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A NOTE FROM THE

AUTHORS

As the summer holidays have started, we tried to shed light on the correlation between math

and various activities that everyone knows. In this fourth edition of "Math over Matter", we

discuss the deceptively simple ways in which math governs our everyday activities and

hobbies. We have included numerous articles starting from the game Wordle to Juggling and

even the famous Pythagoras Theorem that everyone uses. We also tried to bring in fun games

and facts that might strike you! Through this magazine, you will see several interests across

different subjects and loads of calculus. Hope this magazine makes your day brighter and you

enjoy this edition of our Math over Matter magazine!
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Math Behind the Well Known
Game Wordle

- Anishka Mohanty, Grade 12



Shake It Off!!Shake It Off!!Shake It Off!!

Can you guess the Math behind this ancient game? Check

out this paper from Cornell University to learn more!

http://pi.math.cornell.edu/~mec/Summer2009/Mahmood/Intro.html#:~:text=The%20standard%20version%20of%20Sudoku,in%20cells%20are%20called%20givens.


The Hidden Math Behind Art

By Lalitha Rao, Grade 11

Art and Math are two subjects that seem incredibly different, and yes, they are in some aspects, but
simultaneously similar. This article is written in hopes of shining light on a form of art that relies on a
fundamental understanding of geometry; Islamic Art.

The famous Agra Fort draws millions of tourists every year, one of the many gems of the monument is the
intricate artwork. These geometric patterns are mostly seen in places of worship, the stunning patterns
repeat infinitely, looming over wishful worshipers, thus creating a divine presence.

These masterpieces are created based on Tessellations. We have all played around with tessellations, for
example, you may have created a checked pattern with coloured pieces of paper. This is nothing but a
tessellation, here our tiles (squares of paper) form a repeating pattern covering the backing, clicking in
perfectly with the next, hence no overlaps.

The above is what we call edge to edge tiling, here every edge of the square touches the next sharing the full
side. The familiar “brick wall” is an example of non-edge to edge tiling, as one full side is not shared. There
are several other forms of tiling, but from what I have seen most Islamic artwork employs the edge-to-edge
form.

Now there are two types of tessellations, regular and semi-regular.

Regular designs are symmetrical, utilising only one regular polygon. What is a regular polygon? A shape in
which all sides and angles are equal. For the sake of tessellations, we see that only three shapes can form
regular patterns. These shapes tesselate on their own and do not need others to fill in voids. Can you guess
which ones?

The needed shapes are an equilateral triangle, a square, and a hexagon. It is interesting that we see this in
nature too, a honeycomb or the outer layer of a pineapple are splendid examples of hexagonal tessellations.

For semi-regular, we look at shapes that cannot tessellate on their own and hence they are more of a
collection of shapes. The regular pentagon is a prime example. A vertex (a corner) is where the spades meet.
The internal angles of a pentagon are 108, this number is not a
divisor of 360 and hence there is a gap left. To resolve this, artists added other shapes such as a decagon
and a hexagon and then tessellated this pattern.



Now that we have a basic understanding of tessellations, let us move on to Islamic art. The art is based on
the divisions of a circle, there are several ways to divide a circle but most designs fall into one of the three
categories.1

. Fourfold: these are patterns that can be based on the division of a circle into four equal sections.
2. Fivefold: these are patterns that can be based on the division of a circle into five equal sections.
3. Sixfold: these are patterns that can be based on the division of a circle into six equal sections.

Fourfold patterns fit into a square grid and hence they are simple to tesselate, the same goes for sixfold,
except they fit into a hexagonal grid. Remember how I explained that pentagons cannot fill up a surface
evenly? Fivefold patterns must relate to other shapes to repeat.

A recurring theme in all Islamic artwork (architecture included) is the use of a circle. To Muslims, this
symbolizes the circle of unity. The centre of this circle is symbolic of God and the city of Mecca. From this
circle, several regular polygons can be developed by the intersection of lines stemming from the centre
with the circumference.

