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Paradoxes 

Shavon D’Souza 

The idea of a paradox is quite perplexing. It 

is a concept or statement that is in itself 

illogical or culminates in a contradiction. 

There are several different types of 

paradoxes and some have gone on to have 

monumental importance in fundamental 

mathematical ideas. For example, Russell’s 

Paradox shook the foundations of Set 

Theory. However, paradoxes do not have a 

place in mathematics solely as they are 

used to illustrate ideas in philosophy and 

logical problems as well. 

The Characteristics of Paradoxes 

One of the earliest paradoxes in history is 

the Epimenides paradox named after its 

creator, the Cretan philosopher Epimenides 

Dear Reader, 
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of Knossos who lived around 600 BC. It is 

stated as:  

A Cretan makes the statement ‘Cretans are 

always liars’ 

This illustrates the difficulty of arriving at 

the ‘truth value’ (indicates relation of a 

proposition to the truth) of the statement 

because if the statement is true, then 

Cretans always lie. However, a Cretan is 

making the statement and since he always 

lies, the statement has to be false. The 

contradiction then becomes apparent 

because if the statement is a lie, the Cretans 

are truth-tellers which they are clearly not 

since a lie was just told. This example of the 

liar paradox highlights a common trait of 

paradoxes: self-reference. This is when a 

contradiction arises due to the statement 

referring to itself (The Cretan making a 

statement about himself). In pop culture, 

such a paradox is seen in the film ‘Fight 

Club’ in which Brad Pitt’s character states:  

‘The first rule of Fight Club is you do not 

talk about Fight Club’. 

The paradox arises here because by 

announcing this rule, he has broken the 

rule. However, if he did not announce it, the 

rule would never be known.  

Paradoxes provide a contradiction. This is 

seen in the basic version of the liar paradox: 

‘This statement is false’ 

This cannot be true and false at the same 

time and as a result, a contradiction 

ensues. This example also highlights the 

‘vicious circularity’ present in paradoxes as 

if you take the statement as true, then it 

must be false in which case it is true and 

so on. All these characteristics lead 

paradoxes to seem rather unknowable and 

on first appearance, very confusing. 

Quine’s Classification 

In his essay ‘The Ways of Paradox’, the 

American philosopher and logician W.V. 

Quine determined there to be three types 

of paradoxes: veridical, falsidical and one 

which does not fall into either of these 

categories – an antinomy.  

Veridical 

A veridical paradox is one that appears to 

show something absurd but in actual fact, 

the result can be shown to be true 

regardless. For example, someone born on 

a leap year would have only had five 

birthdays despite technically being 

seventeen.  

Another interesting example can be seen in 

the Monty Hall problem: 

You’re a contestant on a game show and 

you’re given the choice of three doors. 

Behind one door is a car and behind the 

other two are goats. The host asks you to 

choose a door. You choose one and the 

contestant opens another door which has a 

goat behind it. You are then given a choice: 

Do you want to stick with your door or 

switch? 

On first glimpse, it would seem that the 

probability of you winning the car is 50/50 

regardless of whether or not you switch 

doors. To be told otherwise would seem 

absurd but in fact, the probability of you 

winning is two-thirds if you switch and one-

third if you stick with your door. This is 

clearly a veridical paradox as even though 
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it seems absurd, there is proof to show its 

truth. Marilyn vos Savant showed this in a 

simple way. 

In the first example, you choose Door 1 and 

stick with it. Here are the possible 

outcomes 

Door 1 Door 2 Door 3 Outcome 

Car Goat Goat Win 

Goat  Goat Car Lose 

Goat Car Goat Lose 

 

Clearly, you only have a one-in-three 

chance of winning. However, in the 

example below you choose Door 1 but then 

switch when the host shows you the goat 

behind another door. 

Door 1 Door 2  Door 3  Outcome 

Car Goat Goat Lose 

Goat  Goat Car Win 

Goat Car Goat Win 

 

This time, you have won two out of three 

times.  

Another famous example of a veridical 

paradox is that of Hilbert’s hotel: 

Imagine a hotel that can hold infinite 

guests. One night, the hotel is full. A new 

guest knocks on the door and asks for a 

room. Although it may seem like it is 

impossible for the hotel manager to 

accommodate the additional guest, the 

infinite nature of the hotel means that there 

will always be extra room even if the hotel 

is currently full. Even if an infinite number 

of people wanted to stay at the hotel when 

it is at full capacity, there would still be 

space to accommodate them. Again, it is 

easy to see this paradox’s veridical nature 

as although it seems absurd for a full hotel 

to be able to accommodate more guests, it 

is true.  

