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New Sci enti st
Does tinme really exist?

TI ME seens to be the nost powerful force, an irresistible river
carrying us frombirth to death. To npbst people it is an
i nescapabl e part of life, a fundamental elenment of the Universe.

But | think that time is an illusion. Physicists struggling to
uni fy quantum nmechani cs and Ei nstein's general theory of
relativity have found hints that the Universe is tineless. |
believe that this idea should be taken seriously. Paradoxically,
we m ght be able to explain the nysterious "arrow of tine"-the
di fference between past and future-by abandoning tine. But to
under stand how, we need to change radically our ideas of how the
Uni ver se works.

Let's start with Newton's picture of absolute tinme. He argued that
objects exist in an imense i nmobile space, stretching like a

bl ock of glass frominfinity to infinity. Hs time is an invisible
river that "flows equably without relation to anything external"
Newt on' s absol ute space and tinme forma framework that exists at a
deeper level than the objects init.

To see how it works, inagine a universe containing only three
particles. To describe its history in Newton's terns, you specify
a succession of sets of 10 numbers: one for tine and three for the
spatial coordinates of each of the three particles. But this
picture is suspect. As the space-tine franmework is invisible, how
can you determine all the nunbers? As far back as 1872, the
Austrian physicist Ernst Mach argued that the Universe should be
described solely in terms of observable things, the separations
between its objects.

Wth that in mnd, we can use a very different franework for the
three-particle Universe-a strange, abstract realmcalled Triangle
Land. Think of the three particles as the corners of a triangle.
This triangle is conpletely defined by the Iengths of its three
sides-just three nunbers. You can take these three nunbers and use
them as coordinates, to nark a point in an abstract "configuration
space" (see Diagram p 30).

Each possi bl e arrangenent of three particles corresponds to a
point in this space. There are geonetrical restrictions-no
triangle has one side |Ionger than the other two put together-so it
turns out that all the points lie in or on a pyramd. At the apex



of Triangle Land, where all three coordinates are zero, is a point
that | call Alpha. It represents the triangle that has sides al

of zero length (in other words, all three particles are in the
same pl ace).

In the same way, the configurations of a four-particle universe
form Tetrahedron Land. It has six dinmensions, corresponding to the
si X separations between pairs of particles-hard to conceive, but

it exists as a mathematical entity. And even for the stupendous
nunber of particles that make up our own Uni verse, we can envi sage
a vast nultidinmensional structure representing its configurations.
In collaboration with Bruno Bertotti of Pavia University in Italy,
| have shown that conventional physics still works in this strange
world. As Plato taught that reality exists as perfect forns, |
think of the patterns of particles as Platonic forms, and cal

their totality Pl atonia.

Platonia is an image of eternity. It is all the arrangenents of
matter that can be. Looking at it as a whole, there seens to be no
nore river of tine. But could tine be hiding? Perhaps there is
some sort of local tine that nakes sense to inhabitants of

Pl at oni a.

In classical physics, sonething like tine can indeed creep back
in. If you were to lay out all the instants of an evol ving

Newt oni an uni verse, it would ook |ike a path drawn in Pl atoni a.
As a godlike being, outside Platonia, you could run your finger
al ong the path, touching points that correspond to each different
arrangenent of matter, and see a universe that continuously
changes fromone state to another. Any point on this path stil
has sonet hing that | ooks |like a definite past and future.

Now s the pl ace

But we know that classical physics is wong. The world is
descri bed by quantum nmechani cs-and in the arena of Platonia,
quant um mechanics kills tine.

In the quantum wave theory created by Schrsdinger, a particle has
no definite position, instead it has a fuzzy probability of being
at each possible position. And for three particles, say, there is
a certain probability of their formng a triangle in a particular
orientation with its centre of mass at some absol ute position. The
deepest quantum nysteries arise because of holistic statements of
this kind. The probabilities are for the whole, not the parts.

