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Ronnie O’Sullivan is an absurdly talented snooker player. When it suits him, the English five-times 
world champion can switch from playing right-handed to left-handed, and has even hit competition 
shots one-handed. But can he play snooker backwards in time? Of course he can’t. Why not? Well, 
there’s nothing particularly special about O’Sullivan, nor about snooker, in this respect. Think of any 
familiar process in our ordinary past-to-future direction, then play it backwards, and you’re faced 
with bizarre, improbable scenarios. With time flipped, we see a world in which shards of glass 
spontaneously jump off the floor into smooth wineglasses, cars suck carbon dioxide out of the air 
while moving backwards, and the surface of each Phil Collins LP is slowly smoothed out until no 
record of his music remains. As desirable as each of these processes might be, they appear not to 
describe the world in which we live. 

Instead, we are very much ingrained in thinking that time goes from past to future; that there is 
something important about the world that past-to-future descriptions get right and future-to-past 
descriptions get wrong. Even though the Universe is expanding relative to the past-to-future 
direction, and contracting relative to the future-to-past direction, we nonetheless take it for granted 
that ‘really’ the Universe expands and does not contract. This idea of time going from past to future 
underlies much of our wider philosophical thinking about the nature of reality: we think of the past 
history of the world as fixed but of the future as undecided and open to a wealth of possibilities; we 
think that the way things are now depends on how they were in the past, but not on how they are in 
the future; we think of the laws of nature as telling the Universe how to evolve from earlier to later, 
and not later to earlier. And so on. 

There are many different ways in which time might be thought to ‘have a direction’ but, to keep 
things simple, let’s work with the following idea: if time has a direction, then presumably it could have 
had the opposite direction; a universe just like this one but with the opposite direction of time would 
constitute a different universe to our own. Perhaps it is even possible that, contrary to our beliefs, our 
world actually runs from future to past. Such a backwards-in-time world, replete with its unlikely and 
unfamiliar processes, would surely be fundamentally unlike the one in which we think we live, and 
so our ordinary beliefs about time would be wildly mistaken. This is exactly what my preferred 
theory of time – what I call the ‘C-theory’ – rejects. According to the C-theory of time, it is not 
possible for this Universe to have run in the opposite direction of time, for there is no such thing as 
‘the direction of time’ that could be reversed. This is the theory of time that I think fits best with our 
scientific understanding of the world. But before I can convince you, let’s first go through the ABCs 
of the philosophy of time. 

It is common to think that time is special in a way that space is not. Though space is fixed, time is 
often said to ‘flow’ or ‘pass’. And though we don’t think there’s anything inherently special about 

 
1 This article was published in Aeon, accessible at https://aeon.co/essays/the-c-theory-of-time-asks-if-time-really-has-a-
direction. 

https://ethos.bl.uk/OrderDetails.do?uin=uk.bl.ethos.684742
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where we are in space, we do think there is something special about the ‘now’, where we are located 
in time. As the now moves forwards in time, once-future things undergo a process of ‘becoming’ 
present and then past. In philosophy-of-time jargon, this set of views is known as the ‘A-theory of 
time’, based on the distinction made in 1908 by J M E McTaggart, a philosopher at the University of 
Cambridge. 

McTaggart was interested in two different ways in which we standardly represent time. First, the ‘A 
series’ represents time as carved up into a growing past, a moving, flowing present, and a shrinking 
future. Secondly, the ‘B series’ represents time as a bunch of moments spread out in a fixed, 
unchanging series from earlier to later. Whereas old-style calendars give a B-series representation of 
time with equal emphasis for all the days of the month, your smartphone calendar gives something 
closer to an A-series representation, always highlighting the present day as special and updating itself 
as time passes. Accordingly, the B-theory of time holds, contrary to the A-theory, that time does not 
flow or pass, preferring the so-called ‘block universe’ model of time, where the universe is a four-
dimensional entity, with events and entire lives strung out along the time dimension, with no points 
in time distinguished as past, present or future, much like our wall-mounted calendars, only with all 
of time on an equal footing, not just this month. 