Hilbert’s example helps illustrate the 

properties of infinity e.g. infinity + 1 = 

infinity,  

infinity x 2 = infinity → these sets all have 

the same size/cardinality and as countable 

sets, this cardinality is referred to as aleph-

null using the symbol  

Falsidical 

This type of paradox gives you a result that 

seems absurd so appears false and can be 

seen to be false. The result obtained comes 

about due to a fallacy in the demonstration. 

A fascinating example of this is the proof 

that gives you the result 1 = 2. This is a 

common example of mathematical fallacy. 

Let a and b be 

equal, non-zero 

quantities                                                                                         

Multiply both sides 

by a                                                                                                                      

Subtract b2                                                                                                                                     

Factorise                                                                                                                            

Cancel the (a – b) 

from both sides by 

dividing through                                                           

On first glance, this proof seems quite 

accurate.        However, the error can be 

seen in the step taken to get from the 

fourth line to the fifth. If a = b, the quantity            

a – b would give you 0. Dividing by 0 is 

undefined so the proof becomes invalid.  

 

 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiykbyUyvrUAhXBShQKHU9uAIMQjRwIBw&url=https://en.wikipedia.org/wiki/Aleph_number&psig=AFQjCNFsuhgnMlfSeIoU4-TrTBOXPyRYmQ&ust=1499634005834502
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Antinomy 

This is a paradox that reaches a self-

contradictory result by applying accepted 

reasoning methods. An interesting example 

of this is the Grelling-Nelson paradox which 

looks at the words ‘heterological’ and 

‘autological’: 

A word is autological if it describes itself 

e.g. ‘unhyphenated’ and heterological if it 

does not describe itself. The paradox 

arises when you pose the question ‘Is 

“heterological” a heterological word?’ 

This paradox follows in the same way as the 

liar paradoxes previously mentioned in this 

article as if it is heterological, it would not 

describe itself but because of the definition 

of heterological, it would be describing 

itself. 

This paradox holds parallels with 

mathematician and philosopher Bertrand 

Russel’s famous paradox which undid the 

foundations of set theory.  

Let R be the set of all sets that are not 

members of themselves. Then pose the 

question ‘Is R a member of this set?’ 

 If R is not a member then the definition of 

R states it must contain itself. If R is a 

member, it is no longer a set of sets that are 

not members of themselves. This can be 

represented symbolically as: 

𝐿𝑒𝑡 𝑅 = {𝑥 |𝑥 ∉ 𝑥}, 𝑡ℎ𝑒𝑛 𝑅 𝑅 ⇔ 𝑅 ∉ 𝑅 

Zermelo-Fraenkel set theory (ZFC) is one 

way to ‘solve’ the paradox. This theory 

alters and extends the axioms of set theory. 

ZFC starts by not assuming that for every 

property, there is a set of all things 

satisfying that property. Instead, for any set 

X, a subset using first-order logic [using 

quantified variables e.g. there exists (the 

quantifier) X (the variable) such that X is 

Socrates and X is a man] exists. The set R 

cannot be constructed in the same way so 

is not a ZFC set but is a ‘proper class’. As a 

result, the sets within R are different to the 

set R so the query of whether or not it can 

be in the list becomes invalid. 

Russell himself proposed another solution 

in type theory in which the logical language 

itself is altered to prevent the contradiction. 

Russell stated that the paradox arose 

because the description of sets of numbers 

was confused with the description of sets of 

sets of numbers. To combat this, Russell 

suggested objects have a hierarchy e.g. 

numbers  sets of numbers  sets of sets 

of numbers etc.   

Findings 

Overall, paradoxes have played a very 

important role in fundamental 

mathematical theory and on a wider scale, 

are applicable to various everyday 

situations. As such, they are a great topic of 

interest and their frequent mention in pop 

culture shows an increased fascination with 

them. Mathematics does not hold the only 

paradoxes of interest.  Some elegant 

examples of non-Mathematical paradoxes 

include the Biblical ‘Unless a grain of wheat 

dies, it doesn’t live’ and William 

Wordsworth’s ‘Child is father of the man’. 

Both of these bear a greater poetic truth 

and in doing so, indicate the true beauty of 

paradoxes.  
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THE MATHS BEHIND 

ANIMATED MOVIES 

Vaibhav Vinod 

Animated movies are essentially a 

sequence of images, each of which are 

composed of pixels. In fact, there are 

between one and two million pixels per 

image and in total, an animated movie can 

have 200 billion pixels. Every pixel has three 

assigned numbers, which specify the red, 

greed and blue colours for that specific 

pixel. However, due to the sheer quantity of 

pixels, it would be impractical to assign 

values for every single one. Therefore, 

animation studios need to use maths 

accomplish this task. 

