
There ain’t nothing wrong with Time

Contribution to the FQX essay contest 2008

Anders K. H. Bengtsson

November 30, 2008

Abstract

I argue that it is probably a misdirected effort to try to abolish time from fundamental science.
If it can be done at all, it is through introducing even more strange concepts. In particular there
seems to be nothing in general relativity or quantum mechanics or a would-be fusion of these
theoretical schemes that point towards a more fundamental theory without time. Instead it will
be argued from quite simple ideas that time is indeed a fundamental concept in any sensible
description of reality. Looked at clearly and without any attempts to make the simple obscure,
”There ain’t nothing wrong with time”1

1 A case for educated common sense with regard to Time

There is a line of argument in modern fundamental physics and philosophy, perhaps most clearly
expressed in the impressive book [1], that time is in some way an illusion. This is often expressed in
connection to a relational view of space and time reaching back to Leibniz and Mach. Impressive
and interesting as these philosophers and their ideas was, it must be said that they have had a
rather limited relevance to the development of science. It is indeed a fact that one of Leibniz’
least metaphysical inventions, namely his version of the calculus and its very efficient notation [2],
is what survives in modern science. The confusion surrounding Mach’s principle and its relation
to general relativity is daunting to say the least. Come to think of it, the attempts to abolish
time and motion dates back to antiquity, priority resting with Parmenides and his disciple Zeno
[3, 4].

However, when we do modern physics, there is eventually a point where we set up a ”good
old coordinate system” or ”choose a gauge” or in some way make our formalism so concrete that
we can perform computations that can be compared to reality. This cannot be without reason.
Newton’s absolute space and time has been the subject of severe criticism, and rightly so, but it
is a fact that these concepts have served practical science and technology well. It has done that
in several ways. For once, it provided a framework for formulating the correct non-relativistic
laws of mechanics which paved the way for the development of modern science - no small feat.

1”There ain’t nothing wrong with this song.” Bob Dylan, Bootleg series, vol 1.
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Secondly, by providing a backdrop to this criticism, it helped the development of more refined
models of space and time.

When we try to understand physical reality, when we make models of it, when we compute
and predict the outcomes of experiments and observations we employ our natural languages and
in particular the language of mathematics. This allows us to capture various aspects of reality,
but perhaps not all of them at the same time. We need all these descriptions. Just as it is
sometimes useful to think of space and time as a set of relations, it is often more useful to nail
down coordinates. It is simpleminded to believe that one of these descriptions should have any
priority over the others. We must be able to keep more than one thought in our heads at the
time (sic)! Thus I believe, for reasons to be explicated below, that schemes of this sort that try
to remove time, or subordinate time, are just schemes and provide no overriding description of
reality.

Before we continue, let me just note that I will occasionally discuss time and space alongside
each other, as questions concerning these concepts are similar and the concepts themselves are
clearly related.

I guess most people who are interested in fundamental questions has thought about and read
about the concepts of space and time. And there is a lot to read - and the reading is often
very interesting - although at the end of it, most likely no revolution has occurred. Rather what
has resulted is a refined common sense understanding of the concepts. Anyway, here’s a short
caricature of what one might get upon such reading.

Well, things (whatever that is) are situated in space. How can we distinguish between the
thing and the surrounding space? Here the discussion wanders off for a while ... and when it
finally comes back, muddled and confused, it is time to consider abstract space. Then it is often
claimed that it is impossible to imagine abstract space (with no things), or see space. A historical
survey of arguments of this sort can be found in [5]. The situation is not much better for time.

This is strange. Mathematicians imagine abstract spaces all the time and even have fairly
efficient notation to work and compute with them. In set theory based mathematics we start
with - sets - and manage to build all sorts of spaces upon these. What exactly is the problem
with space? I think there is no problem. Kant considered space and time to be pure intuitions
not derivable from experience [6]. That can, and has been, discussed of course. But it really
doesn’t matter that much whether these concepts derive from our perceptions or from some given
inner intuition. They are natural for us, we have no particular problems with them, apart from
the fact that our mental faculties allow us to conjure up potential problems with space and time.
The main problem with Kant’s conceptions are not their general philosophical nature but that he
naturally did not know of relativity and therefore gave space and time properties that they do not
have physically. But that does not change the fundamental nature of the concepts themselves,
just the details of their properties.

The fact that we don’t seem to be able to agree on solutions to these problems I at least con-
sider to be an indication that these are really just pseudo-problems (or puzzles in Wittgenstein’s
vocabulary [7]).

