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The Beam of Light Moving Through the Misty Cloud Reached Zero Miles Per Hour. Its Information Flow Had Ceased Completely. Time Had Been Stopped.



Stop time and it is no longer impossible to imagine traveling through the frozen temporal landscape. Will past and future spread all around us like a foreign country waiting to be explored? Could we dream of finding the right vehicle and a road map that would plot a course into its midst—perhaps a course taking us into the past or the future?

A ray of light had been stopped dead in a laboratory and along with it any doubt that we could smash the last great frontier. The time barrier was within our grasp and waiting to be broken.
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Preface

The Day that Time

Stood Still




The morning dawned like any other, but this was not an ordinary day. A science experiment had begun that was about to change the face of physics. It might ultimately change the entire world.

The experiment grew out of an idea first imagined seventy years earlier by two giants of science—Albert Einstein, who may go down in history as the father of time travel, and Indian scientist Satyendra Bose, after whom we name the boson, a particle that plays a key role in the construction of matter. Their brilliant suggestion was so advanced that it could not be tested at the time, as the technology needed to do so was not available. Not until the end of the second millennium would the means become available to a new generation of researchers.

The breakthrough experiment that took place that day created a Bose-Einstein condensate, a substance that is named in honor of the two men. This odd substance resembles a super atom with millions of particles smeared into one huge cloud of gas. What emerges has an undefined size and shape that’s quite unlike other more mundane elements.

Einstein and Bose thought of creating such a condensate after a close study of a theory proposed by a colleague, Werner Heisenberg, a flawed genius who investigated subatomic space and came close to building an atom bomb for Adolf Hitler. Heisenberg proved that at the microscopic scale only one property could be precisely defined at any time. We might accurately measure momentum (a product of mass and velocity) or correctly gauge the position of particles—but we cannot completely measure both of these things together. The better we define one property, the less certain must be our knowledge of the other. All physical measurement is irretrievably shrouded in confusion thanks to this discovery. We have had to accept that there are limits to what we can know—not just for today or tomorrow, but probably forever.

Physicists eventually acknowledged this “uncertainty” principle of Heisenberg’s, but Bose and Einstein spotted that it provided a fascinating opportunity. If you freeze atoms down to the coldest theoretical temperature—called absolute zero—all motion stops and the particles making up the atom will have no velocity. This means that momentum must also now be zero, because whatever the mass, when multiplied by zero velocity, it’s bound to equal nothing. But if we know momentum exactly (even if it is zero), then, according to Heisenberg, we cannot know anything about location. In other words, when frozen to such bitter coldness a cloudy smudge of particles with no defined shape ought to form. This would be the condensate.1

In February 1999, Lene Vestergaard Hau, a Danish scientist working at the Rowland Institute at Harvard, successfully created a Bose-Einstein condensate and shone light rays through the resulting vapor. The misty cloud behaved precisely as Einstein and Bose had predicted seventy-three years before, and that behavior was as remarkable as the two great scientists had anticipated. Its effect on light was so curious that the script for this experiment ought to have been directed by Steven Spielberg.

As the light beam passed through the cloud, its speed started to fall from the familiar 186,000 miles per second in space to an amazing 38 miles per hour as it crawled through the mist. Rays of light normally move so fast that our senses cannot see their motion, though they do get impeded slightly as they pass through solids or gases. This itself is not odd. What was extraordinary was that these light rays were no longer fast enough to circle the Earth in less than a second. They were traveling very slowly, and it was possible to imagine catching up with them. But what would happen to something that catches light? This question, which was once in the realms of science fiction, was all of a sudden quite real.

As Hau’s team worked to improve their method, Ronald Walsworth and Mikhail Lukin of the Harvard-Smithsonian Center for Astrophysics made successful modifications to the experiment. In January 2001, after creating another cloud of condensate, they shone two beams of light through it. These interfered with the particle waves inside the smudge, just as two stones dropped into a pond will form separate ripples. The ripples then spread out across the water and when they meet, change the wave patterns of one another.

