1962

6th Century BC

17,000 years ago

ISSUE

2

MAR

2021

NOTES
FROM EDITOR
By

Raphael Ng

I’ve always enjoyed music, calligraphy
and sciences, so it sometimes baffles
me that there is still a separation of the
arts and the sciences; as if a distinction
is needed between the two. For me, I
use both to help hone my calligraphy
style and play the cello.
While some people try to distinguish
art and science as being poles apart,
these fields are in fact, intricately
intertwined in many ways. For
instance, elements of creativity,
resourcefulness, inventiveness and
experimentation are pervasive in the
arts or sciences. Many artists, even
the masters such as Da Vinci often
used technical understanding and
scientific knowledge to help further
their craft. Likewise, many inventors
and scientists have drawn inspiration
from nature and the arts to inform their
process.

generations may still appreciate the
work of past masters. We also look into
several artists and scientists who have
used artificial intelligence to create
new works of art.
The next time you embark on
something new, we hope you consider
an art science approach. Maybe
science can give you the tools you
need to create something truly unique
and perhaps looking through an artistic
lens, the scientific approach can be
invoke new ways of thinking and doing.
After all, there is Art in Science and
Science in Art.

The arts and sciences are both
tangible aspects of human culture and
endeavour. The arts elevate human
expression whilst the sciences reflect a
pursuit of knowledge. In this edition of
IsawtheScience, we too, recognise the
complementary synergy between the
arts and sciences. In one article, our
writers share how science is essential
in the restoration of arts so that future
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Since young, Adam enjoyed spending most of his time spotting
animals in nature and observing their behaviour. Now, he is a wildlife
photography hobbyist, specialising in capturing birds in flight. We
spoke to him about his photos, and what it means to be a wildlife
photographer. Adam also shared tips on developing a keen eye for
photography, which we hope will inspire more to take it up as an
interest.
A common kingfisher
(Singapore Botanic Gardens)

Why did you pick up wildlife photography?
I grew up in a kampung, with a big backyard filled with
a lot of diverse wildlife. As a kid, I found excitement
in observing the local flora and fauna. When I went to
university in California, I met a zoology professor who
shared about his sabbatical in Tasmania.
The pictures of wildlife there were stunning and
completely blew my mind. This steered me toward
studying wildlife, completing my zoology degree
in Tasmania, and guided me into the realm of
photography. To me, photography is about freezing
the moment and keeping a piece of the memory.

“
04

As a wildlife photographer, I seek
to care for and learn about nature.
Being able to capture a nice photo is
just the icing on the cake but what
I bring home is knowing the animal
better.

What makes a good wildlife photographer?
Animals are repetitive creatures and have certain routines.
Wildlife photographers need to have patience and be willing
to grind. To photograph a bird I am interested in, I would
visit the bird almost every day for about two weeks. Initially,
I would be watching to collect information about its day to
day behaviour. I observe where it goes to feed, bathe, or
perch, and I would only bring my camera when I have a plan.
Much like a science experiment, doing your research is part
of the process. For example, when photographing birds of
prey, I know that they don’t have moving eyeballs. When
raptors are fixed on prey, they actually move their entire
head to triangulate the distance between them and their
prey. To anticipate the animal’s movement, I look for signs
like these.
A good wildlife photographer is also resilient. As it’s all about
being at the right place and at the right time, the failure rate
is high even if you are well prepared. Some pictures can be
taken quickly in a few minutes, while others have taken me
more than a month.

“

A grey headed fish owl diving for prey
(Ulu Pandan Park Connector)

To capture an eagle diving down to catch
fish, waiting and watching can take up to
a whole day.
Tell us the story behind your favourite shots!
This is one of my favourite photos because
it took me a month to finally capture such a
rare close up shot of this raptor. They are very
skittish around humans, so I built a hideout
near their perch. I snuck in every day between
5 to 6am, as they would usually visit the perch
before hunting, at around 7am.
One day, just as I reached the spot, it started to
rain very heavily. It was too late for me to turn
back as I had already hiked quite a distance
there. I hunkered down, hoping not to get struck
by lightning. My gear was getting wet, I was
soaked, but I didn’t have anywhere else to go.
The rain stopped. The next thing I knew, I looked
up and the female was already there, preening
itself. An hour later, it made a call. The male
flew in from behind and they started mating.

“
A pair of mating black winged kites (Neo Tiew Harvest Lane)
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Sometimes, it is just down
to luck. Mating only takes a
few seconds for these birds,
and the direction of the wind
happened to be just right for
them to balance on the perch
while facing in my direction.

With light reflecting in its eyes, the owl is looking
up into the forest canopy at its male partner.
This is another one of my favourites. It is very
hard to capture the buffy fish owl while it is
flying like this, and the lighting in this photo
was just right.
Although this was taken in the afternoon, to
capture this motion with a fast shutter speed,
the background is dark. Fortunately, the light
filtering through the forest canopy hit the face
and wings of the owl, drawing them into the
focus of the picture.

