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What is beautiful and
what is not? How to
define or identify
beauty? Man has asked and tried to

answer these questions through the ages.
Nevertheless, despite being captivating and
transcendental, the nature of beauty turned
out to be highly elusive. Some say beauty lies
in the eyes of the beholder, while others believe
in the existence of certain universal rules that
can, at least to some extent, characterize
beauty. Yes, we can all agree that beauty in
itself encapsulates a subjective element that
evokes an individual-speci�c emotive response
from the perceiver; but to what extent? Are
there algorithms that can loosely classify some
things as beautif ul and others as not? For
example, can an image generated from random
noise [see Fig. 1(a)] be beautif ul according to a
large consensus of individuals? Or can a
countryside landscape with vast stretches of
greenery coalescing into the horizon [see Fig.
1(b)], be perceived ugly by many? Statistically
speaking, the answers to the two previous
questions should intuitively be a “no”. Don’t
you think? 1

On a f undamental level, both Figs 1. (a) and
(b) are made up of a collection of pixels, each
pixel having speci�c intensities of red, blue,
and green colours. However, the distribution
of those intensities makes one picture look
more beautif ul than the other. So what is
di�erent in the two pixel distributions? If you
look caref ully, you will notice that although
for the noise image, there seems to be no
speci�c pattern in the distribution of black
and white pixels, i.e. it is entirely
unpredictable, the image of the countryside,
there are certain patterns. For example, there
are patches in the image, where the colour is
almost constant (for example parts of the sky,
where it is blue) i.e., the spatial colour contrast
is quite low, but there are parts where the
spatial colour contrast varies very fast (for
example on the edges of the clouds).
Furthermore, for the second image, we can
predict certain features, for example, the green
cannot be present in the sky, or the brown
path gives us a sense of depth, and hence we
understand that the little black patches on the
horizon are trees, although we cannot see them
in detail.



Therefore, naïvely speaking, while the
complexity associated with Fig 1(a) is quite
large (as its pixel distribution is entirely
unpredictable), the complexity of Fig. 1(b) is
lower than that. However, we should note that
the complexity of Fig. 1(b) is not entirely null,
too. For instance, the clouds in the sky are still
quite randomly distributed. An example of a
null complexity image is a completely white (or
black) image that contains no information.
Thus, from this discussion, we can hypothesize
that there seems to be a connection between
the human preference of an image, and its
complexity. A random noise with large
complexity or a white image with no
complexity seems to have a lower aesthetic
value when compared to one with an
intermediate complexity. In fact, this was the
core idea of the hypothesis proposed by Daniel
Berlyne in 1971, in his book Aesthetics and
Psychobiology. Needless to say, it led to an
upheaval of debates within the scienti�c
community, which continues to this day.

So far in our discussion, we comprehended the
probable connection between the complexity
of a pattern (or image) and its aesthetic value.
However, we missed an important point:

How do we quantify
Complexity?
Quanti�cation of the complexity of a pattern
can be performed in several di�erent ways, one
of which is the technique of computing the
fractal dimension of the pattern. A short
primer on understanding fractals and

computation of the associated fractal
dimension is discussed below.

Fractal Dimension of
an Image :
Fractals refer to a speci�c class of patterns2

that exhibit certain properties, such as
self -similarity at di�erent scales of
magni�cation. This means, when we zoom into
a fractal pattern, certain properties tend to
recur as we keep zooming in. This feature can
be explained with the example of the branches
of  a tree.

Fig. 2. (a) Image of branches of a tree at di�erent
magni�cation levels (increases from left to right). (b,c) A
fern leaf  and broccoli, which show self -similarity.

In Fig 2(a), we see the whole image of a tree
with its branches on the left. As we move to
the image in the middle, which is a magni�ed
version of the image on the left, we see that the
magni�ed image looks more or less similar to
the original one. On f urther magni�cation, we



get the image on the right which also follows
the same property.

This self -similar property is
a  signature of  a Fractal.

Although we are limited by just three levels of
magni�cation in this case, a mathematical
fractal would allow this self -similar recurrence
through in�nite magnifying iterations. Some
other examples of naturally occurring fractal
patterns are leaves of a fern plant [Fig. 2(b)] or
the patterns on a broccoli [Fig. 2 (c)].

From the previous discussion, we understood
that fractal structures can be enormously
complicated, as they have nested structures
(structure within a structure within a
structure and so on). Thus naturally they
provide a good framework for quantifying
visual complexity. In this context, the
complexity of a fractal can be de�ned to be its
fractal dimension. What is the fractal
dimension? The fractal dimension of a fractal
pattern (two dimensional in our
case), is a number between 1 and 2,
that can be thought of as a measure
of the roughness of the fractal. In
fact, for any given image (even if
the image is not a perfect fractal),
its fractal dimension can be
computed pretending as if it were a
fractal. In that way, we get a crude
quanti�cation of the complexity
associated with the image. A short
discussion on the method of

determining the fractal dimension of an image
is provided in the Appendix.

Fractal Expressionism
Having discussed the complexity of an image,
its quanti�cation, and all that jazz, let us now
delve a bit into the world of arts. We start
from the barn of a small wooden house, in the
Springs area of East Hampton in the USA, in
March 1952. It was a stormy night. A drunk
artist unrolled a large (about 18 feet) canvas
across the barn and started dripping paint
across it in random directions using a wooden
stick. Often in his frenzy, he would throw the
paint cans on the canvas with all his might,
often he would swirl the paint from a distance
in turbulent trajectories. Was this deceptively
simple and primitive painting style the
manifestation of raw genius? Or was it a
drunken mockery of prevalent artistic
traditions? As the drippings continued, some
kind of abstract yet organic structure started
shaping up on the canvas. A few �nishing
touches were laid at the heart of the night, and
the artist signed it as “11, 1952”. Today, this

painting is known as Blue Poles: Number
11, which is considered one of the most



valuable paintings on the planet! It is currently
estimated to be worth a staggering $200
million.

The artist we talked about is none other than
Jackson Pollock, one of the greatest artists of
modern times and the leading exponent of the
abstract expressionist art movement in post
World War II America. His kinetic style and
intimate involvement with the process of
painting added organic expressions to his
artworks. The dripping style of painting that
he perfected pushed art to the extremes of
abstraction, devoid of perspective, space or
narrative. His artworks shifted the emphasis
from arti�cial order towards chaos, energy,
spontaneity, nature and a subconscious
connection. Subsequently, a diverse group of
painters including Jackson Pollock, Mark
Rothko, Barnett Newman, etc. in the New
York art school, who were curating these bold
avant-garde styles of exploring the inner space
through their canvases, came to be known as
the abstract expressionists.

Jackson Pollock painting (credits - Hans Namuth)

Interestingly, there were many controversies
about the worth of abstract expressionist
paintings. Some critics opined positively,
stating that these compositions were able to
engage the viewer in intimate dialogue, while
others often regarded them as a trashy splash
of colours on a canvas, no better than a
�ve-year-old would have done. In particular,
the Blue Poles, Number 11, by Pollock caught
the media attention in 1973, when the
Australian government led by Prime Minister
Gough Whitlam decided to buy it for $2
million. This led to a huge backlash from a
part of the Australian public who considered
the deal a waste of taxpayers’ capital. It led to a
split in Australian society. People who objected
to abstract art and its values were tainted to be
traditionalists, and those who championed it
became the progressives.

