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Introduction

I had to make some optimistic assumptions to meet the revenue target. In Week Three, we’re visited by an alien named D’utox Inag who offers to share his advanced technology.                                                                                Dilbert

In the late 1990s, my wife Lisa and I did the clichéd thing of leaving London to raise our kids in the country. We lived in an old barn just outside a town called Headcorn in Kent, and within a few months of being there we discovered that Tom Baker lived in the next village. I recall fondly the time Lisa came back from town to say, ‘You’ll never guess who I saw in Headcorn… Doctor Who!’ At least once a month she would bump into the Doctor in the local butcher’s shop or the florist’s, where she would overhear his often hilarious banter with the shop assistants.

Every Doctor Who fan has a favourite Doctor, and mine were Tom Baker and John Pertwee. The choice of favourite is always connected with one’s age. If you’re a child of the seventies then you will almost certainly have the same favourites as me. But actually my interest in Doctor Who goes further back, to the mid 1960s, when as a very small child I was petrified by the Cybermen and the Daleks and hid behind the sofa as soon as that familiar synthesizer tune (courtesy of the BBC Radiophonic Workshop) started playing every Saturday evening.

Later, I became a fan of science fiction and read every Asimov novel, everything by Arthur C. Clarke and Robert Heinlein and others, but always retaining a soft spot for Doctor Who. In some ways the programme was not very good science fiction. It didn’t have the depth and accuracy of the novelists I liked, it wasn’t so big-budget as Star Trek, and at the age of ten or eleven I found it easier to relate to Will Robinson in Lost in Space. But Doctor Who always had a sense of humour, and this was brought out best by Tom Baker with his scarves and jelly babies.

I have also always loved the quirkiness and the very British aspects of the programme. It is as British as cups of tea, the Kinks and losing in the final stages of the World Cup. I’m sure this is part of its enduring appeal. The Doctor has always been cool whether he wears frilly shirts and drives around in a yellow roadster or sports a leather jacket and trainers. The way he deals with problems, Heath Robinson style, blending the exotic with the mundane and clutching victory from the jaws of defeat, is one of his most attractive traits.

Science fiction is a much-maligned form, and literary purists turn their noses up at it (while at the same time shamelessly nicking ideas from the genre). But science fiction has a place of enormous importance in the lives of many people, most especially all those brave souls who become scientists. No less a figure than Stephen Hawking has said that he was originally drawn to study science because of his interest in science fiction. Many of the great science-fiction authors of the twentieth century did the same and then went on to become writers themselves who in turn led generations of young people to science.

It is obvious why this should happen. Science fiction is really ‘super-science’, science taken further than its present state, imaginative extrapolations into an unknown future. Science fiction is liberating. It acts as a vehicle for escapism, of course, but more than this, it opens up a bigger vista, a more exciting reality than our often humdrum lives can offer. By moving into real science we try to recapture the excitement and the glamour of what we have read in novels.

The great thing about science is that it is always changing and growing. Along with the fact that science is based on experiment and analysis, it is this ability to develop that really separates it from mere belief systems. But, even though science evolves, every good scientist goes with the flow.

An example of this is the changing view of the nature of human genetics. Until very recently it was believed that the only useful part of the genome were the genes themselves. But scientists have now found that what was originally called ‘junk DNA’ – usually viewed as merely the padding between genes – may be vitally important. Indeed these regions of the genome have been preserved in every species studied and have not changed over millions of years, implying that they are somehow protected or preserved for a special purpose.

This is almost certainly an exciting and important discovery, but it is also quite possible that in a year or two or five another scientist or team of researchers will develop a subtle refinement of this work or even perhaps discover something that refutes it. This is the way of science and one of the things that keeps it vital and alive. It does not mean scientists have lost their grip on reality or that science is in any way subjective. It simply means that scientific thinking develops. As Asimov once said: ‘When people thought the Earth was flat, they were wrong. When people thought the Earth was spherical they were wrong. But if you think that thinking the Earth is spherical is just as wrong as thinking the Earth is flat, then your view is wronger than both of them put together.’