Many, including McTaggart, have rejected the B-theory as too impoverished to account for time; it 
fails to represent, they say, the special and dynamic nature of the present moment. Depending on 
your age, you might be looking forward to your next birthday with excitement or trepidation, which 
grows exponentially as the future birthday draws closer to the present. Likewise, previous birthdays 
don’t evoke the same kinds of excitement or anxiety – they have been and gone. It is very simple to 
explain this by holding that time really does pass, and that your birthday really does go through a 
process of becoming present and then past. 

We are not making contact with some deep temporal arrow that could have pointed the opposite 
way 

But there are good reasons to pass up the A-theory’s extra structure here, chief among them being 
the fact that physical theories afford no special place for the passage of time. The equations of 
classical and quantum physics contain no variable corresponding to which time is ‘now’, nor is there 
an equation describing how such a thing ‘moves’ in time, and no one thinks that there’s a serious 
question about how fast it does so. As such, philosophers and physicists have, for the most part, 
embraced the block universe: the German mathematician Hermann Weyl in 1949 remarked that 
‘[t]he objective world simply is, it does not happen’. Meanwhile, Albert Einstein in 1955 consoled 
the bereaved family of his friend Michele Besso with the observation that, for those ‘who believe in 
physics, the distinction between past, present and future is only a stubbornly persistent illusion’. 

If one wishes to hold that time really passes, one has to accept the awkward fact that physics has 
done pretty well without making use of such a concept. Instead, the B-theory takes our beliefs about 
the passage of time to be compatible with the absence of such a thing from the basic furniture of 
reality. For the B-theorist, though it might appear to you as though your birthday underwent some 
process of ‘happening’, this is due to something about how we experience and represent our own 
trajectory through time, rather than some objective process that the birthday itself underwent. 



 3 

The C-theory of time goes a significant step further even than the B-theory: not only does it reject 
the passage of time, it also rejects the directionality of time. Though McTaggart’s B series lacks a 
distinction between past, present and future, it is directed in that times are ordered from ‘earlier’ to 
‘later’. In contrast, McTaggart’s lesser-known C series, on which the C-theory is based, ‘determines 
the order’ but ‘does not determine the direction’ of moments of time. According to the C-theory, 
when we describe a process as ‘going’ or ‘running’ or ‘evolving’ from earlier to later, we are not 
making contact with some deep temporal arrow that could have pointed the opposite way. 

A consequence of this is that if we were to describe the world in reverse, we would not be getting 
anything about time wrong. As the cosmologist Thomas Gold put it in 1966, when we describe our 
world in the unfamiliar future-to-past direction, we are ‘not describing another universe, or how [this 
Universe] might be but isn’t, but [are] describing the very same thing’. Likewise, the philosopher of 
science Hans Reichenbach suggested in 1956 when reflecting on time in classical physics that 
‘positive and negative time supply equivalent descriptions, and it would be meaningless to ask which 
of the two descriptions is true’. Though it no doubt sounds weird to describe things backwards in 
time, this weirdness is due to our unfamiliarity with the future-to-past perspective. 

So while the B- and C-theories agree that we live in a block universe, the C-theory goes further in 
holding that this block doesn’t come equipped with a temporal arrow. Whereas the block universe 
has become very much the default way to understand the physical world, the C-theory’s adirectional 
universe remains highly contentious. On the one hand, the fundamental physical theories are 
symmetric with respect to time. The laws of classical and quantum mechanics and of relativity theory 
are time-reversal invariant – this means that, if we were to describe the world purely in terms of 
classical or quantum particles, the laws of physics tell us that any process that could happen in one 
direction of time could also happen in the other direction, meaning that processes in such a 
description are reversible. 

The kinds of processes we ordinarily think of as irreversible, such as breaking wine glasses or the 
existence of Phil Collins’s music, turn out to be reversible if looked at in fine enough detail, in 
molecular terms. Moreover, the laws of physics are characterised by equations that allow us to 
predict the future and ‘retrodict’ (the past-directed analogue of ‘predict’) the past in equal measure, 
meaning that there is no sense that the laws of physics describe or govern the world from past to 
future any more than from future to past. So far, so good for the C-theory. 