Richard Taylor, a physicist at the University of
Oregon, Eugene, USA, was in search of Pollock
paintings’ secrets, particularly Blue Poles,
Number 11. While investigating the spatial
patterns of the artwork in the light of
scienti�c objectivity, to his surprise, he
discovered that the painting was a fractal, i.e.
it had a self -similar characteristic (just like
nature’s fractals). Subsequently, he also found
out that most of Pollock’s other drip paintings
were fractals too (see Fig. 4 for a comparison
with nature’s fractals). Furthermore, it was
found that through Pollock’s career, the fractal
dimension of his paintings increased with
time. It grew from a value near 1 in 1943 to
about 1.72 in 1952. Taylor explains this
increment as follows: With time, Pollock’s
dripping style matured, and thus, his paintings
were acquiring more and more complexity and



hence an increase in the fractal dimension.
Taylor described such artistic expression of
Pollock in the form of fractal patterns as
fractal expressionism.

Human beings show a consistent aesthetic
preference towards fractal patterns. Studies
suggest that most naturally occurring fractals
(e.g., a tree) have a fractal dimension clustered
around a value of 1.3. Moreover, psychological
studies reveal that images with a fractal
dimension in the range 1.3-1.5 seem
aesthetically most pleasing to the human eye.3

The reason is probably due to overexposure of
the human eye to nature’s fractals, which
tuned our perceptual space to prefer certain
levels of complexity. In the case of Pollock, the
fractal dimensions of his paintings were mostly
in a higher range (~1.7) rather than the
proposed sweet range of 1.3-1.5.3 Nevertheless,
the appeal of Pollock’s fractal expressionism
might stem from the enhanced complexity of
the image that emanates an extra action rather
than bliss, to produce a captivating viewer
experience. Another possible resolution of this
discrepancy might come from the
overestimation of the fractal dimension of
Pollock’s paintings due to the

choice of a di�erent colour �ltering method
than that is employed by the human eye, while
computing the fractal dimension.

Vis���a�y A��
Apart from fractal-like abstract expressionist
art, another art form that can bene�t from the
technique of fractal analysis is visionary art,
i.e. art forms that are inspired by hallucinatory
visions. In the 1960s, Dr Oscar Janiger, an
experimental psychiatrist at the University of
California Irvine, was one of the pioneers in
investigating the e�ects of hallucinogenic
compounds (like LSD or lysergic acid
diethylamide) on human perception. One of
his experiments was particularly intriguing.
In this experiment, he investigated the e�ect of
hallucinogenic agents on the aesthetic
performance of an artist’s brain. To this aim,
he gathered some volunteer artists from the
locality and exhibited them a little Kachina
doll4 from his desk. The artists were supposed
to draw it on a piece of paper. After that, the
artists were inf used with a mild dosage of
LSD. Thereafter, when the artists’ brains were
under the siege of hallucination, they were
again asked to draw the same Kachina doll on



another sheet of paper. After the session, the
before and after LSD drawings were compared.
The results were indeed striking (some are
shown in Fig. 5)!

The post-LSD pictures of the artists in Fig. 5
remind us of abstract expressionism; don’t
they? In fact, Janiger in his analyses noted the
tendency of movement towards a
non-representational expressionist style by
many of the artists under the drug. In other
similar studies by Ho�er and Osmond, they
report blurring and distortion of vision of
their test subjects under LSD. Their subjects
often described their visual
experience as a space f ull of
patterns and objects (like
lacework pattern, ribbons,
little circles, fog or smoke,
etc.), disproportionate
changes in shapes,
intensi�cation of  colour, etc.

The reported changes in the visual perception
under psycho-action, as discussed above, ipso
facto points us to the question: does the
hallucinogen increase the complexity of our

perceptual space? In other words,
under the in�uence of these drugs,
does the complexity of what we see
around us increase? To �nd an answer
to that question, one needs to have a
sequence of images representing the
visual perception of an individual as
they move from a non-hallucinatory
to a hallucinatory state of mind.
After that, computing the fractal
dimension of those images would give
us an idea about how the perceptual
complexity evolves through the
emergence of  hallucination.

On 27th August 2015, a news article
appeared in the online newspaper, The
Independent, about an artist taking LSD and
drawing her self -portraits over di�erent stages
of her ten-hour psychedelic trip. The
anonymous artist apparently took 200 μg of
LSD and drew a sequence of eleven
self -portraits (spending between 11 to 45
minutes on each self -portrait), aiming to yield



a sort of visual map of her headspace (see Fig.
6) under the in�uence of  the drug.

A close inspection of the self -portraits indeed
reveals a movement towards space-�llingness,
inclination towards curvilinear or chequerish
motifs through the hallucination journey. To
quantify the intuitive observations, the fractal
dimension of the images were computed using
the box-counting technique (see Appendix). A
plot of the fractal dimension versus the time at
which it was painted is shown in Fig. 7. In Fig.
7, we see an increase in the fractal dimension
from 1.64 to 1.87 for the �rst two hours. For
the next seven hours, it remained more or less
constant at an average value of 1.86. At the
10th hour, when the e�ect of LSD was
disappearing, it again decreased to 1.77.

Fig. 7. A plot of the fractal dimension of an image (with
error bars) vs the time at which it was completed.

The above analysis might suggest that an artist
under the e�ect of LSD prefers a greater level
of detail in an artwork (as characterised by its
fractal dimension). This e�ect is probably
caused by an increase in the fractal dimension

of the artist’s visual perception, which is in
line with the experimental observations of
Ho�er, Osmond and Janiger. In fact, research
from the group of Dr Anil Seth in the
University of Sussex shows that the complexity
of our brain, or in other words, how complexly
di�erent parts of our brain are talking to each
other at a certain moment, increases under the
e�ect of psychedelics like ketamine, psilocybin
and LSD. In particular, in their studies, they
computed the Lempel-Ziv complexity5 of brain
signals under hallucinogenic e�ects. In
another study, the evolution of fractal
dimension of an artist’s paintings as she/he
undergoes neurological disorders was evaluated
by Forsythe et al. and a correlation between
the two was hypothesized. All this knowledge
makes us wonder if the complexity of an
artist’s painting is correlated to their brain’s
neural complexity. Hence arises the conjecture

:

Brain with enhanced
Complexity leads to the
generation of artworks
with a higher Fractal
Dimension.



Discussion and Conclusion

To conclude, in this article, we talked about
the technique of fractal analysis to determine
the associated complexity of an image, to gauge
its aesthetic value. On the one hand, it helped
us understand the appeal of abstract
expressionist paintings of Jackson Pollock. On
the other, it provided us with some direction
in understanding the connection between our
state of consciousness and the artwork we
produce. Nevertheless, these ideas probably
illuminate only the tip of an iceberg remaining
to be discovered, and indeed these topics are an
active area of  research today.