So, what am I trying to do with the book you have in your hands? It is a book that owes much to Doctor Who, but it is not really about the programme or the characters involved in the stories. Instead, it is about the science behind the stories. In it I take a serious look at what might be possible and what is most likely impossible, a look at the potential of science to fulfil the dreams of science-fiction fans.

For anyone interested in considering the outer limits of science, it is, as the title of this book suggests, important to keep an open mind. One could list hundreds of quotes offering misguided scientific judgements about the future. My personal favourite is from Lord Kelvin, who declared, ‘Heavier-than-air flying machines are impossible.’ He made this remark in 1892 (just eleven years before the Wright brothers’ first flight), and at the time he was the most respected scientist in the world.

One of the lessons to be learned from this is the central credo of this book – that with science we should always expect the unexpected. Science is not just constantly evolving: it throws us curves and keeps us on our toes. An appreciation of science, as I hope this book will prove, helps us to believe that almost anything is possible.

Michael White
Perth, Australia
August 2005
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Secrets of the Time Lords

Is Time Travel Possible?

Time is a sort of river of passing events, and strong is its current; no sooner is a thing brought to sight than it is swept by and another takes its place, and this too will be swept away.                                  Roman emperor Marcus Aurelius

The core idea of Doctor Who is that our hero, the Doctor, is a Time Lord, an advanced alien being who is able to travel through time, into the past and into the future. It is a concept that has fascinated science-fiction and fantasy writers and their readership for generations. Time travel is a central theme in H. G. Wells’ The Time Machine, the TV series Stargate and movies such as the Back to the Future series, Twelve Monkeys and Time and Again.

Most of us have wondered where we would go and what we would do if we had the ability to return to the past or to travel into the future. Would you want to know what is going to happen to you – who you will marry, what your kids will be like? Would you wish to return to the past and correct a mistake, unsay something you should never have said? Or alternatively, would you want to experience for yourself the Battle of Waterloo or the Kennedy assassination? Some people would instead like to see what will befall the human race, to witness what wonders and horrors lie ahead of us.

But is any of this really possible? Is time travel an idea that will always remain fantasy or is there a chance that in the distant future we might develop the technology to travel in time? Alternatively, is it feasible that there exists an advanced civilization somewhere in the universe that is even now able to master time and to travel anywhen at will?

At the moment, no one has a clear idea how a time machine could be constructed, and physicists working at the very edge of science are only now beginning to piece together theories that may explain how time travel could be possible in some distant future. Today, these ideas exist only as mathematical concepts. In practical terms we are a very long way from building a Tardis. But, the initial step towards constructing a time machine is to understand the mathematics behind it. And before we can develop any theory of time travel we have to get to grips with the meaning of time itself.

We all experience the passing of time, but no one seems able to explain conclusively what time is. Some even suggest it is nothing more than a construct of our own minds, that we piece together events in a logical, linear order because that is the only way our brains can operate and make sense of the universe. There is no hard evidence to support this concept but, for what it’s worth, we all seem to have an in-built awareness of the direction of time, a concept which has been dubbed the arrow of time. But, beyond this subjective perception of time, the more clinical answers provided by physics may eventually lead to a time machine.

It is a striking fact that on a sub-atomic level almost all processes in the universe can be conducted in either temporal direction. This means that if two sub-atomic particles come together and interact to form two other particles, the reverse of this process is equally viable: the two product particles could just as well interact to create the starting particles.

Yet we don’t experience this reversibility in the ‘real’ world of our everyday existence. We don’t see shattered glasses re-form, light does not leave our eyes and travel to distant objects, and the dead do not rise from their graves. Yet this seems like a contradiction, because it implies that principles governing the behaviour of ‘simple’ systems (those that operate on a quantum level, such as atoms) are not the same as those that determine things in our everyday lives – such as how a car moves or the motion of a billiard ball. This is weird and seems paradoxical because, after all, every material thing in the universe is made up of fundamental particles. If these particles behave reversibly on the simple atomic scale, what is it about everyday situations that seems to make them act differently?