Inside the mist of condensate the transmitted light beam moved ever more slowly—just as Hau had shown that it would. But the second beam—a laser—was the key to what happened next. The team ensured that its frequency was slightly different from that of the first light beam, allowing manipulation of the interference pattern from the interacting ripples. This caused the light rays to slow beyond the levels that Hau achieved. The results were unprecedented.

Slowing light from its normal very fast speed might seem to be of mere technical interest. But it’s actually quite significant. Light conveys the flow of information that defines all human experience. What we see, know, or understand about the world comes from the data brought into our senses on light rays and similar waves of energy. Light, quite literally, creates time as we experience it from moment to moment. Find a way to alter light’s motion and you begin to defeat the time barrier.

In the Harvard-Smithsonian experiment one of the two beams shining through the condensate acted as a flashlight to illuminate the mist—making it transparent. The second light beam could then be observed wending its way through the freezing vapor—describing a path just like any ordinary ray of light might do when entering a room through a gap in the curtains. But this light ray was moving incredibly slowly.

Light speed, once thought to be infinite and untouchable by scientists, was now being tamed by human intervention. And in that moment a new realm of possibilities opened up—including the keys to a time machine. Science thrives on the challenge of any environment, conquering air and space in this way, but until now the persistence of light speed seemed to deny any realistic hope of traveling through time. Since we all experience essentially the same progression from past into future as a steady rate, there was no obvious way to try to power through the temporal medium either faster or more slowly. Yet the Harvard-Smithsonian experiment proved that light speed could be manipulated and brought down to a level where you might beat it in a race. And anything that runs faster than light takes the first step towards traveling through time.

When Walsworth and Lukin analyzed their results, they saw that the speed of the light passing through the condensate had surpassed the record set by Hau, which she had wryly noted could be outstripped by a good rider on a bicycle. In their experiment, the speed of light through the cloud had become virtually imperceptible, and a moment approached with awesome implications. The beam of light moving through this misty cloud reached zero miles per hour. Its information flow had ceased completely. Time had been stopped.

If you stop the flow of light conveying information, then its data transfer will stand still—because no news regarding past or future will be carried any further along its course. Stop time and it is no longer impossible to imagine traveling through the frozen temporal landscape. Will past and future spread all around us like a foreign country waiting to be explored? Could we dream of finding the right vehicle and a road map that would plot a course into its midst—perhaps a course taking us into the past or the future?

A ray of light had been stopped dead in a laboratory and along with it any doubt that we could smash the last great frontier. The time barrier was within our grasp and waiting to be broken.2








Introduction

The Race




In September 2003, General Wesley Clark made an unsuccessful bid for the Democratic candidature of the United States presidency and in the process addressed a group of New Hampshire voters with a very strange rallying cry. Clark suggested that humanity should aspire to travel faster than light and that this goal could form the catalyst for a dramatic new race between competing cultures. The ultimate success of this mission would allow voyages between the stars. He may not have realized that it would also do something else much more dramatic.

Some media sources smartly interpreted these words as a suggestion that the United States government should fund a search for time travel—although Clark did not specifically argue for that. Weird as it seems, such a conclusion was not illogical because—from our understanding of physics—if you travel faster than light, then you can overtake the flow of events that light happens to transmit. Since the passage of these events forms what we interpret as time, then by traveling faster than light you ought to travel through time. Spaceships that outstrip light speed are always going to moonlight as time machines.

In suggesting a race of this sort Clark was echoing the wonderful speeches made by John F. Kennedy in the early 1960s concerning space travel. Clark saw his twenty-first-century quest as a uniting force, not a political battle. Even with the inevitable element of competition it would give mankind a purpose that could benefit all, with countless possible spin-off advantages. While it may, or may not, be technically possible to beat the huge velocity of light in space, we should make the effort, the general concluded.3 Ironically, he likely did not know that we had already succeeded in making light stop dead inside a misty condensate.

