simple aesthetic, reflection of with the purpose of simple aesthetic, reflection of 
economic, social, and cultural background, or mainly economic, social, and cultural background, or mainly 
communication of emotions. However, the machines communication of emotions. However, the machines 
create artwork with basically no intention and create artwork with basically no intention and 
purpose. They are only randomly selecting images purpose. They are only randomly selecting images 
and tweak them, which therefore shows that they and tweak them, which therefore shows that they 
do not have any control over what to generate. The do not have any control over what to generate. The 
absurd results produced may seem creative at first absurd results produced may seem creative at first 
sight but they lack content and meaning behind. sight but they lack content and meaning behind. 

The development of artificial intelligence has The development of artificial intelligence has 
impacted society in various aspects. They tended impacted society in various aspects. They tended 
to take the job of what humans did in the past such to take the job of what humans did in the past such 
as cleaning and driving. However, these machines as cleaning and driving. However, these machines 
cannot break into the exclusive domain of feelings cannot break into the exclusive domain of feelings 
and thoughts. This is why even though artificial and thoughts. This is why even though artificial 
intelligence can independently generate artwork, intelligence can independently generate artwork, 
they can not replace the artists. they can not replace the artists. 

At the end of the day, human perception, emotion, At the end of the day, human perception, emotion, 
and creativity are what makes mankind special.and creativity are what makes mankind special.
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Art was first focused on the drawings of real 
life as accurately as possible, expressing 
them in various forms like sculptures and 
paintings. Nowadays, as abstract art emerges 
to the surface, art has developed in various 
different forms, reflecting the thoughts and 
concepts more than the physical form of the 
object. This is reflected through the abstract 
layouts of colours and features, often going 
to the extent of the artwork being considered 
‘strange’. While artwork was mainly drawn 
by paint, pencil, and other conventional 
materials, modern art utilizes different, unique 
materials to express the concepts and objects. 

Bio Art, an emerging form of art, is introduced 
as a category of modern art, exploiting 
biological materials and expressing the theme 
that has been common but not expressed 
directly: living organisms. 

BioArt is an art form that uses tissues, 
bacteria, living organisms, life proceses, etc 
to express the structure itself or utilize it to 
create a mass form structure. It uses genetic 
engineering, tissue culture, and cloning to 

create artworks in laboratories or studios. 
BioArt is different from conceptualism, 
which highlights the use of ideas, languages, 
and documentation of events, as it rather 
underlines dialogical, relational, and qualities 
of life. For instance, showing the cross-
pollination or cell interaction of an organism 
may be a common form of BioArt. 

There are mainly two forms of BioArt: 
“ready made” and “performance.”

The ready made art  uses the actual 
biological materials to genetically modify the 
organisms to create a unique form of art. 
This may be in small scale, like modifying 
cells and duplicating them to create a certain 
structure, or a large scale, modifying a 
whole organism, like a rabbit. 

The performance of BioArt is mainly 
expressed through digital technology, digital 
art, or placid forms of art instead of actual 
organisms to express the concept of living 
forms. 



Bio Art has probably existed longer before, 
as many were mesmerized by the complexity 
of the organisms and tissues, and anatomies 
of body parts such as the heart. However, Bio 
Art reaches to the extent of not only “living 
forms” but to the characteristics of life 
science. While BioArt is often described as 
‘grotesque’ and ‘unpleasant’, it is a rising 
form of art, with many artists experimenting 
with this kind of art form. 

BioArt can be seen even back to 1933, where 
the famous scientist, Alexander Flemming 
created germ paintings from images obtained 
using a culture medium and bacteria with 
different natural pigmentation, incubated in 
a petri dish. Or perhaps this kind of art can 
be found even before, where scientists and 
doctors made anatomies of the organs of our 
body, like the heart. Edward Steichen was 
one of the very few historical antecedents 
of BioArt. He held a stunning exhibition of 
flowers in New York, hybridizing them and 
employing chemicals to engender mutations on 
the flower. 

Contemporary, one Bio Artist, Eduardo Kac 
used GFP(green fluorescent protein) onto a 
rabbit, creating a ‘GFP bunny’. A GFP is a 
protein that exhibits bright green fluorescence 
when exposed to light in the blue to ultraviolet 

light range. Through this, Kac created an 
iconic image of him holding a white rabbit and 
another holding a green rabbit, using different 
lightings to create this effect. 

Another artist Sterlarc, grew a ¼ scale replica 
of an ear with the use of human cells. This 
project was on Symbiotica, Art and Science 
Collaborative research laboratory in the 
University of Western Australia. His ‘ear’ 
not only has the visual process but with the 
actual functioning purpose, making it able to 
hear sounds.

The  deve l op i ng  f i e l d  o f  B i oAr t  i s  a 
controversial issue to many artists, scientists, 
and to even ordinary people. There is also 
an ethical issue in this field. However, it is 
respected as an art and it is expected to 
develop further. 
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Art and Science, could they ever be the same thing? 
Nowadays, it has become a common belief that art 
and science are two extremes that couldn’t be mixed 
together. However, if we look closely into these subjects, 
it is realisable that the basic motivations and goals are 
the same although the subject itself and the methods 
are different. This article will be focusing on the specific 
intersection between the two extremes using the 
examples of  artworks  involving science or vise versa.  

In modern science and art, the role of photography has 
become crucial. Photography not only changed people’s 
perception of art, but it has now become a part of actual 
art. Moreover, the use of photography has resulted in 
unrealistic shots which are now considered as a great 
piece of work. The artist Eadweard Muybridge (1830-1904) 
has studied the motion of the running horses for years. 
For the first time, after the invention of photography, 
he captured the scene when all four horses were off the 
ground and this photography is still being recognized as 
one of the best artworks ever . 

