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Abstract
While many physicists regard the subject of time travel as having no place in
serious scientific discussion and teaching, I will show that, on the contrary,
this is just the topic to fire the imagination, and it provides an ideal
opportunity to introduce some of the ideas behind our most beautiful and
fundamental theories about the nature of space and time. The mathematics,
if and when required, can be made simple to follow, and the logical steps in
the explanations are, while counter-intuitive, perfectly straightforward.

Introduction
When physicists look to enthuse youngsters with
the excitement of their subject they usually turn to
cosmology or particle physics. These are the safe
bets. Clearly, it is a far more challenging task to
make electromagnetism or thermodynamics sound
exciting. But is a topic like time travel a little too
much like selling out to science fiction? I argue
that this is not the case at all. Indeed, it is an
excellent way of getting across some of the basic
ideas in two of the most fundamental theories in the
whole of science: Einstein’s Special and General
Theories of Relativity.

One can begin by asking the simple question:
Do the laws of physics allow for the possibility
of time travel? Anyone who has watched movies
such as Back to the Future, Terminator or The
Time Machine may worry whether the concept
of time travel, while great fun to contemplate, is
in reality just a lot of pseudo-scientific nonsense.
So I should begin by stating that not only do we
know time travel to be possible, but that it has been
demonstrated routinely by experiments.

Of course one must qualify the last statement
by pointing out that it is only time travel into the
future that has actually been achieved. Time travel
into the past is much more difficult, and is probably
impossible. What makes it so fascinating though
is that it cannot yet be ruled out.

My aim in this article is to explain the
distinction between the two directions of time
travel and to explain how relativity theory forced
us almost a century ago to abandon the old
Newtonian notions about the nature of time,
despite the counter-intuitive picture it presents to
the newcomer.

Newtonian time
Until Isaac Newton completed his work on the
laws of motion in 1687, time was considered to
be the domain of philosophy rather than science.
Newton described how objects move under the
influence of forces, and since all movement and
change requires the notion of time for it to make
sense, time had to be included as an integral part of
his mathematical description of nature. However,
Newtonian time is absolute and relentless. It is
regarded as a medium that exists entirely on its own
outside of space and independent of all processes
that occur within space. Time is said to flow at
a constant rate as though there were an imaginary
cosmic clock that marks off the seconds, hours and
years regardless of our often subjective feelings
about its passage. We have no influence over its
rate of flow. This all sounds perfectly reasonable;
but modern physics has shown beyond question
that this view of time is wrong.

14 P H Y S I C S E D U C A T I O N 38 (1) 0031-9120/03/010014+06$30.00 © 2003 IOP Publishing Ltd



Time travel: separating science fact from science fiction

Einstein’s time
In 1905 Einstein discovered, through logical
necessity, that time and space are related. He
published his Special Theory of Relativity and
brought about a revolution in physics. Einstein
showed how and why the old notions of space and
time had to be replaced with a new and unfamiliar
set of concepts which, to this day, many non-
physicists find hard to come to terms with. The
most fascinating notion of all is that time is no
longer absolute and independent of the observer.
Rather, it can be stretched and squeezed depending
on your viewpoint. (At this point I recommend
you read Box 1 as a beginner’s guide to Special
Relativity.)

Since Special Relativity predicts that time
runs more slowly as we approach the speed of light
it provides us with a means of time travel into the
future. This is just another way of viewing one of
the best known examples of Special Relativity: the
clock (or twin) paradox (see ‘Further reading and
resources’). For if you were to travel around the
Galaxy at close to the speed of light you would
find on your return that more time would have
elapsed on Earth than for you. For all intents and
purposes you would have travelled into the future.
How far depends on how close to the speed of light
you managed to get. Of course, many physicists
would argue that this is not true time travel and
amounts to little more than putting yourself into
suspended animation for a while so that you don’t
age so quickly. It is true that such time travel does
not require the future to already exist ‘out there’
waiting for you to visit it. Instead, by travelling at
near light speed you move into a frame of reference
in which time is running by more slowly as seen
by observers at rest. Thus you are simply ‘fast-
forwarding’ into the future and getting there before
everyone else. As far as I am concerned, this is
time travel. Your rocket is a time machine (really
a spacetime machine since it cannot remain in
the same place, as happens in the movies). You
climb into the time machine, spend some time in
it travelling around at near light speed, and climb
out again. . . in your future.