A buffy fish owl taking flight (Singapore Botanic Gardens)

Why do you think wildlife photography is important?
Wildlife photography is meaningful to me because it amplifies the wildlife that we have in Singapore, which I feel
goes underappreciated by most locals. Many people ask me, “You took this photo in Singapore?! Where?” And I
would show them the location so they can see it for themselves.
By sharing my pictures, I hope that Singaporeans realise that we have such species of animals. Wildlife
photographers help to show how awesome nature is in Singapore. That we are not just a concrete jungle, but
even in our HDB blocks, we are able to observe many animals that coexist with us.

“

I want to captivate people’s attention – for them to see the photos as if experiencing
these animals in real life, so they can appreciate them better.

How would you encourage Singaporeans to engage with
nature?
I would encourage people to go out more and simply walk
around. Walking is the best way to observe as we see more
things when we slow down. This way, you will discover that
Singapore has a lot of wildlife that we can actually enjoy.
At the same time, Singaporeans must remain respectful to
nature and take care to preserve it.
To budding photography or nature enthusiasts, go ahead
and do it! It’s awesome, it’s free, and all you need is to spend
time to go out and observe. In photography, people often
say they don’t have the money for it. But you don’t need to
have expensive gear to start.
Adam’s dedication for his work is admirable – an
extraordinary amount of work is put into every single photo,
and it definitely shows. Thank you to Adam for sharing with
us about the world of wildlife photography, and you can find
more of his work on Instagram and Facebook!
A crested goshawk with a changeable lizard in its talons
(Singapore Botanic Gardens)

Find out more:
kingkong.the.zoologist

adamteowildlifephotography
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INSPIRATION
BEHIND SCIENCE
Written by

Oh Wei Sian
Toh Bee Suan

Illustrations by

The world around us is a marvel of both biological and
technological evolution. This means that ideas and
inventions do not come from a vacuum; they come forth as
we build upon what we know and see around us. So how
did we get from rubbing sticks together to create fire, all
the way to harnessing solar power for powering our lights?
From time immemorial, inventors and creators took note of
the world around them to fuel their ideas and designs. This
came in the form of understanding how nature functioned,
reading books to develop imagination and creativity or
perhaps just walking around their neighbourhood and
observing the everyday environment.
The cell phone or tablet that you are likely reading
this article on was brought into ubiquity by Apple. The
company revolutionised the cell phone by doing away with
the number pad and replacing it with a touchscreen that
was able to accomplish many more functions. In addition
to acting as a communication device, you could read the
news, take pictures and even play games on it. However,
was this idea wholly original and never thought of before?
Back in 1987, science fiction show, Star Trek showed off
the PADD, a device that had a touchscreen with one or two
buttons. It acted as a face-to-face communication device
not unlike Facetime. In 1968, Stanley Kubrick’s “2001: A
Space Odyssey” also had astronauts reading the news on
a paper-thin device that remarkably resembled a tablet. It’s
hard to say if these were truly the original source of their
idea but we can definitely see similarities.

Mother Nature has been the basis of more inventions
than any other person throughout history. She has been
the catalyst for many items that we use today. This is
a science known as biomimicry – imitating nature to
solve problems. One of nature’s most ferocious sea
animals, sharks, have to swim very fast to stay at the
top of the food chain. Researchers have been looking
into what makes sharks such great swimmers. Turns
out that shark skin, despite being very rough, reduces
drag (friction between the shark’s skin and water) by a
large amount. This has led researchers to apply “shark
skin” technology with airplanes. Paint on the exterior
of an aircraft can be applied with this technology to
reduce aerodynamic drag when flying, saving on fuel
costs and perhaps our wallets too.

Perhaps the most shining example of biomimicry would
be the world’s first successful motor operated aircraft,
invented by the Wright Brothers. But what led them to
creating such an engineering marvel? Far back in history,
Man tried imitating birds by using arms as wings but
without an understanding of how birds flew, it only led to
injuries. Gliders were the next leap in our understanding
of air flow, allowing Man to stay in the air for a longer
amount of time but gliders were ultimately a controlled fall,
rather than actual flight. The Wright brothers eventually
came onto the scene, building upon years of research and
prototyping. They observed that birds controlled their flight
by changing the angle of their wingtips. This led to their
discovery and application of wing-warping to maneuver
their aircraft. Eventually through years of hard work and an
understanding of how aerodynamics could be worked to
their advantage, they achieved the first record of powered
flight in 1903.

Closer to home, think of Velcro which we use in shoes
and straps to secure things together easily. You may have
encountered its base inspiration sticking to your clothes
after walking through a field, as did Swiss engineer and
Velcro’s inventor, George de Mestral. While taking a hike
in the Alps, he found these spiky plant seeds known as
burs which stuck to his clothes and dog’s fur. Wondering
how it worked, he decided to investigate the tiny burs and
found out that the tip of the spikes had hooks which caught
onto anything that formed a loop, such as the fibres of his
clothes or his dog’s fur. This led to his eventual invention of
the Velcro strap, two pieces of fabric with one side carrying
hooks and the other side carrying loops!