Both modern and contemporary arts show the deep 
relationship between art and science. Marcel Duchamp, 
one of the representative contemporary artists, explored 
some concepts of science in his art pieces. His artwork  
“The Large Glass” shows a great connection of art and 
science  by the use of lead wire, lead foil and dust. In 
order to create this piece of work, Duchamp had to go 
through a number of concepts of physics.    
  
Another exemplary artist would be Leonardo da Vinci . Da 
Vinci is famous for his amazing works of art, but he was 

also a great inventor at the same time. With his multiple  
talents and interests, Da Vinci himself demonstrated the 
balance between  the two extremes. In 2001, the ‘Da Vinci 
bridge’ was successfully built which was originally from 
the design that Da Vinci had created 499 years ago . With 
the bridge having exceptional design and function, the 
fact that intersection between science and art could exist 
is proven clearly . 
 
While the previous examples given demonstrated the 
contrast between art and science from a viewpoint of 
contemporary art, we also need to discuss them in an 
"academical context", too.The works created by artists 
such as Teresa Almeida and Rosa Oliveira are the ones 
that show the academic intersection between art and 
science most effectively. Teresa Almedia’s research, 
which was a discussion about  the “light and color in 
Luminescent artworks”, required a lot of scientific 
theories. Also, she  had to look for new materials like 
glasses provided with “Lanthanide Oxides”, which are 
usually used in  art. One of her final aims was to develop 
contemporary glass art  with scientific theories. Other 
artists such as  Rosa Maria Oliveira(?) and Isabel(?)
Azevedo have also spent  a lot of time collaborating with 
artists and scientists at the same time. Both researchers 
ended up finding their artistic interests in light, kinetic 
art, electronic art, and video art, creating a link between 
art and science. Like the examples above, art and science 
had more intersection and relationship than we have 
expected. Now, why don’t you stand up and look around 
to find where the two extremes, art and science, are used 
together ? 
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Science is not only embedded in our daily lives, but 
also in the field of entertainment. Whenever you are 
getting a bag of popcorn from a theatre, whenever you 
are buying  a concert ticket, economics lies in the price 
of what you’ve got. In the Armchair Economist, Steven 
E. Lansburg illustrates how the laws of economics 
determine the cost of daily expenditures (1993). 
In terms of entertainment in particular, one might 
question why products such as food,  beverages, or 
tickets are set at a certain price. ‘Why does popcorn cost 
so much at a  cinema?’, ‘Why don’t concert promoters 
raise ticket prices even when they sell out tickets 
months prior to the event?’. 
In order to answer the first question, beware that 
the obvious answer is quite controversial . Although 
it’s a subjective matter to say that ‘approximately 
$5 of popcorn is costly’, the controversy is not about 
the wording or theatre’s monopoly over the place. 
According to the Korea Film Council, about 90 percent 
of the customers believe that food is overpriced at 
cinemas with the majority of products over 10,000 won 
(2017). It’s blatantly obvious that it would be rational for 
those people to purchase popcorn from convenience 
stores nearby at one third the price while they’re clearly 
allowed to do that. However, the customers constantly 
purchase expensive popcorn at the theatre, which 
doesn’t seem like a theoretically logical choice.  . 

It’s the balance between the cost of the ticket and the 
popcorn that makes the customers still buy popcorn 
at the theatre despite their expensive price, the extent 
of consumer’s willingness to pay and the boundary 
up to not paying. For instance, charging $10 at the 
box office and $5 for popcorn, or $15 for a ticket and 
popcorn for free seem equivalent for the profit of the 
theatre, but the cinema’s profit from selling tickets is 
less than the profit that they gain from selling food due 
to the sharing of cost. While popcorn and beverages are 
produced and run by a single company, film producers, 
theatre, and promoters have to ‘share’ the profit from 
ticket sales. In case of Korea, Korean ministry of culture, 
sports, and tourism reported that  food sales of major 
cinemas, Lotte, Megabox, and CGV, approximately make 
up one eighth of the entire profit they make without 

considering the distribution of profit from ticket sales 
(2016). Consequently, Landsburg asserts that these 
‘pretty interchangeable’ options are not only about 
initial total profit but also other elements in profit 
and the limit up to which the consumers would pay. A 
break in that delicate balance would cause a great loss 
in profit. Just maximizing the popcorn cost with $6 
of ticket and $9 of popcorn may induce customers to 
simply not get a bag of popcorn. Thus, popcorn is not 
plainly costly but pricey since it includes the hidden 
price of the ticket and is a major source of theatre’s 
revenue. 
Now to the second question: Why don’t ticket promoters 
raise the price of concert tickets even when they sell out 
months in advance? Although popcorns are to maximize 
theatre’s profit, not increasing the price concert tickets 
of BTS or U2 seems even less cogent in a sense that they 
would decrease the earnings. 
It has been a controversial but a popular theory that 
momentary cost of a ticket is not the major focus. A 
number of economists claim that advertising via quicker 
sell outs with lower price is more profitable in the long 
run. 
However, according to Landsburg, economist Ken 
McLaughlin believes that relatively low ticket prices are 
to attract certain consumers (1993). It’s not just about 
‘what’ they would earn in the long term, but ‘who’ they 
would attract. The quicker the tickets sell out, the more 
likely that avid fanatics would come to the concert. As a 
result, the people that come  to the event would be the 
audiences who would purchase multiple merchandise 
such as CDs, T-shirts, and posters. Therefore, it would be 
more profitable to include those products to the profit 
from ticket sales. 
In a nutshell, the price of the products that we purchase 
for entertainment have the economy and science 
behind. A simple bag of popcorn is set to the price 
around $5 since that is the point at which people will 
purchase both a ticket and a popcorn reasonably. 
Without much increase in the price of concert tickets, 
the promoters not only get to advertise their products 
efficiently but also induce the most enthusiastic fans to 
purchase various merchandise to gain some extra profit. 
Sometimes it takes economics to understand a ticket 
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virtual 
reality is 
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In the summer of 2018, Daniel Birnbaum, one of the 
world’s most prominent curators, announced out of 
the blue that he was leaving Moderna Museet to join 
a virtual reality start-up called ‘Acute Art’. This left 
many wondering why he would leave such a prestigious 
museum and bet on a technology still in its infancy 
stage of development. 