Sometimes it is said ”we can’t see space”. Now imagine two distinct objects. If they are not
in the same place, there must be a separation between them. I can draw this on a piece of paper
or imagine it in my mind. What’s between the objects I conceptualize as space. It’s as simple
as that. Now I do not doubt that a philosopher can tear this simple argument to pieces (a good
starting point is to question the concept of ”place”), but that still won’t impress me. What to
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put instead? A relational view of space and time? Good, let’s go for that. Now in order to have a
relation you need two kinds of things. You need objects (to be related) and you need the relations
themselves. Let’s define space and time as the very relations. Done! I don’t disagree. Time is
even more concrete than space. We perceive the flow of time and we can imagine past and future.

But I don’t want to be too polemic here, most probably I know less than many about the
questions at stake. I will not be able to address all arguments having been put forth too remove
time from fundamental reality. Instead I will argue on a more overarching level. A parable might
explain what I mean. There are, and have been, many suggestions for a perpetuum mobile.
Normally we don’t bother to look into them in detail, since we know they must be wrong. I
think something of this sort pertains to arguments for time emerging out of something timeless.
We don’t have to examine all such arguments in detail because it is quite obvious that time is
a fundamental property of reality. There might even be a connection: in a world without time,
would there be a second law of thermodynamics?

I won’t get more polemic than this. If I now and then still lapse into polemics, it is just to
make the reading more fun, I’m really very humble about all this stuff.

My point of view is that as science progresses, we get more and more clear understanding of
concepts such as space and time. The metaphysics resides, so to speak, but the basic concepts
remain. There are of course various notions of time. We have for instance the subjective time we
all perceive during our internal flow of consciousness, there is time in classical mechanics, time in
quantum mechanics, time in relativistic theories, time as in cosmological models, et cetera. Are
these the same times?

There is certainly a concept of time, a parameter of some kind against which we measure
change. In science and technology this concept must be operationalized. That is done in different
ways in different scientific contexts. The operationalization involves among other things setting
up a way to measure time. To do that we need standardized and calibrated moving systems.
In that way time could be said to be relational. But there is nothing strange with that. There
are ”mappings” between the operationalizations where they overlap. As science develops, our
operationalizations gets refined. The operationalizations are remarkably consistent over many
orders of magnitude.

2 An argument from Computer Science

The modern view on the nature of computer science is that it is really a general science about
data and processes. Any data - any process.

Why is computer science a good starting point for a discussion of time? Well, computer science
is modern and perhaps the most liberal and open-minded of sciences with a healthy ”so what?”
attitude towards attempts at making the simple obscure. Being abstract in its very essence, yet
utterly concrete in its practice, it is not very reined in by the present formulations of physical
theories nor the present language of mathematics. Classical computational theory is only limited
by the Church-Turing thesis and that’s fairly well understood (see several articles in [8]). Quantum
computational theory [9] has clarified quantum mechanics itself.

As a consequence, theoretical computer science is abundant with different formulations of the
basic concepts. We have Turing machines, Church-Kleene λ-calculus, Gandy mechanisms, various
programming language paradigms [10], et cetera. But what seems to be invariant is the dichotomy
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”data - process”. You cannot discuss computer science with only data. Let me explain why.
A computer program is a text. When written out on paper that’s plain to see, but also

abstractly in the memory or on a disk, it is a text. That is, it is a string of symbols written
according to the syntactical rules of a programming language, and with some definite purpose
to perform a computation upon being run. Already we see the dichotomy in the words: ”upon
being run”. In order for anything to happen, we must run the program. A running program is
a process. So even if a program is just a piece of timeless data (space), running the program is a
process and that necessarily involves time, in practice a ”moving” machine-code program pointer.

So somewhat vaguely we could say that the concept of a process is dual to time, processes are
running in time. Likewise, the concept of data is dual to space, data is somewhere it occupies a
concrete piece of space. This might seem like a very down-to-earth, even simpleminded philosophy.
Well what’s wrong with that? Can anyone come up with anything that is even remotely more
natural, efficient and agrees with common sense (I’m using the term common sense in the sense
of [11])? In science, but perhaps not in philosophy, we don’t generally try to make phenomena
more complicated than they are.

There’s another dichotomy in computer science that is related to this, the ”syntax-semantics”
dichotomy. The boundary between syntax and semantics is movable. In denotational semantics,
the syntax is mapped into another language (like mathematics) that’s supposed to be well under-
stood. But this semantics can itself be seen as a syntax. In the end there must be a semantical
map into a physical machine actually capable of performing the operations [12].

