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What is a dimension?

Physicists count the number of dimensions by asking: 
▶︎ how many independent perpendicular directions can an object travel in?

How many macroscopic dimensions are you familiar with?
1. left-and-right,
2. forwards-and-backwards,
3. up-and-down,
4. past-and-future.

The first three of these are space dimensions. The fourth is the dimension of time.

Einstein’s theory of Relativity, which governs the physics of very fast and very heavy 
things, teaches us to bundle space and time together into a concept called spacetime.   

Quantum physics, which governs the behaviour of very small things, does not make 
sense with more than one time dimension. But extra space dimensions are possible. 

The burning question is: 🔥 are there extra dimensions, and how big can they be? 

My special interest: does the tremendously strong gravity at the heart of a black hole 
open up extra dimensions of space near the singularity beyond the four we know?



Why do extra dimensions matter?

Imagine that you were a 2D creature 
living in a 2D world — a Flatlander.

Did you know that in such a world 
you could not have a digestive tract?
Try to draw one on paper → and you 
will see why: it would cut you in half. 😳

Also: if a Flatlander circle inside a square tried to grow, it would bump into the square. 
But if I first lifted the circle up into the third dimension a little bit, then let it grow, then 
set it down again, it could reach its goal. Yay!

Similarly, in four or more space dimensions, you can smoothly undo a knot in a rope 
without having to cut the rope. There is enough extra space to make the move. 



Imagining extra dimensions

Lower-D creatures have trouble trying to imagine higher-D: it makes our brains hurt. 🤔
How do theoretical physicists cope? We use projections: we look at a higher-D object 
from a variety of different lower-D perspectives, and then we knit those perspectives 
together into a higher-D whole. This is kinda like a CT scan, where the scanner takes a 
sequence of 2D pictures of you and then software knits them together into a 3D image. 

Resolving extra dimensions

Consider an ant on a telephone wire.

If I look at it from far away without my glasses on, I might think the wire was 1D.
If I look at it very close up, I can see the curled-up dimensions as well. The wire is 3D.
At every point along the extended dimension, there are extra curled-up dimensions.

Macroscopic dimensions are obvious to us because we can sense them.
To detect tiny curled-up extra dimensions, we need powerful microscopes.
Fascinating idea: we might be Flatlanders in a higher-dimensional universe!



The price of admission to extra dimensions

Quantum physics teaches us that entering a 
curled-up extra dimension costs money (energy). 
There is a bare minimum cover charge to pay. 💰

Why is there a toll booth on curled-up extra dimensions?
๏ All microscopic objects (like electrons, or photons which make up light) have both 

particle-like and wave-like behaviours. Waves are characterized by their wavelength. 
Having a shorter wavelength costs more energy because the wave is more frenetic. 

๏ To explore a curled-up extra dimension, a microscopic object must fit an integer 
number of its wavelengths around the circumference, or else the waves would end 
up cancelling each other out, telling you that the object is not allowed to play in there. 

๏ The smaller the curled-up extra dimension, the more expensive the cover charge.

Rich observers may be able to observe more space dimensions than poor observers: 
they have enough money to open doors to playing around in extra dimensions. 💩

The two most extreme energy contexts we know of in the cosmos are 
• the big bang explosion 💥 that created our universe in the beginning, and 
• the singularity at the heart of a black hole. 

Extra dimensions may play an important role in the physics of big bangs & black holes.  



Experimental constraints on extra dimensions

Extra dimensions have not yet been discovered, but physicists are looking, using
• ingenious tabletop experiments,
• experiments in giant particle colliders like the LHC, 
• astrophysical observations on the sky. 

There are two different kinds of extra dimensions: universal and gravity-only.
• Universal extra dimensions (UEDs) are egalitarian: everyone can play in them,
• Gravity-only extra dimensions (GOEDs) are picky: only gravity can play in them. 

GOEDs are harder to constrain experimentally than UEDs, because gravity is by far 
the weakest of the four known forces. (Example: in a hydrogen atom, the proton in its 
nucleus and its electron feel a gravitational pull that is about ten thousand trillion trillion 
trillion times weaker than the electric attraction that binds them together.) ⚛

Findings so far:-
▶︎ UEDs are tiny: they must be smaller than a few billionths of a billionth of a metre.
▶︎ GOEDs must be smaller than half the width of a human hair.

It is pretty mindblowing to realize that there could be hidden extra dimensions of 
space at every point in our 4D world and yet we humans cannot sense them. 