Clark also probably did not know that a race to build a time machine has been going on since at least the Second World War. This new endeavor differs from the space-race, because there is not the same degree of national competition, although science can thrive on rivalry between researchers who aim for the same goal. The primary battle in the “time race” is between conflicting scientific theories and pits those who would challenge the frontiers of nature against those terrified that by doing so we might upset the balance of the cosmos. This race may be the greatest scientific enterprise in history and offers the prospect of great riches to whoever wins and, no doubt, will bring massive benefit to the nation that sponsors this research. It will touch the lives of everyone on Earth.

The time race has involved scientists from all over the planet, as well as the occasional maverick inventor keen to scoop the prize. Each one has attempted to produce a device that will carry a human being into the past or the future, or possibly do both. Some feel we may have to settle for less direct methods of time travel that do not involve human chrononauts (a word derived from Chronos—the ancient god of time—and used for would-be time travelers). Others do not see the need to impose any such restrictions. Either way, the battle lines have been drawn and the competition has gained enormous momentum in the past few years, to the point that many former skeptics now admit that the time barrier is ready to be shattered.

This book will tell the story of how science has wrestled with understanding the nature of time and how this has inspired the hunt for a time travel device. The story is sometimes strange, sometimes surprising. But all of it is true.

The concept of a time machine has now thoroughly infused popular culture. Movies, science articles, and novels—such as Audrey Niffenegger’s romantic tale The Time Traveler’s Wife—that treat the subject seriously are everywhere. In Britain, BBC (British Broadcasting Corporation) television brought back its long-running time traveling hero Doctor Who for a multimillion-dollar series because of growing demand. The theme has captivated the public imagination like never before. Many sense that the day of the time traveler has arrived.

In telling this history of the time machine, I will explain why this fascination has intensified and will reveal the current state of this ongoing race. How close are we to achieving this extraordinary possibility? What will we be able to do with time travel if and when we succeed in making it happen? How seriously should we take the claims of those who say that they have already broken the time barrier? Will we ever be able to have a time machine for personal use alongside the family car?

The race to conquer time has spanned several hundred years, but it is only since Einstein that there has been any legitimacy to the science behind the efforts to time travel. Until then, and in many ways long afterwards, it was widely considered the province of crackpots to talk about constructing a time machine. These days it is the subject of erudite discussions in physics journals and research grants allowing genuine experiments to be conducted at prestigious institutes. There is excitement in the air around many a university campus, and that causes scientists to believe that this amazing concept is now within our grasp.

This optimism is not universal, however. There are plenty of scientists who abhor the whole issue of time travel. To them it is their worst nightmare—and they are not just being melodramatic. Time travel brings massive problems that threaten to blow huge holes in cherished theories and long-standing concepts about how the world works. The traditionalists are not letting go without a fight. So, those in the race to build a time machine face an insidious enemy from within, adding to the inevitable guffaws from less understanding outsiders who see their work as the products of cranks. Some of their colleagues are determined to prove that time travel cannot be possible and will stop at nothing to outlaw what to them are absurd ideas and nonsensical experiments.

Physicists are not horrified by time travel just because it is the product of a lively imagination. It may fill endless episodes of assorted adventure TV series, but time travel has a solid foundation in what we know about the physics of the universe—and that is the whole problem. It is more and more apparent that the laws of physics are designed to facilitate time travel, not to deny it, and many scientists are worried about that fact because it challenges the very fabric of the universe.

If the concept of time travel were merely speculation then it would be of little importance to mainstream research. Science is not easily persuaded by extreme ideas, and scientists know the distinction between the romantic dream and the practical reality that offers a prospect of technological pay dirt. However, time travel is not just a dream and the pay dirt on offer seems to be quite real.

