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The Flow of Time: A Discussion on the Intuitions and Implications of Geometry, 
Infinity, and Information  

I had recently been doing some research into Non-Euclidian geometries, and had slowly building 
an intuition for spherical and hyperbolic landscapes which I presented as part of my school’s 
annual celebration of British Science Week, where I explored dimension and light, and gave a very 
visual introduction into the topic. A week later a seemingly unrelated article on the flow of time 
from the New Scientist ‘Lost in Space-Time’ arrived in my inbox; what follows is a culmination of 
my meandering thoughts from many nights of deep thinking about the two branches of Physics 
and Mathematics.

 
	 

	 The human experience is undoubtably characterised by the notion of moving ‘forwards’ in 
time; this one dimensional motion is analogous to the visual aid of a timeline (we are simply 
traveling in the positive direction on a line that stretches out up and beyond infinity). We 
experience life as a function of time, whether it be a body’s position, velocity, entropy of a system 
or the unquantifiable social experience; all interaction is modelled as the dependant variable of an 
experiment that is the universe, with time acting as our well behaved independent variable. 
However is time always this neatly bounded by the seemingly metronomic action of a clock, or is 
there something deeper working behind the scenes?


The first time I learnt about time dilation I was around 12 and was adamant that the whole idea 
was a ruse, and to this day I still don’t quite understand its intricacies. In the context of Einstein’s 
theory of special relativity, an inertial observer (non-accelerating) has a well defined means of 
determining which events can occur simultaneously with another event. However if a second 
observer, who is in relative motion to the first, will disagree on these events! To understand this 
more visually let’s consider an example: Imagine a set of twins, both carrying coordinated clocks. 
One twin leaves on a rocket and does a few laps of the solar system and returns at a later time. In 
accordance to time dilation, the total elapsed time of the twin on the rocket will be smaller than 
that of the twin on Earth- the twin on the rocket will have experienced a smaller passage of time 
and will in effect be younger than the one on Earth.  Although this may initially seem like a 
puzzling concept, it stems from the idea that the speed of light in a vacuum, the fastest speed 
that anything can go, is constant. It is this constant that remains as it is, not time as we initially 
thought. So if time can’t be modelled as a straight line, what is it really?


Einstein’s general relativity is based on how the fabric of the universe moves and reacts: space-
time. In this theory, space and time are intrinsically woven together, forming a 4-dimensional 
malleable space-time continuum, encompassing all of the now, the past and what has yet to 
come in a ‘block universe’. In this universe the future is dependant only on the initial conditions of 
the cosmos, and is completely deterministic: 


‘THE DISTINCTION BETWEEN THE PAST, THE PRESENT AND THE FUTURE IS ONLY A STUBBORNLY 
PERSISTENT ILLUSION’ - ALBERT EINSTEIN  

So if time exists as this 4th dimension, why can’t we traverse it as easily as the other three? A 
starting point would be to consider how it differs from the spacial dimensions that we walk 
through. Time itself is a rather ineffable concept, seeming to define itself; to experience it is some 
way its own definition. If we imagine walking through space, our path and destination defined by 
some 3D position vector [x , y , z] , the act of walking along this vector, by perusing the 3 spacial 
dimensions, the notion of time is a marker of your state as you walk the path; at time = 0, your 
state is described as [0,0,0]. But this way of thinking about time still doesn’t hold the same 
implication of the Einstein universe, where time is linked to space, but is not fully defined by it. If 
time were to exist as an accessible dimension, then what would it mean to travel through time in 
the negative direction? In a physical sense all of the particles would travel back to previous states, 
undo reactions and flow back to their starting point. From this we can see that humans moving 
back through time doesn’t full make sense as a concept; in the end we are all simply particles, 
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and so if we were conscious of our traversal back through time, we wouldn’t actually be travelling 
back in time. 


To put it another way, the only way we could travel back in time would be if we do not realise it. If 
our particles have certain interactions, then reverse them, the idea of the present dissolves, and to 
us nothing would have happened; the thoughts formed as a result of particle interactions in the 
present would ‘undo’ if we reversed time. And so if you wished to ‘watch the clocks reverse’ 
without yourself being sucked in, you would either have to be made of something that is not 
affected by time, or be shielded from the temporal shift such that you are trapped in a bubble 
where time is moving forwards, and the rest of the world is moving backwards.  


In Einstein’s description of the universe, we see that it is totally deterministic, that what is yet to 
happen is fixed as all things can be traced back to the initial states of the particles when time 
began. However this concept seems to clash with the quantum view of the world, in which 
everything is a blur of uncertainty and probability, and particles have random motion. Furthermore 
quantum changes are irreversible, and these are the changes that distinguish the past from the 
future, so how can time unravel itself if there are changes that occur that are irreversible? So once 
again the two big theories are at cross-roads with each other: general relativity predicts an fully 
deterministic universe in which time is a 4th dimension; quantum mechanics describes an 
indeterministic world which is ruled by probability and uncertainty.