As one can understand, evaluating the
complexity of a given image is a tricky
business. There are multiple formalisms to
achieve it. In this article, we only talked about
the complexity of artworks evaluated through
fractal dimension computation. However,
there are other paradigms; for example, Gif  or

Jpeg compression algorithms are often
employed for complexity evaluation (which are
also used in compressing digital images).

In terms of f uture perspectives, the fractal
analysis of artworks provides us with a
framework for understanding paintings of a
large class, such as Jackson Pollock’s drip
paintings, paintings of the Les Automatistes
movement [Fig. 8.(a)] and even some of Van
Gogh’s [Fig. 8.(b)] and Salvador Dalí’s [Fig.
8.(c)], to name a few. Another domain where
this technique might be usef ul for analysis is
visionary art. For example, the shamanistic
artworks of Pablo Amaringo [Fig. 8.(d)],
inspired by the hallucinogenic brew called
Ayahuasca. Equally, Roman [Fig. 8.(e)] or
ancient Indian art [Fig. 8.(f )] analysis using
this technique remains to be explored.
Since its development in the 1970s, the
technique of fractal analysis has found
employment in multiple disciplines of science
and engineering. However, its implementation



in the context of visual arts is a recent
phenomenon and is envisaged to play a
signi�cant role in analysing artworks in the
f uture. The fractal link between nature,
abstract expressionist art and our
neurophysiology still remain an incomplete
story.

Click here to read this article with references
and Appendix.

Footnotes

1 : Here we are only talking about the aesthetic or
face value of the image, rather than its inner meaning.

2 : Mathematically speaking, a set of points.

3 : There are debates about the exact range of values.

4. : Kachina dolls are small dolls resembling a
spiritual being called Kachina, from the Pueblo
Native American culture. These dolls are given to
those who can respectfully take care of the well-being
of the doll.

5. Lempel-Ziv complexity is a widely used
complexity measure in neuroscience often employed
to evaluate how different parts of the brain are
correlated with one another.

Figure 8 - Fig. 8. Paintings can be analysed through
the method of fractal analysis. (a) My Vertiginous
Thoughts While I Contemplate From The Window by
Eduardo Rojo from the Les Automatistes movement
(courtesy https://www.saatchiart.com/). (b)
Wheatfield by Vincent van Gogh (courtesy
https://www.vangoghmuseum.nl/). (c) The face of
War by Salvador Dalí (courtesy
https://www.dalipaintings.com/). (d) Unicornio
Dorado by Pablo Amaringo (courtesy
https://pablo-amaringo.pixels.com). (e) 13th century,
medieval art in the Basilica of Santa Maria in

Trastevere, by Pietro Cavallini (courtesy
https://www.planetware.com/). (f) Mughal court
painting by an anonymous artist (courtesy
https://asiasociety.org/).
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In our early days in high school, geometry and

algebra seldom showed any deeply rooted
connections. When we �rst learn about
geometry, it is introduced through the
techniques used by the ancient Greeks from
the school of Euclid of Alexandria. In this
realm, we use exclusively geometric arguments
to study its properties. Later, when we look at
conic sections (parabola, ellipse, hyperbola),
our approach is to solve algebraic equations.
For the �rst time we see a link between these
two subjects. Today, we look at a case where a
beautif ul geometric entity arises solely from an
algebraic object. Luckily, our problem at hand
will be reasonably simple and charming. But in
modern mathematics, mathematicians often
turn towards studying complicated algebraic
objects using their geometry. This is the
famous �eld of  algebraic geometry.

So with this mathematical motivation, walk
with me to the dystopian land of Oceania.

News has spread that it is in dire need of a city
planner. The kingdom of Oceania has three
mansions for “Big Brother” to reside in, and
three o�cial buildings – Ministry of Peace,
Ministry of Truth and the
Ministry of Love. All these six
structures are close to each
other, but their connectivity
isn’t great. Imagine that the
three residential buildings
form a triangle, and the three
Ministries are in the
mid-points of the sides of this
triangle, respectively. The only
roads here are the sides of the

triangle, while the interior of the triangle has a
dense covering of greenery. Big Brother wants
a new highway connecting all the Ministries,
but without passing through the residential
mansions. Furthermore, anyone undertaking
the job has to keep in mind the environmental
consequences of cutting down trees. The
reward, however, is a hefty sum of 1 million
dollars.

The �rst architect to approach Big Brother
proposed creating a triangle of highways with
the vertices being the Ministries. Big Brother
was inf uriated at this plan, labelling this man
as having no sense of aesthetics and sentenced
him to a lifetime of forced labour. People were
now scared to approach him, wary of
dangerous repercussions if things didn’t go
according to plan. However, this didn’t faze
the head of Central University of Oceania,
Marden Junior. He formulated the
architecture in terms of a simple mathematical
problem and solved it using complex numbers
and a little geometry.

Marden labelled the coordinates of the three
residential mansions as {z1,z2,z3}. What he did
next was the most non-trivial part.



He considered the complex polynomial
p(z)=(z-z1)(z-z2)(z-z3) and showed that the
design of the highway depends entirely on this
polynomial.

Let us �rst understand what this beautif ul
result says. As we started out with a cubic
polynomial, let us turn to something simpler
— its derivative. The derivative of a
polynomial is just the rate of its change of its
output with respect to a change in its input.
Now the derivative p'z is a quadratic
polynomial, and enthralling us, this only has
two roots! Marden focuses on these two devils
and chalks out two cases — when the roots are
unequal and when they are equal.

In the �rst case, he claims that there is a
unique ellipse with those precise roots as its
two foci. But that's not all. The three sides of
the triangle are also tangent to this ellipse
exactly at their midpoints, which are the three
Ministries! If that sounds hard to visualize, I
have a pretty picture for you.

What happens when the two roots are equal?
You guessed it right- the ellipse becomes a
circle, and the (equal) foci are now its centre.

The sides of the triangle are still tangent at
exactly the midpoints. The reader would like
to pause for a moment and think here — that
as the ellipse-shape shifts into a circle, the foci
come uncomfortably closer and closer to the
midpoint, until they are the same point! This
is where one learns that a circle is just a special
case of  an ellipse.

But Marden didn't just stop there. He goes a
step f urther, into the double derivative of p(z),
which (to our sheer delight!) has only one root.
He says this root is precisely the centre of this
ellipse/circle and also the centroid of the

triangle. Depending on the roots of
the derivative, either the ellipse or
circle will be the desired new road
between the three Ministries.
An ellipse/circle inscribed in a triangle would
look beautif ul from an aerial photograph and
also requires very few trees to be cut down. Big
Brother was thrilled at this plan and awarded
the “Order of Humanity” to Marden, the
highest honour a civilian could get in Oceania.



He even saw some f urther scope in this
architecture and ordered his statesman to
build a statue of himself at the centre of the
ellipse/circle. This would be the tallest statue
in the world, called “The Statue of  Equality”.