For the past century the idea has been gradually transformed from the wide-eyed visions of Victorian novelists into serious laboratory experiments that are seeking to make it happen. The charming fiction of H. G. Wells, who first wrote about a time machine piloted by a daring hero back in 1895, has morphed into fevered debates between world-renowned researchers arguing over how it can be made to work.

The United States landed on the moon after a space race stimulated by the tensions of the Cold War. It benefited the economies of both the United States and the USSR by creating tens of thousands of jobs and inspiring many products that we use in our daily lives, such as medical techniques that could only be developed in the zero gravity of space. A Nobel Prize may be more than enough to persuade many of the would-be chrononauts to keep on trying to win this new race, as most of the cultural battle lines have disappeared with the breakup of the USSR. Even so, national pride is likely to play some part in fueling an event of this magnitude. Indeed, as this story unfolds, the breakthrough experiments, theories, and bold plans to travel through time have spanned the globe, putting one nation ahead and then another in this fascinating contest. While the United States has sponsored many of the most dramatic developments in the past few years, the first claims of major success are coming from an unexpected source—an old enemy, in fact—perhaps eager to secure this chance for a place in history. Meanwhile, there are independents constructing their own prototype time machines who have their own, sometimes deeply personal, agendas.

Indeed, the history of human ingenuity, from the discovery of fire to today’s remarkable feats of genetic engineering, is just a series of steps along that same path to enlightenment. We are strengthened by our desire to do the impossible, not defeated by the thought of its many difficulties. But time travel is of a wholly different order to the journey that led to the modern computer by way of the abacus and calculator. It is important to try to understand why this difference in scale exists and why it is so shocking to science.

The problem is that time travel should not be able to happen, according to the classical way of viewing the universe. By all logic, as the nature of reality has been understood across centuries of enlightenment, traveling through time should be absurd. Yet modern physics, in ways that experiments are proving day after day, shouts loud and clear that time travel is not only possible, it happens all around us as part of nature.

It is no surprise that many physicists are having bad dreams about hordes of time travelers traversing the byways of the universe, nor to learn that scientists have split into warring factions regarding the awesome implications of this field.

On one side we see those who suggest that, since modern physics says that time travel ought to be possible, then there must be something wrong with modern physics. Or, more correctly, that there must be something incomplete about our understanding of this subject that makes time travel seem to happen when it surely cannot. The renowned Cambridge don, Professor Stephen Hawking, was one of the first to take this stance (although—like many—he has moderated his views in the past few years). He began by arguing that there must be an as yet undiscovered rule within the workings of the cosmos that will deny time travel—a restricting force to prevent this travesty from wrecking the status quo. Nobody knows what this rule might be, and in truth his suggestion is little more than a cry for help! Nonetheless there is a search for his theoretical “impossibility” mechanism that is galvanized by the desire of the skeptics to find it, although at the same time it’s complicated by the fact that nobody knows if it is really out there to be found.4

There is also now a growing band of physicists who have adopted the bolder perspective. They argue that, since our modern views about science seem to show that time travel can occur, then let us stop worrying about why we find this outcome horrifying and get on with trying to develop a practical method of traveling through time. They are by no means the first to make attempts to build a time machine. For over a century eccentric inventors have been trying. But the new band of physicists is the first with a real chance of success.

So why is time travel still regarded as being absurd by so many more cautious commentators? It has all to do with the question of the temporal paradox, and the best way to illustrate such mind-bending riddles is with an example. Let us consider two hypothetical brothers, both scientists who are determined to perfect a time machine. We will call them Professor Fred Cleverman and his brother Ed. Their exploits will dramatically illuminate the problems.

Being a romantic soul Fred, as the first to succeed, decides to use his machine to travel back fifty years to secretly observe his own parents on the night they fell in love. He hovers out of sight in his floating time machine (time machines would have to fly to avoid materializing inside an object in their path in the past). As he observes the youthful couple who will become his parents, they seem to be getting rather amorous. So Fred starts to blush and tries to press the reverse lever to back away before one thing leads to another. Unfortunately, as this is a new machine and he is not familiar with the controls, he presses the accelerator in error and promptly speeds his machine forward onto the roof of his parents’ Chevy.