What is so striking about this art form is the use of proportions, the ratios between the side lengths, and
diagonals of regular polygons. These ratios are what make Islamic art so aesthetically pleasing and in the
wise words of Aristotle- “maintain the just measure”

Fourfold Patterns
Fourfold patterns are simple and are created by connecting points of intersection to each other. In these
types of patterns, the √2 proportion has been utilised. Moreover, the octagon, a shape associated with the
eight directions of space and is a symbol of the divine throne, is derived from these divisions.

An example of a Moroccan tile using the Octagon
Fivefold Patterns
With fivefold patterns we see the use of the golden ratio. This is what makes the art near perfect.

Fivefold pattern



Sixfold Patterns

Sixfold pattern

Sixfold patterns are very robust. They make use of the hexagon, a shape which can tesselate. The hexagon
also contains √3 proportions and is a shape that resembles the Circle of Unity.

The shapes and number of divisions across all forms of Islamic art draw deep connections with the Islamic
culture itself. This subject of geometry is known as “Sacred Geometry,” it connects art, math, and nature in
these abstract ways that contort the mind, like the turning of a compass.

Now, I cannot finish this article without showing some of my creations. Here I have created a four-fold
design. Looking at the template, there are several other patterns that can be created, but here I have
focused on a design surrounding a square.

This form of art only requires a ruler, compass, and basic stationary. Lastly, if you are very intrigued by the
allure of mathematical art, I suggest having a look at the great works of M.C Escher and Charles Gilchrist.
And with that, grab your compass and ruler and get to drawing!



The Crispy Crossword

By Shaivi Madduri, Grade 9

YOU CAN USE DIFFERENT NUMBERS TO SOLVE A QUESTION. HAVE FUN!



THE MATH BEHIND JUGGLING 

- AMISHI AGRAWAL, GRADE 11

Part 3

Having understood the concept of Siteswap numbers,
we are now ready to interpret Juggling physically in
the sense that we move from seeing Juggling as just a
few numerical patterns (with a fancy name: Siteswap
patterns) to analysing it in terms of what it takes to
actually ‘Juggle’ those numbers.

Need a Helping Hand?

Imagine you are are asked to Juggle the 3 ball cascade.
In how many different ways can you do this if I ask you
to use all your “Hands”? Before we move on to answer
that question, let’s define the word “Hand”. 

What if I told you that every part of your body that can
catch and throw objects is a “Hand”? So technically, all
our body parts including our legs, shoulders, elbows,
knees etc. are all our “Hands”. Coming back to the
original question, if one is asked to Juggle the 3 ball
cascade (Siteswap sequence 3), they can do it in
infinitely many ways. How? Consider the following
sequences :

RH – Right Hand
LH – Left Hand
RL – Right Leg
LL – Left Leg

From the table above, we realise that the same pattern
can be performed in infinitely many ways (out of which
3 of them are listed above) – each different from the
others. This means that our method of providing the
Siteswap sequences for the patterns is not enough to
provide an exact visual image of how it would look
when it is Juggled. So how can we describe the visual
representation of a pattern in terms of mathematical
notations?

The answer lies in our old friend: Siteswap
notations.

The concept here is to form a new Siteswap
notation called the Hand Siteswap Notation. This is
actually quite similar to how we form Siteswap
notation for the object patterns. The only
difference between a Siteswap sequence in general
and the Hand siteswap sequence is that in the
Hand siteswap sequence, instead of juggling balls,
we are actually juggling our own hands. That might
be a little hard to visualise, so instead, you can also
just think of RH, LH, RL, LL etc. as normal juggling
objects (like balls or clubs). 

Here’s an example of a table diagram along with
the Hand siteswap sequence for General Siteswap
sequence 3:

The Big Problem

So far, we know that the Siteswap notations are
helpful in expressing certain details of Juggling
patterns such as its period, maximum height,
number of objects, etc by using the Average test
and the Permutation test. But the analysis that we
have done till now assumed that we will be
throwing each ball at equal intervals. 

You see, one can always throw one ball half a beat
before or after the expected beat at an appropriate
height. and as long as I make sure that the ball
lands at the correct timing, the pattern will be
valid.

How can we specify the way we juggle a pattern
since the Siteswap sequence alone is not enough to
provide a precise description of the pattern?



The Problem with this
Solution

So we have created these terms for describing certain
specific cases in Juggling when a Juggler choses to
Juggle a pattern in the less obvious ways. But then
again, are all such cases covered under these terms?
Never.