But on the other hand, physics standardly makes use of a wealth of time-directed ways of 
representing the world. Physical processes are pictured as running in a particular direction, and this 
affects the way we talk about the properties of such processes. When describing something as 
mundane as the motion of a particle, classical mechanics attributes it a velocity, a vectorial quantity 
that tells us the direction in which that particle is moving. And yet it is simple to see that, if the 
particle is moving from left to right in our past-to-future direction, it is equivalently moving from 
right to left in the future-to-past direction, meaning that even textbook classical physics requires us 
to make assumptions about the time-directedness of everyday processes. 

If the world is not directed in time, why is it so useful to talk as if things run in a preferred direction? 

More generally, physics favours a past-to-future mode of describing the Universe: it expands rather 
than contracts; it evolved from some set of initial conditions 13.7 billion years ago, and not from 
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some future set of conditions; matter collapses into black holes and is not spewed out by white 
holes; entropy increases over time and does not decrease. It seems that we take for granted that the 
very world physics aims to describe is past-to-future directed. 

So here lies a puzzle. Regardless of whether the physics is insensitive to the direction of time, our 
past-to-future ways of representing the world are so familiar and ubiquitous that one might think 
that only a pedantic, tiresome philosopher would bother trying to insist that such a picture doesn’t 
‘really’ correspond to reality. Surely it’s not ‘equally true’ to say of our Universe that it is contracting, 
or that biological species are undergoing some process of ‘de-evolution’ to the primordial slime, or 
that we’re getting younger? 

As the English astronomer Arthur Stanley Eddington remarked in 1927: ‘If you genuinely believe 
that a contra-evolutionary theory is just as true and as significant as an evolutionary theory, surely it 
is time that a protest should be made against the entirely one-sided version currently taught.’ In 
other words, if the world is not directed in time, then why is it so useful to talk as though things run 
in a preferred direction in time? What we want from the C-theory is the best of both worlds: an 
adirectional theory of time that respects the underlying lack of time-direction in physics, but one that 
makes sense of our ordinary preference for describing things from past to future. Can the C-theory 
solve our puzzle? 

Suppose for the sake of argument that all the processes in our world actually run in the opposite 
direction to what we ordinarily think; that ‘tomorrow’ is earlier than today; that the cars on the 
motorway are moving ‘backwards’; and that we are, contrary to our beliefs, getting younger daily. 
The natural response, I think, would be something like: ‘So what?’ So what if I am ‘really’ getting 
younger if all the available evidence has (albeit erroneously) led me to believe and feel that I am 
getting older? So what if the Universe is ‘really’ contracting if our standard use and interpretation of 
cosmological data leads us to believe that it is expanding? At some level, it might be reassuring to 
believe that Phil Collins’s back catalogue is really being unwritten – but if it makes no difference to 
my actual auditory experience, then so what? It becomes absurd to worry if the world is ‘really’ 
directed toward ‘the past’, which suggests that such worries are borne out of a bad theory of time. It 
is exactly through removing this worry that the C-theory solves our puzzle, as I argued in 2016. 

When I’m watching snooker, I take for granted that O’Sullivan is playing ‘forwards in time’. But 
what informs my judgment? When O’Sullivan strikes the cue ball into the black ball, potting it into 
the corner, I can make sense of the past-to-future description of the process because it better 
accords with my judgments about the causal processes involved. From past-to-future, we see: 

(1) a cue ball being struck by a snooker player towards a motionless black ball; 
(2) the cue ball striking the black ball, transferring most of its momentum to the black ball, and 
resulting in outgoing soundwaves from the collision; 
(3) the black ball dropping into the corner pocket and coming to rest. 

If we were to run a video of this in reverse, we’d get the future-to-past version: 

(1*) the pocket begins to jiggle until it forces the black ball to jump up onto the table, accelerating 
towards the cue ball; 
(2*) the black ball strikes the cue ball at the same time as inwards-radiating soundwaves concentrate 
on the collision, resulting in the cue ball moving towards the snooker cue with greater momentum 

http://philsci-archive.pitt.edu/12658/
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than that of the black ball; 
(3*) the cue ball collides with the snooker cue causing the snooker player’s arm to move away from 
the table. 