Virtual Reality is the use of computer technology to 
create a simulated environment. When we put on a VR 
headset we are taken to a simulated world completely 
from our actual surroundings. In this new world, 
we are allowed to become part of it by manipulating 
objects, performing actions, and interacting with the 
environment.

We interpret the world using set ‘rules’ developed by 
the brain based on our past experiences. For example, 
shadows tell us where light is coming from, and the 
relative sizes of objects tell us which is farther away. 
VR environments provide our brain with the same 
information and convince it to transport us to different 
places. 

There are certain preconditions to create a truly 
immersive VR environment: a frame rate of minimum 
60 fps, and an equally competent refresh rate and 
minimum 100° field of view (180° is ideal). The frame 
rate is the rate at which frames appear on a display, or 
the rate at which the GPU can process the images per 
second. The screen refresh rate is the speed  at which 
the display renders images and the field of view is the 
extent to which the display can support eye and head 
movement. If these conditions are not met, one may 
experience too much time gap between their action 
and the response from the screen, or feel disoriented or 
nauseated due to the inconsistency between the frame 

rate and the refresh rate.

Virtual Reality is permeating more and more into the 
world of art. In 2014, Google developed ‘Tilt Brush’, a 
technology that allows users to create 3-dimensional 
drawings in a VR space. Tilt Brush is being viewed 
positively by artists: they say this new technology is 
completely transforming the future of art and what 
it can represent, turning what was believed to be 
impossible to reality.

Tilt Brush has the potential to prompt a vast change in 
the fashion industry, as designers can paint clothing 
designs with textured fabrics such as silk, leather, and 
denim to the real world. They can walk around their 
designs, discuss them with their coworkers, or share 
them with Tilt Brush users around the world.

Fig 1. Tilt Brush (Google, 2014)

Writer: Ain Lee
Editor: Joe Kim



Art museums and exhibitions are also starting to 
embrace VR technology. In November 2018, the Musée 
de l’Orangerie held a VR exhibition that offered an 
immersive tour through Monet’s studio and paintings. 
In October 2017, the Kremer Museum created an entire 
VR museum with no need for a physical space at all. A 
VR exhibition resolves many issues a physical exhibition 
has, such as the difficulty of shipping artwork overseas 
and handling them so that they do not get damaged. It 
also has the advantage of making artworks available to 
those who cannot visit a museum in person. Especially, 
following the outbreak of COVID-19, more museums 
have turned to online platforms, and VR exhibitions are 
slowly becoming the new norm.Major tech companies 
such as Google, Microsoft, and HTC are making 
tremendous efforts to improve the current capabilities 

of VR technology. In the future, practical applications of 
virtual reality will be more available to us, and there will 
be an even wider use of the technology in art.

While many artists are excited about VR’s possibilities, 
the current technology still  has a large room for 
improvement. One of VR Art’s biggest challenges is how 
to make expensive headsets accessible to a wide audience. 
There are limits in graphical capability, and potential 
health problems are also a major concern. 

Birnbaum says “It’s  exciting because it ’s  a l ittle 
uncharted.” (The New York Times, 2019) It is just a matter 
of time for these problems to be resolved, and VR to begin 
revolutionizing art.
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Mankind is insatiable--they constantly pursue innovative 
ideas. Throughout human history, numerous artists 
sought after fresh inspiration and one way to achieve 
it was to take drugs. Andy Warhol, a prodigy in pop art 
notable for striking coloration, was at the summit of his 
career with his experimental use of Obetrol, a type of 
amphetamine (stimulant drug). Similarly, Jackson Pollock 
created paintings with revolutionary dip techniques 
and dynamic movements that brought on a new era of 
American art after severe drinking. He expressed his 
struggles, intense anger, and depression in his work. Like 
this, drugs triggered and inspired artists to originate a 
creative piece of art. 

The drugs cause people to fall in hypnosis, a trance-like 
condition during which people tend to have increased 
focus and open suggestibility. This stage dramatically 
alters people’s perception and provokes them to 
experience vivid fantasies. The quickest way to enter 
hypnosis is to take drugs. 

There are mainly three different classifications of 
medications: depressants, stimulants, and hallucinogens. 
Depressants, such as alcohol and tranquilizers, slow 
down transmission of neural signals between brain and 
the body by affecting the central nervous system. This 
impairs the brain’s ability to make judgement and to 
concentrate, thereby affecting people to feel relaxed and 
less restrained. Contrary to the depressants, stimulants 
accelerate cognitive and body functions, causing people 
to feel increased excitement, alertness, and energy. 
These two drugs allow the artists to experience extreme 
upswell of emotions. Unlike the depressants and 
stimulants, hallucinogens have direct effect on evoking 
sensory images. Hallucinogens create hallucinations 

in mind, portraying distorted or unrealistic images, 
something very different from original peripheral 
vision. These types of drugs ameliorate the artwork 
by enhancing the vision of the artist by providing 
new, interesting viewpoints that are distinct from any 
existing concepts.