The answer lies in the difference between something being impossible and just very unlikely. Physicists believe that it is not impossible that the dead could be made to rise again (ignoring spiritual considerations), or for a broken glass to re-form by chance; it is just that these events require so many improbable steps to interlink perfectly (at least compared to the interaction of two sub-atomic particles) that we would almost certainly have to wait for a period longer than the lifetime of the universe to see them happen naturally. This means that although they are not impossible, they are highly improbable.

Another way of putting this is to say that quite literally anything can happen, but the more unlikely it is, the longer you would have to wait to witness it. It is possible you could spontaneously transform into a jelly fish while reading this book, but it is unlikely. However, if you had many times the life span of our universe in which to read the book, there is a more significant chance that during that period you would transform into a jelly fish.

To see why this should be, we need to consider one of the most fundamental rules of the universe, a principle called the second law of thermodynamics.

This law lies at the very heart of physics, and, unlike many ideas in science, the second law of thermodynamics is actually one based entirely upon common sense. Put simply it says that ‘Everything wears out’, or, in more formal terms, ‘The entropy of a closed system always increases’.

The word ‘entropy’ is the technical term describing the ‘level of disorder in a system’. So, by the second law of thermodynamics, a cup of tea exhibits a higher level of entropy than the individual tea leaves, water and milk because they have been mixed together – the mixture is more disordered than the original ingredients in their separate containers. Another way of thinking about it is that it would take more energy to separate out the ingredients of the tea and put them back in their individual containers than it took to mix them up together in the first place.

In the case of the broken glass I mentioned earlier, if we tried to bring together the pieces, like running a film backwards to re-create the glass perfectly, we would need to lower the entropy of the system. This is possible (in fact, living creatures spend most of their time attempting to produce a local lowering of entropy – just think of housework as an example), but it requires energy (in this case, more energy than it took to shatter the glass), and so the chance of this happening naturally is incredibly small.

Consider another example. A garden left to overgrow will gradually increase its entropy level quite naturally. In order to restore the tangled weeds and vines to their former order (to lower the entropy) work would have to be done or energy expended (again, more work or energy would be needed than Nature used in disordering the garden). It is extremely unlikely this will happen naturally without applying energy.

Because the natural processes of the universe are all ones in which disorder or entropy is seen to be increasing, it gives us an indicator, a way to view the evolution of the universe or, in other words, the direction in which time flows. ‘The arrow of time’ points in the direction of increased entropy; what we call ‘the future’.

So, having established this, if we assume there is a definite direction to time, can intelligent beings move in a non-linear way from one time frame to another? Would it ever be possible to build a machine like the Tardis?

Currently, physicists are giving serious consideration to a small collection of possible mechanisms via which genuine time travel may be accomplished. At present all of these ideas lie way beyond the bounds of early 21st century technology and are based on some pretty far-out physics as well as a sprinkling of informed speculation, but they are at least a start, an attempt to get to grips with the idea.

The first and, for the moment, the best idea is for a time traveller to use the services of a thing called a wormhole, an idea which arose as a consequence of manipulating the mathematics of Einstein’s theory of relativity.

There are actually two parts to the theory of relativity, the special theory of 1905, written when Einstein was working in a Bern patent office, and the general theory, first revealed to the world eleven years later in 1916, which is an extension of the more limited special relativity.

The special theory draws upon two firmly established scientific principles, but it also comes up with another which many nonscientists consider to be one of the weirdest notions in the whole of science.

The first principle employed by Einstein comes from the work of Isaac Newton, who, back in the 1680s, showed that the laws of physics are the same for any observers moving at a constant velocity relative to one another. So if a driver and passengers in a car travel alongside another car (or travel towards the other car), and both cars are travelling at constant velocity, the driver and passengers in each vehicle will each perceive the universe to be behaving in the same way. This seems obvious, but it has important ramifications for Einstein’s concepts.