If we think of the past-to-future and future-to-past descriptions as telling us about different possible 
processes, we run into a problem. Whereas the past-to-future description seems to get the causal 
facts right, the future-to-past description seems to get them wrong. But why? There are two key 
things here that stand out. First, the future-to-past description seems not to respect the fact that 
O’Sullivan is in control of his shot. Rather, from future to past, his actions come after, seemingly as 
a result of, the balls’ motion. Secondly, the future-to-past description describes a series of 
inexplicable coincidences: the pocket just happens to jiggle in just the right way to propel the black 
ball upwards and along the surface of the table, and the inverse soundwaves just happen to coincide 
with the collision of the black and cue balls. Whereas the future-to-past description is just about 
intelligible, we have a clear preference for the past-to-future description due to it respecting both our 
ordinary judgments about O’Sullivan’s control over the snooker balls and their likely movements. 

Think of the Universe as a great cosmic snooker game (only without a great cosmic O’Sullivan) 

But here’s the key thing: these considerations about control and likeliness apply independently of the 
direction of time. Regardless of whether I show you the video of O’Sullivan’s shot forwards (past-
to-future) or in reverse (future-to-past), I expect you to ultimately make the same causal judgments, 
namely that the video represents O’Sullivan potting the black ball into the corner, and not the 
reverse causal process. The key philosophical step made by the C-theory is that these causal 
judgments play a central role in defining and constituting the direction of time. There is, for the C-
theorist, a direction of time only if there exist in nature the right kinds of patterns that make it useful 
for us to think in terms of an arrow of cause and effect. If we are happy to say that in a world 
without such patterns there would be no direction of time, then we can get rid of the question Could 
the world really be running from future to past? 

This line of reasoning applies much more generally – we can think of the Universe as a great cosmic 
snooker game (only, presumably, without a great cosmic O’Sullivan). When considering the second 
law of thermodynamics – why entropy tends to increase over time rather than decrease or, more 
generally, why temperatures equalise over time, gases spread out, and steam engines lose useful 
energy to heat – Reichenbach stressed that ‘it has no meaning to say … that … entropy “really” goes 
up, or that its time direction is “really” positive’. His point is that we should take thermal processes 
themselves to define the direction of time; it is just more useful and simple to describe the Universe 
from lower to higher entropy, but this doesn’t mean that ‘really’ the Universe runs in a preferred 
time direction. 

The second law is enormous in scope, describing pretty much all the ordinary irreversible processes 
in our everyday lives that lead us to think of time as directed, from the smashing of glasses to the 
creation of Phil Collins records. What we learn from the C-theory is that, though there is something 
very important about these widespread irreversible processes that makes the world look very 
different towards the future than it does towards the past, we should not mistake this for a deeper 
property of time. It would ultimately be misguided to ask why we live in a world where entropy 
increases rather than one where it decreases. 
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To return to our original problem: is the world directed in time? The C-theory gives a complex and 
pleasingly paradoxical answer. On the one hand, it would be unreasonable to worry whether the 
world were ‘really’, contrary to our beliefs, running from future to past. But on the other hand, this 
is precisely because there is no such thing as a ‘direction of time’ that could be pointing the wrong 
way in the first place. 
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This Week’s Video 

 

Please watch this short PBS Space Time video, The Arrow of Time and How to Reverse It, in 
preparation for the April 14 discussion: https://youtu.be/QkWT-xMTm1M.  

If you did not watch the video from last week, Do the Past and Future Exist? it will be beneficial 
to watch it this week: https://youtu.be/EagNUvNfsUI.  

