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Why should we show interest?

Let me ask you a question. Have you ever been sitting in a class totally zoned out and suddenly
your brain conjures up a whole other world like out of nowhere you're imagining some wild
adventure, or the perfect lyric for a song you haven't written yet or a solution to a problem
nobody asked you to solve? This is just our fascinating imagination.

Scientists and mathematicians have been trying to find out whether if there is a mathematical
structure behind all of that which sounds so strange because math with its coldness and
imagination with its flow and freedom sound totally opposites. But this isn’t correct at all.

Math and imagination are actually way more connected than anyone would guess. We're going
to explore Fourier analysis, fractals, conceptual spaces, neural networks, and information
theory and by the end, | promise your way of thinking about your imagination and brain will differ
by 180 degrees!

“Imagination is more important than knowledge. Knowledge is limited. Imagination
encircles the world.” — Albert Einstein

Fourier analysis (Remixing reality)

When you listen to your favourite song with your friends the sound you’re hearing is incredibly
complex there is maybe drums, Guitar, and the singer’s voice. But the crazy thing your brain can
naturally distinguish between all these layers and process them and that is in simple terms
what Fourier analysis does mathematically.

In the 1800s a French mathematician named Jean Baptiste Joseph Fourier discovered that any
complex signal can be broken down into a sum of simple, beautiful sine waves. This is the
Fourier transform, and it's absolutely everywhere in modern science

But how does this connect to imagination? Cognitive neuroscientists found that our visual
cortex (the part of the brain that processes what we see) responds to spatial frequencies. In
simple terms different layers of visual information like Fourier waves. When you imagine
something like a purple bird with golden wings your brain might be mixing and remixing these
frequency layers from different memories. That's creative remixing at a neurological level.

Here in this graph each dotted line you can see
represents a single sine wave like the pure musical note
they have different speeds and heights. The thick
connected line is what you get when you add all of thene

waves together. This is how your brain might build a
mental image from simpler stored pieces. Your
imagination is the ultimate remix engine!




Fractals (Infinity from Simplicity)

When | was learning first about fractals, | was really surprised. There is a type of shape called a
fractal and it's self-similar which means if you zoom into any tiny part of it, it looks exactly like
the whole thing! It's like infinite detail.
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The most famous fractal which is in the image above is called the Mandelbrot Set, discovered
and visualised by the mathematician Benoit Mandelbrot in the 1970s. And here is the surprising
part this beautiful and complex visual is generated using one tine rule repeated over and over.

zZ(next)=z*+c¢
where z and ¢ are complex numbers.

Amazing, isn’tit?! Two variables. One operation. And from that comes something that looks like
spiralling galaxies. But what is the connection to our imagination? A psychologist named Richard Taylor
found that Jackson Pollock's famous drip paintings have fractal patterns in them, and our brains
actually prefer looking at fractal patterns within a specific complexity range. Our aesthetic sense is
literally tuned to fractals!

Conceptual Spaces (Mapping the Mind)

Here we arrived at my personal favourite one because it gave me a completely new way of
thinking about thinking! A philosopher named Peter Gardenfors had this idea: what if we map all
concepts in our mind as points or regions in a geometric space?

If there is a giant invisible map where apple and strawberry live together in the same
neighbourhood both are fruits both are sweet and both are red while the spaceshipisina
completely different neighbourhood. Every concept you know lives somewhere on this map.
And imagination is the act of travelling across this map. You start at a known location say a
horse for example and walk across the map to somewhere completely new say a place
nobody's been to before like ahorse with the wings of a butterfly and the voice of the sea. That
journey That's a creative, imaginative act!



Neural networks (the brain’s math)

You've probably heard of Al as it's everywhere right now. But did you know that the artificial
neural networks behind Al were actually inspired by the human brain? And studying these
networks has taught us a lot about how imagination might work!

A deep neural network is layers of mathematical operations on top of each other. Each layer
takes information transforms it and passes it forward. When you train one of these networks on
millions or maybe billions of images or sentences the network develops its own internal map of
concepts which is called a latent space. And in this latent space you can actually slide between
concepts smoothly. Go from cat to dog through the middle and you get something catlike
doglike the network imagines the in-between!

There's also something called the Default Mode Network in our actual brains. This is the set of
brain regions that lights up when you're daydreaming mind-wandering, or imagining.
Mathematicians model it with equations that show it has a rich, self-sustaining dynamic
meaning your brain literally generates its own creative activity.
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The green circles on the left are called the input layer what you see, hear, or feel while the blue
circles in the middle are the hidden layers where all the processing and transformation
happens. The blue circle on the right is the output layer which is a completely new thing that
didn't exist as input. Every connection between the circles is a mathematical operation. Your
brain has roughly 86 billion neurons, but the principle is surprisingly similar. Imagination is
simply transformation through layers of processing!

Information Theory (The Science of Surprise)

I will ask you a question. What makes something creative? Some songs feel fresh and exciting
while others feel predictable and boring why does such a thing happen? Information theory has
the answer. A mathematician named Claude Shannon invented a formula for measuring how
surprising or unpredictable a set of information is. He called it entropy



High entropy = super unpredictable and surprising
Low entropy = totally predictable and boring
The most creative and imaginative works sit right in the middle of these two extremes!

Very high entropy You're bored? Very low entropy You're confused. But find that sweet spot that edge of
chaos where things are surprising but still make sense and you've got something genuinely imaginative
and beautiful. This is why plot twists in good stories feel amazing while random noise just feels like
noise.
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The Limits (What Math Can't Do Yet!)

| will be completely honest with you. Math is incredibly powerful, but it doesn't fully explain
imagination. Not yet at least. There are three big challenges that even the smartest
mathematicians and scientists can't quite crack

1. The Binding Problem

How does the brain stitch all those distributed signals into one unified experience? There is still
no math formula fully bridges computation and consciousness yet.

2. Godel's Incompleteness

Any sufficiently complex mathematical system has true things it cannot prove from within itself.
Which means that math might be inherently unable to capture everything about the mind.

3. Qualia

The actual feeling of experiencing something the redness of red, the pain of sadness all these
resists math. That is because the gap between function and experience stays wide open.

These challenges refine where math is helpful and where it hits its limits. Mathematics can
describe the mechanics of imagination brilliantly. But the first-person experience of imagining
the spark the oh wow moment. That remains mysterious. And honestly? | find that comforting



8. Conclusion (My Take on All This)

After going through all of this. Can mathematics explain imagination? The honest answer is yes,
it can but only partially

Math gives us incredible tools such as Fourier analysis that shows how the brain remixes
sensory fragments into novel mental images. Fractal geometry shows how infinite complexity
blooms from simple rules. And Conceptual space topology that shows us a map of thought.
And lastly Neural networks that give us a model of creative processing. Information theory tells
us exactly where the creative sweet spot lives between order and chaos

While the actual experience of imagining that electric moment when an idea arrives, the
sensory richness of a dream, the ineffable sense that something matters math can't touch that.
Yet. And maybe that gap between the mathematical map and the actual territory of human
experience is the most interesting frontier in all of science.

In my opinion is mathematics and imagination are partners in the human project of making
sense of the universe we inhabit. and | think that's the most beautiful thing I've ever read about
math! | came into this topic thinking math was cold and imagination was warm. I'm leaving it
thinking they're dancing together. And we're just starting to learn the steps. That honestly gives
me so much hope for what science and art can figure out together.
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