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Discover the

...where time runs backwards

A brand new idea about the  
Big Bang reveals why our 
clocks always go forwards, 
explains Marcus Chown

HE BIG BANG may not have spawned one 
universe, it may have spawned two. One is 
our Universe, where time runs normally. 
The second is a twin universe in which 
time runs backwards. The latter universe, 
located ‘on the other side of the Big Bang’, 
would appear completely normal to its 
inhabitants, with stars and galaxies 

congealing from the cooling debris of the Big 
Bang much like in our Universe. If it were 
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possible for us to look back through the Big 
Bang to this cosmic doppelgänger, its 

backward-running time might make it appear like a 
universe in reverse, contracting to a Big Crunch.

Dr Julian Barbour of the University of Oxford, Dr 
Tim Koslowski of the University of New Brunswick 
and Dr Flavio Mercati of the Perimeter Institute in 
Ontario made this extraordinary discovery while 
trying to understand one of the great puzzles of 
physics: why there is a direction of time. We 
commonly associate this ‘arrow’ of time with the 
way in which eggs break, people grow old and 
castles crumble. We never see eggs unbreak, people 
grow young and castles un-crumble. But why we do 
not isn’t as obvious as it might seem.

 

ARROW OF TIME
The problem is that all the fundamental laws of 
physics are ‘time symmetric’ – they permit 
processes to work equally well backwards as 
forwards. For instance, an atom can spit out a 
photon of light and it can also suck in a photon of 
light. If you were shown a film of an atom doing 
something, you would never be able to tell whether 
the movie was being run forwards or backwards. 
Both events would appear perfectly reasonable. In 
contrast, if you were shown a picture of a complete 
teacup and the same cup smashed into tiny shards, 
you would be in no doubt that the picture of the 
broken cup was taken later.

This so-called thermodynamic arrow of time is 
associated with the change from order to disorder. 
And, obviously, this can happen only if the Universe 
was in a more ordered state in the past. The trouble 
is that an ordered state is a special state – it smacks 
of something set up by God, which makes it 
uncomfortable for physicists to accept. 

The 19th Century German physicist Ludwig 
Boltzmann speculated that, although the Universe 
on the whole was disordered, by some incredible 
fluke we happen to live in a super-ordered location. 
It could be considered a rare ‘statistical fluctuation’ 
– the cosmic equivalent of an unbreaking cup. Most 
physicists consider this an unsatisfactory 
conclusion since it merely explains the specialness 
of our Universe in terms of some other specialness.

Long after Boltzmann’s time, it was discovered 
that the Universe burst into being 13.82 billion 
years ago in a titanic explosion called the Big Bang, 
and that all the galaxies, including our Milky Way, 
congealed out of the cooling debris. This put the 
question of the origin of the arrow of time into 
sharper focus. Now it appeared that the Big Bang 

“We never see eggs unbreak,  
people grow young and castles  
un-crumble. But why we do not isn’t 
as obvious as it might seem”

must have been in a highly ordered and special 
state. Again, this is something that physicists find 
equally difficult to stomach.

Another logical possibility is that the Universe 
goes from order to disorder. This is not because it 
was super-ordered in the past, but because there is 
an infinite scope for increasing disorder in the 
future. This possibility has been pointed out by 
physicists Sean Carroll and Jennifer Chen of 
the California Institute of Technology in 

Above: You never see castles 
un-crumble, which puzzles 
physicists

Right: The Universe’s matter 
rapidly expanded after the Big 
Bang took place
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Pasadena. One popular theory of the origin of 
the Universe is called eternal inflation. Here, 

the Universe keeps spawning baby universes, which 
in turn spawn their own baby universes, and so on. 
Carroll and Chen contend that this ensures the 
Universe becomes ever more complex and 
disordered, so there will always be scope for 
increasing disorder.

What the super-ordered past and the  
super-disordered future have in common is they 
are, respectively, ‘initial’ and ‘final’ conditions 
imposed on the laws of physics. But what if the  
laws of physics themselves actually impose an 
arrow of time? In research published in October 
2014, Barbour and his colleagues made an 

“The key feature of the model is 
that every single solution has two 
oppositely pointing arrows of time”
Dr Julian Barbour from the University of Oxford on the arrow of time

IF THE REASON things get more disordered is that 
the Big Bang was in an ordered state, then this leads 
to a conclusion: cups break and coffee grows cold 
because distant galaxies are flying away from us in the 
aftermath of the Big Bang. It is the ultimate connection 
between the everyday and the cosmic. 

So what would happen if cosmic expansion were 
to one day run out of steam, and the Universe started 
contracting down to a Big Crunch? The answer is that 
the Universe, rather than getting more disordered, 
would get more ordered. In such a circumstance,  
as pointed out by Thomas Gold of Cornell University  
in 1958, time would run backwards.

This has prompted an outrageous suggestion for 
the identity of the Universe’s dark matter. Dark matter 
outweighs the visible stars and galaxies by a factor of 
about six and reveals itself through its gravitational tug 
on the visible stuff. In 2000, Lawrence Schulman of 
Clarkson University in New York showed in a computer 
simulation that stuff with a normal arrow of time could 
co-exist with stuff with backward arrow. Just as 
stuff with a normal arrow of time can survive into the 
contraction phase of the Universe, reverse-time stuff 
from the contraction phase can survive into our phase.

What would this stuff look like? If the Universe ever 
makes the transition from expansion to contraction 
it is likely to happen at least 100 billion years in the 
future. By this time, most of the stars will have burnt 
out. So any relics from the future surviving into our 
expanding Universe will give out no light. They will 
appear, according to Schulman, just like dark matter!

important rather than their absolute separation.  
In shape dynamics, the ratio of the greatest 
distance between particles to the smallest can be 
taken as a measure of complexity.