  

https://youtu.be/QkWT-xMTm1M
https://youtu.be/QkWT-xMTm1M
https://youtu.be/EagNUvNfsUI
https://youtu.be/EagNUvNfsUI
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Dan Falk 
A Debate Over the Physics of  Time2 

Einstein once described his friend Michele Besso as “the best sounding board in Europe” for 
scientific ideas. They attended university together in Zurich; later they were colleagues at the patent 
office in Bern. When Besso died in the spring of 1955, Einstein — knowing that his own time was 
also running out — wrote a now-famous letter to Besso’s family. “Now he has departed this strange 
world a little ahead of me,” Einstein wrote of his friend’s passing. “That signifies nothing. For us 
believing physicists, the distinction between past, present and future is only a stubbornly persistent 
illusion.” 

Einstein’s statement was not merely an attempt at consolation. Many physicists argue that Einstein’s 
position is implied by the two pillars of modern physics: Einstein’s masterpiece, the general theory 
of relativity, and the Standard Model of particle physics. The laws that underlie these theories are 
time-symmetric — that is, the physics they describe is the same, regardless of whether the variable 
called “time” increases or decreases. Moreover, they say nothing at all about the point we call “now” 
— a special moment (or so it appears) for us, but seemingly undefined when we talk about the 
universe at large. The resulting timeless cosmos is sometimes called a “block universe” — a static 
block of space-time in which any flow of time, or passage through it, must presumably be a mental 
construct or other illusion. 

Many physicists have made peace with the idea of a block universe, arguing that the task of the 
physicist is to describe how the universe appears from the point of view of individual observers. To 
understand the distinction between past, present and future, you have to “plunge into this block 
universe and ask: ‘How is an observer perceiving time?’” said Andreas Albrecht, a physicist at the 
University of California, Davis, and one of the founders of the theory of cosmic inflation. 

Others vehemently disagree, arguing that the task of physics is to explain not just how time appears 
to pass, but why. For them, the universe is not static. The passage of time is physical. “I’m sick and 
tired of this block universe,” said Avshalom Elitzur, a physicist and philosopher formerly of Bar-Ilan 
University. “I don’t think that next Thursday has the same footing as this Thursday. The future does 
not exist. It does not! Ontologically, it’s not there.” 

Last month, about 60 physicists, along with a handful of philosophers and researchers from other 
branches of science, gathered at the Perimeter Institute for Theoretical Physics in Waterloo, Canada, 
to debate this question at the Time in Cosmology conference. The conference was co-organized by 
the physicist Lee Smolin, an outspoken critic of the block-universe idea (among other topics). His 
position is spelled out for a lay audience in Time Reborn and in a more technical work, The Singular 
Universe and the Reality of Time, co-authored with the philosopher Roberto Mangabeira Unger, who 
was also a co-organizer of the conference. In the latter work, mirroring Elitzur’s sentiments about 
the future’s lack of concreteness, Smolin wrote: “The future is not now real and there can be no 
definite facts of the matter about the future.” What is real is “the process by which future events are 
generated out of present events,” he said at the conference. 

 
2 This article was published in Quanta Magazine, accessible at https://www.quantamagazine.org/a-debate-over-the-
physics-of-time-20160719/.  

http://albrecht.ucdavis.edu/
http://www.physics.org/article-questions.asp?id=137
http://a-c-elitzur.co.il/site/siteHomePage.asp
http://perimeterinstitute.ca/
https://perimeterinstitute.ca/conferences/time-cosmology
https://perimeterinstitute.ca/people/lee-smolin
http://leesmolin.com/writings/the-trouble-with-physics/
http://leesmolin.com/writings/time-reborn/
http://www.cambridge.org/us/academic/subjects/physics/history-philosophy-and-foundations-physics/singular-universe-and-reality-time-proposal-natural-philosophy
http://www.cambridge.org/us/academic/subjects/physics/history-philosophy-and-foundations-physics/singular-universe-and-reality-time-proposal-natural-philosophy
http://robertounger.com/
https://www.quantamagazine.org/a-debate-over-the-physics-of-time-20160719/
https://www.quantamagazine.org/a-debate-over-the-physics-of-time-20160719/


 9 

Those in attendance wrestled with several questions: the distinction between past, present and 
future; why time appears to move in only one direction; and whether time is fundamental or 
emergent. Most of those issues, not surprisingly, remained unresolved. But for four days, 
participants listened attentively to the latest proposals for tackling these questions — and, especially, 
to the ways in which we might reconcile our perception of time’s passage with a static, seemingly 
timeless universe. 