Fred survives the impact because twenty-first-century materials are tough. But the fate of the 1950s motor vehicle is not so happy. It is crushed, tragically along with its occupants. Professor Fred looks down in horror at what he has done and prepares to fly away, back to the future, knowing that in his enthusiasm he has just killed his own mother and father before they can start to conceive him.

There is no problem here, you might think. All Fred needs to do is go back in time to a period just a few minutes earlier, hover alongside his own machine as soon as it arrives in the past and warn it off before the accelerator is pressed. But sadly, when you think this through, it quickly becomes evident that this cannot work and we discover why we call such an event a paradox.

Professor Cleverman cannot go back to warn himself for one very simple reason. The moment that he squashes his parents, they cannot survive to be his parents. As such he is never born, does not invent a time machine, and cannot have flown back and accidentally killed them in the first place.

So is Fred born or not born? Does he travel back in time or not? Does he kill, or not kill, his parents? These are the migraine-inducing questions that you face when confronted by a temporal paradox. There is no answer to these questions because the whole experience is a minefield of logical impossibilities. If they die, he is never born, so does not go back and they do not die. If they live, he is born, does go back, and they die as a result. It’s no wonder physicists are having nightmares!

Yet, however confusing are the adventures of the hapless Fred Cleverman, the story of his brother, Ed, is even more disturbing. As a boy, he hit upon his idea while reading through obscure texts about temporal physics in a local science journal. Nothing more was heard about the theories or their author, but they inspired young Ed to build a time machine following decades of effort.

Unsurprisingly, his first time trip was to meet the unknown scientist who wrote the thesis that proved so inspirational in order to reveal that his theories would one day be vindicated. Unfortunately, there turns out to be a problem. Ed gets back to the 1960s, very discreetly, of course, since openly proclaiming yourself a time traveler is like asking for a ticket to the funny farm. Once there he discovers that the article is not in the files of the science publication although Ed knows it should be in their very next issue. What is worse, nobody has heard of the man who has written it.

Ed now faces a huge dilemma because, if the article never appears, he can never have read it and thus gone on, thanks to its ideas, to build a real time machine. He, therefore, could not be back in the past searching for the article or its author as he was now doing. Afraid that he might be about to disappear into a vortex of nothingness—he saw it happen once on an episode of Star Trek—Ed hits upon a bold plan. He writes the article himself, since he has memorized it word for word, and submits it to the publication using the name of the apparently nonexistent scientist whom he had always held up as his hero and mentor. The article appears and Ed goes home to the future sure that all is well with the universe.

Except that all is far from well, because what has just happened is a serious breach of the rules of nature. By attempting to cleverly defeat the paradox he faced, Professor Ed Cleverman has shattered what physics calls the law of “cause and effect”—a near sacred tenet that argues quite simply that an event is always preceded by the cause that makes it happen. A moment’s thought will show why.

You pull the trigger and then fire a gun. A bullet does not pop out of the barrel followed by your decision to pull the trigger because you have seen it emerge. You strike a bell and the bell rings. You do not hear a bell sound and then realize that you had better strike it in order to make that event actually happen. What if the person next to the bell chooses not to strike it? By all common sense the bell, of course, would not ring. But it has just rung. So it would appear that again there is a paradox, meaning that you must strike the bell in order to ensure that the universe remains in order. But then every tiny event would be predestined and there could be no free will, when experience tells us that there self-evidently is.