VWhat probabilities coul d quantum nechani cs specify for the

compl ete Universe that has Platonia as its arena? There cannot be
probabilities at different tinmes because Platonia itself is

timel ess. There can only be once-and-for-all probabilities for
each possi bl e configuration.

In this picture, there are no definite paths. W are not beings
progressing fromone instant to another. Rather, there are nany
"Nows" in which a version of us exists-not in any past or future,
but scattered in our region of Platonia.



This may sound |ike the "many worl ds" interpretation of quantum
nmechani cs, published in 1957 by Hugh Everett of Princeton
University. But in that schene tine still exists: history is a
pat h that branches whenever sone quantum deci sion has to be made.
In nmy picture there are no paths. Each point of Platonia has a
probability, and that's the end of the story.

A simlar position was reached by nuch nore sophisticated
argunents nore than 30 years ago. Americans Bryce DeWtt and John
Wheel er combi ned quantum nechani cs and Einstein's theory of

general relativity to produce an equation that describes the whol e
Uni verse. Put into the equation a configuration of the Universe,
and out cones a probability for that configuration. There is no
mention of tine. Admittedly, the Wheeler-DeWtt equation is
controversial and fraught with mathematical difficulties, but if
quantum cosnology is anything like it-if it is about
probabilities-the tineless picture is plausible.

So let's take seriously the idea of a "probability mst" that
covers the tinmeless Platonic | andscape. The density of the mist is
just the relative probability of the correspondi ng configuration
bei ng realised, or experienced, as an instantaneous state of the
Uni verse-as a Now. If some Nows in Platonia have nuch hi gher
probabilities than others, they are the ones that are actually
experienced. This is like ordinary statistical physics: a glass of
wat er coul d boil spontaneously, but the probability is so | ow that
we never see it happen.

Al this seens a far cry fromthe reality of our lives. Were is
the history we read about? Where are our nmenories? Were is the
bustling, changing world of our experience? Those configurations
of the Universe for which the probability mst has a high density,
and so are likely to be experienced, nmust have within them an
appear ance of history-a set of nutually consistent records that
suggests we have a past. | call these configurations "tine

capsul es".

Present past

An arbitrary matter distribution, |ike dots distributed at random
wi Il not have any neaning. It will not tell a story. Al nost al

i magi nable matter distributions are of this kind; only the tiniest
fraction seemto carry meani ngful information.

One of the nost remarkable facts about our Universe is that it
does have a neani ngful structure. Al the matter we can observe in
any way is found to contain records of a past.

The first scientists to realise this were geol ogi sts. Exanini ng
the structure of rocks and fossils, they constructed a | ong

hi story of the Earth. Mddern cosnol ogy has extended this to a
hi story of the Universe right back to the big bang.

What is nore, we are sonehow directly aware of the passing of
time, and we see notion-a change of position over tine. You nay
feel these are such powerful sensations that any attenpt to deny
themis ridiculous. But inmagine yourself frozen in tinme. You are



sinply a static arrangenent of matter, yet all your nenories and
experience are still there, represented by physical patterns

wi thin your brain-probably as the strengths of the synapse
connecti ons between neurons. Just as the structure of geol ogica
strata and fossils seemto be evidence of a past, our brains
contai n physical structures consistent with the appearance of
recent and di stant events. These structures could surely lead to
the inpression of time passing. Even the direct perception of
notion could arise through the presence in the brain of

i nformati on about several different positions of the objects we
see in notion.

And that is the essence of nmy proposal. There is no history laid
out along a path, there are only records contai ned within Nows.

This timeless vision may seem perverse. But it turns out to have
one great potential strength: it could explain the arrow of tine.

We are so accustomed to history that we forget how peculiar it is.
According to conventional cosnol ogy, our Universe nust have
started out in an extraordinarily special state to give rise to
the highly ordered Universe we find around us, with its arrow of
time and records of a past. Al matter and energy nust have
originated at a single point, and had an al nbst perfectly uniform
distribution inmrediately after the big bang.