Time Swept Under the Rug 

There are a few things that everyone agrees on. The directionality that we observe in the 
macroscopic world is very real: Teacups shatter but do not spontaneously reassemble; eggs can be 
scrambled but not unscrambled. Entropy — a measure of the disorder in a system — always 
increases, a fact encoded in the second law of thermodynamics. As the Austrian physicist Ludwig 
Boltzmann understood in the 19th century, the second law explains why events are more likely to 
evolve in one direction rather than another. It accounts for the arrow of time. 

But things get trickier when we step back and ask why we happen to live in a universe where such a 
law holds. “What Boltzmann truly explained is why the entropy of the universe will be larger 
tomorrow than it is today,” said Sean Carroll, a physicist at the California Institute of Technology, as 
we sat in a hotel bar after the second day of presentations. “But if that was all you knew, you’d also 
say that the entropy of the universe was probably larger yesterday than today — because all the 
underlying dynamics are completely symmetric with respect to time.” That is, if entropy is ultimately 
based on the underlying laws of the universe, and those laws are the same going forward and 
backward, then entropy is just as likely to increase going backward in time. But no one believes that 
entropy actually works that way. Scrambled eggs always come after whole eggs, never the other way 
around. 

To make sense of this, physicists have proposed that the universe began in a very special low-
entropy state. In this view, which the Columbia University philosopher of physics David 
Albert named the “past hypothesis,” entropy increases because the Big Bang happened to produce 
an exceptionally low-entropy universe. There was nowhere to go but up. The past hypothesis implies 
that every time we cook an egg, we’re taking advantage of events that happened nearly 14 billion 
years ago. “What you need the Big Bang to explain is: ‘Why were there ever unbroken eggs?’” 
Carroll said. 

Some physicists are more troubled than others by the past hypothesis. Taking things we don’t 
understand about the physics of today’s universe and saying the answer can be found in the Big 
Bang could be seen, perhaps, as passing the buck — or as sweeping our problems under the carpet. 
Every time we invoke initial conditions, “the pile of things under the rug gets bigger,” said Marina 
Cortes, a cosmologist at the Royal Observatory in Edinburgh and a co-organizer of the conference. 

To Smolin, the past hypothesis feels more like an admission of failure than a useful step forward. As 
he puts it in The Singular Universe: “The fact to be explained is why the universe, even 13.8 billion 
years after the Big Bang, has not reached equilibrium, which is by definition the most probable state, 
and it hardly suffices to explain this by asserting that the universe started in an even less probable 
state than the present one.” 

https://www.preposterousuniverse.com/self.html
http://philosophy.columbia.edu/directories/faculty/david-z-albert
http://philosophy.columbia.edu/directories/faculty/david-z-albert
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Other physicists, however, point out that it’s normal to develop theories that can describe a system 
given certain initial conditions. A theory needn’t strive to explain those conditions. 

Another set of physicists think that the past hypothesis, while better than nothing, is more likely to 
be a placeholder than a final answer. Perhaps, if we’re lucky, it will point the way to something 
deeper. “Many people say that the past hypothesis is just a fact, and there isn’t any underlying way to 
explain it. I don’t rule out that possibility,” Carroll said. “To me, the past hypothesis is a clue to help 
us develop a more comprehensive view of the universe.” 

The Alternative Origins of Time 

Can the arrow of time be understood without invoking the past hypothesis? Some physicists argue 
that gravity — not thermodynamics — aims time’s arrow. In this view, gravity causes matter to 
clump together, defining an arrow of time that aligns itself with growth of complexity, said Tim 
Koslowski, a physicist at the National Autonomous University of Mexico (he described the idea in a 
2014 paper co-authored by the British physicist Julian Barbour and Flavio Mercati, a physicist at 
Perimeter). Koslowski and his colleagues developed simple models of universes made up of 1,000 
pointlike particles, subject only to Newton’s law of gravitation, and found that there will always be a 
moment of maximum density and minimum complexity. As one moves away from that point, in 
either direction, complexity increases. Naturally, we — complex creatures capable of making 
observations — can only evolve at some distance from the minimum. Still, wherever we happen to 
find ourselves in the history of the universe, we can point to an era of less complexity and call it the 
past, Koslowski said. The models are globally time-symmetric, but every observer will experience a 
local arrow of time. It’s significant that the low-entropy starting point isn’t an add-on to the model. 
Rather, it emerges naturally from it. “Gravity essentially eliminates the need for a past hypothesis,” 
Koslowski said. 