Inspiration is not limited to these big inventions and ideas,
it can be applied to our everyday problems at home, school
or work. Back in 1920, young housewife, Josephine Dickson
was prone to incidents in the kitchen, accumulating many
cuts and bruises. Her husband, Earle Dickson sought an
easy way for her to protect her wounds from infection.
Thus, he created convenient and ready-to-use bandages
by combining cotton gauze squares and adhesive tape.
This eventually led to the invention of the adhesive bandage
that we use today.
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Analogous
inspiration
is
the
application of existing ideas to an
unrelated problem. By adapting an
already available solution to a problem
that it was not originally intended for,
it can be solved by us having a new
outlook and understanding of the
issue. Bringing us back to the Wright
Brothers, they were in the bicycle
business before making their airplane.
Taking inspiration from it, they used a
series of wires and chains to control
their first aircraft. Hence, they were
able to use their past experiences
to help them with a very different
problem.
So if you are unable to think of an
answer, try putting the problem aside
and work on other tasks instead,
such as gardening or reading a
book. Although you are not actively
working on it, your subconsciousness
is still floating the problem in your
head, pondering what could be done.
By putting it aside, you allow your
brain to wander, looking at your
past experiences and think up novel
ideas you may have not thought of

when narrowing your focus solely on
the problem. This is known as the
incubation effect, letting your mind
rest and start afresh with new insights.
Next time you are stuck, perhaps
try some of these ideas listed to get
inspired. Who knows, you could be the
next great inventor of our time!
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ART
IN THE SKY
Written by

Mok Li Hui
Lee Ai Cing

Illustrations by
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There are thousands of stars visible in our night sky, even from the city. Ancient
astronomers or stargazers devised a simple yet brilliant way to remember
when and where to see each of these stars – drawing constellations! The
ancient Greeks imagined 88 constellations in the night sky, while the ancient
Chinese astronomers imagined more. But there’s a common trait in how these
constellations were imagined. They were designed because of the link between
what happened on Earth at the times when those stars rose in their night skies.
While the Greeks and the Chinese used common stars to mark the arrival of the
seasons, the time in which these stars were seen differed. This is mainly due to
the hundreds of years’ difference between when myths and legends were first
told in these 2 cultures.

In Chinese legends, the celestial
sphere (an imaginary sphere of stars
that surrounds Earth) is broken up
into 5 parts called Palaces. There
are Summer, Spring, Winter, Autumn
and Central Palaces. The seasonal
palaces contain asterisms (parts of
constellations) that commemorate
events that happened on Earth.

The arrival of summer in the modern
era is marked by the Summer solstice
around 21 – 23 June each year. In
ancient times, the Greeks observed
the great Summer Triangle and the
Chinese used the Celestial Vessel to
alert them of summer. The Celestial
Vessel, in the common night sky that
we are familiar with today, is part of
the constellation Gemini.

Drought and rainy seasons were
marked in both the ancient Greek and
Chinese star charts. The constellation
Aquarius was thought by the Greeks to
be the god Ganymede pouring water
down to fill our rivers, after he took
pity on earthlings who were suffering
from a long period of drought before
the rising of his stars. For the Chinese,
a period of drought was marked by
the Great Fire that is represented by
Antares today – the heart of Scorpius
in Greek mythology.

Winter was marked by different stars in
the two ancient cultures. The Chinese
ushered in winter with the Emperor’s
Black Banner rising with the Sun near
to winter, reaching directly overhead on
winter solstice. The Emperor’s Banner
is made up of some stars from the
constellation Sagittarius. The Greeks
on the other hand marked arrival of
winter with the Winter Triangle that is
made up of stars Betelgeuse, Sirius
and Procyon.

When winter was coming, Chinese
women would start to weave clothes
for their families. The most famous
Weaver Fairy is represented by the
brightest star of Lyra the Harp – Vega.
But if you refer to the image above,
Vega is one of the stars that make
up the Greek’s Summer Triangle.
This difference is due to the fact that
the Chinese refer to the stars when
they rise at sunrise, rather than after
sunset.