Barbour’s team found that, in pretty much  
every starting configuration, the cluster went 
through a state of maximum compactness and 
minimum complexity, which they associated with 
the Big Bang. Crucially, from this state, the 
collection of particles could evolve in two 
possible ways. “The key feature of the model 

unexpected discovery suggesting that this  
could indeed be the case.

Barbour’s team simulated 1,000 massive particles 
floating in space. In previous work, other physicists 
have discovered that such a group of particles, 
influenced only by the mutual attractive force of 
gravity, will tend to cluster in small groups after a 
long period of time. These are generally seen as 
pairs of masses, orbiting each other. Barbour and 
his colleagues used this as their starting point and 
were able to simulate what would happen to their 
1,000 particles, but crucially without any reference 
to time. They were aided by a special formulation of 
physics known as ‘shape dynamics’. Here, it is only 
the shape of a configuration of particles that is 

Top: The Big Bang may have 
spawned two different universes

Above: A simulation of 1,000 
particles floating in space. The 
central image shows the start 
point. The other images show the 
two possible future scenarios

Dr Julian Barbour (left) carried 
out the simulations of 1,000 
particles, which suggested 
another universe

TIME TRAVELLERS
If the Universe ever contracts to a point, it 
could explain the mystery of dark matter

After the Big Bang, the Universe started expanding and is getting more disordered.  
If it contracts in a Big Crunch, time would run backwards
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HOW DO FUNDAMENTAL laws that make no 
distinction between processes happening in 
one direction of time compared to another 
result in an everyday world where things 
happen in only one direction? The answer 
was discovered by the 19th Century physicist 
Ludwig Boltzmann.

Imagine a mug. There is only one way it can 
be intact, but there are a huge number of ways 
it can be broken. For instance, it can be in one 
big fragment and 10 smaller fragments, or two 
big fragments and seven smaller fragments, or 
two big fragments and dozens of dust-sized 
fragments. And so on. Now, if all possibilities 
are equally likely, it is overwhelmingly probable 
that the mug will go from being intact to being 
broken. It is not impossible that the broken 
fragments will leap back together to make an 
intact mug, but it’s so unlikely that you would 
probably have to wait many times the current 
age of the Universe to see it happen.
What characterises all the changes we see 
around us - from mugs breaking to castles 
crumbling and people growing old – is a 
transition from order to disorder. It is this 
transition which sets the direction of the 
thermodynamic arrow of time. In physics, 
disorder goes by the technical name of 
‘entropy’. And one of the most famous laws in 
physics - the Second Law of Thermodynamics 
– says that “entropy never decreases”. These 
words are even inscribed on Boltzmann’s 
headstone in Vienna.

will appear to its inhabitants just as our expanding 
Universe appears to us, though with different 
galaxies and stars. The expectation might be that if 
we could see our twin universe, everything would 
be going backwards – like a film in reverse. But 
Barbour says it’s impossible to say if this would be 
the case. “Our model is very simple and we would 
have to ‘add’ light so that observations can be made 
and questions like this answered.”

In Barbour’s team’s scenario, the law of gravity 
both imposes an arrow of time and doesn’t. 
Although the inhabitants of each universe 
experience an arrow of time, the two arrows are 
opposite and cancel each other out overall. The 
source of the direction of time appears to be the law 
of gravity. This is very unexpected because the law 

of gravity is time symmetric. “This feature has 
been sitting [unnoticed] inside Newtonian 
gravity ever since the first evidence for it was 
discovered by [Joseph-Louis] Lagrange in 1772!” 
states Barbour.

“This is important in our understanding of the 
time asymmetry of the Universe,” says Dr Lee 
Smolin of the Perimeter Institute. “I don’t think 
it’s the whole story. But it’s a major insight.”

Barbour’s model is a simple one that employs 
only Newtonian gravity. However, our Universe 
is orchestrated not by Newtonian gravity but by 
Einstein’s more complicated General Theory of 
Relativity. Nevertheless, the physicists say that 
the features of Newtonian gravity which lead to 
their result are also present in Einstein’s theory.

Barbour cautions that all his team has shown is 
that there’s a gravitational arrow of time – that is, 
a direction of time naturally emerges in a system 
subject to Newtonian gravity. He believes, 
however, that it will be possible to show that the 
“thermodynamic arrow of time” – which governs 
everyday life and causes cups to break and people 
to grow old – is a natural consequence of the 
gravitational arrow of time. Watch this space. 

“This is an important step forward 
in our understanding of the time 
asymmetry of the Universe”
Dr Lee Smolin of Ontario’s Perimeter Institute discusses Barbour’s research

is that every single solution has two 
oppositely pointing arrows of time,” says 

Barbour. “This is an entirely new result,” he 
explains. “All other proposed solutions for the 
existence of an arrow of time of which I am aware 
require special initial, final or two-time conditions 
to be added to the law.”

THE OTHER SIDE 
This research suggests that we live in one Universe, 
but there is another ‘on the other side of the Big 
Bang’ where time goes backwards relative to us. In 
this picture, the Big Bang is not the beginning of 
the Universe, as everyone imagined, but merely the 
mid-point in its life. The doppelgänger universe 

MARCUS CHOWN is a science writer and broadcaster 
whose most recent book is What A Wonderful World

It is highly unlikely that these 
pieces will jump back together 
again… but it’s not impossible

Some key laws of physics can all be  
explained by a smashed mug

Above: The way particles interact with 
one another was used to show that 
there could be two universes
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