The second fact is that the speed of light in a vacuum is always constant. This velocity is represented by the symbol c and is equal to about 300,000 kilometres per second, or just over one billion kilometres per hour. But, most importantly, this value is the same irrespective of the velocity of the observer.

According to common sense, if, say, spaceship A is moving in one direction with a velocity of 0.75 c and spaceship B approaches in the opposite direction also travelling at 0.75 c, their relative velocity would be 1.5 c. But this is not actually the case. According to Einstein’s equations, crews on each ship would see light from the other coming towards them, not at one and a half times the speed of light, but at just under 1 c (0.96 c to be precise).

The astonishing consequence of this is that if c is constant, space and time must be relative. In other words, if the crew aboard spaceship A or B are to see light arriving at a constant velocity irrespective of their own velocity, they must measure time differently – as they travel faster, time must slow down. Furthermore, because distance, time and speed are all interrelated, if time slows down, then the property of distance cannot be the same for observers travelling at different speeds. The faster one travels, the shorter any given spatial measurement becomes – a metre will be a different length depending on the velocity of the observer, and it will be shorter the faster the observer moves.

Finally, the faster an observer moves, the more massive they become. The end result of all this is that if it were possible for an observer to travel at the speed of light they would experience three rather strange things simultaneously – to them time would slow to nothing, they would shrink to nothing and their mass would be infinite. And this is no mad theory or unproven hypothesis. Einstein’s work has been shown to be true in many thousands of experiments conducted since 1905.

This, then, is the special theory of relativity; it is only concerned with observers moving at a constant velocity, but after it was published Einstein wanted to know how the concept of relativity might work for objects experiencing acceleration.

He worked through a thought experiment – that is, he imagined a situation rather than actually performing an experiment. He needed to visualize a situation in which an object was accelerating rather than just moving at a constant velocity. To do this he imagined a lift in a state of free fall. Thanks to gravity, this lift would be accelerating towards the ground. Next, he imagined a beam of light fired at the side of the lift and entering a hole in one wall.

Now, imagine you are in the lift. It would seem to you that the light beam comes in through the hole and strikes the opposite wall at the same height. In other words, it would look as though the beam of light was straight.

However, if you were outside the lift and watching this process, the light would appear bent. This is because in the time it took for the light to cross the width of the lift, the lift has moved downward in free fall, so the light would be seen to hit the far wall at a point higher than the hole in which the light entered. So, to you, the external observer, the light beam would appear bent.

But, said Einstein, there is a problem with this. As with special relativity, the behaviour of light must be the same for all observers unless proven otherwise. This idea is called the ‘principle of equivalence’, and it is as sacrosanct as any scientific idea can be, so that other factors have to be altered to accommodate it. In order to uphold the principle the only logical conclusion is that space itself is warped by the force of gravity (which is providing the acceleration of the lift) and this causes the bending of light. The stronger the gravitational effect, the more the light would be bent. So, if the lift was falling to the surface of a planet where the gravitational field was much stronger than that on Earth, the light would appear to be more bent than in the original thought experiment.

This was the essence of Einstein’s 1916 paper describing the general theory of relativity, and only three years later it was proved correct using a ‘real experiment’ conducted by the great British astronomer Arthur Eddington. During an eclipse, Eddington observed how light from a distant star was bent by the gravitational effect of our sun. This happens because the sun distorts the fabric of the universe around it, which then bends the path of observed light.

Until Einstein, physicists saw the universe in three dimensions, with time as an extra factor. In general relativity, time is a dimension just like length, breadth or depth; the universe actually exists in four dimensions called ‘space-time’.

The only way we can visualize a four-dimensional universe is by representing it in three dimensions. Imagine a rubber sheet stretched flat. Now place a heavy ball in the middle – the sheet around the ball is misshapen the way space-time distorts around a massive object like our sun. Roll a marble along the sheet near the heavy ball and it follows a curved path, just as light does near our sun or any star.

A black hole is so massive and has such a powerful gravitational field that it curves space so much that within it lies what is called a ‘singularity’, a point at which the curvature of space-time becomes infinitely sharp and all the laws of physics break down. Wormholes, as theorized by a number of scientists, are created when two singularities ‘find’ each other and join up. But do such things as black holes and singularities really exist? And if so, how could they be formed?