Modelling 

Animators have to come up with 

mathematical formulae for key individual 

aspects of the movie. For example, in the 

Pixar movie ‘Brave’, they had to recreate the 

wild Scottish forests the movie was set in, 

including the variety of trees, rocks and 

moss. First, the team went to Scotland to 

analyse the setting more closely. Then, they 

had to come up with formulae to model 

specific aspects of the landscape. 

The grass for example, was modelled using 

parabolic arcs. While this could have been 

done using quadratic graphs, Pixar used a 

different method which their artists found 

more intuitive – they used a control 

polygon (2 lines) which they connected 

with a rough parabola that they 

constructed by joining up points along the 

two lines like so: 

 

 

 

 

 

By adding more 

points, they can 

make the parabola 

smoother. 

 

Once they have the shape of the grass, 

animators can adjust parameters such as 

the thickness and the colour of the grass to 

create a more realistic image, producing a 

model for the blade of grass, which can be 

brought to life through animation. The 

animator moves the points of the lines that 

make up the parabola, causing it to change 

shape similarly to grass moving in the wind. 

Then, they can repeat this for multiple 

blades of grass and to add the finishing 

touch, offset when each blade starts 

moving creating variation in a patch of 

grass. 

Similarly, animators must use mathematics 

to come up with unique mathematical 

solutions to model other characteristics 

such as the movement of branches or the 

moss growing on rocks. 

 

 

Coordinate geometry 

The objects in an animated movie exist on 

a grid of coordinates, each with their own 
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specific coordinates. In order to move 

objects, animators use graph 

transformations. If an object moves 

upwards, it is translated on the Y axis, and 

if it moves horizontally, it is translated on 

the X axis. Often, objects move using a 

combination of both types of translations.  

Additionally, objects don’t always stay the 

same size, sometimes this is due to a shift 

in perspective or other times due to the 

plot however, for this to happen, the object 

is multiplied by a specific scale factor to 

enlarge or diminish it. 

Patterns 

One place patterns are used is on the 

surface of objects, to add to their realistic 

nature. For example, on Orlo from the good 

dinosaur, shading artists took inspiration 

from a specific species of cacti and used it 

to model his skin. 

 

Shading artists 

design surfaces in 

2D and then wrap 

them around the 

model to produce the final surface. 

In this example, they needed a way to 

create believable and artistic randomness 

in the surface, which they achieved by using 

a pattern called the Voronoi partition.  

They can be drawn using points, circles and 

lines. First, the designers randomly plot 

points and using a computer program, 

draw circles around them. They increase the 

radius of these circles until they tough, 

forming lines. These lines are the boundary 

for the scales on the dinosaur’s skin. 

 

 

 

 

Combinatorics  

Sometimes, certain scenes require a crowd 

or many background characters. In WALL-

E, there needed to be a vast amount of 

different robots as the plot demanded that 

a robot exists to do every task that was 

necessary to be done. Hence, the designers 

had to come up with countless robot 

design, which seemed very difficult. 

Therefore, the designers came up with a 

different way of solving the problem of 

generating hundreds of unique robot 

designs in a short span of time. The 

designers adopted a modular design for 

the robots. This meant that due to the 

power of combinatorics, they could design 

10 heads, 10 bodies and 10 lowers and then 

be able to produce a thousand different 

designs. 

This is because they can choose between 

10 heads and 10 bodies, resulting in 100 

different combinations (as each of the ten 

bodies could be paired with any of the ten 

heads). Then, each of the lowers can be 

paired with any of the hundred pre existing 

designs, resulting in a thousand possible 

final designs. If necessary, they can increase 

further the amount of designs by adding 

characteristics such as dual head. 
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Conclusion 

In conclusion, although it may not be 

immediately evident from the surface, 

maths is used extensively in the creation of 

animated movies and without the thorough 

understanding of mathematical principles 

that we learn throughout our time in school 

(including key concepts such as graphs, 

geometry, patterns and combinatorics 

amongst many others). Therefore, by 

learning about the application of 

mathematics in real life scenarios, we can 

get a better understanding for the power 

and utility in the concepts that we learn. 