So technically, we can just keep introducing a new term
for each of these weird cases but will never be able to
finish listing them all out. Furthermore, even if we
assume that the number of these cases is finite, we'd
end up having an exclusive Binomial Nomenclature for
Juggling itself!

Another problem is that all simulators have different
ways of representing these pattern types and that
makes it hard for people to b able to create a uniform
notation for a particular pattern type creating more
confusion.

So, what do we do?

The Actual Solution - A
Proposal
Here’s when Hand Siteswap Notation does the trick. It’s
quite simple: Hand siteswap notations are useful
because they allow Jugglers to identify the desired
pattern of throwing the balls. 

The Object Sideswap sequence gives you the sequence
in which the objects are to be thrown (say, O) and the
relative time (t) intervals at which this is to happen.
The Hand Siteswap sequence gives you gives you the
differential of the equation governing hand movements  
(H) with respect to time. When combined, we get the
final equation giving the intersection points of the
hands and the objects and thus dictating the exact
pattern.

So, if we were to recieve the Siteswap notation of the
balls as well the Hand Siteswap notations, we’d know
exactly what pattern type to juggle.

The Apparent Solution

Various people started introducing different terms
that were supposed to solve the problem
mentioned above. Some of these terms are
explained below:

Hurries:

Hurries is a way of performing a certain sequence
of Siteswap notations while making two
consecutive throws with the same hand. So for
instance, the pattern 3 can be done with alternating
hands or make all the throws with the same hand.
as shown below:

From the photos above, we can see that the left
hand side dummy does the pattern only with hand
making all his throws “Hurried” (because they are
made consecutively by the same hand). The hurried
throws are often represented by the symbol *. But
the problem is that different simulators and
various people consider such symbols to have
disparate meanings. For instance, the asterisk is
used in Synchronous notation to represent an
entirely different concept of simultaneous throws.

Galloped Patterns:

Here, instead of changing the hand throwing the
balls, we change the beats at which we throw the
ball. So essentially, what we do is somehow adjust
the throw’s height and therefore throw it a little
before or after the ideal beat. This also explains
why the entire pattern is called “Galloped”. Similar
to how a horse “Gallops” at uneven time intervals,
the balls are also thrown at uneven beats making
the pattern look irregular.

Polyrhythms:

This one is quite similar to Gallopes. The only
difference between Galloped patterns and
Polyrhythms is that in Galloped patterns, only one
of the hands follows an irregular pattern but in
this case more than 1 hands (remember, we can
have more than 2 ‘hands’ in juggling!) follow an
irregular rhythm giving it the name “Polyrhythm”.



Puzzle Time!!

- Nidhi J Iyengar, Grade 11

*Answers at the end 
 

Instructions –
- Each step contains a clue, whose answer must be filled into the 
  spaces provided
- The last letter of each answer is also the first letter of the next 
  answer
- Using the colours corresponding to the letters filled into the 
  shaded boxes, rewrite the letters into the final clue to reveal the 
  ultimate answer!



 

PROVING THE

PYTHAGORAS' THEOREM

Prachi Pandit, Grade 9

I had a phobia of beans and that's what lead to
my death. When attackers chased chased me to a

field of beans, I refused to enter and was killed



Sociological Mathematics:
Introduction to Game Theory

By Varun Vasudevan Iyer, Grade 9

To better demonstrate this concept, people often
turn to the prisoner’s dilemma. Here, two members
of a gang of bank robbers, are being interrogated in
separate rooms. They are the sole witnesses. The
authorities can only prove the case against them if
they can convince at least one of the robbers to
betray his accomplice and testify to the crime. Each
bank robber is faced with the choice to cooperate
with his accomplice and remain silent or to defect
from the gang and testify for the prosecution. If
both cooperate, they may get a 3-year sentence. If
one defects and the other chooses to cooperate, the
defector will run free, while the cooperator serves 5
years. If both defect, they will both serve just 1 year.
Here, the Nash equilibrium would be for each
prisoner to defect regardless of the other’s choice
since it will always net them a better result. 