Now the results stated above might seem a
little intimidating as it asserts a lot of things.
To slowly gain some insight into Marden’s
solution, we wish to start with the easiest part
- the last conclusion. Our desired complex
polynomial was

. The𝑝 𝑧( ) = 𝑧 − 𝑧
1( ) 𝑧 − 𝑧

2( ) 𝑧 − 𝑧
3( )

double derivative of is𝑝
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1
+ 𝑧

2
+ 𝑧

3
)

only root of is , which is indeed𝑝''(𝑧)
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3

the centroid of the triangle and the spot where
a statue of  Big Brother will stand.

Now comes the time to see the crux of
Marden’s genius and make the problem one
step simpler. Given a triangle and an ellipse
inscribed in it, if we rotate, translate, stretch
or squeeze the whole �gure, all the
above-stated results remain unchanged. Thus,
to make the problem more accessible, we can
reorient the �gure and conveniently adjust its
size. In technical language, this transformation
is called an affine transformation. This �gure
can make it simpler.

To argue why these results are indeed true, we
�rst use an a�ne transformation such that the
three mansions lie on the co-ordinates {1,-1,λ}
with λ lying above the X-axis. Now if λ

1
, λ

2

are roots of p'(z) we can construct an ellipse
with the two foci as { } and passingλ

1
, λ

2

through the origin. It will follow from a
simple calculation that both the lines joining

the foci and the origin ( and )λ
1
𝑂 λ

2
𝑂

subtends equal angles with the X-axis. By
property of ellipses, this is only possible for a
tangent line. So let’s summarise what we have
argued - the side with vertices {-1,1} is tangent
to this elliptical path precisely at the midpoint,

which in
this case is
the origin O.
We have
already
shown that
one side is
tangent to
this ellipse

at the midpoint. If we can somehow show that
the other two sides are also tangent to this
ellipse at their midpoints, we are done.



Resorting back to our trusted friend, we use
an a�ne transformation again, now
considering the triangle with vertices {0, 1, λ}
where lies above the -axis. Again, ifλ 𝑋 λ

1
, λ

2

are the roots of , we have already seen𝑝'(𝑧)
that there is an ellipse which has foci ,λ

1
, λ

2

and is tangent to the X-axis (or the side with

vertices ) at . Now the origin lies{0, 1} 1
2 𝑂

outside the ellipse and we can draw two lines
from it which will be tangents to this ellipse.
One such line is already the X-axis, and again a
tedious calculation will show that the other

tangent line is indeed . This is exactly the𝑂λ
second side of the triangle. Furthermore, it
will follow from the angle relations that the
point of  tangency is the mid-point of  this side.

Going about the third line segment of the
triangle similarly, we can prove the required
results easily. I would urge you to try your
hand in it. This would then complete the proof
of Marden’s result, and maybe you get a chance
to present this to “Small Brother” in another
dystopian land, and win a reward yourself
some time in the f uture!

This ellipse designed by Marden is a beautif ul
illustration of geometry and algebra giving
birth to something special, known as the
Steiner ellipse. I hope this problem would
make you think about how a simple algebraic
object like a polynomial could give rise to such
a lovely geometric phenomenon. The Steiner
ellipse also has some other properties- it is the
largest ellipse that can be inscribed inside a
triangle. It is also the only conic section
satisfying these unique tangential clauses.
These links are far from rare and are indeed a
long-standing drive for mathematicians to
establish such beautif ul connections.

Click here to read this article with references.
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Margherita got into the cab in tears. It was

her �fth breakup with Raphaël, her classmate
in the University. It was raining outside. As
the cab gushed through the shimmering
streets, her eyes were trans�xed on the
oscillating motion of the wipers of the car. She
was living the lives of those raindrops that
�ew through the clouds all the way down to
hit a car screen and eventually be scathed away
by petty wipers. Before she lost herself into
deeper bubbles, she gathered herself and said,
“I am not going to patch up with him again”.
But promptly she realized she had said the
same thing after her last �ve break ups with
him.

“Am I trapped in an endless
loop?” she asked herself. “Calm down

Margherita, çava, çava..” she tried to tone
down her barometer. “I will �gure out why I
am in this loop, and I will get out of it”, she
pledged to herself. The rain had suddenly
stopped, and the wipers were o�; she brought
down the car’s windowpane, looked outside,
and ignited her analytical thought engine.

Margherita studies Physics in the old Sorbonne
University of Paris. She trains in how to use
the language of mathematics to describe the
zoology of phenomena that we see around us in
the real world. Love is another such physical
phenomenon, however a very complicated one
to deal with, since it involves human
interactions. “So, is it possible to gauge the
modus operandi of the dynamical evolution of
my relationship with Raphaël? Or at least the
shadows of the complicated mechanisms that

drive our romantic cycles?” Margherita
thought on her way home. Reaching home she
started preparing for her quest with her old
friend, Google. While sur�ng through the
waves of information, Google sni�ed her
situation and a famous song on the nature of
love by George Gershwin popped up in a
corner from nowhere. The beautif ul song
caught her attention and she started listening
to it :

“When you want em, you can’t get ‘em,
When you’ve got ‘em, you don’t want ‘em…”

Margherita heard this song numerous times
when she was in middle school, but had never
dug into the heart of the lyrics. But today the
sweet melody could not saturate her
enthusiasm, and suddenly the lyrics made sense
to her like broad daylight. She pictured
Raphaël’s love for her in the song. When she is
angry at him and ignores him, he suddenly
shows a lot of love and care and woos her with
attention, while when she starts loving him
back, his enthusiasm for her slowly dips and he
becomes less responsive with time. With a hazy
frown, Margherita picked up her notebook and
a pencil. She started scribbling:

Let us suppose, we denote M(t) [M varies with
time, denoted as t] as the love of Margherita for
Raphaël and R(t) as the love of Raphaël for
Margherita. Now both M(t) and R(t) change
with time. But what is the rule by which they
are changing? If we denote dR/dt as the rate of
change of R1, with time (i.e. how much R
changes in a very small interval of time, i.e. dt),
then probably dR/dt=-aM, where a is some
positive number. This clearly means, when M



is positive (i.e. Margherita loves Raphaël),
Raphaël’s love for Margherita decreases. On
the other hand, if M is negative (i.e.
Margherita starts ignoring him), Raphaël’s
love for her increases.

Margherita was quite intrigued by her
observation. She kept moving forward with
her analysis. She f urther wrote down,
dM/dt=bR, where b is a positive number.
Consequently this meant Margherita's love for
Raphaël increases as Raphaël loves her back. So
now she has two di�erential equations
describing the rate of change of R and M with
time. The next step is to �nd the mathematical
solution to R and M, i.e. how exactly R and M
evolve with time.

Di�erential equations are ubiquitous in
physics. Being a student of physics, it was easy
for her to �nd a solution to these equations.
Considering the simple case of a=b=1, the
solution to R and M looked like this :

R(t)=cos(t), M(t)=sin(t),

where at time t=0, she considered R(0)=1 and
M(0)=0, since it was Raphaël who fell in love
with her at �rst sight, while her love for him
developed gradually. To visualize it she plotted
R and M in Fig. 1. :

From Fig.1(a), it is clear that both R and M
oscillate with time; however, the curves are not
in sync, as they are shifted in the horizontal
direction with respect to each other. Similarly,
Fig.1(b) shows how the system evolves in the
R-M plane. The black point, which represents
the system at a particular instant of time,
moves along the magenta trajectory, as shown
with the black arrow.