The artists get addicted to the drugs as they build up 
tolerance: diminished response to the regular dose of 
drug. This occurs as the body becomes accustomed 
to the presence of drugs, demanding larger doses to 
produce the same effect as before. People tend to take 
exponentially increasing amounts of drugs, desiring 
stronger pleasure and effect and consequently losing 
control over their action. Furthermore, the artists, 
especially those who take stimulants, are highly 
inclined to be addicted. After taking a stimulant, the 
transmission of neural signals rapidly accelerates. 
The dendrites activate the neuron’s action potential 
and when it reaches the end of the axon, chemical 
messengers are activated to send neurotransmitters 
through the synaptic gap to the receptor sites. Then, 
the neurotransmitters should be reabsorbed by the 
original neuron but the stimulants block the reuptake 
of neurotransmitters such as dopamine, serotonin, 
and norepinephrine. These chemicals are excessively 
activated right after you take drugs and are depleted 
after expiration of the effect, which makes people 
extremely anxious. To reduce this pain and to keep 
themselves high and content, the artists cannot help but 
to continue taking drugs.                                                                             



Augmented Reality
Writer: Brian Yoon 

Augmented reality, which is known as the ‘AR’ technology 
might be familiar to people due to the sudden uprise 
of the game, ‘Pokemon Go’ and the IKEA mobile app.  
However, beyond these uses, AR technology has been 
applied to our daily lives through numerous ways, 
contributing in making a better version of life. In the 
current state, lots of workforces including engineers and 
scientists are keen to enhance the technology, and to 
make it even more convenient and salient in our lives.

When people think about AR technology, they come 
up with an idea where digital images f loat on our 
smartphone screen. Similar to this, augmented reality 
means adding a digital content onto a live camera feed, 
making the digital content look as the physical world 
around us. So then, how does this technology link our 

to go through a few steps to organize the information 
of an image. Inside computer vision, there are two 
salient factors, semantics and 3D geometry. Semantics 
mainly functions as a tool to recognize an object in the 
screen. For example, when we are applying such filters 
in our selfie, semantic is the part which recognizes 
your face appearing on the screen. This part is crucial 
in the whole AR technology since it provides the base 
for the technology to function. If the semantics part is 
malfunctioning, the computer will not be able to identify 
the object, resulting in failure in the whole technology 
where digital content can not be applied. On the other 
hand, 3D geometry is the part which manages location. 
3D geometry recognizes the location of the object in the 
3D world, and the direction it is facing.(Emspak, Jesse 
June 2018) By this technology, AR content is able to be 



imagination and reality in a technical aspect? In order 
to analyse the quick incident occurring in our phone, 
several steps should be inspected closely

Initially, the computer vision gets the information of the 
world around the user by our camera feed. As the data 
is collected, the computer visions select digital content 
relevant to the information provided, and then the 
content is shown in our screen visually, which is called 
‘rendering’. Also, since the AR technology has to show the 
real background- all of the steps above should happen 
every time a new frame comes from the camera.(Joshi 
Naveen 1, July 2019) 

Considering that most of the phones work at 30 frames 
per second, it means that this job should be done under 
30 milliseconds, which is a tight period for something 
to happen( The Franklin Institute, 21 Sept. 2017)  While 
looking at the analysis, some people might be unfamiliar 
with the term ‘computer vision’. In definition, computer 
vision is the part which enables computers to understand 
and identify an image. Unlike humans where we can 
directly perceive an image of an object, a computer has 

displayed in accurate places and angles, contributing in 
making a world that looks like the reality. 

It sounds exciting to visit a shop virtually, and play video 
games in augmented reality. However, unfortunately 
these are not able in the modern world due to the 
distinctive limitations of AR technology. There are 
myriad amounts of concerns regarding AR, but the most 
profound issue is about the limitations of the device. 
Since AR technology has to connect with the real world, 
it has to  perceive every small detail in order to duplicate 
the world. In this process lots of information-transfer has 
to take place and the point is that current mobile devices 
are not powerful enough to process heaps of real-time 
data.(Blippar, 2018) As we witness the abrupt increase in 
technology, this might be possible in the future, but for 
now, it remains a burden for scientists and engineers. 
Secondly, AR technology is not adopted in our lives due 
to the lack of regulations. Since there are no regulations 
regarding the content of the AR technology, there are 
numerous concerns about the abuse of AR technology. 
For instance, there might be a user that can hack 
personal accounts by mining data sets and manipulating 
the AR content. As a result, it seems challenging for 
AR technology to be adapted in our lives before the 
implementation of clear law. 

Overall, the new decade of the digital world is propelling 
toward us. It is obvious that this will drastically change 
our daily lives, but I wish this will result in numerous 



Leonardo 
da Vinci - 
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in art

fig. 1. Da Vinci’s Note: Shadow Diagram 
(Capra, 2008)

fig. 2. A Treatise on Painting: How the painter 
is to place himself in regard to the Light and 
his Model (Da Vinci, 1877)

fig. 3. A Treatise on Painting: Of those parts 
in shadow which appear the darkest at a 
distance (Da Vinci, 1877)

Everyone would be familiar with 
t h e  m a n  w h o  w a s  o n e  o f  t h e 
greatest geniuses of all time, left 
innumerable accomplishments 
as a painter, architect, scientist, 
i nve nt or,  an d  a n at om i s t .  Th i s 
brilliant man is Leonardo da Vinci, 
born on 15th April 1452 in Florence, 
Italy. His famous paintings such 
as the ‘Last Supper’ and the ‘Mona 
Lisa’ are praised for the perfect 
representation of  Renaissance 
Humanism and his precise sketches 
of anatomy and mechanical figures 
still inspire modern day scientists. 
By the way, have you ever wondered 
about the secret of his artistic skills 
:the scientific principles he implied 
in his paintings? In this article, we 
are going to reveal the secret of 
shadows, optics, and mathematics in 
Da Vinci’s paintings, establishing a 
link between science and art which 
seemed irrelevant before.