The idea that time moves in more than one direction, and that we just happen to inhabit a section of 
the cosmos with a single, locally defined arrow of time, isn’t new. Back in 2004, Carroll, along with 
his graduate student Jennifer Chen, put forward a similar proposal based on eternal inflation, a 
relatively well-known model of the beginning of the universe. Carroll sees the work of Koslowski 
and his colleagues as a useful step, especially since they worked out the mathematical details of their 
model (he and Chen did not). Still, he has some concerns. For example, he said it’s not clear that 
gravity plays as important a role as their paper claims. “If you just had particles in empty space, 
you’d get exactly the same qualitative behavior,” he said. 

Increasing complexity, Koslowski said, has one crucial side effect: It leads to the formation of 
certain arrangements of matter that maintain their structure over time. These structures can store 
information; Koslowski calls them “records.” Gravity is the first and primary force that makes 
record formation possible; other processes then give rise to everything from fossils and tree rings to 
written documents. What all of these entities have in common is that they contain information about 
some earlier state of the universe. I asked Koslowski if memories stored in brains are another kind 
of record. Yes, he said. “Ideally we would be able to build ever more complex models, and come 
eventually to the memory in my phone, the memory in my brain, in history books.” A more complex 
universe contains more records than a less complex universe, and this, Koslowski said, is why we 
remember the past but not the future. 

https://www.perimeterinstitute.ca/people/tim-koslowski
https://www.perimeterinstitute.ca/people/tim-koslowski
https://physics.aps.org/featured-article-pdf/10.1103/PhysRevLett.113.181101
http://www.platonia.com/
https://perimeterinstitute.ca/people/flavio-mercati
http://arxiv.org/abs/hep-th/0410270
https://www.quantamagazine.org/20141103-in-a-multiverse-what-are-the-odds/
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But perhaps time is even more fundamental than this. For George Ellis, a cosmologist at the 
University of Cape Town in South Africa, time is a more basic entity, one that can be understood by 
picturing the block universe as itself evolving. In his “evolving block universe”model, the universe is 
a growing volume of space-time. The surface of this volume can be thought of as the present 
moment. The surface represents the instant where “the indefiniteness of the future changes to the 
definiteness of the past,” as he described it. “Space-time itself is growing as time passes.” One can 
discern the direction of time by looking at which part of the universe is fixed (the past) and which is 
changing (the future). Although some colleagues disagree, Ellis stresses that the model is a 
modification, not a radical overhaul, of the standard view. “This is a block universe with dynamics 
covered by the general-relativity field equations — absolutely standard — but with a future 
boundary that is the ever-changing present,” he said. In this view, while the past is fixed and 
unchangeable, the future is open. The model “obviously represents the passing of time in a more 
satisfactory way than the usual block universe,” he said. 

Unlike the traditional block view, Ellis’s picture appears to describe a universe with an open future 
— seemingly in conflict with a law-governed universe in which past physical states dictate future 
states. (Although quantum uncertainty, as Ellis pointed out, may be enough to sink such a 
deterministic view.) At the conference, someone asked Ellis if, given enough information about the 
physics of a sphere of a certain radius centered on the British Midlands in early June, one could have 
predicted the result of the Brexit vote. “Not using physics,” Ellis replied. For that, he said, we’d 
need a better understanding of how minds work. 