The entire picture became clear to Margherita.
However, her goal was to avoid falling into
such oscillatory loops. She thought for a while
and asked herself, “What if I have dR/dt=aM,
instead of dR/dt=-aM?”2. She �gured out in
that case, the solution for R and M would be :
R(t)=cosh(t), M(t)=sinh(t),
where cosh and sinh are cosine hyperbolic and
sine hyperbolic f unctions respectively. Unlike
sine and cosine that oscillate with time, sinh
and cosh f unctions grow exponentially with
time [see Fig.2(a)]. That means with time their
love will grow inde�nitely. Although
inde�nite growth is not a physical possibility,
the notion here is that their romantic
relationship would not oscillate in cycles of
love and hate, rather grow towards a
stabilization.



In a similar way, she thought, if the equations
were dR/dt=-aM and dM/dt=-bR, the solution
would be :
R(t)=Exp(-t)/2, M(t)=Exp(-t)/2,

where Exp refers to the exponential f unction.
To obtain this solution, R(0)=M(0)=0.5 was
considered. The solution implies that their
love for each other would continually and
exponentially decrease with time, indicating a
permanent mutual apathy [see Fig. 2(b)].
Therefore, if the right hand side of each of the
equations have the same sign, then their
relationship would not acquire the oscillatory
characteristic that she is bothered about; it
would either stabilize into a permanent happy
relation, or lead to a state of perpetual apathy
(for at least one of them). Content with her
analysis, she went to sleep that night with a
hope of stability in her life. But a pinch of
anxiety kept leaking in her headspace. Her
state of mind approximately reverberated with
Alicia Keys’ words :

“I k�p fa�in’ in and out of love wi� you.
Sometimes I love ya, sometimes you
make me blue. Sometimes I f�l good, at times
I f�l used. Loving you darlin’ makes me so
confused.”.

The next day Margherita’s inbox was
over�owing with messages from Raphaël. He
was sorry for the breakup, and the same old
drama was about to repeat again. Margherita
quietly read his messages and did not reply to
him. In the evening, she penned down her
thoughts and emailed them to Raphaël. She
was evident in her views, summarised as: “We
are in a precarious cycle which cannot go on
forever. I show you the simple model that
explains our repeating emotional cycles. Please
�gure out a solution to change your fickle love,
and hence the equations of our relationship.
Preferably a permanent breakup plan should
be chalked out so that we can breathe in
peace.”. She waited anxiously for Raphaël’s
reply. But it did not come until two days later.
The response was not something she was
expecting. Raphaël never failed to surprise her.

Raphaël is also a student of physics, like
Margherita, however, he is more methodical
with a fancy for perfection. His reception of
Margherita’s email was calm and soft. Instead
of agreeing to Margherita’s model, he started
digging into the problem deeper. What he
replied to her can be summarised as :
“I am elated to �nd your indulgence in this
important life problem. Appreciating all your



e�orts, I must say, your pursuit made you
embark on the Strogatzian model of love
a�airs. However, Tennyson says, “In the
spring, a young man’s fancy lightly turns to
thoughts of love.”. In this context, this means
that the style of a lover’s love, characterised by
a and b, can actually be time-dependent rather
than constants. Even if we agree to keep a and
b as constants, I would suggest a more general
model for this purpose, which can be described
as :
dR/dt=pM+qR,
dM/dt=rM+sR,

where p, q, r and s are positive or negative
constant real numbers that characterise our
romantic styles. The idea here is that the rate
of change of anyone’s (either Raphaël or
Margherita) love is not only dependent on the
partner's love for him/her, but also depends on
his own love for the partner. Note that, with
q=r=0, p<0, s>0, we retrieve back your model of
the romantic pendulum, i.e. Strogatzian love.
q=r=0, p>0, s>0 and q=r=0, p<0, s<0 lead to
inde�nite love or inde�nite hate
situations respectively, as you also
propose [see Fig. 2(a)]. However, there
can be other possible situations, for
example, p>0, q<0. In this case, since
q<0, I (Raphaël) am discouraged by my
feelings towards you. However, since
p>0, I respond positively to your
(Margherita’s) a�ection towards me. To
clarify the subtlety of the meaning of
q<0, I reiterate that when R is positive
since q is negative, qR is negative, and
hence R decreases, i.e., R
self -suppresses itself and prevents its
steep growth. Such is the trait of a

cautious lover. Similarly, p<0 and q>0 are close
traits of a narcissistic nerd! q and r can be
considered parameters that quantify
behavioural inertia, whereas p and s are the
parameters quantifying the strength of the
partner’s in�uence3.

Interestingly, according to this model, the way
to get out of the love-hate oscillating loop is
not that di�cult. Before understanding the
strategy, let us �rst make some simplifying
approximations. We assert here that q and r are
much smaller than p and s. This means that the
change in the lovers’ love is primarily
in�uenced by the love of the partner and
minimally a�ected by his/her own love
towards the partner. Considering this
assumption, and also the fact that p is negative
and s is positive (from Margherita’s model), it
can be shown that the qualitative behaviour of
the system depends only on the quantity q+r
(Can you �gure out why? See Ref. [3], Chapter
4 therein). Now, q+r=0 leads to the traditional
oscillatory behaviour, where the system moves



on a circle (or more generally an ellipse) in the
phase space, as shown in Fig.1(b). However,
when q+r>0, the the system spirals out into
in�nity [see Fig. 3(a,b)] implying an increase in
mutual love, whereas for q+r<0, the system
spirals in to the origin [see Fig. 3(c,d)], leading
to a state of mutual apathy, and hence an end
to the relationship.

Therefore, to break out of the loop, both of us
need to do either of the following. 1. Tilt our
romantic styles a bit towards narcissistic love,
i.e. we let our loves be positively in�uenced by
our own love towards each other. In such a
case, q>0 and r>0 implying q+r>0. It will lead
to an eventual increase in love, as indicated in
Figs.3.(a,b). 2. Self -suppress the love towards
each other, i.e. negatively in�uence our loves
towards each other, similar to a cautious lover.
In that case, q<0 and r<0, and hence q+r<0.
With time, this will lead to a mutual decrease
in our love, and we will break out of the loop,
as shown in Figs.3.(c,d).

Nevertheless, these linear models might often
reside very far from reality, simply because
human interactions involve a large number of
independent parameters that are not
accounted for in the model. Such parameters
can arise from a variety of sources, such as the
in�uence of other individuals on someone’s
relation, e�ects of mood swings, e�ects of
communication gap between the partners,
other kinds of distress in daily life, etc.
However, a more advanced model can be found
in the literature, trying to incorporate the
e�ect of these other factors as random
�uctuations in the system. Such modelling
indeed reveals a more complicated dynamic of

emotional interaction between couples. These
models can also be related to the cycles of
happiness in a man’s life.”