3 Processes

If the existence of time itself is not denied, sometimes the flow of time is. Now, as we have
seen, time is inextricably linked to processes and processes are naturally directed. Let us take an
extremely simple example. Suppose we decide to add the numbers 3 and 5 and consider that as
running a small program (or enacting an algorithm). This process is irreversible. Having got the
result 8 there is no way to get back to the particular input numbers 3 and 5 unless we explicitly
decide to remember them. Computation is in general an irreversible process. Note, however,
that there is no problem to define reversible addition, we just supply the addition algorithm with
instructions to keep enough of the input in memory so that all of the input data can be recovered.

So why don’t we have reversible computations in our computers? Simply because it is quite
useless in general (although there are circumstances where it is useful), but more importantly
because it would require a lot of storage space or memory. In practice all modern computer
programs and compilers have automatic garbage collection in order to free up memory for new
computations.

Physical processes are in general irreversible. The question of whether the universe stores all
its previous states is of course an entirely metaphysical question. If it did and we could find a
method to access that memory, perhaps a kind of time travel would be possible.

Stretching the simple example beyond its applicability, it can perhaps be used to understand
where the feeling of flow of time derives from. We decide to add two numbers and vaguely
anticipate what the result will be. We do it and get the result. The input numbers then fade from
memory. There is clearly a direction to this process that we perceive. Someone might remark
that this is circular. Yes it is. It indeed seems impossible to describe time or the flow of time
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without having a notion of process or motion. This, however, in my opinion only strengthens the
suspicion that the concept of time is fundamental - or rather the concept of process is.

Clearly much more can be said here, and has been said, about the arrow of time, and the
flow of time (for a start see [13]). Perhaps in an essay advocating a common sense view of time,
one should not speculate, but let me offer just one of some relevance. Suppose the reason for
irreversibility is simply a lack of memory to store all previous states? And furthermore, if all
previous states were stored - where to draw the dividing line between past stored and future
states? That’s clearly completely arbitrary. So it seems that if all previous states are stored, so
must also all future states, i.e. all states must be stored. We are back in the picture of a frozen,
timeless universe just like an enormous, perhaps infinite, protocol of what ”could have happened”
or ”did happen’. To get motion we must move through the stored states. It’s difficult even to find
words to describe such a weird scenario. And how was that protocol created in the first place?
By running a program and storing all states?

Abolishing time just don’t seem to make much sense.

4 Time in Special Relativity

There is a naive and widely spread view that space and time are unified in the special theory of
relativity, and as an understood consequence, sometimes explicitly stated, sometimes not, that
there is no real difference between space and time. True, in a well structured course on the
subject, including Einstein’s original arguments, Minkowski spacetime and the Poincaré group
of transformations, you could at the end conclude: ”Thus in special relativity, space and time
are unified in a four-dimensional spacetime”. However, as everyone who really understands the
theory know, time is still there fully distinguishable from space. This manifests itself in many
ways. The Lorentz transformations ”mixes” space and time so that what is space and what is
time in one inertial coordinate system gets mixed up in another transformed coordinate system.
But in the new system you can still pick out space and time. The Lorentz transformations give
us full control over the space and time split in different systems. That’s indeed the point!

Compare to a Euclidean linear space. Doing linear transformations you can rotate, compress
and skew the coordinate system, and if you decide to label your coordinates in a particular way
you can follow their transformations around, but since this labeling is really arbitrary, there is no
real difference to the space coordinates. Not so if time is introduced. Introducing time the metric
becomes non-positive definite η = diag(−1, +1, +1, +1). This is precisely what distinguishes time
from space in special relativity. The minus sign in the metric cannot be transformed away by any
Poincaré transformation and therefore time is fully distinguishable in any inertial frame.

General relativity does not change this. Of course, one could speculate about wild quantum
fluctuations at the smallest of scales that change the signature of the metric. In arguments like
these, it is pointed out that then we are in regimes where the concepts of space and time has broken
down and that the fundamental degrees of freedom are something else. I know nothing of these so
I cannot say much more. It is my belief though, that among such fundamental degrees of freedom,
there is still one which is ”timelike”, or rather I should say that whatever the fundamental degrees
of freedom are, they still need to ”evolve” - something must happen, unless we live a frozen world.

Here’s an argument of analogy. One way of making Minkowski spacetime more Euclidean is to
replace the time coordinate with ict [14]. The idea is that since i squares to −1 we can mimic the
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negative sign in the metric with an imaginary time coordinate. This works in special relativity,
but is not generalizable to general relativity. However, it clearly brings out the dissimilarity of
space and time.