Another approach that aims to reconcile the apparent passage of time with the block universe goes 
by the name of causal set theory. First developed in the 1980s as an approach to quantum gravity by 
the physicist Rafael Sorkin — who was also at the conference — the theory is based on the idea that 
space-time is discrete rather than continuous. In this view, although the universe appears continuous 
at the macroscopic level, if we could peer down to the so-called Planck scale (distances of about 10–

35 meters) we’d discover that the universe is made up of elementary units or “atoms” of space-time. 
The atoms form what mathematicians call a “partially ordered set” — an array in which each 
element is linked to an adjacent element in a particular sequence. The number of these atoms 
(estimated to be a whopping 10240 in the visible universe) gives rise to the volume of space-time, 
while their sequence gives rise to time. According to the theory, new space-time atoms are 
continuously coming into existence. Fay Dowker, a physicist at Imperial College London, referred to 
this at the conference as “accretive time.” She invited everyone to think of space-time as accreting 
new space-time atoms in way roughly analogous to a seabed depositing new layers of sediment over 
time. General relativity yields only a block, but causal sets seem to allow a “becoming,” she said. 
“The block universe is a static thing — a static picture of the world — whereas this process of 
becoming is dynamical.” In this view, the passage of time is a fundamental rather than an emergent 
feature of the cosmos. (Causal set theory has made at least one successful prediction about the 
universe, Dowker pointed out, having been used to estimate the value of the cosmological 
constant based only on the space-time volume of the universe.) 

The Problem With the Future 

In the face of these competing models, many thinkers seem to have stopped worrying and learned to 
love (or at least tolerate) the block universe. 

http://www.mth.uct.ac.za/~ellis/
http://arxiv.org/pdf/1407.7243.pdf
http://www.einstein-online.info/spotlights/causal_sets/index.html@searchterm=None.html
https://www.perimeterinstitute.ca/people/rafael-sorkin
http://www.imperial.ac.uk/people/f.dowker
http://arxiv.org/pdf/astro-ph/0209274.pdf
http://arxiv.org/pdf/astro-ph/0209274.pdf
http://www3.imperial.ac.uk/pls/portallive/docs/1/32265696.PDF
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Perhaps the strongest statement made at the conference in favor of the block universe’s 
compatibility with everyday experience came from the philosopher Jenann Ismael of the University 
of Arizona. The way Ismael sees it, the block universe, properly understood, holds within it the 
explanation for our experience of time’s apparent passage. A careful look at conventional physics, 
supplemented by what we’ve learned in recent decades from cognitive science and psychology, can 
recover “the flow, the whoosh, of experience,” she said. In this view, time is not an illusion — in 
fact, we experience it directly. She cited studies that show that each moment we experience 
represents a finite interval of time. In other words, we don’t infer the flow of time; it’s part of the 
experience itself. The challenge, she said, is to frame this first-person experience within the static 
block offered by physics — to examine “how the world looks from the evolving frame of reference 
of an embedded perceiver” whose history is represented by a curve within the space-time of the 
block universe. 

Ismael’s presentation drew a mixed response. Carroll said he agreed with everything she had said; 
Elitzur said he “wanted to scream” during her talk. (He later clarified: “If I bang my head against the 
wall, it’s because I hate the future.”) An objection voiced many times during the conference was that 
the block universe seems to imply, in some important way, that the future already exists, yet 
statements about, say, next Thursday’s weather are neither true nor false. For some, this seems like 
an insurmountable problem with the block-universe view. Ismael had heard these objections many 
times before. Future events exist, she said, they just don’t exist now. “The block universe is not a 
changing picture,” she said.“It’s a picture of change.” Things happen when they happen. “This is a 
moment — and I know everybody here is going to hate this — but physics could do with some 
philosophy,” she said. “There’s a long history of discussion about the truth-values of future 
contingent statements — and it really has nothing to do with the experience of time.” And for those 
who wanted to read more? “I recommend Aristotle,” she said. 

Correction: A photo caption was revised on July 25, 2016, to correct the spelling of Jenann Ismael’s name. 

This article was reprinted on TheAtlantic.com. 

 

http://www.jenanni.com/
http://www.theatlantic.com/science/archive/2016/07/the-debate-over-times-place-in-the-universe/492464/
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