Scientists have known for a long time that when a star has used almost all its available fuel it begins to die, and the way in which it dies depends upon its mass. If it is about three times the mass of our sun or larger it begins to shrink, setting up shock waves which result in an enormous explosion – a supernova. But even then, because the star was so large to begin with, some material is left at the centre of the supernova and this begins to collapse in upon itself again. This time, the matter becomes so dense that the incredibly strong forces holding sub-atomic particles together, the binding forces between quarks (the most fundamental form of matter known and the constituents of protons, neutrons and electrons), are overwhelmed and the star becomes a seething cauldron of fundamental matter and energy. This is a black hole, so called because it is so massive and dense that even light (which travels at about 300,000 kilometres per second) cannot move fast enough to escape its gravitational field.

It often happens in science that mathematics predicts that something should exist and what its properties are before it is observed. Although the existence of black holes has not yet been confirmed beyond doubt, there are some promising candidates, and it is more than likely that they do exist somewhere in the universe. The chances of finding wormholes is slimmer, but there is nothing within the laws of physics that says they could not exist.

As we shall see in the next chapter, the wormhole is more commonly proposed as a way of traversing interstellar distances and to circumvent the frustrating consequence of Einstein’s theory of relativity – that there is a speed limit (the speed of light) to the universe. Wormholes may be thought of as tunnels or links between two different parts of the universe through which an intrepid space traveller might pass. But wormholes might also be of great use to the potential time traveller. According to a theory first postulated by Kip Thorne at Caltech, it might be possible to create special wormholes that can provide the means to travel through time.

Thorne’s effort to investigate the potential of wormholes was actually sparked by a piece of science fiction. In 1983, the late physicist, novelist and popularizer Carl Sagan was working up a concept for a novel he planned to call Contact (1985). In the story, an alien race sends a signal to earth containing details of how to build an interstellar craft that can travel almost instantaneously to a planet orbiting the star Vega, 26 light years from earth. Sagan was of course aware of the problem presented by the universal speed limit, and he understood that some odd and lateral method of travelling across such a vast distance would have to be contrived to make his story work. For help he turned to his friend Kip Thorne, then one of a mere handful of black hole experts and a man who relished solving such puzzles as the one Sagan was offering.

In the conversations between Sagan and Thorne, the novelist had made it clear that he wanted his science fiction to be as scientifically accurate as possible – far-fetched was fine, but the concepts he employed had to be scientifically plausible. Yet both men knew the tremendous difficulties involved in using black holes and wormholes for anything. The inside of a black hole is probably the most inhospitable place in the universe; the gravitational forces at work there would instantly break any material object into a soup of fundamental particles and energy, and, even if these forces could be resisted, once within the grip of the black hole there is no escape because nothing can overcome its gravitational field. So the idea of using a wormhole created by joining two black holes at two different points in the universe did not seem very practical. The only way they could be used would be if there happen to be certain types of black hole somewhere in the universe that do allow safe passage – an extremely unrealistic idea.

A possible way around this difficulty suggested by Thorne involves the concept of white holes. These would be the very opposite of black holes: rather than absorbing matter and energy, such objects might act as perfect emitters or ‘cosmic gushers’. If a black hole and a white hole were joined they could act as a one-way wormhole and solve the problem of escaping a black hole once it has been entered.

Unfortunately, detailed mathematical analysis of this scenario has shown that such a system would be unstable and the white hole would rapidly decay, making the passage of a spaceship or time traveller impossible.

Thorne realized that, to construct a workable wormhole, a set of strict conditions had to be met. These included the obvious fact that the construction of the wormhole must be consistent with general relativity and that the gravitational ‘tidal forces’ within the wormhole be kept to a minimum. The rules also stipulated the shape to which the wormhole must conform and the mass and type of material needed to create it. Unfortunately, the mathematics showed that in order to construct a wormhole, material known as ‘exotic matter’, which has the bizarre property of negative mass, is needed.