 

VaR: A Mathematical 

Foundation of Risk 

Management 

William Song  

Investment is a fundamental part of our 

lives, whether it is through keeping your 

savings at a bank, being given the 

resources to start up your own business or 

even buying shares on the stock market. All 

economies around the world have required 

investment to function and get to the point 

where they are now, but it all comes at a 

risk. The money that is put in is never 

guaranteed to come out, so from a rational 

perspective you would never put money 

into anything because you risk losing 

everything. Even saving at a bank would be 

risky had the government not guaranteed 

to protect your money up to £85,000 per 

institution! The solution to all this is 

financial risk management, and one of the 

key mathematical foundations of doing so 

is using Value at Risk, VaR. 

VaR is a statistic used to measure and 

quantify the level of financial risk of any 

business, investment portfolio or even a 

business position over certain time period. 

It is primarily used by banks to weigh the 

potential losses that their institutional 

portfolios face, as the volatility of financial 

markets must be accounted for when any 

loan is given. This allows for financial 

planning so that you are always prepared in 

the event of a loss so that you are not left 

having a hard time if something you 

invested in fails.  

Any VaR measurement requires three 

things: a timeframe, confidence level, and 

loss amount. This is because you need to 

answer the question of “On an X% 

confidence level, what is the percentage 

that can be expected to be lost over a 

specific time period?” In order to actually 

calculate the VaR value, three methods can 

be used: 

• Analysing Historical Data 

• Using Standard Deviation 

• Carrying out a Monte Carlo 

simulation 

Analysing Historical Data 

The main way of getting the VaR is through 

looking at data collected in the past by 

companies. Many businesses will compute 

daily profits and losses (P&L) which is 

especially the case on stock markets where 

you can observe the daily increases and 

decreases in the value of a company’s 

shares. Using this data, you can plot a 

histogram to show the distribution of daily 
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returns. Depending on the confidence level 

you have, which is typically 95-99%, you 

can observe the bottom 5% of daily returns. 

 

The histogram above shows the monthly 

returns for the S&P 500 since 1986, which 

is the stock market index for the 500 largest 

businesses in the USA. Highlighted in red is 

the bottom 5% of all returns, and from this 

histogram, we can draw a VaR conclusion 

that “With 95% confidence, we can expect 

that the worst monthly loss will not exceed 

6%”.  

This is calculating the VaR for a group of 

500 indexes, but if you wanted to invest 

into a singular index fund from the S&P 

500, you could apply the same method of 

looking at past returns to analyse whether 

or not there is a high risk of investing into 

a particular company, although you can 

never base the future off events in the past. 

Using Standard Deviation 

Sometimes there is no past data to assess 

the level of risk from, such as a new 

company that has joined the S&P 500, so 

you must make some assumptions. When 

using the standard deviation, we assume 

that there is a normal distribution of returns 

for a new business. This allows us to cut 

down on a lot of calculations and requires 

us to only estimate two things: the 

expected return and the standard 

deviation. 

To estimate the expected return, we may 

look at the stock market indexes of other 

companies within the S&P 500 or FTSE 100 

and observe the average return. Since the 

average monthly return from the S&P 500 

is ~1%, you can estimate the expected 

return to be at 1%. Similarly, you may also 

take the standard deviation for the monthly 

returns of the S&P 500 as the estimate for 

your standard deviation, which is 3.84%. 

Since we are using a normal distribution, 

the bottom 5% of the distribution is 1.65 

standard deviations away from the mean. 

Multiplying this by the standard deviation 

gives us 6.33%. Subtracting this from the 

mean gives us a value of -5.36%. From the 

use of VaR, we can make the statement that 

“With 95% confidence, we can expect that 

the worst monthly lost will not exceed 

5.36%” for the new company that you 

invest in within the S&P 500. 

Monte Carlo Simulation 

Technology has advanced and so the ability 

to carry out simulations is an extremely 

useful tool when making decisions. By 

using different variable inputs and 

simulating historical trading patterns, you 

can use computers to visualise the 

outcome of each decision.  

Doing this thousands of times gives 

investors an idea of how an investment is 

likely to turn out in the long run and allows 

for better insight into whether the 

investment is a risk worth taking. Overall, 

Monte Carlo simulations use a variety of 
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simulations, formulae, and variables to 

draw graphs, forecasting future returns and 

giving another way to reach a VaR 

conclusion. 

Summary 

VaR has been an extremely useful tool since 

its invention in the 1990s. Its versatility and 

ease of understanding and application has 

meant that it is still the basis and inspiration 

of many more mathematical models in risk 

management. 

 

Why is Euler’s Identity 

considered to be the 

most beautiful equation 

in Mathematics and how 

do we prove it? 