So time travel, at least into the future, is
allowed. Indeed, it has been verified experimen-
tally many times. In the most famous experiment,
in 1971, physicists synchronized two atomic
clocks and observed the tiny but accurately
predicted time difference between them after one

had been flown on a jet for a while. Of course,
while no jets, indeed no man-made objects (yet),
come anywhere near light speed, the fact that time
slowed down—very slightly—for the travelling
clock was confirmed beyond doubt.

There is another way of slowing time down
that does not require high speed travel. Instead,
Einstein’s General Theory of Relativity (1915)
shows that a gravitational field will do the same
job. The effect can even be seen due to the Earth’s
gravity but, due to the relatively small mass of
our planet, the effect is tiny. Nevertheless, it was
measured by two Americans, Pound and Rebka,
in 1958 in one of the most precise and beautiful
experiments in the whole of physics. Thus clocks
run faster out in space than they do on the surface of
the Earth. To travel into the future, all you need to
do is find a suitable massive object, such as a black
hole or neutron star, which has a strong enough
gravitational field to significantly warp spacetime
in its vicinity, and orbit around it a few times.
While doing this your time will flow more slowly
than it does in the relatively weaker gravitational
field on the surface of the Earth.

The block universe
Before we tackle the trickier problem of time travel
into the past, I should say something about another
aspect of Special Relativity. Einstein realized
several years after publishing his work that Special
Relativity implies space and time can no longer be
treated as separate, but are instead part of a unified
spacetime in which time makes up the fourth
dimension. This led him to consider what is known
as the block universe model in which all times—
past, present and future—coexist as a static whole
(figure 1). There is then nothing special about
the present moment—our ‘now’. Indeed different
observers who are moving relative to each other
will not agree on the same ‘now’! Many science
fiction writers, even some scientists, have seized
upon this coexistence of the present past and future
as proof that they are all equally real. However,
this view is incorrect since it does not take into
account an important lesson learnt from another
important theory in physics—quantum mechanics.
The block universe model is a useful tool for
solving problems in relativity, but it should not be
pushed too far. For the danger is that it suggests
a predetermined future in which everything that is
ever going to happen in our future is already fixed
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Box 1. Special Relativity for beginners

Special Relativity relies on two simple postulates:

• All motion is relative, and so no one observer can be regarded as being more at rest than any
other.

• The speed of light is measured to have the same value by all observers regardless of their
state of motion.

Both these statements seem harmless enough in themselves. Indeed, they have been tested
rigorously and we are not in any doubt that they are correct. However, consider the following
scenario. If you were to send a light pulse out into space you would measure its speed as it
travelled away from you to be 3×108 m s−1 (the speed of light). But if a friend were to travel in a
high speed rocket in the same direction as the light pulse, he would also measure it to be moving
away from him at 3 × 108 m s−1, even if he were moving away from you at, say, three quarters
of the speed of light. How can this be? Shouldn’t he, using the rule of addition of velocities, see
the light pulse move away from him at one quarter of the speed you measure? Not according to
the second postulate. The only way to reconcile your two views is to admit that something has
else has to ‘give’. In this case it is time itself: you would observe the clock he is carrying to be
running more slowly than yours. That is why he sees the light travelling at the same speed as you:
since his ‘second’ lasts longer than yours, he observes the light pulse to travel a further distance
in a given time than you do, and more distance per second is another way of saying going faster.
Thus while you observe the light pulse to be speeding away from him at only one quarter of its
speed relative to you, he still sees it moving away from him at full light speed.

This is essentially what Einstein showed time to be like. The closer to the speed of light a
clock moves, the slower it will tick. However, nothing, other than light itself, can attain light
speed itself, let alone exceed it. If a clock were to reach light speed then we would see that it
stops altogether, even though for someone travelling alongside it time goes by as normal. The
slowing down of time is confirmed routinely these days in particle accelerators where beams of
elementary particles are boosted almost to the speed of light.