For a science-fiction novel, such speculation was enough, but in thinking about the concept, Kip Thorne had been hooked and he went on to consider seriously the concept of the wormhole and its uses. In 1987, he and a colleague at Caltech, Michael Morris, published a scientific paper on the subject in the American Journal of Physics. This became a landmark piece of work and sparked the interest of a generation of investigators who have since studied the theoretical properties of black holes, white holes and wormholes.

But how does this relate to time travel? Well, if we treat the two ends of a wormhole as two separate objects and exploit the difference between their relative velocities, we can make one end exist in a different time from the other. Remember, time is relative. If one end of a wormhole is made to travel at close to the speed of light, and the other is kept stationary, then according to Einstein’s special theory of relativity time will pass more slowly for the high-speed wormhole. In effect, relative to the stationary one, the fast-moving wormhole will be existing in the past.

But how can this help? If we are not even sure wormholes exist, what good is this concept?

First, as a consequence of studies made since the mid 1980s it seems likely that mini-wormholes do exist and that they may be found all around us. Stephen Hawking and others have speculated that mini-wormholes could provide links between different places and times. According to this theory at least, it might well be that wormholes are more common than we think. It is even possible that our universe is laced with a vast network of interlinking wormholes just waiting to be exploited by a sufficiently advanced civilization.

Another possibility is the idea that artificial man-made wormholes could be constructed. If we consider the sort of forces employed by Nature to create such entities it makes the very notion of manufacturing a wormhole seem rather ridiculous, but physicists insist that (in theory at least) such a thing is possible. It is simply that at present the technology required to produce such a wonder is almost beyond imagining.

If we want to make a wormhole we must employ very large amounts of energy. This is needed to manipulate the sub-atomic particles so that we can use Einstein’s special relativity to create a time difference between the two portals. One estimate suggests that the energy required to manufacture a wormhole of a practical size for use by a time traveller would be greater than that consumed by humankind during the past two thousand years.

Even so, say the enthusiasts, if this difficulty could be surmounted and artificial wormholes could be created, they might be employed as time machines. To do this the experimenter needs to place one end of the wormhole in a cyclotron. There it would be accelerated to close to the speed of light and left to spin for, say, five years. Because time would be passing far slower for the high-speed end of the wormhole, after five years a traveller leaving in 2010 could make their way through the link and exit the other end almost five years earlier (it wouldn’t be exactly five years as the wormhole could only be accelerated to close to the speed of light).

Although this sounds rather crazy, there are some sound suggestions for ways in which a wormhole may be constructed for use in such an experiment. But first, to understand these proposals we must consider yet another fundamental theory of physics, quantum theory: like Einstein’s theories of relativity, quantum theory may be viewed as a supporting pillar of modern science.

Quantum mechanics began life during the early part of the 20th century and came as a completely revolutionary theory, overturning the prevailing (classical) ideas of Victorian physicists.

The earliest model for the atomic world held that the atom was composed of a nucleus around which electrons orbited – like a solar system in miniature. Electrons were known to have about 1/2000th the mass of a proton (one of the constituents of the nucleus) and to possess a negative charge to counter the positive charge of the proton.

But during the first decades of the 20th century it was realized that this model could not possibly work. For a start, mathematics demonstrated that electrons could not be sustained in their orbits like planets: their orbits would decay so that they merged with the protons in the nucleus. As this was clearly not happening in the universe we live in, it was assumed correctly that the model must be wrong.

Through the pioneering work of physicists such as Planck, Bohr and Schrödinger, a far more sophisticated model of the nature of the sub-atomic realm emerged and with it a number of counter-intuitive consequences that have caused confusion for the non-physicist ever since. One of the pioneers of quantum mechanics, Niels Bohr, even went so far as to say that, ‘Anyone who is not shocked by quantum theory has not understood it.’