Then comes our favourite season –
Spring. Coincidentally, the farmers in
both cultures rejoice upon the arrival
of Spica. For the Chinese, this star is
the smaller horn of Blue Dragon of
the Spring Palace. The greater horn is
represented by a brighter, white star –
Arcturus. These 2 stars rise in the East
at about the same time. While Spica
is the crop held by the Greek goddess
of Harvest Virgo, the Horn of the Blue
dragon, for the Greeks, ploughs the
field in the sky, which is also part of the
constellation Virgo. But the difference
in times when these folklores were
told meant that the stars rose at
different times in the same season.
For the Greeks, Spica rose opposite
sunset, whereas the Horn rose along
with sunrise. Nonetheless, the Root of
the Blue Dragon, also known as Libra,
represented equal day and night, i.e.
equinox.
If you would like a guide to show you
how to start stargazing, follow us
on our Science Centre Observatory
Facebook page where we bring you
a different stargazing experience
on alternate Fridays, 8pm to 10pm.
Alternatively, come visit Science
Centre Singapore’s Observatory! We
are open on Fridays 7.45pm to 10pm
(except public holidays). Our Science
Educators and volunteers would be
more than happy to show you the
beauty of our star-filled sky.
If you would like to know more about
comparisons between asterisms
in different cultures, drop us your
feedback at our blog!

Find out more:
SCOB-Science Centre OBservatory
The star asterisms mentioned above are visible with the naked eye and even
in our city, Singapore. While most would think that Singapore is badly polluted
with lights, our street lights are downward facing, which means that we have
tried our best not to shine light upwards for the atmosphere to reflect. Thus, if
you would like to see some stars and noticed that the skies are clear, try to find
a dark spot in between lamp posts or in a park (safety first!) and look up around
you.
11
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COLOUR ME
WITH SCIENCE
Written by

Raphael Ng
Jasreel Tan

Illustrations by

Dyes and pigments have been used by humanity over the years
in artworks and in colouring fabrics. Without these coloured
substances, life would certainly be much duller.
Historically, pigments and dyes were obtained from natural
sources or minerals. People would see a naturally coloured
mineral or plant, and use it in crushed forms, or its juices for dyes
and pigments.
The knowledge of chemistry has allowed us to understand
how different chemical compounds have different colours and
why substances have colour. Scientists are now able to create
pigments and dyes in a wide variety of colours. These synthetic
pigments and dyes can have numerous benefits over their natural
counterparts.
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Check Out The Colours Below To Find Out How People From
The Past Obtained Those Pigments, And Some Examples Of
Modern-day Pigments!

Synthetic ultramarine
was invented in 1826.

Natural ultramarine was a
deep blue pigment that was made by
crushing lapis lazuli (a semi-precious
stone) into a powder. The high cost of
lapis lazuli meant that this blue pigment
was extremely expensive in the past.

N
N
N

N
N

N

One common synthetic blue pigment
in modern days is phthalocyanine
blue BN. This blue pigment is made
from a complex of the metal copper.

Check out the blue pea
flowers at the Science
Centre’s Ecogarden!

Fe4[Fe(6 ]3

A natural blue dye can also be obtained
from the butterfly pea flower (also
known as blue pea). This colouring has
been used in foods such as mooncakes,
rice and jellies

In the past, vermilion (a bright
red) was made by crushing a natural
mineral called cinnabar into a fine
powder. Although being a beautiful
colour, natural vermilion was dangerous.
Cinnabar contained mercury and hence
was toxic to humans.

N
Cu

N

Another common modern blue
pigment is Prussian blue. This
chemical compound contains iron,
carbon and nitrogen.

Cadmium red is a brilliant red
artificial pigment that is made from
cadmium (a metal), sulfur and selenium.
O

OH
OH

O

Alizarin is the first natural dye that was

synthetically produced. This bright red dye
is largely used in the colouring of textiles.

Yellow ochre was a naturally
occurring pigment that was found in
some types of clay.

Gamboge is a yellow pigment that

has a colour similar to mustard. This
pigment was obtained from the resin of
some species of evergreen trees.

Titanium yellow is a modern day synthetic

pigment that is made adding small amounts of nickel
oxide or antimony oxide to titanium dioxide. This
pretty yellow colour is used nowadays to colour
plastics or to make yellow paint.

One of the commonly used white
pigments in modern times is titanium
dioxide – a chemical compound
containing titanium and oxygen. This
pigment is mostly used in the
production of white paint.

In the past, natural white pigments
were obtained from crushed lime (the
stone, not the fruit!) or chalk.

Other sources of natural black
pigments included soot and bone char.
Bone char was made by heating animal
bones until they were charred.

Before the age of chemistry, people

obtained black
from charcoal.

pigments

Black pigments in modern times are mostly
made from chemical compounds such as iron oxide
or manganese oxide. The understanding of
chemistry has also allowed us to create different
shades of black using different chemical
compounds.

Dye VS Pigment
Dyes and pigments are largely similar, with only a few differences.
Dyes, when applied, are chemically bound to the material they are applied on, while pigments do
not. Dyes are usually soluble (can be dissolved) in water, while pigments are not.

Primary colours
The primary colours for painting are red, yellow and blue. However, primary colours for light are
red, green and blue. Can

you find out why?

Fun Fact 1: Fun Fact 2:
The first recorded use of colour by humans
was in prehistoric paintings, some dating to

Fun Fact years
1: ago!

more than 17,000

The first recorded use of colour by
humans was in prehistoric paintings, some
dating to more than 17,000 years ago!