Personally (with no professional information, simply intuition), I agree with the quantum 
mechanical view, and bringing in the idea of information help to support this argument. The 
deterministic nature of classical physics implicitly assumes the existence of infinite information; if 
the universe is deterministic, then there must exist information about every single particle at every 
point in time, coded somewhere in the fabric of space. Skirting over the uncertainties of the 
quantum world, if this infinite information bank exists, then the future couldn’t come as a surprise, 
as all initial states would be stored. Moreover, these states must be encoded with infinite 
precision, as if not errors would slowly pile up, and the clockwork universe would break down; 
even a single error would mean that the universe is not deterministic. However information itself is 
a physical quantity and occupies space and requires energy, implying that every unit of space has 
a finite information capacity. Is it possible to have an infinite amount of information squished into a 
finite packet of space? If space itself is infinite, then surely you could fit all the data in, you could 
fit one infinity into another, right? 


This depends on a few attributes: if space is really infinite, and if so, how big is the infinity? If we 
assume that we live in Euclidian space, where space has certain properties: parallel lines exist, 
the shortest point between two points is a straight line, and there are 360 degrees around every 
point. In this universe, a ‘slice’ of space is 2-dimensional, and stretches out forever, forming a 
uniform grid. If every slice of space is analogous to a single particle, then each particle could be 
coded with infinite precision, right? But does this idea of infinite information actually exist; if time 
is coded through information, how ‘real’ is this intuition of infinity? It is widely accepted that there 
exists a continuum of real numbers, of which a (surprisingly large) subset have the property of an 
infinite amount of digits after the decimal point (assuming that the universe works in decimal, but 
binary seems the more logical form of information storage), such as e, 1/3 and many more. We 
can manipulate and use these number on paper just like any other, however in the context of a 
physical universe, how ‘real’ are they really? Ask a computer to use these numbers and we reach 
an immediate problem: a computer has a finite amount of storage, and no matter how large, they 
will never be able to store an infinitely precise number - it must use an approximation.


If we model the universe as one large computer, or Turing machine if we accept the idea of infinite 
storage, then one infinite universe would be large enough to store one infinite number, assuming 
that they are both the same size of infinity. However are they the same size of infinity? If we again 
model the universe as a layered grid of infinite slices, with each slice being made up of an infinite 
number of finite, discrete chunks of information, we can label each chunk with a natural number, 
forming a countably infinite set of information packets. However using this argument, we wouldn’t 
be able to store all the real numbers in space, as they form an uncountably large infinite set (proof 
from Cantor’s diagonal argument).  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This same idea applies to non-Euclidian landscapes. In a simple spherical space, the universe has 
4-spacial dimensions, however is finite, as it eventually forms a sphere, looping back in on itself. 
In this universe, there is a boundary to space and implies that infinite space, and therefore infinite 
information, are not physically real concepts; if we lived in a ‘bubble universe’ then determinism 
by information in space can’t be true. Hyperbolic space on the other hand is harder to analyse, 
due to its fractal-like behaviour. In some ways a hyperbolic universe is a good visualisation of the 
problem of trying to fit infinites inside of other infinites; the deeper you go in hyperbolic space, the 
more space there seems to be. In this way, a hyperbolic landscape may be one where 
determinism can truly exist, if information and time are linked as such. 


However coming back to the Euclidian landscape that (we think) we live in, the storage of, and the 
reality of, infinity long numbers seems like an impossible task. In this scenario, the views of 
intuitionist mathematicians may be necessary into making a dent in this mystery. Intuitionist 
mathematicians, led by dutch topologist L.E.J Brouwer, are opposed to the notion of infinitely long 
numbers, and insist that numbers are constructible creatures, finite and storable. This view may 
seem naïve to many, due to the countless (pun intended) applications of these numbers, however 
the truth is that an infinite amount of anything has very little physical representation and therefore 
Intuitionists mathematics may well be the tool we use into fully analysing this notion of time. 


In the quantum mechanical interpretation of the world, reality is just a complex network of events, 
onto which we project the seemingly linear sequence of the past, present, and future; time is an 
emergence of the laws of physics that bind our universe together. At the human level, all events 
look like the interactions between particles at a particular position and time, but space and time 
themselves only manifest out of their interactions and the web of causality between them. 
Thinking more broadly if time and space are infinite beings, then is the attribute of position a real 
concept? How can you measure position with no starting point?


Temporal flow may as well be an illusion, a smooth effect that we perceive in order to characterise 
the memory of experience.