This is a very simplistic demonstration of cause and effect. In reality there are detailed mathematical rules that cover it, but they all say much the same thing: You cannot have an outcome that precedes the cause that made it happen.5

Ed Cleverman may believe that he has put things right by ensuring the existence of the building of his time machine. Indeed, he has rather ingeniously looped back on himself to make the effect become its own cause. But in doing so Ed has solved one paradox by creating another—the production of an impossible series of events. It seems ludicrous to be able to reinvent the past by using knowledge from the future. Otherwise where does such a paradox end? This idea has been the basis for countless inventive novels and on its own seems enough to make time travel nonsensical.

When faced with the twin tales of horror that Ed and Fred Cleverman reveal to the physicist, there is only one seemingly sensible route to follow. That route is precisely where most scientists have fled—in arguing that in order to prevent these insane outcomes from twisting the fabric of the universe then time travel must be impossible, whatever physics currently says. If you have millions of time travelers creating paradoxes like these then the nature of reality would be in chaos. Time meddlers would be everywhere.

Unfortunately, modern physics presents us with its own version of the paradox by showing that, however odd these bizarre repercussions seem, the mechanism to create such chaos does genuinely exist within the laws of nature. Our modern knowledge of how the universe works not only supports time travel, it illuminates the path towards allowing both of these outrageous consequences stemming from it.

Of course, scientists, when faced with this sort of dilemma, have two options—just as any human being does. They can face the issue head-on (seeking to discover how time travel might work and, hopefully, eliminate the paradoxes while deciphering its nature) or they can run and hide. In a sense those who say that science must be wrong if it allows for time machines adopt the more defensive standpoint.

This book will follow the ideas and experiments of science throughout the past one hundred years that have led us towards a conclusion of this ongoing debate. The twists and turns will seem like a plot from a Hollywood movie, as grand theories emerge, are vindicated, are shot down in flames, and other ideas emerge from their ashes. Yet, even if the weird consequences that emerge look like fiction, the race to build a time machine is straight out of science fact.

That’s not to say that fiction—particularly science fiction—doesn’t have a role. It very much does. Many modern writers of time travel stories are working scientists who use drama as a way to test bed their ideas. There is a subtle interaction between the factual experiments and the fictional tales that ponder the results. This has gradually brought the race ever nearer to its stunning conclusion. For we are close—very close—to commissioning that first time machine.








Pre-1895

The Dawn of Time




To run any race you must know the course. To build a time machine you need to know what time is, just as you cannot fly without knowing the nature of air and aerodynamics. But understanding time is easier said than done.

A celebrated Zen riddle asks, when a tree falls in the forest and nobody is around, does it make a sound? This riddle can probably be applied to time. Would there be such a thing as minutes or years if no human beings could experience their passage?

This seems to be a very odd suggestion, but the nature of time is very strange. Indeed, it is a real puzzle for science. It forms an inescapable part of our lives yet cannot easily be defined. It has fascinated mankind since we first learned to communicate, but there have been no clear answers about its nature. Indeed, some great minds have argued that its measurement is purely a human invention.

Greek philosopher Zeno showed the problem when he tried to define a small unit of distance. To catch a tardy tortoise you can easily run twice as fast and halve the distance between you and the animal in a set period of time. But if you keep on halving the distance that gap will never equal zero, because half of something is always going to be a finite number, however small. But if there is always a gap between you and the tortoise it is impossible to ever catch up with it—a conclusion that we know to be absurd by practical experience, even if we have never actually chased a tortoise. A faster runner will always catch a slower one, sooner or later.

Time is intimately involved in this discussion—since speed is a measure of distance traveled in a set time. So we can apply Zeno’s thinking and divide a second into smaller and smaller pieces. If we keep breaking down this gap, making the units half as long as the previous one, then there will always be a finite length for any moment that we can measure. But if that moment has any size at all, then part of it must be in what we think of as the past and part of it in the future because it will take time to pass any mark or point. We call this tiniest measurable moment “now” and say that it separates past from future. Yet how can it separate anything if parts of it lie simultaneously in both past and future?