“The painter who wishes to be 
universal, and please a variety of 
judges, must unite in the same 
composition, objects susceptible 
of great force in the shadows, and 
great sweetness in the management 
of them; accounting, however, in 
every instance, for such boldness 
and softings.” This is a quote written 
in Leonardo da Vinci’s treatise: 
(a  formal piece of  writing that 
considers and examines a particular 
subject [Cambridge Dictionary]) ‘A 

Treatise on Painting’. From his quote, 
we can infer that Da Vinci greatly 
considered ‘lights and shadows’ as an 
essential element of painting. Da Vinci 
experimented with different lamps 
and objects himself to study about the 
basic principle of shadows and how it 
affects the appearance of the human 
face and background. He discovered 
the concept of ‘umbra’ and ‘penumbra’ 
of shadow in modern physics (fig. 1.) 
and how light is ref lected when it 
meets the surface. He develops this 
idea of shadow on drawing techniques 
and records  his  methods on his 
treatise. For example, in fig. 2., when 
area between A and B is the window, 
M is the centre of the window, and C 
is the model, Da Vinci states that D 
is the best viewpoint for the artists 
because half of the object receives 
light and casts shadow on the other 
half, attaining balance between light 
and shadow. Another example is in fig. 
3. Da Vinci marks 4 points of source of 
light in different angles (F,G,H,K) and 
explains how each area on the human 
neck (A,B,C,D) receives different 
amounts of light. His diagram shows 
that A doesn’t receive any light from 
4 points, B starts to receive light from 
H and K, C receives from G and K, and 
D receives from all 4 points, different 
variations of shadow appearing. 

Along with shadows, Da Vinci also 
studied the principle of ‘optics’. Da 
Vinci doubted the scientific theory 

fig. 4. Da Vinci’s Note: Optic dissection 
experiment (Maestro, 1998)
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popular in his era that the rays of light converge only 
at a single point inside the eye. He conducted several 
experiments to discover the true nature of eyes and 
two main experiments were the needle experiment and 
the actual eye dissection. The needle experiment is that 
even though you place the sewing needle near to the eye 
as possible, you can still see the objects behind in the 
background no matter the object is at a great distance. A 
needle was used in this experiment because it is thinner 
than the pupil and the retina, and this result proves that 
visual perception occurs throughout the entire area of 
the retina (proven correct in modern science) as even 
though the needle covers the single point of the retina 
the far right and left part of the eye can still receive the 
light from the object and allow us to see. Da Vinci had 
further speculated about why images do not appear 
inverted in our brains. At first he misunderstood that 
some particular part in the eye would function to adjust 
the image, but after the eye dissection he discovered that 
the brain could automatically make those adjustments. 
Furthermore, he was able to create a precise map of the 
nervous system from eyes to nerves and brains (fig. 4.), 
which still makes modern day scientists surprised by 
the accuracy and detail of the drawings regarding the 
time period in which he lived.

The study of shadows and optics later combined with 
mathematics led to the creation of the masterpiece 
‘Mona Lisa’. Along with painter and scientist, Da Vinci 
was also an erudite mathematician. He knew the 
existence of infinite decimals with everlasting digits 
between every number and that the figures in geometry 

could be divided continuously. This knowledge about 
the infinity in mathematics led him to view nature in a 
way where everything’s boundaries cannot be defined 
into one single line but there are infinitely divisible 
gradations between everything, which means that the 
boundaries do not have a physical presence. He realised 
that points and lines are only mathematical terms and 
imaginary concepts. Most of the artists in Da Vinci’s 
era valued clear lines and boundaries as an essential 
technique of art. However, due to his mathematical 
theory, Da Vinci believed that lights and shadows are 
the most important element of art, that in his treatise 
he said ‘outlines of figures’ can be easily mastered and 
understood but the ‘shadows’ require the most extensive 
and deepest study. This belief led him to develop an art 
technique called ‘Sfumato’, which is using blurry and 
smoky outlines in a painting. The most representative 
work painted in Sfumato skill is Da Vinci’s ‘Mona 
Lisa’. Mona Lisa’s smile became hazy and vague due to 
Sfumato and it became the one of the top reasons that 
made Mona Lisa famous worldwide: that the blurry 
smile highlighted the mysteriousness of Mona Lisa.

In addition to the three science and math principles 
introduced in this article, there are even more secret 
elements of science hidden in Leonardo da Vinci’s 
paintings: revealing how his paintings are so lively and 
realistic so that it tricks our eyes as if it is real. Science 
and art seem unnatural to be together, but ultimately 
science is an essential part of art, that grants art a vivid 
life and stirring emotions.
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Sometimes people think that science Sometimes people think that science 
a n d  a r t  a r e  n o t  i n t e r c o n n e c t e d . a n d  a r t  a r e  n o t  i n t e r c o n n e c t e d . 
However, in the real world, art and However, in the real world, art and 
science are inextricably intertwined. science are inextricably intertwined. 
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combine advanced technologycombine advanced technology

The paint was first invented in the 
Stone Age. The earliest art supplies that 
were found were abalone shells full of 
ground ochre and charcoal. These were 
left in the Blombos Cave in South Africa 
which is considered to be up to 100,000 
years old. Unfortunately, the painting 
drawn with the materials is not found. 
In Europe, Australia and Indonesia, 
the 40,000 years old primitive cave 
paintings  featuring hunters  and 
herders coloured with paints made out 
of blood, sap, berry juice, dried plants, 
roots and minerals were discovered. 
gies with the acquired knowledge to 
form even more vivid colours of paint.

As time passed, people were able to 
transport materials and minerals 
internationally. The materials were 
traded between countries in Europe 
and Asia. The imported materials were 
used to create paint and decorate 
temples.  Although the number of 
colour combinations was still little, the 
variety of colours began to increase.  
For example, sand, lime and copper 
ore were mixed together and heated to 
make a greenish-blue pigment called 
Egyptian blue. By mixing mercury with 
sulphur and roasting them together 
vibrant red was produced.