While game theory is often touted for its ability to
predict human behaviour, it is not always so. Game
theory, at its foundation, prioritises the outcome for
each agent, assuming that every actor is rational
and seeks maximum value from their actions.
Hence, game theory fails to account for the fact that
in some situations we may not fall into a nash
equilibrium, depending on the social context and
the nature of the players. It also requires the rules of
play to be precise, while in real life, it is often
ambiguous. To construct a payoff matrix, you need
just that - payoffs, which are often not exactly
known in reality. Finally, the theory often provides
many equilibria and no way to choose among them. 

The promising field of game theory continues to
impress in various areas, be it aiding in the
development of artificial intelligence or simplifying
complex economic decisions. However, we must
accommodate the fact that game theory looks at
social life from a very mechanical viewpoint, which
indicates that certain derivations, while
mathematically sound may not be the best for our
world or society. 

The field of game theory, popularised by films such
as “A Beautiful Mind”, proposes mathematical
models to represent social interactions. As the name
suggests, game theory sees human interaction as
just that: a game. The founding of the field is
credited to John Nash and John von Neumann. 

Game theory at its foundation aims to represent
interactions between agents as games, with
strategies, winners and losers, rewards and
punishment. Although the field was initially used to
describe economic behaviour, it has since expanded,
emerging in areas from data science to politics. 

An easy way to demonstrate the usage of game
theory in real life is through popular games such as
chess and rock-paper-scissors, where each person
attempts to maximize their payoff (win the game). 

Mathematically, games are represented in various
ways. Most games can be represented in the form of
a payoff matrix. Here, 2 players’ choices are shown,
with their payoffs marked. From here, game
theorists can begin to understand the nature of the
game through calculations. 

One of Nash’s chief contributions to the field was
his discovery of Nash equilibrium. A game is said to
be in Nash equilibrium if no player has an incentive
to change his game strategy after considering the
strategies of all other players. Thus, an individual
can receive no incremental benefit from changing
actions, assuming other players remain constant in
their strategies. A game can have multiple Nash
equilibria or none at all.



A paradox is something that seems

completely absurd, but can be proved to be

true. Paradoxes never fail to astound me and

I came across one such mathematical

paradox quite recently. Let’s have a look at

it.

Consider the following function:

Such a simple function cannot possibly do

any harm to us can it? Well this function

gave me quite some trouble as I broke it

down. First, let us graph this function:

As you can clearly see, from the equation or

the graph, as x tends to 0, y tends to

infinity. At the other end, as x tends to

infinity, y tends to 0. For now, let us look at

this function when its domain is x≥1.

- Srivishnu Vusirikala, Grade 11

The Painter's Paradox

If we were to calculate the area under this graph, we

would compute the integral of this function with the

lower limit as 1 and the upper limit as ∞:

Simplifying this equation, we would get:

Well that’s quite clear. The area under the graph of 1/x

is undefined. But this is where the magic happens.

Suppose we rotate the graph around the x-axis like this:

This structure looks sort of like the tube part of a very

long trumpet like the one below.

We will now try to calculate the volume of this

structure. By looking at the structure from a different

angle, we notice that the graph is basically many many

circles placed one after the other and decreasing in size.



So, we can use integration to calculate its

volume by summing up the areas of all the

circles using the formula:

We replace the r² in the formula with  

 because the radius of all the circles is

basically the y value of the graph at that x

value as all the circles are centred at the

origin. Solving this, we get:

Here, we see that the figure has a finite

volume! But this can’t make sense can it?

Intuitively, the volume of the figure can be

said to be area under the original graph

added many times. This would mean that the

volume of the figure should also be

undefined. But we just proved that the

volume is finite. Quite crazy, right? Let’s

now have a look at the surface area of the

horn.

In the above image, you can see the

Gabriel’s horn with a brown colored ring

around it. You can see that the horn is made

of many of these rings, so the surface area

of the horn is just the sum of the surface

areas of all those rings. Let us break down

this image to help calculate the area of one

ring:

As we can see in these two images, you can

calculate the area of the ring by multiplying

the circumference of the circle by dl.