The problems really began in 1927 when Werner Heisenberg showed that there are limits placed upon the accuracy to which pairs of physical quantities can be measured. For example, if we try to measure the position and the momentum of a sub-atomic particle, the very act of measuring these quantities disturbs the particle so much that they cannot be said to have a known position and a known momentum at the same time. We can only assign fuzzy values for the two factors. This fuzziness is described by the wave function – meaning a description based entirely upon probabilities.

Now, at first glance this might seem like a trivial matter – so what if sub-atomic particles cannot be pinpointed to an exact location? But actually this is the most important concept in quantum mechanics and lies at the root of all the problems it presents for the layperson. It is also the very reason why quantum mechanics could offer the ability to build a time machine.

If we cannot define the universe at the most fundamental level, then it must mean the universe is constructed upon probabilities. There can be no certainty, no clear-cut definitions, no pure ‘yeses’ or ‘nos’. From this spring some very strange quantum-mechanical ideas. We will consider many of them later, but for the time-travel enthusiast the most important is the fact that the universe can only be studied on a statistical level; if we probe too deeply, or try to single out individual particle transactions, we end up with nonsensical results. An alternative way to consider this is to say that the universe really only demonstrates an apparently logical framework if viewed holistically. Taking this a step further, Heisenberg himself suggested that the fuzziness of the quantum world could mean the traditional notion that effect must always follow cause might break down.

One of the consequences of this is that, given the right conditions, matter may literally ‘pop out of thin air’. More specifically, according to quantum theory, it is possible to create what are called ‘virtual particles’ which exist only fleetingly. These are pairs of particles formed for extremely short periods of time (around 10-44 seconds, that is, a 1 with 44 zeros behind the decimal point). They do this by ‘borrowing’ energy from space, then annihilating each other and giving back the energy very, very quickly, so they never break the conservation laws of the universe.

This concept was exploited in a theory created by the Dutch physicist Hendrik Casimir in 1948. The ‘Casimir effect’ he described as a consequence of this theory is based upon what at first glance appears to be a simple scenario. Casimir suggested that if two metal plates are placed very close together and all the particles removed from the space they contain, what is known as a ‘quantum vacuum’ can be created. Because of Heisenberg’s uncertainty principle, over a period of time virtual particles should appear in the ‘vacuum’. These, the mathematics of quantum mechanics show, possess negative energy. Which, as we saw earlier, are precisely the sort of particles needed to open up a wormhole.

This sounds promising, but as with the other theories discussed in this chapter, the practical application of Casimir’s ideas is riven with problems. The Casimir effect has been demonstrated on a miniature scale in the laboratory, but to produce enough matter with negative energy to create a workable time machine would require vast plates, some hundreds of square miles in size, which must be kept no further apart than the width of a few atoms. But in reality, it is almost impossible to produce plates of such a size, and even if this was practical it would require extraordinary technologies to make them without faults and to bring them so uniformly close together.

The use of wormholes and exotic matter with negative mass is one theoretical route to the creation of a time machine, but scientists have speculated upon other methods that in certain respects might offer at least as much hope.

The best alternative method still involves black holes and relativity, but it doesn’t rely upon the possibility of wormholes.

The first mathematician to seriously speculate upon the possibility of time travel using the equations of relativity theory was Kurt Godel, a friend and colleague of Einstein’s at the Institute for Advanced Study, Princeton, in 1949. Fourteen years later, a New Zealander, Doctor Roy Kerr, published a paper speculating upon the idea of a time machine using the theory of relativity as applied to black holes. At the time, black holes were still unchristened (that honour fell to John Wheeler in 1967) but Kerr knew such objects were feasible in principle and employed the fact that time is affected by velocity and gravitational fields to demonstrate a theory of time travel. By an amusing coincidence, his paper was published on the eve of the first episode of Doctor Who in November 1963.*

Kerr’s theory suggested that if a time machine was fired at a black hole and made to skim the edge of the gravitational well without being sucked in, time would travel far slower for the occupants of the machine. Meanwhile, the events in the world outside would be whizzing by. If the machine then travelled back to a point beyond the black hole they would find themselves in the future.

A decade later, the
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