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Introduction

Welcome to the CTYI course Maths Experience.
Pure mathematics is a subject so broad it is unclear where it begins and

ends. Three schools of thought attempt to define “mathematics”: the logi-
cist claims it to be “the science that draws necessary conclusions”, the in-
tuitionist defines it as “the mental activity which consists in carrying out
constructs, one after the other”, and the formalist identifies mathematics
with its formal symbols and the systems of rules for manipulating them.

We will strive to analyse modern mathematics from all three schools of
thought, by abstractly studying properties of space (geometry), quantity
(number theory), structure (algebra), and thought (logic). This course is
intended to serve as an introduction to both the spirit and technicalities
of this subject at a high level, and as an introduction to the practice of
mathematics in the real world. The following is a brief outline of how the
course in organised and what I hope we can tackle in the coming weeks.

1. Monday

• Introducing me, you, and mathematics. We begin by introducing
everyone and everything.

• Introduction to infinity. We’ll discuss basic set theory, which will tell
us how to count and measure sizes. We will see that some infinities
are bigger than others, but in ways you might not expect.

• Euclid’s elements. We’ll break into teams to discuss some aspects of
Euclid’s elements. This will serve as an introduction to proof and
rigorous thinking.

2. Tuesday

• Logic. We will cover the basics of propositional and predicate cal-
culus. We will define “truth” and formalise the notion of “proof”.
These ideas are fundamental to mathematics.

• Computability. With our basic logic knowledge, we will examine the
work of Turing & Gödel on “algorithms” and define what exactly a
computer is (in)capable of doing. We will showcase some problems
known to be “undecidable”.



3. Wednesday

• Casual topics:
– Family trees;
– the Three Jugs Problem;
– Conway’s Game of Life;
– Space-filling curves.

4. Thursday

• The game of Hex. This will be an in-depth analysis of a game with
startling mathematical connections. In the morning we will use graph
theory to prove results about this game, then in the afternoon speak
more about games in general. Of course, we’ll have the opportunity
to play against each other too. . .

• Guest Speaker: Dr. Sylvy Anscombe. Sylvy received her PhD in
Mathematics from the University of Oxford in 2013. She researches
algebra, number theory, and mathematical logic. Today she will
introduce a definition of “dimension” that is useful for measuring
shapes that don’t fit into our usual way of thinking, such as fractals.

5. Friday

• Guest Speaker: Soinbhe Nic Dhonncha. Soinbhe is a mathematics
PhD student at the University of Manchester studying the intersec-
tion of algebra, logic, and category theory. She will introduce to us
the basics of algebraic topology and explain why a coffee cup is the
same as a doughnut.

• University Mathematics 101. To finish, I will briefly introduce some
of the weird and wonderful mathematical structures you would en-
counter at the beginning of a university-level mathematics degree.
We’ll see “rings”, “fields”, “manifolds”, “varieties”, and others.

• Q & A. Students are welcome to ask me anything about studying
mathematics at university (and beyond), having a career in pure
mathematics, what a mathematician does on a daily basis, etc. No
question too big or small.
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