Arguments still rage over the meaning of this curious riddle. Is it a fallacious argument—like the one concerning the tortoise? After all, it may look impossible to catch up with the animal but clearly we know that it is not, so the riddle is flawed in its execution. Others suggest that there may be something even more profound in this realization about time first made 2,500 years ago. Is the reason that we cannot clearly identify a moment that is neither past nor future a hint that past and future are a product of human imagination? Is the universe fundamentally timeless and is the distinction between past and future just an illusion brought about by our limited capacity to visualize the cosmos?

Virtually every human society that developed a culture has speculated in similarly bemused ways about the nature of time. The Greeks defined it as a measurement of intervals, which could be of long or short duration. As far back as 350 BC Aristotle had realized the implications of the Zeno paradox. But he had no better answer, and this choice to divide time into basic units, mirroring many mundane things that form a sequence, such as the human heartbeat, allowed for the creation of sundials, water clocks, and eventually mechanical clocks. We gained a feeling of mastery over time by recording it with increasing skill and so it came to be a powerful element in our lives.

St. Augustine, many centuries later, was a little bolder and dared to ask the question—what was God doing before He created the universe? If time was born along with the matter in the universe, as the Bible suggests, then was there any time before that instant, or is God somehow also to be considered timeless? Intriguingly, this question largely foresees modern scientific concerns about how the cosmos was first created—the subject of intense debate between physicists and astronomers.

There are two basic theories. One is the so-called Steady State idea that the universe has always existed in its present form, perhaps even made by God. British astrophysicist Fred Hoyle championed this theory though he also invented the name given to the rival theory—the Big Bang. He hoped that such a daft name would ridicule this alternative concept that says that everything in the universe emerged long ago from one single, tiny point that exploded outward and has gone on expanding across billions of years. But the Big Bang theory has gathered strong evidential support from modern science and is the widely accepted view today. Hoyle was proved wrong, but ironically, his name is attached to the theory that he so detested—the ultimate insult. Physics has had to conclude that time somehow began when the universe started to expand and before that instant there was neither matter nor time.

However, it was by no means clear to Renaissance thinkers that time emerged from the birth of the universe. Nor did they even accept that it was an essential requirement to make the laws of nature work. Indeed, the more that science began to comprehend these rules, the more it became aware that time, in our experience moving from the past into the future on a perpetual one-way journey, is not a prerequisite. In fact, virtually every law of physics seemed to work just as well if time flows backwards, moving from the future into the past. This realization enhanced suspicions that time might be a convenience of mind that made us see things as we do rather than a necessity of nature.5

Different societies have other concepts of time and it is a mistake to imagine that our modern Western perspective, dominated by timetables and cell phones, is the only way to see things. We have grown up with this one version of reality but there are other, equally valid interpretations. The dreamtime, for instance, is an aboriginal concept still widespread in native Australian culture. It could not be further removed from twenty-first-century thinking and is extremely difficult to even translate. But, in essence, it regards past, present, and future as coexisting in a timeless void or hidden dimension beyond the range of our normal perception. For that reason, in dreams and other states of consciousness where we lose touch with the normal sense of awareness, we enter what is in effect another reality where things that once were, still are, and where things that will someday be, have already become.6

Time spans the infinity of the cosmos and the tiniest moment that we can record. But it may not even exist. No wonder it is such a riddle. But it is important to follow the manner with which science has attempted to come to terms with time, piecing together its nature through a series of grand theories and experiments. For these are the stepping-stones upon which today’s plans to build a time machine are all based.

Throughout the Renaissance, as scientists began to understand the nature of the physical world, there was an uneasy truce between what mattered to most human beings and the things that interested physicists. Galileo and Newton showed that all the planets of the solar system, including the Earth, rotate around the sun in a wonderful cosmic ballet. Their paths could be mathematically defined, to the point that Newton even argued that God created the universe as a vast clockwork machine that allowed everything that would ever happen to be mapped out into perpetuity. God had wound up the machinations of the cosmos and let it loose for mankind to discover its properties. By doing so we could make stunning calculations far into the future, because the speeds and times of the orbits of these planets could all be precisely delineated effectively forever.