The first artificial pigment was Egyptian blue,

Fun Fact 2:

recorded to be used as early as 3200

B.C.

The first artificial pigment was Egyptian
blue, recorded to be used as early as

3200 B.C.

Science has allowed us to create pigments with
14a larger variety of colours and shades than what is
available naturally. These synthetic pigments can also be created in much larger amounts and they
are much cheaper (imagine still using lapis lazuli for blue), and safer than some natural pigments.
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ART
RESTORATION
Written by

Oh Wei Sian
Chua Jia Qi

Illustrations by

Many of the most well-known art
pieces were painted over a hundred
years ago. These art pieces are not
immune from the ravages of time.
Humidity in the environment, exposure
to ultraviolet rays from the sun and
degradation of the paint over the years
cause the piece to lose its original
lustre and intent.

by specialists. Art conservation is
the field of treating these damaged
masterpieces to improve their
condition by art conservators, using
the latest technology and having a
fundamental and deep understanding
of the arts and science.

ART
RESTORATION
Hypothetically, if you were tasked
to restore the 500-year old Mona
Lisa, how would you go about it?
Would you perhaps try to restore
it like the infamous Ecce Homo, a
mural painting of Jesus, that was
restored by an amateur painter with
good intentions? This is but one
of many botched restorations that
have occurred over the years as they
were not carried out professionally

For a modern-day art conservator, a
background in science is essential. It
proves very helpful in understanding
the make-up of an artwork which
ranges from the paint and varnish
to the canvas and frame material.
Without these considerations, we may
end up with more botched restorations!
That is why it is very desirable for
conservators to have knowledge of
chemistry when applying for the role.
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Before restoration efforts can begin,
the artwork has to be inspected
and analysed to understand
the degree of damage that the
painting has suffered over the
years. With the help of technology,
art conservators are able to get
a detailed understanding of the

painting without taking it apart. One
such example is X-rays which lets
conservators peer into the painting,
appreciating the composition of
paints used such as lead or zinc
and any other drawings that are
hidden behind the visible layer.


In recent years, a new technique
that has been adopted by
some conservators is Raman
Spectroscopy. It is a highly
sensitive technique used to detect
and identify very small amounts
of different pigments which are
invisible with the naked eye. This
is done by shining a laser onto the
art piece. The different pigments
on it would then be reflected with
a slightly shifted wavelength
which would indicate the type of
pigment present. You can imagine
this as a tiny ball being shot at the
painting, how the ball bounces off
the painting would let us know the
pigment used!
With the analysis completed,
conservators can then begin the
painstaking restoration process.
First step is varnish removal on
the art piece. Most traditional art
pieces have a top layer of varnish
on the painting which typically
comes from natural sources

such as tree resin. Think of it as
a sealing layer that protects the
original paint layer from dust, dirt
and smoke in the air. However, the
varnish would discolour over time,
covering the artwork with a layer
of yellow tint that obscures the
original painting and details that
were once visible. Solvents are a
great method to remove the varnish
while not affecting the paint layer.
These solvents are specific to each
type of varnish. Some common
solvents that you may have heard
of would be ethanol, turpentine
and isopropyl and are chosen
depending on the solubility of the
varnish and paint used. The solvent
is applied onto small cotton swabs
before delicately being used on the
painting. This is work that will take
hours and likely days depending on
the artwork. Eventually, the original
intended artwork is revealed.
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Now that the varnish is removed, the details of the
paint layer can be seen in its full glory. The damaged
areas of the painting can now be treated by the
conservator. You might expect that the paint used
should be as accurate to the original composition as
possible. However, these paints, used by the original
artist, are meant to be permanent which means no
mistakes can be made and could in fact damage the
painting more by not allowing for future restoration
efforts. Thus, a special type of paint – Conservation
paint, is used. It can be applied just like normal paint,
except that the difference lies in its reversible property,
as it can be cleaned off with a simple solvent. This
may seem counter-intuitive but there is a very good
reason for this. Art restoration is not something that
will only be done once. Eventually, the hard work of the
conservator would degrade over the years and another
conservator would have to restore it once again. Such
reversible paint would help in making this task much
easier.
It can be said that art conservation is a fusion of art
and science, staying true to the artist’s vision with
the help of science. One without the other would not

be complete. At home, the National Heritage Board is
our authority on conservation. For an in depth look,
The National Gallery in London has a video series of
some of their restoration works including Artemisia
Gentileschi’s ‘Self Portrait’, which goes through the
many steps involved in bite-size videos, giving us
an insight into how much work goes into restoring a
single painting. Restoration is not limited to paintings.
Films, photos and even sculptures greatly benefit from
it! One great example is the war documentary, “They
Shall Not Grow Old” which was remastered using
original World War One footage. The 100-year-old
film gives us a glimpse into the events of a turbulent
past. In essence, restoration allows us to pass on our
culture to future generations, ensuring they too can
appreciate what we achieved in the past to build upon
the future.