In the 15th century, the first oil paint 
was introduced by a Flemish painter 
named Jan van Eyck. The previous 
paints used eggs to connect agents 
for paints. Eyck decided to replace 
this with oil which is used pervasively 
nowadays. He painted in layers and 
combined opaque with transparent 
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pigments. The easily miscible oil paints allowed 
painters to create more intricate and realistic 
artworks.         
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 In the 1940s, acrylic paint was invented. Unlike oil paint, it 
was water-based and dried quickly. A German chemist Otto 
Rohm developed acrylic resin that quickly transformed 
into the paint. Its original purpose was to paint houses and 
military vehicles. Between 1946 and 1949, Leonard Bocour and 
Sam Golden invented a solution of acrylic paint which were 
mineral spirit based. Mineral spirits are clear liquid based on 
petroleum also known as mineral turpentine. 
 Nowadays, in order to make paint, 4 ingredients, 
pigments, binders, solvents and additives are required. 
Pigments serve as a basis for colour in the paint. The white 
pigment is made of titanium dioxide, red and brown are 
from iron oxide, green from chromium oxide and black from 
carbon. Binders are the glue that sticks pigments to the 
surface a person is trying to paint on. In the past, these were 
made out of natural oils but these days due to development 
of technology, natural binders were replaced with synthetic 
plastics or rubbers. The pigment and binders are mixed 
together forming a viscous substance that does not spread 
when it is put on a paintbrush.  To stop this from happening, 
solvents are added when it is sold to customers. Solvents are 
the paint thinner which is making the sticky pigment-binder 
mixture to easily spread. Watercolour paints use water as a 
solvent but for long-lasting paints like oil paints, stronger 
solvents are demanded. Finally, the additives are added 
to form the final product. Different additives are added 
depending on the type of paint a person wants. For example, 
ceramics are added to make the paint more durable, glitter to 
make the paint glow in the dart and more.  
a
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Photography is a branch of art that captures light into 
a durable form. Before photography, drawing and 
painting were the only way to express the desire to  
record  what people see — these were inaccurate and 
expensive and thus, were the preserves of wealthy 
people. The development of photography and camera 
allowed everyone, from parents taking a picture 
of their baby to reporters in war, to record images 
accurately.
In the 11th century, an Iraq scientist developed 
something which is now called camera obscura - the 
beginning of photography. Through a small aperture 
on the  surface of a dark room, an upside-down image 
is projected on the wall. This happens because light 
travels in a straight line; the smaller the aperture 
is, the accurate the projection will be. Though this 
camera did not actually ‘record’ the image and merely 
‘projected’ it, the projection was traced down by 
artists to create an accurate drawing of an object. 
The first camera  obscura was just a hole in a tent 
and it  became portable in the 17th century as lens 
technology developed. The new camera had a glass 
convex lens that made the light focus on the lens. 
The first durable photography that people usually 
think of is invented in the late 1830s by Joseph 
Nicéphore Niépce. In  1816, he used the portable 
camera obscura to project light on silver chloride 
coated paper. The light parts  were  turned black 
because silver chloride is sensitive to light. There 
were problems with silver salt photos - it was negative 
and not permanent since it reacted too fast with the 

It  t o ok  s eve r a l  d e c a d e s  for  ph o t o g r a ph ic 
t e c h n o l o g y  t o  a d d  c o l o u r  i n  p h o t o s .  T h e 
trichromatic theory — the theory of how human 
eyes perceive colour through a combination 
of three colour red, green, and blue — was the 
first step of colour photography. The first colour 
photography called the autochrome was invented 
by Auguste and Louis Lumiére in 1904. The basic 
idea of autochrome was that human eyes perceive 
dots of red, green, and blue as a plane of single 
colour. To make an autochrome, firstly red, green, 
and blue starch grains smaller than 15 micrometres 
should be coated evenly on a glass plate. This glass 
plate acts as a coloured filter, and is placed in front 
of the traditional black-and-white photography 
plate. When the photo is taken, the emulsion plate 
now consists of microscopic dots showing the 
brightness of red, green, or blue lights. The black-
and-white photography is lined  with the glass 
filter, and through the filter, we can see a coloured 
image.
The same principle of three coloured dots is  also 
present in digital cameras these days. Three types 
of semiconductor devices  called photodiodes 
correspond to  each colour behind the lens and 
convert  the image into an electric  signal. The 
signal is then displayed on the screen, also using 
microscopic red, green, and blue light displays. 

Daguerre’s silver-coated copper exposed to iodine 
vapour took 15 minutes, emulsion or wet plates 
took only a few seconds, and finally, dry plates 
could  be stored and hand-held.

sunlight.

Niépce, after 10 years of experimenting with other 
materials, invented the first positive semi-permanent 
photograph using a pewter coated with bitumen 
dissolved in oil. After a long exposure of light, 
bitumen hardened in the bright area, and the bare 
metal surface was exposed in the dark area. Niépce 
developed the camera by reducing the exposure time 
from several days to several  hours. After Niépce died, 
many scientists worked to shorten the exposure time 
even more :
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 It has become a common belief that art is the “opposite” 
of science. Science is among the realm of logic and fact, 
whereas Art is among that belonging to creativity and 
imagination. However, bioart directly challenges the 
statement above.
 Rainy Taxi (1938) by surrealist Salvador Dali was one 
of the first artworks considered as bioart.  The artwork 
is a statue consisting of a real automobile and two 
mannequin occupants. The male mannequin in the 
driver’s seat has a shark head while the female in the 
backseat has live snails crawling around it.
In the postmodern era, barriers between art and science 
is being blurred. Both fields are human attempts to 
understand and describe the world around us.  The 
process and the subjects have different traditions but 
human’s everlasting motivation are fundamentally the 
same – which is to seek the truth about our existence.  
Bioart was created by fusing biology and art together. 
There is, however, an ongoing debate about how to 
categorize bioart. 
 The first category is genetic modification. Alba (2000) 
is a genetically modified albino rabbit of a renowned 
artist named Eduardo Kac. Modif ied by French 
biologist Louis Houdebine, a protein called GFP (Green 
Fluorescent Protein) was spliced from a jellyfish and 
into Alba’s genome. This made Alba literally glow green 
under blue light. Kac also genetically modified a flower 
and named it “Edunia,” a hybrid of a human and petunia. 
He used his own genes and “Edunia” has veins on its 
light-pink petals.