Margherita was happily disappointed with
Raphaël’s reply. His reply was a bit too
technical and insipid to her, lacking the touch
of emotion that she was expecting. On the
other hand, she felt a taste of narcissism in the
response, which according to his theory is
supposed to be a good sign after all. She sighed
as her mind resorted to the tune of  Gershwin,

“A little loving now and �en, is relished by
�e best of men...”.

Gazing at the sunset from the window, she
stumbled upon another striking idea: What if
their emotional evolution is also in�uenced by
a third party that she does not know about? Is
there another woman who also in�uences the
behaviour of Raphaël towards her? A
triangular system? Can it be Maria, his
childhood friend? Margherita gasped as she
was getting lost in the maze. However, the
soothing orange of the evening sky averted her
mood from such scepticism. She shooed away
the thought for the time being and planted the
idea in her head for a f uture sprout. For now,
she started getting ready for another lap of the
romantic cycle with Raphaël.

The dusk dawned with new stars, and she
named her little pet cactus Raphaël. Thorny,
but clever and green.

(To Be Continued...)



P.S.: About two-thirds of young dating adults
have experience with on-and-o� relationships
that often seats them in an emotional
rollercoaster wreaking havoc on their mental
well-being. Psychological analyses of such
relationships are well studied in the literature,
and most of them point towards a
predominantly negative impact on the social
health of the associated parties. This series
aims at understanding the origin of such love
oscillations through the mathematical lens in a
�ctional setting.

P.P.S.: Margherita Luti, or more famously
known as La Fornarina (baker’s daughter), is
suspected to be the secret lover of the
celebrated Renaissance painter Raphael. The
unfolding of their romance was secretive and
mysterious. As the story goes, Margherita,
despite her love for him, did not agree to
marry Raphael4.

Click here to read this article with references.

Footnotes

1. To simplify the notation we write R(t)
and M(t) as R and M respectively.

2. Note that here we consider a to be a
positive number.

3. Take a pause and think about it for a
moment if you are confused.

4. The exact identity of La Fornarina, and
the associated sequence of events is
still highly debated.

A science enthusiast, Debanuj finds himself
studying optics and quantum mechanics after
many rolls and knocks over the billiards board of
life. He obtained a BS-MS degree in Physics from
IISER Kolkata in 2017 and a PhD from the
Paris-Saclay University in 2021. As a physicist,
he believes in conservation.

https://scicomm.iiserkol.ac.in/docs/1/pages/love.html
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"If you are not
paying for the
product, you are the
product!" .
- THE SOCIAL DILEMMA

               Alan Turing’s ‘Turing Test’ can be argued to be
the foundation stone of the concept of Artificial
Intelligence and Machine Learning. The proposal made by
Turing was to find out whether machines can think. Fast
forward to the modern era, cognitive scientists and AI
experts are concerned with the extent to which this
thinking process can be imbibed in machines and whether
these are capable of learning new things on their own.
Both ancient Eastern and Western philosophers would
argue that the ability to think and consciousness are
features that are exclusive to human beings. Today, when
we refer to AI, it is safe to say that it is a mechanical tool
that exhibits intelligence in a way human beings and
animals are supposed to.
               Artificial Intelligence is rife with contradictions. It
is a powerful tool that is also surprisingly limited in terms
of its current capabilities. And, while it has the potential to
improve human existence, at the same time, it threatens to
deepen social divides and put millions of people out of
work. While its inner workings are highly technical, the
layman should try and comprehend the non-technical
part. This article aims to deal with the basic principles of
how AI works and its concerns. There has been an
unprecedented rise in investment into Artificial
Intelligence, its applications and research in contemporary
times. Amidst all of that, the 'ethical employment of AI'
has been a central point of various debates. Questions have
been raised to analyse the policy frameworks that revolve
around the same. With Covid-19 acting as a catalyst,
society has essentially become more and more dependent
on the use of technology, despite its legitimate concerns
coupled with the social discomfort it causes. 

               Some of AI's business applications have resulted in
the loss of jobs, the reinforcement of biases, and
infringements on data privacy.
                With the advent of self-driving cars, it is likely that
AI cars will soon replace cab drivers and other public and
private transportation employees. In 2015, Google Photos
was under the scanner for labelling a black software
engineer and his friends as "gorillas". This embarrassing
technical glitch illustrates the difficulties in advancing
image-recognition technology, which the tech companies
hope to engage in self-driving cars, personal assistants, and
other products. Next, we have the issue of infringement on
data privacy. Now companies like Google claim that their
mission is "to organise the world's information and make it
universally accessible and useful". However, reading
between the lines, we see a darker motive for monetising
this global data.
          Google's master plan can be summarised as the
'substantial customer acquisition strategy'. Through this
scheme, the company could attract a large consumer base
by allowing a larger incentive for them – free access to the
World Wide Web. Along with this, the tech giant acquired
platforms like YouTube, Android, and dozens of others,
which provided them with a unique data empire to
enhance, protect, and enable its monetisation in ever-
expanding applications. The data that Google and
companies alike gather about its users are then run in
algorithms with the help of machine learning and Artificial
Intelligence. By selling the data to advertisers, companies
monetise our private and public data.

Art by Ritika Khandelwal , The Decadents magazine



          To gain a first-hand experience of the same, I
googled 'Graduate Study in the UK and US'. I
visited around seven web pages of different
educational institutions based in those regions and
spent more time on the Language Requirements
and Funding pages specifically. Since then,
whenever I went online, my Facebook wall and
YouTube were all filled with advertisements of
different universities from my desired regions;
IELTS training; student loans, and scholarships for
studying abroad. From this, I could only infer that
it is not just my browser history that was being
tracked, but also which page I visited and for how
long, and probably more. And based on the
cumulative data collected about me, the Google
algorithm suggested the advertisements based on
my interests. This incident may be seen as a daily
affair in current times. More and more people are
aware of this function of the internet. However,
not many raise a red flag about this function. 
           However, on the negative side, there are
well-documented cases of abuse resulting from
covert data collection. For example, in 2020,
Clearview AI, a US-based start-up that compiles
billions of photos for facial recognition
technology, said it lost its entire client list to
hackers. According to them, the intruder "gained
unauthorised access" to its customer list, including
police forces, law enforcement agencies and banks.
The company came under the radar in January of
2020 after a New York Times investigation
revealed that Clearview AI's technology allowed
law enforcement agencies to use its technology to
match photos of unknown faces to people's online
images. The company also retains those photos in
its database even after internet users delete them
from the platforms or make their accounts private.
Such employment of AI has immense potential to
cause a stir in civil society. 
            Eric Goldman, an expert of IPR and cyber
laws, speaking to the NY Times, said, 

              The journalist investigating the case wrote,
'"While the company was dodging me [during the
investigation], it was also monitoring me. At my
request, a number of police officers had run my
photo through the Clearview application. They
soon received phone calls from company
representatives asking if they were talking to the
media – a sign that Clearview has the ability and,
in this case, the appetite to monitor whom law
enforcement is searching for."' (ibid.) This suggests
that these companies employ AI to raise red flags
when the company's interests are at stake. The
company did not reveal the foolproof mechanism
about their AI utility and other technical
modalities. Still, it might be anticipated that they
put in some advanced AI and machine learning
codes in place to manage its pool of data, along
with the user interface.
          Companies that are involved in data
collection and analysis need to address these issues
sooner or later. Be it the Facebook algorithms,
Google ads, or companies that deal with facial
recognition technology, all of them have an added
responsibility to not delegate the moral
responsibility of humans to machines. Artificial
Intelligence is not a free ticket that allows such
companies to escape from their ethical
accountability. Yes, computation should help us
make better decisions. Still, organisations and
freelancers must own up to their moral
responsibilities to judgement. Algorithms should
be employed within this framework, not as a means
to abdicate and outsource the duties of the
stakeholders. It is imperative to hold on ever
tighter to human values and ethics as the Fourth
Industrial Revolution unfolds.