ART
RESTORATION
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ACTIVITY CORNER:
CHROMATOGRAPHY
Written by

Raphael Ng
Lim Daphne

Illustrations by

Is black ink truly black ink? There is more than meets the eye in the colour of an
ink. Some inks are made of several different individual coloured components,
but when mixed together, it gives us the final ink colour that we see.
Chromatography is a technique that we can use to separate the components of
an ink sample. This technique makes use of the difference in solubility (ability
to dissolve) of the components. Let us explore chromatography with a simple
activity!
What you will need:
1.
2.
3.
4.
5.
6.

Coffee filter paper (cut into a rectangle)
A stick
Some sticky tape
A glass container
Water
Ink sample

18
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01
FILTER PAPER

Prepare your sample
Place a small spot of your ink sample towards one end of
your coffee filter paper. Here we use black ink.

SPOT OF
INK SAMPLE

02

Set up your chromatography apparatus
Use the sticky tape to tape the other end of your filter paper
to the stick as shown. Use the stick to suspend your filter
paper above the bottom of the glass as shown. Then fill
your glass with a little amount of water.
Note: The water level should reach the end of your filter
paper, but not your ink spot!

!

Water level to
reach end of
filter paper

Little amount
of water

03

Wait for the chemistry to happen
As the water creeps up the filter paper, it will eventually
reach your ink spot, and you will see your ink spot start
to smear across the paper as it travels upwards with the
water. If your ink is made of several components, you
should start to see the components separate.
Note: If your ink spot does not smear, this means your ink
is insoluble in water. Try a different ink!

04

Components
Blue
Green
BlACK
Red

Blue

Check your results
Remove your filter paper from the glass and observe the ink
smear. In our example here, we can see a blue component
at the bottom, while at the top we have blue, red, black and
a little bit of green. This shows us that the initial black ink
actually has at least 5 different components in it.
You can repeat this experiment with another ink sample,
and compare the results.

How does it work?
The experiment done here is a form of chromatography known as paper chromatography. Water creeps up the
filterpaper via capillary action, where it eventually reaches the ink spot. The ink spot is then dissolved in the water
and travels upwards together with the water front. Components of the ink that are less soluble in the water will
travel a shorter distance, while more soluble components will travel a greater distance.
Uses of Chromatography
These days, paper chromatography has been replaced by other forms of more accurate chromatography, such as
high-performance liquid chromatography (HPLC). One example of the use of modern chromatography methods
is in food and drink tests, where scientists are able to identify the components in food and drink, allowing us to
tell if it is safe to consume.
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TECHNOLOGY AND ART:
5 AI ARTISTS THAT YOU
PROBABLY HAVE NOT
HEARD OF
Written by

Emily Du
Lee Ai Cing

Illustrations by

Take a look at the paintings below. Which painting do you
think is created by a human, and which one by a computer?

La Comtesse de Belamy by OBVIOUS
Faceless portrait of a Merchant by Ahmed Elgammal and AICAN

Would you be surprised if we tell you that both of the paintings
above were created by computers? We used to think that
computers are incapable of creativity, but with the rise of
Artificial Intelligence (A.I.), the possibilities are endless.
Between futuristic self-driving cars and virtual assistants,
many might be surprised that technology can be used for
something else other than a mere tool for humans to navigate
the arduous chores in our lives – art.
So far, it has always been science or the arts, but never science
AND the arts. They are always seen as things on opposite
ends of the spectrum because they are too different in nature,
and therefore never associated with one another. What if we
told you that they are better together, and that A.I. allows us to
transcend boundaries for technology to create art in different
art forms like music, literature and dance? Here are some A.I.
artists that have redefined what art in the 21st century looks
like.

Using neural networks, code and algorithms, Mario Klingemann teaches us that we
need to unlearn some conceptions we may have of computers and machines before.
Artificial intelligence is vastly different from the machinery workers use in factories
and the electronics we have at home:, Machine learning allows artificial intelligence
to constantly absorb and manipulate new information, making the possibilities of
creation endless. Using a method called Generative Adversarial Networks (GANs),
computers can use a sample set to deduce patterns, and make new pieces through
that process.

Even after knowing
the complicated
procedures of
making AI art,
the world was
still shocked
when Memories
of Passerby I by
Mario Klingemann
was sold for an
estimated amount
of $50,000 at
an auction. Do
you think that
it is impressive
enough to be worth
$50,000?
Memories of Passersby
I by Mario Klingemann

For those more familiar with classical music, they will know
that Franz Schubert has an unfinished symphony, Symphony
No. 8, which he abandoned after writing the first two
movements (many theorise that the composer was so absentminded that he probably did not bother to put the paperwork
together or forgot about it entirely, but that is a gossip for
another discussion). A pattern-recognition system by Huawei
suggested a series of new melodies, which was processed by
Cantor to flesh out the AI’s contribution into a full movement.
Whether or not the final product is accurate is widely debated
in the classical music community, but perhaps it is the closest
thing we can have to listening to the completed 8th symphony.