Another category is invention. Dutch artist and 
entrepreneur Jalila Essaidi made a “bulletproof skin” 
using goat milk and spider webs, which turned out to be 
ten times more resilient than steel. She also created a 
naturally degradable fiber made from cow feces.
 Although these two are the most well-known types 
of bioart, there are other pieces that are completely 
different, but in a highly interesting way. Genesis (1999) 
is an installation of Kac, once again. A quote from the 
Bible (Genesis 1:26 - “Let them have dominion over 
the fish of the sea, and over the fowl of the air, and 
over the cattle, and over all the earth, and over every 
creeping thing that creepeth upon the earth”) is first 
turned into morse code. The letters of morse code 
have a specific counterpart to the nucleotides of DNA. 
Dash(-) is T, dot(.) is C, A and G are word space and 
letter space, respectively. The genetic code was injected 
into bacteria. Viewers then shed ultraviolet light to 
the bacteria to cause mutation within the bacteria. 
When the mutated gene was translated later on, it said 
something completely different. According to Kac, the 
sentence was chosen because of its dubious approval 
of humanity’s supremacy over nature. He made the 
sentence change to symbolize that “we do not accept 
the sentence in the form we inherited it, and that new 
meanings emerge as we seek to change it.”
 Christian Bok also did something similar to Kac, 
but this time it took a poem and nine long years to 
complete. Named Xenotext, Bok wrote a short poem 
about language and genetics that was translated into 

a sequence of DNA, utilizing amino acids as letters. The DNA was injected into a type of extremophile (microscopic 
creature that is extremely resilient). This DNA was engineered to instruct the creature to produce amino acid that 
spell out a poem. Before then, scientists can only “republish” text by replicating genes within a cell, Bok made a new 
one with his own protein which took more than five years to complete.
 A collaboration of science and art sounds like a good idea, but things do not go well all the time. One artist made “Human 
Earrings,” which was a sculpture of a woman’s head with two dead fetuses attached to each of the earrings. Obviously, 
it received criticism from all around the world, but the artist repurposed his art exhibition to science and was able to 
continue. Bioart must have a clear limit. Anything can technically be bioart in the current situation but explicitly using 
a human body in an artwork must be avoided under all circumstence. 



Overview of the relationship             
 Very often, the arts and sciences are 
considered as two completely different 
areas where the arts explore the creative 
aspects of the world and the sciences deal 
with the facts and theories. However, at the 
end of the day, both fields have a shared 
goal, to understand our environment and 
the world around us; ultimately, the two 
fields are just using different methodologies 
and paths to reach this shared goal.
 Leonardo da Vinci is well known for 
combining the two worlds. Although he is 
often mistaken as a painter due to his most 
famous work, the Mona Lisa, Leonardo da 
Vinci is also well known for his expertise 
in multiple f ields including painting, 
engineering, architecture, sculpting, 
anatomy, and astronomy. Unrecognized 
by a large number of people outside of the 
two fields, da Vinci’s works in the fields 
other than art are less in quantity but, 
nevertheless, also in extreme detail and of 
great value. An example of this would be the 
Vitruvian man in which da Vinci used the 
works by himself and the Roman architect, 
Vitruvius, to draw the proportions of 

an  ideal man. This can be seen when 
considering da Vinci’s architectural 
works in which the fusion of art and 
science is quite obvious. The bridge on 
the left in Norway built by artist Vebjorn 
Sand surprisingly followed the plans 
da Vinci worked on that were rejected 
by the Ottoman Sultan, considering it 
an impossibility. This claim has been 
disproved, the bridge being built 499 years 
after this.
 When drawing more realistic images, 
the ideas within science are used. For 
example, when drawing an image of a 
street, perspective is used to represent 
the objects seeming ‘smaller’ as they 
are placed further away. This is because 
being more realistic is representing more 
aspects of the real world and reality, thus 
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             between art and science 
involving more aspects of the scientific 
world. Another use of this is when drawing 
humans or life in general. Specific structures 
of the anatomy of plants or animals define 
the level  of  the realness of  the piece. 
These include proportions and shapes of 
physiological structures. Other than fine 
art, the performing arts rely on science as 
well. This is most evident in music where the 
creation of sound itself is through physical 
factors and theories. This is then turned 
into patterns and combinations of different 
sounds for better sounds. However, this 
does not necessarily mean that all types 
of art depend on science completely. Many 
absurd or minimalistic styles of the arts 
have minimal input of theories or scientific 
concepts, but attempt to create an abstract 
representation of the world.
 On the other hand, one could argue that 
science relies on the arts as well. Creative 
thinking is the essentials of the sciences 
because scientists must look at aspects of 
the world in different, new perspectives and 
must conduct experiments with different 
hypotheses. A new scientific suggestion itself 
is one’s new perspective when observing 
a certain phenomenon. An example of this 

would be the ideas of Charles Darwin, although 
today the theory of evolution and natural selection 
is considered a common and well-known concept, 
at the time of Darwin, this was a totally new 
concept in which it turned the views of scientists 
around. Whether the theory itself is true or not, 
this is disputable, but regardless it proposed an 
unfamiliar idea, similar to how the arts work.
 Despite the common idea where the arts and 
science are totally different fields, there are 
multiple overlaps where one field feeds on 
another. The new perspectives of the world 
suggested in both fields affect the works in both 
in its own field and the other. This to reach a 
common goal; an explanation of the world.
      