Hitherto, the only explanation that science has provided is the
ant hropi ¢ argunment: we experience configurations of the Universe
that seemto have a history because only these configurations have
the characteristics to produce beings who can experi ence anything.
| believe that timeless quantum cosnol ogy provides a far nore

sati sfying expl anati on.

In Platonia, there are no initial conditions. Only two factors
determ ne where the probability mst is dense: the form of sone
equation (like the Wheeler-DeWtt equation) and the shape of

Pl atonia. And by sheer |ogical necessity, Platonia is profoundly
asymmetric. Like Triangle Land, it is a |lopsided continent with a
speci al point Al pha corresponding to the configuration in which
every particle is at the sane place.

Fromthis singular point, the tineless |andscape opens out,
flower-like, to points that represent configurations of the

Uni verse of arbitrary size and conplexity. My conjecture is that
the shape of Platonia cannot fail to influence the distribution of
the quantum probability mist. It could funnel the mist onto time
capsul es, those neani ngful arrangenents that seemto contain
records of a past that began at Al pha.

This is, of course, only specul ation, but quantum nechanics
supports it. In 1929, the British physicist Nevill Mtt and Werner
Hei senberg from Germany expl ai ned how al pha particles, emtted by
radi oactive nuclei, formstraight tracks in cloud chanbers. Mtt
poi nted out that, quantum mechanically, the enmtted al pha particle
is a spherical wave which slowy | eaks out of the nucleus. It is
difficult to picture howit is that an outgoi ng spherical wave can
produce a straight line," he argued. W think intuitively that it
shoul d i oni se atons at random t hroughout space.



Mott noted that we think this way because we i magi ne that quantum
processes take place in ordinary three-di nensional space. In fact,
the possible configurations of the al pha particle and the
particles in the detecting chanber nust be regarded as the points
of a hugely mnultidinensional configuration space, a miniature
Platonia, with the position of the radioactive nucl eus playing the
rol e of Al pha.

Agel ess creation

When Mbtt viewed the chanber fromthis perspective, his equations
predi cted the existence of the tracks. The basic fact that quantum
mechani cs treats configurations as whole entities | eads to track
formation. And a track is just a point in configuration space-but
one that creates the appearance of a past, just |ike our own

menori es.

There is one nore reason to enbrace the tinel ess view. Mny
theoretical physicists now recognise that the usual notions of
time and space rmust break down near the big bang. They find
thensel ves forced to seek a tineless description of the
"begi nni ng" of the Universe, even though they use tine el sewhere.
It seens nmore consistent and econom cal to use an entirely

timel ess description. But for these ideas to be nore than

specul ation, they should have concrete, neasurable results.
Fortunately, Stephen Hawki ng and ot her theorists have shown that
the Wieel er-DeWtt equation can lead to verifiable predictions.
For exanpl e, established physical theories cannot predict a val ue
for the cosnol ogi cal constant, which neasures the gravitationa
repul si on of enpty space. But cal cul ations based on the

Wheel er-DeWtt equation suggest that it should have a very snal
value. It should soon be possible to neasure the cosnol ogi ca
constant, either by taking the brightness of far-off supernovae
and using that to track the expansi on of the Universe, or by

anal ysing the shape of hunps and bunps in the cosnic mcrowave
background. And a definitive equation of quantum cosnol ogy shoul d
give us a precise prediction for the value of the constant. It is
a di stant prospect, but the nonexistence of tine could be
confirnmed by experiment.

The notion of time as an invisible franework that contains and
constrains the Universe is not unlike the crystal spheres invented
centuries ago to carry the planets. After the spheres had been
shattered by Tycho Brahe's observations, Kepler said: "W nust

phi | osophi se about these things differently." Mich of nodern
physics stems fromthis insight. W need a new notion of tine.
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