Consider a sprinter who runs a hundred metres in exactly ten seconds according to the reliable
and highly accurate timekeeping of the judges. If he had carried his own very accurate stopwatch
with him then, due to time slowing down very slightly for him while he was running, his watch
would show a time of 9.999 999 999 995 seconds. Of course, this is so close to ten seconds that
we would never know the difference. However, scientists routinely need to measure times with
this sort of accuracy. The difference between the runner’s and the judges’ watches is just five
picoseconds. The reason it is such a small time difference is because the athlete is moving so
much slower than light. Had the sprinter been moving at 99% of the speed of light (a clear case
for investigation into the use of banned substances) his stopwatch would have registered just one
seventh of the (very short) judges’ time. This slowing down of time is known as dilation and can
be calculated using a simple formula involving the ‘gamma factor’

t0 = t/γ = t
√

1 − β2

where t0 is the time measured by the sprinter, t is the judges’ time and β is the ratio of the
sprinter’s speed to the speed of light. Of course, for most everyday speeds, students will find they
are unable to use their pocket calculators to work out t0 since they will always get unity for the
quantity under the square root. So a good exercise is to get them to do it without a calculator.
If they are not familiar with the binomial approximation they should do it by squaring the above
equation, expanding t2 − t2

0 and making use of the fact that t + t0 � 2t .

continued. . .
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Box 1 continued. . .

Another interesting aside that always impresses students about special relativistic time dilation
is that, in principle, it means we can travel to a distant galaxy in the blink of an eye without our
spaceship ever exceeding the speed of light. By travelling close enough to it our on-board time
will run so slowly that we can get from A to B in an arbitrarily short time. The problem is that
millions, even billions of years will have passed back on Earth.

Figure 1. The block universe. One dimension has
been discarded and space is reduced to a 2D sheet.
Time runs at right angles to the sheet from left to right.
If you stand still you will trace a horizontal line. What
you think of as ‘now’ will be a slice through the block
which includes all points in space that you consider to
be simultaneous. But if two observers are moving past
each other they will not agree on the same ‘now’ sheet.

and awaiting us (although only as seen from an
observer outside of our 4-D universe). Quantum
mechanics has shown us that, at the subatomic
level, our universe is unavoidably and inherently
unpredictable, which implies that our future is still
open and yet to be determined.

Time travel to the past
In 1915, ten years after his work on Special
Relativity, Einstein completed his General Theory
of Relativity. Widely regarded as the most
beautiful scientific theory ever discovered, it
describes the gravitational effects of matter
and energy on the surrounding spacetime and,
conversely, how spacetime affects the way
everything moves within it. This led to many
exciting predictions that were subsequently proven
experimentally, such as the bending of a light beam

and the slowing down of time due to gravity, not
to mention the birth of the universe itself and the
existence of black holes. What often comes as
a surprise, however—even to many physicists—
is that it has been known for half a century that
General Relativity also allows for time travel into
the past under certain special conditions.

The reason why the majority of physicists
do not believe that travelling back to the past is
possible in practice is because of the many mind-
boggling paradoxes it throws at us. For example,
what if you were to go back in time, to last year
say, and kill your younger self. What happens
then? Do you suddenly pop out of existence as
the younger you slumps to the ground? After all,
the older you cannot now have existed. But if you
died last year, who killed you? It seems you are
unable to kill yourself because you must survive
the assassination attempt to become the assassin.
While a little morbid, this well-known paradox is
always a big hit with school children. What you
have to remember about time travel to the past is
that you are allowed to meddle with history as long
as things turn out the way they do. You cannot
change the past. Of course this paradox does not
imply that time travel into the past is forbidden,
just that there are certain rules associated with it.