Assuming the ring to be as small as possible,

dl will be almost a straight line. So, we can

calculate dl using the Pythagorean theorem

and you get:



Now that we have dl, we can calculate the

surface area of the ring and then use an

integral to find the total surface area:

To calculate this, we need to use this

important observation:

This observation gives us this amazing

discovery:

This shows us that the Gabriel’s horn not

only has a finite volume, but it also has an

infinite surface area! 

This shows how paradoxical this one

structure truly is: a slice of it has an infinite

area, the entirety of it has a finite volume,

and it overall has an infinite surface area as

well! 

This connects back to its original name: the

Painter’s paradox. Imagine this horn as a

paint bucket; you can completely fill it with

paint as it has finite volume, but you cannot

completely paint its surface!

Mathematics is filled with many such

paradoxes which may seem unbelievable at

first, but can be proved systematically using

the tools we have. These paradoxes have

always been there — they’re just waiting for

us to discover them.
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As you can see, we have a teeny-weeny right triangle,
with hypotenuse 1*dθ=dθ as dθ is infinitesimally
small. And the angle CAB is, in fact, θ as can be
confirmed with simple geometry (AB, being small,
can be assumed to be tangent to the circle). Now,
basic trigonometry tells us that

And that’s it! The equation above automatically tells
us that dy/dθ=cosθ! The derivative of cosine, which
can be found by a similar construction, is an exercise
for the reader.

Proof 2:
Now this method is actually really simple and cute,
and involves Euler’s identity. But it also expresses
something profound about the connection between
sine and cosine. Let's start.

Now, realising that                   ,

Now that last equation is important, as it tells us that
the real and imaginary components of both sides of
the equation must be the same. Why? Because they
are linearly independent vectors. Story for another
time. Therefore,

PROVING

When you study calculus, you come across the fact that the
derivative of sine is cosine. And that the derivative of cosine
is negative sine. Now, you have two options. Accept this as
God given fact, roll your eyes, and move on. Or, if you truly
like math, you have a duty to figure out why this is true!
Why do we hold these truths to be self-evident? Well, I have
two proofs as to why this is true-why the derivative of sine
is cosine (and the other one as well).

Proof 1:
So this first proof utilizes the basic concept of a unit circle.
The biggest thing to realize here is that the function sinθ
represents the y coordinate of any point on the circle, where
θ represents the angle subtended by the arc from the
positive x axis to the given point on the circle. Right here-

So, as you can hopefully make out from the diagram,
increasing θ by an infinitesimally small dθ also leads to a
small change in the y coordinate of the point, the radius
being a constant.

So, as you can hopefully make out from the diagram,
increasing θ by an infinitesimally small dθ also leads to a
small change in the y coordinate of the point, the radius
being a constant 1. This tiny change is dy=sin(θ+dθ)-sinθ,
but can since y=sinθ,                  .

Alright, if you understood that, then let us focus on the little
orange triangle which you can (hopefully) see. Lets zoom in.

Rohan Joshi, Grade 11



 you look at oscillating phenomena like SHM or
generators, in which the cause’, the force, or rotation
of a coil, precedes the ‘effect’, or velocity/induced
voltage by exactly a quarter time period.

So that’s it! Two simple proofs that the derivative of
sine is in fact, cosine, and vice versa(almost).

See? Two birds with one stone? Now, you’d be remiss to
overlook the fact that when we differentiated 𝑒𝑖𝜃, we
essentially rotated the complex number by 90 degrees, and
that is an important fact. We say, in fact, that sine and
cosine have a ‘phase difference’ of 90 degrees, or are
‘orthogonal’. Why is this useful? 

Because it signifies some sort of ‘lag time’ between cause and
effect, and this is particularly interesting in physics when

SOME MINDBOGGLING WAYS OF

WRITING 2022
 

A) (10-9+8*7*6)(5-4)(3)(2*1) = (1+336)(1)(3)(2) = 337*6 = 2022

B) (1098-756+4)(3*2*1) = (1098-752)(6) = 337*6 = 2022

C) (10*(-9+8+7+6+5)*4-3!)*(2+1) = [(10*17)*4-6]*3 = 674*3 = 2022

D) 673+674+675 = 2022

E) 504+505+506+507 = 2022

F) 163+164+165+166+167+168+169+170+171+172+173+174 = 2022
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