Luxan Sureshan 

Leonhard Euler was a Swiss mathematician, 

physicist, astronomer, geographer, logician 

and engineer who made important and 

influential discoveries in many branches of 

mathematics, such as infinitesimal calculus 

and graph theory, while also making 

pioneering contributions to several 

branches such as topology and analytic 

number theory 

He also introduced much of the modern 

mathematical terminology and notation, 

particularly for mathematical analysis, such 

as the notion of a mathematical function 

and he is known for his work in mechanics, 

fluid dynamics, optics, astronomy, and 

music theory. 

• e is Euler's number, the base of 

natural logarithms, which is 

approximately 2.71828 

• i is the imaginary unit, where  i2 =

 −1 

• π is pi, the ratio of the 

circumference of a circle to its 

diameter 

• 1 is the multiplicative identity (an 

identity with respect to 

multiplication, so it has no effect) 

• 0 is the additive identity (an identity 

with respect to addition) 

• This equation is often cited as the 

most beautiful equation in 

mathematics as it links the 5 

fundamental constants in maths 

• The numbers all have many 

practical applications, including 

communication, navigation, energy, 

manufacturing, finance, 

meteorology, and medicine 

• In addition to this, three of the basic 

arithmetic operations occur exactly 

once: ADDITION, MULTIPLICATION 

AND EXPONENTIATION (powers) 

• There is no other equation that 

does this, hence it is known as the 

most beautiful equation 
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Proving Euler’s Identity 

Based on the Maclaurin Series: 

𝑒𝑥 = 1 + 𝑥 +
𝑥2

2!
+

𝑥3

3!
+

𝑥4

4!
+

𝑥5

5!
+ ⋯ 

𝑒𝑖𝑥 = 1 + 𝑖𝑥 +
(𝑖𝑥)2

2!
+

(𝑖𝑥)3

3!
+

(𝑖𝑥)4

4!
+

(𝑖𝑥)5

5!
+ ⋯ 

𝑒𝑖𝑥 = 1 + 𝑖𝑥 −
𝑥2

2!
− 𝑖

𝑥3

3!
+

𝑥4

4!
+ 𝑖

𝑥5

5!
+ ⋯ 

By separating the real terms and non-real 

terms, we get: 

 

𝑒𝑖𝑥 = (1 −
𝑥2

2!
+

𝑥4

4!
−

𝑥6

6!
+ ⋯ ) + 

𝑖(𝑥 −
𝑥3

3!
+

𝑥5

5!
− ⋯ )  

 

 

 

𝑒𝑖𝑥 = cos(𝑥) + 𝑖𝑠𝑖𝑛(𝑥)  

𝑒𝑖𝜋 = 𝑐𝑜𝑠 (𝜋) + 𝑖𝑠𝑖𝑛(𝜋) 

𝑒𝑖𝜋 = −1 + 0 

 

  

 

  

𝒆𝒊𝝅 + 𝟏 = 𝟎 

THIS IS SIN(X) 

THIS IS COS(X)

  

 

The Solution to This Month’s Puzzle 
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Thank you for reading the second edition of the Olavian Mathematical Newsletter. We 

hope to release an edition each month, so we are always looking for contributors. If you 

are interested, please contact Aditya Palaniappan or William Song.  

Mathematical related current affairs 

1) An abundance of research on Knight’s Tours by G.P. Jelliss, an Old Olavian - 

https://www.mayhematics.com/p/p.htm  

2) Modelling The Coronavirus With Hannah Fry - 

https://www.youtube.com/watch?v=bdMr0_jgRHk  

3) The Tricky Math of Herd Immunity for COVID-19 - 

https://www.quantamagazine.org/the-tricky-math-of-covid-19-herd-immunity-

20200630/  

4) New Mathematical Model Can More Effectively Track Epidemics - 

https://www.sciencedaily.com/releases/2020/03/200325110855.htm  

5) Why Short-Term Forecasts Can Be Better Than Models For Predicting How 

Pandemics Evolve - https://theconversation.com/why-short-term-forecasts-can-be-

better-than-models-for-predicting-how-pandemics-evolve-140299  

https://www.mayhematics.com/p/p.htm
https://www.youtube.com/watch?v=bdMr0_jgRHk
https://www.quantamagazine.org/the-tricky-math-of-covid-19-herd-immunity-20200630/
https://www.quantamagazine.org/the-tricky-math-of-covid-19-herd-immunity-20200630/
https://www.sciencedaily.com/releases/2020/03/200325110855.htm
https://theconversation.com/why-short-term-forecasts-can-be-better-than-models-for-predicting-how-pandemics-evolve-140299
https://theconversation.com/why-short-term-forecasts-can-be-better-than-models-for-predicting-how-pandemics-evolve-140299