"The weaponization possibilities of this
are endless … Imagine a rogue law

enforcement officer who wants to stalk
potential romantic partners, or a foreign
government using this to dig up secrets

about people to blackmail them or throw
them in jail." (Hill, 2020)
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 GMO stands for Genetically Modified Organisms. If
you break it down word by word, you get Genetically, which
means genes, Modified, which refers to a positive change to
the genetic structure and lastly, Organisms, which are living
beings. So if you bring it together, you get living organisms
that have had their basic genetic code altered somehow. 
Genetically Modified Organisms (GMOs) are often
considered harmful - even poisonous to health though
scientifically proven otherwise. The question is WHY? Why
are GMOs not accepted by the public even after strong
recommendation from scientists? Often known as the future
of food technology, they seem to be the victim of multiple
crucifying public opinions. 

    In a recent survey taken in China, 11.9% of the
respondents gave a positive view on GMOs, 41.4% were
neutral, and 46.7% had a negative response to GMO
technology. According to a PEW poll of 2015, while 88% of
scientists considered it safe to consume Genetically Modified
Food, only 37% of U.S. adults supported the claim.

    "About half of U.S. adults (51%) think Modified
Organisms are worse for people's health than foods with no
genetically modified ingredients, while 41% say G.M. foods
have a neutral effect on health. Just 7% say they are better for
health than other foods."

       Why this discrepancy between what science tells us
about GMOs and what people think? 

      Most media outlets claim that the main issue with
GMOs is the involvement with multinationals, but these
issues are not specific to GMOs. Then why are only GMOs
being targeted? 

          I went through a set of packed food items in the fridge
and checked their labels for GMO or non-GMO identity
marks and what I found was far from satisfying. Non-GMO
companies have a way of winning over the market by
criticising the use of GMO technology. The hurdle faced by
GMOs is negative publicity from traditional companies
making non-GMO products, who portray GM food
products as harmful commodities that must not be
consumed and thereby mislead consumers by misreporting
the science behind GMOs. 

      Scientifically what makes GMO products so quickly
discreditable is their lack of intuitive appeal.

GENETICALLY MODIFIEDGENETICALLY MODIFIEDGENETICALLY MODIFIED
ORGANISMSORGANISMSORGANISMS

According to Stefaan Blancke, Assistant Professor at the
Tilburg School of Humanities and Digital Sciences and the
Department of Philosophy, "by tapping into intuitions and
emotions that mostly work under the radar of conscious
awareness, but are constituent of any normal functioning
human mind, such representations become easy to think"—
making such appeals more memorable while at the same
time exponentially increasing the chances of transmission of
said appeals in the form of information without checking its
credibility and efficacy. 

Therefore anti-GMO advertisements which work by
appealing to our gut are readily accepted and remembered
by us because it just makes more sense to believe that GMO
products would do more harm to us than good. 
When the first GM food product came out - tomatoes -
there was a widespread belief that they contained fish DNA
as non-GMO brands portrayed GM tomatoes with a fish
inside it or with a fishtail, triggering the notion that GM
tomatoes taste like fish which they did not. 

https://www.pewresearch.org/fact-tank/2020/03/18/about-half-of-u-s-adults-are-wary-of-health-effects-of-genetically-modified-foods-but-many-also-see-advantages/


Opposition to GMOs by the public at large is based on
psychological essentialism, which makes us think that
when DNA from one organism is introduced into
another organism, the latter must bear all the
characteristics of the former; hence, the origin of the fish
tomato theory. 

However, Genetic Modification/Engineering does not
work like that at all. The characteristics of a particular
organism may originate from a specific gene in its DNA,
which may then be introduced in another organism to
enhance its ability to fight against a specific
environmental factor that might be detrimental to its
survival. Hence, part of that specific gene conferring
that specific trait is isolated from the donor organism
and introduced into the recipient organism, thereby
enabling it to fight the factor. For example, if I was a
part of a malaria-resistant species, scientists might isolate
the gene responsible for the malaria resistance trait and
introduce it into organisms which are ordinarily
susceptible to the disease, thereby making them malaria-
resistant. 

Anti-GMO and non-GMO companies exploit this
feature of human psychology to undermine the
credibility of GMOs in society. Essentialism is also a
part of existing religious beliefs, which considers genetic
modification to be a heinous crime. In religious and
theological societies altering DNA is compared to going
against nature
 and is expected to bring enormous 
disaster to the society. Factors 
like disgust for contaminated 
products also inhibit 
understanding 
and consequent 
adoption 
of GMOs. 

Individual companies with GMO seeds have
patents over their inventions (seeds), often
contractually prohibiting farmers who grow
GMO plants from using the second generation
seeds obtained from the harvest for subsequent
farming (PepsiCo vs Gujarat farmers, case in
point). Similarly, Monsanto, a leader in the
AgriBiotech sector, introduced Genetic Use
Restriction Technology (GURT), also known
as Terminator Technology or Suicide Seeds,
whereby the second generation seeds obtained
from the harvest would essentially be sterile,
thus making the farmers dependent on them for
seeds and other instrumental factors. While
farmers are not prepared to surrender their
independence, 
they are also incapable of sustaining the 
prolonged investment costs of GMO seeds, 
which alters the fundamental 
structure of GMO production
 into a single-sourced market
 with no farmers to 
produce them.
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        The story of art and science is as old as time itself and can be traced
back to the dawn of civilization. With the discovery of fire emerged the scope
for humanity to utilise it, thereby improving prehistoric life viz. art and science
in many ways. Apart from heat, fire provided illumination and thereby
enabled the possibility of making drawings inside caves, which subsequently
went on to influence early art - what is now considered as ancient cave
paintings. 

     Today, the artist is considered a right brain-dominant thinker, 
navigating the world with intuition, creativity, and emotion. In contrast, the 
scientist is regarded as a logical and analytical thinker, navigating the world in a 
left brain-dominant manner. With the vibrant dialogue between art and 
science gaining relevance, artists are now engaging in a genre where art is 
influenced by science and the effect science has on society, identity and 
perception of the world around us. The advances in science continue to be a 
constant and rapid driving force, changing the world. Occasionally, an artist 
dons the role of an observer and critic of the evolving culture. Where scientists 
endeavour to answer questions, artists frequently ask more questions than they 
answer. Other times, the artist's role is to explain, illustrate and educate—often 
making the invisible visible.