It was these calculations that allowed NASA to work out how to send Apollo spacecraft to the moon, using sums that Newton could have easily done for them. The same rules allowed the rescue of fated mission, Apollo 13, sending it like a slingshot around the lunar surface and heading back to Earth thanks to the mathematics of the universe and its timeless precision.

However, as these findings seem to prove that ticking clocks were defined by the distant motion of bodies in space, science also found itself in open warfare. It battled religion, fearing that the mathematics of nature might replace the edicts of God. And it battled ordinary people who had always gauged time in simple ways—from observing the seasons, the growth of crops, and the calendars decreed by the church. Now scientists were saying that the only true way to measure time was to accurately describe how the Earth revolved around the sun and the exact time it took for our planet to rotate on its own axis. We had only ever been able to make guesses about such matters before and had inevitably miscalculated to some degree. Scientists wanted to put right those centuries-old mistakes and rearrange the timetable of our lives so that it was in balance with the motions of the universe.

In the 200 years leading up to the nineteenth century, ordinary folk were asked to rethink how they should now judge time. For centuries the year had been calculated as having 365 days plus one quarter of a day, hence the extra “leap year” day every four years, but this estimate based on the Earth’s orbit was only approximate. As time had passed the year had slipped out of phase with the way our planet truly moves around the sun, and did so a little bit more each year. So by papal edict in 1582 the error was corrected and 11 days were dropped from the calendar. Such was the opposition to meddling with time that this “Gregorian” Calendar found favor only after a long period and with some decidedly odd consequences.

For instance, the area surrounding the city of Strasbourg accepted the decree immediately and changed over in November 1583. But the city itself stuck to the old calendar for another ninety-nine years—meaning that when it was New Year’s Day in Strasbourg it was already the middle of January just a few miles away. The chaos that resulted is obvious, not to mention the apparent time traveling—by crossing the city line, you could walk “into the past.”7

In Britain workers protested that eleven days would be stolen from their earnings if they agreed to the plan imposed by Rome. Such “time riots,” as this clash between science and the masses was dubbed, shows just how much concern was being expressed by the ordinary, then generally uneducated, person about any attempt to play with our long accepted way of viewing time. They delayed the introduction of the correctly aligned calendar in the United Kingdom until 1752, almost two centuries after much of Europe.

The old ways of thinking about time have not entirely gone away. For instance, on the Isle of Man in the Irish Sea (the world’s oldest continuously operating parliamentary democracy) a ceremonial reading of laws to the public is still held at Tynwald Hill each year. It occurs on what would have been midsummer had those 11 days not been expunged two and a half centuries ago.8

A crucial moment in the understanding of time came with the ability to measure the speed of light—although, when this happened it was not apparent that there was even a speed to be measured.

It had long been assumed that all objects emit “rays”—which Newton suggested to be streams of particles—and that these traveled in straight lines to reach the eyes. Our eyes absorbed the rays and became “excited,” thus seeing the object. Because the process happened so swiftly it appeared to be instantaneous. We could detect no varying time lag between viewing our hand held in front of our face or the moon, which is very far out in space. So it was reasonable to assume that light traveled instantly.

Research by Isaac Newton in the late 1600s, using prisms to split light and unravel its makeup, led to the underlying truth. Light does indeed convey information to our eyes. It acts as the yardstick of all events, perhaps even the creator of our perception of time. How fast it moves is crucial, because this determines whether the past really is gone forever, as is widely assumed. If light flowed like a river, which was then the prevailing belief, then once you were swept past any point in your journey on the way upstream all you could do was keep on moving forward. But if light has a speed, like a current on a river, then perhaps you can find a way to travel downstream at a faster rate than the current and thereby return to a place that you have sailed past before. That other place would be the past.
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