Arguing away time, or making it subordinate to space, is just as useless as trying to subordinate
complex numbers to real numbers. True, we can introduce complex numbers z = x + iy as pairs
(x, y) of real numbers x and y. The rule i 2 = −1 is then written as (0, 1) · (0, 1) = (−1, 0). And of
course there’s nothing special about the pair (0, 1), it is just a ninety degree rotation of (1, 0). So
there aren’t any complex numbers? It is clear that the concept of complex numbers - and their
mathematical reality - is still there, it’s just hidden in formalism. We can do the same with time,
we can hide it in formalism and terminological constructions but we cannot remove the concept.

I’m not claiming that this is a strong argument. It is an argument of analogy.

5 Time in Quantum Mechanics

Time in quantum mechanics is a huge subject. First of all, quantum mechanics is not really a
”theory” comparable Newtonian mechanics or to special relativity, it is more like a conceptual
scheme to which physical theories must be adapted. In non-relativistic quantum mechanics there
is certainly a concept of time entering the Schrödinger equation. If the state of the system is
parameterized by a set of variables {xi} and encoded in an object |Ψ〉 we have

∂

∂t
|Ψ〉 = Ĥ|Ψ〉,

where the Hamiltonian Ĥ is some kind of operator in terms of the xi’s , encoding the dynamics
and acting on the state. The time dependence can be traded between states and operators.

This works well for laboratory sized systems. Sometimes it is recklessly generalized to hold
for the universe as a whole. I find that completely mind boggling and unlikely to be true. It even
borders on pseudo-science. What would Karl Popper think of a theory that offered to explain
everything just by choosing the right Hamiltonian? Anyway, it clearly cannot be done in practice.

A much more plausible scenario is to think that reality, or physical systems corresponding to
pieces of reality, can be described locally by equations of motion like the Schrödinger equation,
and that the results can be patched together more or less seamlessly. Of course, this is what is
done, perhaps not explicitly, but in the back of our minds, as we do practical science. So am I
denying the possibility of a unified description of the whole universe in one big sweep? Perhaps
so.

In relativistic quantum mechanics, or quantum field theory, the situation is slightly more
subtle. Having quantum states depend on time and postulating the Schrödinger equation as
above leads to conceptual problems having to do with relativity of many particle systems (see
Tomonaga and Dyson in [15]). Because of this, the time dependence if shifted to the operators,
the states then being stationary, and relativity are taken into account by having the operators
transform according to the Poincaré group (see chapter 2 of [16]). Present day formulations
of quantum field theory could be considered to provide algorithms to compute the outcomes of
accelerator collisions. These are certainly processes and thus involve time. Time is routinely
treated in quantum field theory.
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6 Time and Motion

Consider a very simple, and somewhat funny system. A pot with a flower in it is standing on
a window sill some tens of meters above the ground. The pot is gently pushed off the sill and
of course falls to the ground. Using a high speed video camera we can capture its fall and store
the record in a memory. The record can be considered to be frozen and timeless, but of course
if we want to look at it, we must play it, i.e. put it through a running process again. Or we can
imagine what happens. Still that is a process.

If we introduce a space coordinate y with zero at the window sill and pointing downwards we
get from Newton’s second law

m
d2y

dt2
= mg.

We can solve the equation if we supply it with initial conditions

y(0) = 0,
dy

dt
(0) = 0.

We can choose to view these three equation as together constituting a program.
The solution is

y(t) =
g

2
t2,

which again we can think of as a program. To run it we must let time flow in some way, and
the result we can capture in graph, a table or some other kind of protocol. But the program is
more economical with space (memory).

Let’s do something more advanced. Consider a free relativistic point particle. Its action is

S = −m

∫

dτ
√

ẋµẋµ.

S measures the length of the trajectory and τ is an evolution parameter, to begin with not
related to time x0. A full analysis of this system takes a couple of pages but the bottom line is easy
to state. The action is invariant under arbitrary reparametrizations of the evolution parameter
τ → τ ′(τ ). This results in the Hamiltonian H generating the motion being constrained to be
zero and as a consequence real motion cannot be disambiguated from reparametrizations (gauge
transformations). To calculate the actual path of the particle in a space-time we have to chose
a gauge. One such gauge is to take x0 = τ . This result in ordinary free particle motion in an
inertial Lorentz frame.

The situation is much more complicated in general relativity but similar. If we want to
calculate the orbit of a planet circling a star we can do that using Einstein’s equations, but we
have to chose a gauge, we have to chose a coordinate system involving both space and time.
Everything will work out nicely and fit with data. Having done the calculation we realize that
there was a certain arbitrariness in the choice of coordinates, precisely captured by the general
covariance of the equations.