       Currently, two rival views dominate the discourse between art and 
science: one considers art and science as opposites and any similarities between 
the two as largely coincidental, whereas the other claims art and science to be 
merely different expressions of an underlying unity and their similarities to 
point towards this unity. However, both perspectives are erroneous as they 
falsely assume that rationality (or reasoning) and creativity (or imagination) are 
exclusive. Such assumptions deny the correspondence that has occurred 
through the ages between art and science. Alternatively, a position of 
functional interdependence between rationality and creativity accounts for this 
reality of interactions.
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Let us now briefly graze through some such
correspondences between art and science. 

    1st: The Renaissance was not merely a
rekindling of interest in Greek culture but a
movement in the arts and sciences. What began
under Copernicus and Galileo as a scientific
revolution culminated in the oeuvres of da Vinci
and Michelangelo.
       2nd: The scientific and artistic revolutions

appeared to have occurred in tandem. The
discovery of linear perspective and the
development of optics enabled the interpretation
of surface three-dimensionality in the sketches by
Brunelleschi and Durer and enhanced the clarity
and understanding of images obtained through
Galileo's telescope.
      3rd: The fundamental problem driving the

scientific revolution was the revival of an age-old
question concerning humanity's position in the
cosmos. The heliocentric model (earth revolves
around the sun) suggested by Copernicus and
developed by Galileo necessitated the refutation
of Aristotelian cosmology (earth is the center of
the universe and all celestial bodies move around
the earth). Even before Copernicus's
contribution, Brunelleschi abandoned the Greek
and Medieval methods for composing space on
canvas that required positioning objects
according to their importance and filling the
surface according to a hierarchical scheme of
values. Instead, in his method, objects occupied
the canvas area according to their relationship to
the beholder's eye, defined by the universal
perspective.
          4th: The Einsteinian revolution required the
rejection of Galilean-Newtonian notions of space
and time. That the universe is finite, spherically
symmetrical and expanding and that motion is an
interaction with the very structure of space and
time is reminiscent of the Impressionist and
Cubist movements (using the interaction of light
with objects and surfaces to create paintings) to
demand the recognition of pluralities of visual
fields – of various types of spatial representations.
The visual interpretation of movies required the
ability to understand nonlinear, temporal
dimensions.

   5th: The Einsteinian revolution was a
consequence of the reinvigorated discussion on
the "Where are we?" cosmological question. 

     The answer needed an equivalent stretch of
imagination comparable to that required to
identify objects in an Impressionist-Cubist
canvas or watch film stories. What evolved was
the ability to translate stable relationships
between objects into variable spatio-temporal
relationships.
        Such correspondences in the histories of art
and science beg the question, how is it that
scientists and artists, working inside their distinct
traditions and institutions, have tackled
comparable issues and developed analogous
ideas? From an interdisciplinary standpoint, the
parallels between science and art can be
explained in terms of the interaction between the
two domains.
       At this stage, it is crucial to introduce the 

different elements of human thought. Over the 
last couple of decades, experimental evidence has 
suggested the existence of two closely related yet 
distinct modes of thinking, performing 
complementary roles in cognition. System-I, 
referred to as "intuition", essentially functions 
unconsciously and relies on instantaneous 
underlying associations. System-II, referred to as 
"reasoning", depends on the much slower process 
of conscious reasoning.

     As proposed earlier, the interaction 
between art and science occurs through their 
functional interdependence: Art triggers the 
"intuitive" System-I (or "associative machine") 
mode of thinking and helps engender 
imagination in science, whereas science engages 
the "reasoning" System-II mode of thinking and 
enables reality testing for art.

     As per Karl Popper's (one of 20th
century's most influential philosophers of
science who rejected classical inductivism in
favour of empirical falsification) perspective on
scientific discovery, only through creative acts of
imagination are novel theories discovered. While
System-I provides imaginative insights, System-II
allows verification of the imaginative insights
with respect to their relevance to reality. Thus,
rationality and creativity are functionally
interrelated in science: Imagination (or
creativity) performs a constructive role by
providing novel ideas about reality as a possible
solution to scientific problems. Rationality
performs a destructive (or critical) role by
examining the products of imagination and
destroying them if found short of reality.

t

h

e

a

r

t

a

n

d

s

c

i

e

n

c

e

i

n

t

e

r

p

l

a

y



However, an important (and obvious) question persists,
Where and how do art and science interact? While it is
possible to identify the nature of this interaction, any
attempt to elucidate its exact mechanics is a Herculean
task. Trying to understand the motivations of artists and
scientists retrospectively reveals an objective content in
the problems influencing the contributions of artists and
scientists alike, only partially known to the very
individuals pursuing the problems. Consequently, to
identify the problems preconsciously or consciously
pursued by artists and scientists with the objective
problems of their historical circumstances would be
erroneous.
Three levels of problems motivate every artist and
scientist: the preconscious, the conscious, and the
objective. The conscious level is the most obvious, as
revealed by the notes and essays left by artists and
scientists. Of the remaining two levels, (i) the
preconscious, lying beneath the conscious, is revealed by
psychoanalytic studies, whereas (ii) the objective, existing
beyond consciousness, is revealed by historical and
epistemological studies. Since the three levels interlock as
well as conflict with each other, any attempt to construct
a uniform explanatory principle viz., a zeitgeist for an era
would be inappropriate. The illusion of historicism, i.e.,
to describe history as a logical outcome arising from the
dynamics of objective problems, is largely refuted by the
unforeseeable intervention of consciously articulated
problems and the irrational interjection of preconscious
problems.
Hence, it is hypothesised that scientific questions
predominantly occur on the objective level and are
introjected into preconscious problems by the conscious
effort of scientists. In contrast, artistic questions occur
predominantly at the preconscious level and are projected
consciously by artists onto the objective level as
philosophical problems. It is at the preconscious level that
introjected scientific questions interact with the
preconscious artistic questions. Consequently, the
interaction results in novel preconscious problems for the
artist and novel objective problems for the scientist.

To summarize briefly on the nature and role of
preconscious problems: (i) They are amorphous,
inarticulate and structureless. Thus, any attempt to
confront them meaningfully results in further
entrenchment and misunderstanding rather than
resolution. (ii) However, they constitute the basis from
which conscious and objective questions originate. (iii)
When objective questions, introjected into the
preconsciousness of individuals, encounter the pre-
existing preconscious problems, it leads to the
generation of novel and richer, conscious and objective
questions.
In conclusion, only scientific problems and theories and
only art styles and iconologies occur at the objective
level. Hence, art and science cannot interact at this level.
Since individual artists and scientists are often ignorant
of the expressive nature of their own domains and more
so of others, art and science can’t contact at this level
either. Therefore, it is predominantly at the
preconscious level that the interaction between art and
science occurs that has enabled parallel developments in
both fields.
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