AI has also made its way into the world of literature. Oscar Sharp and collaborator
Ross Goodwin fed dozens of scripts to a long short-term memory (LSTM) recurrent
neural network, and Benjamin learned to imitate the structure of a screenplay as well
as stage directions. Sunspring, a screenplay written by Benjamin, was selected to
present it at Sci-Fi London, where it was selected as one of the 10 best short films.
Something interesting to note here that the characters were named H, H2 and C, as
the system was unable to pick up a pattern to name characters. Isn’t it strange that
while Benjamin can create a whole play by itself, it finds difficulty in doing something
as simple as coming up with any name. In this case, are machines that creative after
all?
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Intended to be a wordplay on the poet Shakespeare, the
Deep-speare A.I. mastered rhythm, rhyme and natural
language to write sonnets like William Shakespeare.
This AI uses deep learning, which is an extremely
flexible system to train computers on a variety of
tasks, and also great at learning patterns. The team
did not provide Deep-speare with any resources that
dictated the rules of the English language, it learned
the three sets of rules pertaining to sonnet writing
independently. Here is a sonnet written by Deepspeare:

Sources:
Bogost, S. (2019, July 16). The AI-Art Gold Rush Is
Here. Retrieved November 10, 2020, from https://
www.theatlantic.com/technology/archive/2019/03/aicreated-art-invades-chelsea-gallery-scene/584134/
Person. (2018, December 12). Is artificial intelligence
set to become art’s next medium?: Christie’s. Retrieved
November 10, 2020, from https://www.christies.com/
features/A-collaboration-between-two-artists-onehuman-one-a-machine-9332-1.aspx
McFadden, C. (2019, November 11). 7 AI-artists That Are
Changing Our Understanding of Art. Retrieved November
10, 2020, from https://interestingengineering.com/7of-the-most-important-ai-artists-that-are-definingthe-genre

A sonnet by Deep-speare, retrieved from IEEE Spectrum

If you are interested, you can check out its cousin
Deep-Bach, which composes music in the style of
Bach.

Barrett, M., & Ward, J. (2019, May 29). AI can now
compose pop music and even symphonies. Here’s
how composers are joining in. Retrieved November 10,
2020, from https://www.nbcnews.com/mach/science/
ai-can-now-compose-pop-music-even-symphonieshere-s-ncna1010931
Dailymail.com, C. (2016, June 09). Artificial intelligence
software Benjamin writes a short film. Retrieved
November 10, 2020, from https://www.dailymail.co.uk/
sciencetech/article-3634160/Now-sci-fi-Watch-shortfilm-written-artificial-intelligence-software-namedBenjamin.html

A hundred years ago, no one would have thought
that dance choreographers in the future could be
machines. However, it just became a reality as
McGregor collaborated with Google Arts & Culture
to develop an AI system that creates original dance
choreographies. The AI system captured the different
ways the dancers moved and provided suggestions
for the next choreographic sequences. Perhaps one
day, we can witness a full dance recital choreographed
by a robot, and maybe, just maybe, it will outshine the
humans.

Briegas, M. T. (2018). Full Page Reload. Retrieved
November 10, 2020, from https://spectrum.ieee.org/
artificial-intelligence/machine-learning/this-ai-poetmastered-rhythm-rhyme-and-natural-language-towrite-like-shakespeare
Easter, M. (2019, July 10). Can artificial intelligence
become a choreographer? Wayne McGregor brings AI
to L.A. Retrieved November 10, 2020, from https://www.
latimes.com/entertainment/arts/la-et-cm-waynemcgregor-artificial-intelligence-premiere-20190710story.html

Are pattern-recognition systems really defining
art, or is it making it easier for us to create art? Can
making something from analysing old patterns really
be counted as creativity? That will be up to your own
definition of art, and it will continue to be a debatable
topic further down the road. No one knows for sure
what the future of A.I. in art holds.

Grubacs, C. (2019). Now Master Paintings & Sculpture
Day Sale. Retrieved November 13, 2020, from https://
www.sothebys.com/en/auctions/ecatalogue/2019/
old-master-paintings-day-sale-n10008/lot.297.html
22

ISTS ASKS: WHAT’S IT
LIKE TO BE A MAKER
IN SINGAPORE?
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Bartholomew Ting has been making larger than life
structures out of cardboard since 2011.
His interest in design and crafting was sparked when
he joined National University of Singapore’s Rag and
Flag, an annual charity carnival event. Akin to the
Chingay parade, NUS students would make largescale floats out of recycled materials, accompanied
by dazzling performances. In all his university years,
Bart helped to make float after float, eventually
contributing his own design in his final year.
Graduating with a degree in business, his first job was
in a packaging company – a cardboard manufacturer.
“It opened my eyes to the endless potential of
cardboard, and I learnt how to maximise its strength.
I started to do research and found out that there were
many artists who use cardboard to create, but it was
only until 10 years later when I started using cardboard
in art. And since 2011, I’ve never stopped building.”
As Artist-In-Residence in Raffles Institution, Bart
has been teaching art and structures to students
since 2015. Beyond that, he is also a freelancer. In his
latest project, he built a sculpture of their kindness
movement mascot in efforts to promote Tampines
as an ecotown. It is now exhibited at Lobby J in Our
Tampines Hub.
Bart’s first cardboard sculpture – at the maker space in Ground Up Initiative