Time is subject to transformations and there are choices to be made. Time is hidden, but not
absent.
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7 Two-way Reductionism

Reductionism (for a popular and eloquent account see [17]) has been and still is a powerful tool
in science, but it has its limitations. It is quite clear that our scientific knowledge of reality has
a certain hierarchy of scale to it. Chemical compounds are made of molecules which are made of
atoms which are made of electrons and nuclei all the way down to the standard model constituents.
We are also quite confident that we can understand the properties of chemicals in terms of their
molecular constitution. Taking one step in the ladder of reduction is in general well understood.
It is more problematic to move several levels up or down, but we are confident that it can be done
in principle. Now even if it generally makes sense to analyze things and phenomena in terms of
constituents, that in itself does not mean that all explanatory schemes goes from smaller/simpler
to bigger/complex.

One example comes from evolutionary biology. The traits and properties of species of animals
are encoded in their DNA and in principle differences in appearance and behavior should be deriv-
able from differences in the genetic code. However, the variations in genetic code is determined
by the environment that the species have lived in during evolution via natural selection. So the
explanatory arrows go both ways, up and down, the ladder of scales. A nice example can be found
in [18].

It seems that time is present on all levels of the scale hierarchy. The problem is that at lower
scales, in both classical and quantum descriptions of physical systems, the fundamental equations
of motion are symmetric in the direction of time. Still there is this asymmetry for real macroscopic
systems. But one must be careful with words. Even a macroscopic pendulum, for example, will
go on swinging forever if we neglect dissipative forces and there is no difference in the pattern
of oscillatory motion if time goes forward or backwards. Introducing dissipative forces result in
the pendulum slowing down and eventually coming to rest and we see a clear asymmetry in time.
The point is that we cannot ignore dissipative forces macroscopically. They are statistical in
their nature, and the general belief is that the macroscopic arrow of time indeed derives from the
statistical coarse graining. This leaves open the remote possibility of the pendulum spontaneously
starting to swing again. However, the meaning of never is explained in [19], i.e. the possibility is
remote.

In schemes where one tries to abolish time one gets the further problem (apart from under-
standing the direction of flow) of having time emerge at some scale from lower scales.

8 The Dichotomies of Thought

I don’t understand the drive to reduce everything to unity. We started with an argument deriving
from computer science, let us return there. It is well known in the theory of computation that we
need at least two fundamentally different primitives in order to achieve full Turing completeness.
We need repetitions and choices. Neither is reducible to the other. Indeed it is even possible with
some imagination to see repetitions as time and choices as space. I leave it too the reader to
supply his or her own intuition why this might be so. So computation cannot be reduced to unity
- you can’t do with just one thing.

Finally, thinking of the concepts of space and time as a dichotomy, related, but the one not
being possible to be completely reduced to the other, we now see that this pair is just one of a
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set of such dichotomies in our conceptual schemes:

• space - time

• matter - interaction

• data - process

• syntax - semantics

• theorem - proof

• object - morphism

Speaking vaguely, they have different ”ranges” and partly overlap and sometimes can be
”transformed” into each other, but in no case can one side of the dichotomy be removed alto-
gether. Interestingly enough, several of these dichotomies can actually be formalized in Category
Theory to various degrees of sophistication. That’s why I included the pair object - morphism.
Unfortunately, space does not allow an excursion into that territory, and [20] tells the story better
that I could ever hope to do.

Perhaps Kant would have called some of these pairs of concepts ”pure intuitions” had they
been part of his intellectual discourse. Be that as it may, they are very powerful intuitions and
I think the reason is that they do capture something of the fundamental nature of the world we
inhabit.

Our language and concepts have evolved in close interaction with the world and our scientific
understanding mirrors, more or less faithfully, its properties. Some of us have problem ”seeing
space”, others find ”the flow of time” to be mysterious, while some have no problem in imagining
the ”wave-function of the Universe”. What we have here are manners of speech. There are
relations between our ”descriptions” and ”the world itself”. I believe time exists in the world and
we are still refining our concepts, operationalizations and our way of speaking about it.

9 Conclusions?

Some readers will undoubtedly think that this was just a bunch of common sense arguments
supporting the notion of time. Rightly so - that was indeed my intention. Overly enthusiastic
criticism of the concept of time leads to skepticism, just as such criticisms of concepts such as
reality, truth, rationality also leads to skepticism. But skepticism is scientifically useless - critical
thinking is not. So the conclusion is - yes, it might be possible to hide time in layers of formalism
and terminology, but critical thinking will always reveal a basic irreducible concept of ”time” in
some dicothomic relation to another irreducible concept ”space”. I believe this is a fundamental
property of reality. There is no ”unity” - but ”duality”.
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