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Also, pure mathematics.
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Katherine Johnson Terence Tao Maryam
(US, 1918-) (Australian, 1975-) erzakhanl
“Go see Hidden (Iranian, 1977 — 14 July 2017)

Figures!" “I did poorly in math for a couple of

years in middle school; | was just

not interested in thinking about it...

“l was born in The beauty of mathematics only
Adelaide-" shows itself to more patient

followers."
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Mathematics is:

» Often applied to the real world
(but not all of it!)

» Often pure mathematics done for its own sake.
Mathematics done by mathematicians is not about:
» big equations/numbers!
» lots of exercises
Mathematics is about:
» Truth
Deep understanding
Logic, deduction
Creativity, intuition
Elegance, beauty
Proof
Understanding the world.
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... And a donut is equivalent to a coffee cup.

DOUGHNUT (

Source: XKCD Source: Wikipedia

“Rubber sheet geometry."

» New ways of thinking about geometry and space.
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Topology in art
M.C. Escher: Print gallery.

» The picture is distorted but all the angles are correct!!
» (Mirzakhani was a master of this kind of geometry!)

» What happens if you zoom in?
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Wraparound: a gameplay variation on video games...

Pac Man & Ms. Pac Man

What is the topology of Pac Man?
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Pac man & Ms. Pac man live on a donut, also known as a torus.
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Life on a donut

What is life like for pac man?

» If you look around the donut, you will see another copy of
yourself!

Let’s play some torus games!

www.geometrygames.org
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Shape of space: 3-D pac man

A 3-D version of pac man gives a 3D donut.

Let’s play a 3D torus game!
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Some of Maryam Mirzakhani’'s mathematical research tells us
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Idealised mathematical billiards
» No jumping, no spin, no friction
» Balls bounce off walls and continue indefinitely.
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» Is it possible for a ball to go on a path which repeats itself?
» Can you bounce 17 times and return to initial state?

» Can the ball pass through every point on the table?
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On some it is a little harder:

Why illumination?
» In a room with mirrored walls, if you light a candle at one
point, does it illuminate every point in the room?



The illumination problem

It's not always possible to illuminate every point in the room.



The illumination problem

It's not always possible to illuminate every point in the room.

» George Tokarksy (1995): designed a room where a candle
lights up every point... except one!



The illumination problem

It's not always possible to illuminate every point in the room.

» George Tokarksy (1995): designed a room where a candle
lights up every point... except one!

“




The illumination problem

It's not always possible to illuminate every point in the room.

» George Tokarksy (1995): designed a room where a candle
lights up every point... except one!

“

Even in Tokarsky’s room, the candle comes close to lighting up
the whole room!
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An illumination theorem

» Can you design a room with straight mirrored walls, in
which a candle can be placed, that leaves a whole region
in the dark?

Maryam Mirzakhani

+ Samuel Leliévre, Thierry Monteil, Barak
Weiss; Alex Eskin, Amir Mohammadi
answered NO... sort of. They showed that: __

» If the room has straight line sides
— no matter what shape it is! —

» provided that all of the angles are rational numbers of
degrees,

» if you place a candle anywhere in the room
THEN

» the candle lights up the entire room, except possibly it
misses a finite number of points.
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Interested in learning more maths?

» Study more maths at school — you need it to understand
topology properly!

» If you're in or approaching VCE, study specialist maths!

» If you're interested in topology, you can study it at
university!

» Study STEM more generally — science, technology,
engineering, mathematics!

» And whatever interests you!

» Be curious! Think critically!



Thanks for listening!

| @ topology

Daniel .Mathews@monash.edu

Get the games/software at
WWW.geometrygames.org

In memoriam

Maryam Mirzikhani 1977-2017

Image sources:

Andrew J. Hanson, Agnes Szildrd, XKCD, Wolfram, MC Escher, Hendrik Lenstra, http: //sscherdrosle math. \ewdenumv nl/, Wikipedia, Wikimedia,
http://enrichment.it-figures.org/m http://plus.maths.org/, http:/ ies.comy iage.com, blogspot.com, Vincent Borrelli,
http://www.map.mpim-bonn.mpg.de/, The Geometry Center, Jeff Weeks, The Shape of Space, Stanford University, newatlas.com, muieri blogspot.com.au, people.com,
nasa.gov, math.ucla.edu, wowamazing.com