My first question for him was – why cardboard?
“Most people see cardboard as a weak material, but if you know how to plan your structural design, it’s quite
sturdy. Cardboard is a very friendly and accessible material that can be found everywhere. It is malleable and
extremely versatile as an art medium.”
Before Bart started sculpting, he moved from packaging to the meetings, incentives, conferences and
exhibitions (MICE) industry as a designer.
“One of my inspirations is the architect Frank Gehry. I tried to include some of his organic elements into my
exhibition booth design, but I realised that most contractors found it too difficult and expensive to build. So,
I had to find my own solutions for projects that is as organic. I see that as a challenge to myself.”
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Challenges like these often turn into opportunities in
his eyes. Since then, Bart designed blokies, building
blocks made of cardboard that function like giant lego
pieces.
“When it comes to open play, it is not easy for
most participants to start cutting and start making
something big on the spot. The idea is that blokies
can help them make their own creation from their
imagination without any other additional materials or
tools.”

Blokies structure created by students

I also asked him about our local maker scene. The
international maker movement began when Make
magazine started the first Maker Faire in California
in 2006. At Maker Faire, crafters, inventors, tinkerers
and engineers of all ages showcase and share their
creations, celebrating the Do-It-Yourself culture. The
first Maker Faire was brought to Singapore by Science
Centre in 2012.
“From my experience as a Singaporean maker, many
years ago, there was no garage culture, and no space
to create. In 2012, we were all very excited for a
chance to meet other makers. It introduced us to likeminded people, and that beyond a conventional job –
as a doctor, banker or engineer – there are a lot more
options in life if you want to be a maker; that you can
make it work, you see.”
“Over the years we’ve had some ups and downs. At
peak Maker Faire interest, with funding from SPRING
Singapore, OneMaker Group [OMG Maker] managed
to house its Makerspace at National Design Centre,
equipped with tools and machines like laser cutters.”
“Sadly, Make Magazine announced in 2019 that was it
was restructuring, and so the Maker Faire in California
last year might be the last one. Financially, OMG
Maker also did have challenges, leading to the early
founding members falling apart and running their own
low-cost spaces.”
“Although things have slowed down, schools are now
getting the budget to build their own Makerspaces,
hiring maker coaches to run workshops, which is
a good thing. Our local makers are also exploring
the overseas market, setting up office in India and
Indonesia. Some have business plans or venture into
academy – running school workshops and tender
projects that are more sustainable.”

Dinosaur sculpture displayed in front of Science Centre, featuring Bart
(leftmost)
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He also spoke about the maker community, and those
who create and maintain spaces for other makers.
“With maker meetups and the creation of Makerspaces
for people like me, I feel very thankful for the opportunity
to have a space to build something that is larger than
life. Living in HDB is very limited and especially with
the scale of the projects I want to do – It won’t even fit
through my door.”
“Personally, the biggest thing that I benefit from the
whole maker movement is that – it is because of other
makers, it’s because of the community that makes my
making process more enjoyable.”

When asked how one should start making, his
advice was: “Join some local communities and build
something you never thought you would or is possible!
There are a lot of online resources that Makerspaces
provide – it’s a good starting point. Look for these
Makerspaces, show up and start making something.
Just share it – and put your work out there.”
Thank you for sharing your passion and taking the
time to talk to us, Bart! To find out more about his
work at butterNmilk, you can follow him on Instagram
or check out his website.

At the end of interview, Bart warned that the maker
journey is not a bed of roses. “A lot of my maker
friends go back to full time jobs after a few years or
start other business ventures. It’s quite sad as there
are fewer and fewer maker friends. This all boils down
to basic financial issues, you need to pay for bills,
mortgage…”
“But our friendships remain. It’s really fun to share our
projects and passions with a bunch of friends. We get
influenced by each other and encourage each other to
showcase their work. I would say without my maker
friends I would not be where I am today.”

Bart also specially designed a DIY paper craft activity for this edition of our ISTS
magazine – all you need is to print the following page on a A4 size paper (preferably
paper with minimum 100 GSM) to build a lion paper mascot!

Find out more:
butterNmilk
butterNmilk.com

Tools to prepare: Pen knife (or scissors), white glue and a toothpick/bamboo
skewer to apply the glue (optional)

TOOLS TO PREPARE

.

DIY PAPER
CRAFT
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Design by Bartholomew T.

Cut
Mountain fold
Apply glue
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