Paint
a material that absorbs up to 99.965 
% of visible light. On the other hand, 
titanium dioxide, a pigment widely used 
to give opacity to paints or make white 
paint, can scatter light very well as it has 
a high refractive index.
Binder
 The binder or binding medium provides 
a continuous medium that pigment can 
be dispersed in. It holds the pigment 
together and allows the paint to stick 
onto the surface being painted on. The 
binding medium of oil paints are oils, 
usually linseed oil and sometimes other 
oils such as poppy oil and saff lower 
oil. Oil paint hardens by the oxidation 
of these oils. Oxidation is the gaining 
of oxygen atoms, which is provided by 
the air to the paint. In simple terms, 
when the oil becomes oxidised, the 
resulting components can chain to 
one another to form a solid layer of 
paint. For watercolour paint, a water 
soluble binder called gum arabic is 
used. Acrylics, another commonly used 
paint, have pigments held by an acrylic 
polymer emulsion.

Solvent
 The third main constituent, the solvent, 
dissolves the binding medium and 
makes the paint thinner so that it can be 
transferred and painted with a brush. 
Watercolour paint and acrylic paint 
can be thinned by water, which later 
evaporates. On the other hand, oil paint 
needs to be thinned by solvents such as 
turpentine and gamsol.

Many of us are familiar with different 
types of paints. At elementary school, 
teachers provided us with watercolour 
and we all understood that the paint 
dries as water evaporates. However, 
during IGCSE Art classes, most students 
use oil paint as well. Then how does oil 
paint ‘dry’?

What is paint?
Pa ints  are  col loids .  Col loids  are 
mixtures of substances with very 
small particles that can thus be evenly 
dispersed throughout.  Paints are 
mixtures that generally contain these 
three basic components: pigments, a 
solvent, and a binding medium.

Pigments
 Pigments are chemicals that give paints 
their colour. They are usually metallic 
compounds, for example, iron oxide. 
Iron oxide can make various pigments 
such as ochre, sienna, Prussian blue, 
umber, and more. Pigments display 
a certain colour because they absorb 
some wavelengths of light but reflect 
others. When pigments are mixed, their 
absorbing qualities are strengthened. 
Thus paints get darker when different 
colours are mixed. As a result, the 
mixed paint absorbs more wavelengths 
in the visible light spectrum. White 
paints reflect all visible light. Then why 
aren’t they like mirrors? That is because 
diffuse ref lection (ref lection where 
light rays are reflected in many angles) 
occurs rather than specular reflection 
when light is shone on white paint.
Opacity
 Opaque pigments either absorb or 
scatter light greatly. For example, 
black pigments absorb most light. The 
famous Vantablack S - VIS, known 
for its ‘blackness’, uses vantablack, 
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Why ‘fat over lean’?
 Art students who have frequently used oil paint may be familiar with this concept. 
‘’Fat over lean’ means that the layer underneath should have a lower oil to pigment 
ratio than the one above. This rule allows for the prevention of paint cracking. Why 
is this so? When the oil content is higher, it takes longer for the paint to oxidize 
and become solid. If the upper layer had a lower oil to pigment content and dried 
faster than the layer beneath, it would crack. Therefore artists usually add more oil 
medium as they paint more layers.

 Knowing the science behind paint as you produce art may give you a better 
understanding of how to paint and also more fun!
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The ChemistryThe Chemistry
 of  Cosmetics of  Cosmetics



Since ancient times, people have been 
wearing makeup. In fact, cosmetics have 
been used for at least 10,000 years. Ancient 
Egyptian women darkened their eyelids 
using kohl, which contains powdered lead 
sulphide (PbS). From around 3000 B.C, 
men and women in Ancient China began 
to stain their f ingernails with colors 
according to their social class using 
gelatin, gum arabic, or beeswax. In the 
Renaissance era, European women used 
poisonous lead carbonate (PbCO3) to 
lighten their skin to a pale white color. In 
the Early 19th century, zinc oxide became 
widely used as facial powder, replacing 
the poisonous lead and copper mixtures 

Today, cosmetics have been developed for 
numerous applications. There is a cosmetic 
product for virtually every application 
you can think of, from antioxidant facial 
creams to flattering eyeshadow palettes. 
The cosmetic industry is seeing explosive 
growth every year, with the millennials 
being the biggest drivers of the market. In 
2019, the average annual expenditure on 
cosmetic products in the United States was 
the highest in over a decade, amounting to 
approximately 197 dollars per consumer 
unit. (Statista, 2019) So many people use 
cosmetics everyday, but not many take 
their time to check the composition of the 
products they use.

In a red lipstick, natural waxes such as 
beeswax, Carnauba wax, and Candelila wax 
are used to provide the structure. Waxes 
Carnauba wax has the highest melting point 
of any wax, and is therefore important 
in preventing the lipstick from melting. 
Triacontyl palmitate is one of the principal 
chemical components of beeswax. Oils allow 
the lubrication of the lipstick when applied. 
Castor oil is the most common synthetic oil 
used. Ricinoleic acid consists of 90% fatty 
acid and is the major component of castor 
oil.

A number of cosmetic products contain 
numerous pigments and dyes. In lipstick, for 
example, carmine red is derived from scale 
insects. Eosin is a deep red color produced 
when reacted with amino groups in the 
proteins of the skin. Cosmetic pigments can 
be classified as organic or inorganic. The 
word organic indicates that the chemical 
contains carbon atoms. 

Cosmetic products are excellent examples 
of the use of discoveries in chemistry in our 
everyday lives. Cosmetic products apply 
nanotechnology, a technology that designs, 
produces, and applies structures, devices, 
and systems by manipulating size and shape 
at nanometer scale. Nanotechnology can 
be seen in dioxide titanium nanoparticles in 
sunscreens and solid lipid nanoparticles for 
the slow release of fragrance in perfumes.