In principle, there would be two ways of going
back to the past. One is by going backwards
through time, during which the hands on your
watch would be moving round anticlockwise. This
would require faster-than-light speeds, which are
not accessible to us, and so is not the sort of time
travel I am discussing here. The other way is by
travelling what appears to you to be forward in
time (your watch runs forwards) but by moving
along a warped path through spacetime that takes
you back to your past (like looping the loop on a
roller-coaster). Such a loop is known in physics as
a ‘closed time-like curve’ and has been the subject
of intense theoretical research over the past few
years.
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Figure 2. A version of the classic time travel paradox.
(Cartoon courtesy Ralph Edney.)

So what is all the fuss about? Time travel
to the future has been done and time travel to the
past, while difficult, is not yet ruled out by theory.
What are we waiting for? Why haven’t we built
a time machine yet? The problem is that, apart
from it being exceedingly difficult to create closed
time-like curves in spacetime, we do not really
understand them theoretically.

Where are all the time travellers?
For now, the best that physicists can come up with
to rule out the existence of time loops is to ask
where all the time travellers from the future are. If
future generations ever succeed in building a time
machine then surely there will be many who would
wish to visit the twenty-first century and we should
see these visitors among us today. So here are five
possible reasons why we should not expect to see
any time travellers.

1. Time travel to the past is forbidden by some as
yet undiscovered laws of physics. Physicists
hope to discover a new theory that goes
beyond General Relativity and which explains
why time loops are forbidden. We already
have a possible candidate for such a theory,
known as M-theory, but it is not yet properly
understood.

2. If there are no naturally occurring time
machines—such as might be found through a
black hole—then the only way to travel back
in time would be to build one ourselves. But
it turns out that this would only take us as
far back as the moment it was switched on
(because of the way it would hook up space
and time). So we see no time travellers from
the future because time machines have not
been invented yet.

3. Naturally occurring time machines will be
found in the future and people use them to
travel back to the beginning of the twenty-first
century, but it turns out that another idea taken
seriously by many theoretical physicists, that
our universe is just one of an infinite number
of parallel universes, is correct. In that case,
time travel to the past slides the traveller into
a parallel world. There are so many of these
parallel realities that our universe is just not
one of the lucky few that have been visited.

If you are not convinced by the above then I
might interest you in a couple of more mundane
possibilities:

4. Expecting to see time travellers among us
presupposes that they would want to visit our
time. Maybe for them there will be much nicer
and safer periods to visit.

5. Time travellers from the future are among us
but keep a low profile!

If I were a betting man I would say that
time travel to the past will soon be shown to be
impossible even in theory. Getting to the future,
on the other hand, just requires building a fast
enough rocket. Beware, though, that if you reach
the future, there is (probably) no coming back.

Further reading and resources
There are a number of very nice examples that
can be used to highlight some of the fascinating
features of Special Relativity. General Relativity,
unfortunately, requires a much higher level of
mathematics and, if introduced as a general
interest topic to A-level students, can only be
discussed in a qualitative, hand-waving fashion.
However, the brighter A-level students can cope
with, and will thoroughly enjoy, several topics in
Special Relativity. As an assignment, they can
look into unravelling the twins paradox (I assume
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in what follows that the reader has heard of this).
Why is it that the travelling twin comes back
younger than the stay-at-home one? Surely if all
motion is relative then the travelling twin can argue
that it was the Earth that had moved away and
come back again. Of course there is no paradox
and there are a number of ways of resolving the
issue (without appealing to General Relativistic
arguments to do with acceleration). The easiest
way is to use Lorentz contraction to show how
the travelling twin sees a shorter distance to
be covered. But more satisfying tricks involve
bringing in a third observer to adjudicate and use
the Lorentz transformation equations (which will
have to be introduced). Better still, and much
simpler mathematically, one can use light pulse
signals and the relativistic Doppler shift method.

If you are prepared to introduce the concept of
spacetime diagrams then a great example to show
how faster-than-light-speed travel is impossible
(since it violates causality) can be found in Taylor
and Wheeler (see below). They use a story based
on Star Trek with the Klingons building a faster-
than-light missile. At the risk of appearing nerdy
to non-Trekkie students, I have used this example
in my first-year undergraduate relativity course for
a number of years.
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