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Prologue

WHEN I WAS SIXTEEN, I CHANCED UPON A BRIEF HISTORY of Time by Stephen Hawking. I hadn’t been actively looking for the book, nor was I then particularly interested in natural sciences. But something about the book must have spontaneously caught my attention. I began reading the first chapter there and then in the bookshop, though I didn’t yet have enough money to buy the book. It was only after a few more visits, during which I read another two chapters, that I actually took it home with me (after paying for it, of course) and read it through to the end in one sitting.

I have to confess that I only understood a fraction of the book’s contents, something I probably have in common with most other readers. What I did immediately grasp, however, was that there was a fascinating universe out there, full of things that lay outside the scope of our normal understanding. Things like black holes, for example, out of which no information can escape and in which, nevertheless, are quite possibly concealed the answers to many of the Big Questions. The question about the beginning of the cosmos and its end, or the question about the nature of time. And the ultimate question itself: Why is there something and not nothing? The thing that impressed me most about the book, however, was something that seemed almost unfathomable at the time—the fact that such questions could be investigated by scientists.
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It was only by reading Hawking’s classic that I realized that the universe in its entirety is a research object for modern natural sciences and that there are physical theories and mathematical equations that are concerned with its formation, its characteristics, and its development. And even though I had no thought of understanding these theories and equations, I was gripped by the idea that it was possible to do so.

Reading A Brief History of Time was what made me decide to study astronomy. My lack of success in math at school made no difference—I knew that what my teacher taught me (in a rather poor and inadequate manner, as I now realize) was not what really mattered. In the math lessons, we only learned about calculating, which was boring. As a result, I didn’t really make much of an effort. What I later learned during my astronomy studies at university, however, was not school mathematics—it was the language in which nature reveals itself to us; the language through which the mysteries of the universe can be understood; the language which Stephen Hawking used when he set out in search of the answers to all the big questions.

As it happened, I ended up not specializing in cosmology (the scientific study of the universe as a whole) and devoted myself instead to the motion of asteroids, planets, and other heavenly bodies. My scientific work was never anywhere near as intensely involved with black holes, the Big Bang, and the fundamental natural laws as Stephen Hawking’s. But I did learn from him how fascinating the universe can be—and how wonderful it is to share this fascination with other people.

Few other scientists have succeeded like Stephen Hawking in making the beauty of the cosmos accessible to the wider public. For the whole of his scientific career, he didn’t merely strive to find answers to humanity’s big questions—above all, he also spoke about his work in such a way that as many people as possible could share in his findings. It makes little difference that the (mathematical) details of his research can scarcely be presented in an easy-to-follow manner and are barely comprehensible even after years of study. The physics genius with his futuristic wheelchair and penetrating, computerized voice knew better than anyone how to pass on the joy, fascination, and satisfaction that come from the study of the universe.

The discoveries I have made in my scientific career are not nearly as significant as those made by Stephen Hawking. But I too am completely convinced that it is important and, above all, extremely rewarding to share the findings of science with as wide an audience as possible. When I attempt in the following pages to make the most important results of Hawking’s work understandable, therefore, I do so in the hope that they will continue to inspire as many people as possible to concern themselves with the big questions—and with natural sciences, the discipline that sets out in search of the answers to these questions.

I don’t know how my life would have turned out if I hadn’t chanced upon A Brief History of Time back then. But it is a source of great joy to me that Stephen Hawking’s thoughts reached me at the right time and that I was able to get to know his cosmos.







CHAPTER ONE
Singularities


The Beginning of the Universe

STEPHEN HAWKING STARTED HIS SCIENTIFIC CAREER with the ultimate beginning: the question of the genesis of the universe. Philosophers and theologians had concerned themselves with this matter for centuries, but in the twentieth century, the natural sciences also began to investigate the origin of the cosmos. It was above all Albert Einstein with his general theory of relativity who provided a tool that allowed the universe to be studied in its entirety, a tool that countless scientists would go on to use—including the young Stephen Hawking.

On October 18, 1966, the year when Hawking finished his doctoral studies at the University of Cambridge, he published an article titled “The Occurrence of Singularities in Cosmology,” which was about the universe’s past and the issue of “singularities.” The latter term is closely linked to Einstein’s space-time, one of the great thinker’s many major achievements and something that still occupies scientists today. Before Einstein, people had kept to what Isaac Newton had had to say on the matter: space was space, and time was time.
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The one was independent of the other—time was absolute and passed for all of us at the same rate. Time and space were the stage on which every single event in the universe was played out. Einstein, however, did away completely with this idea and demonstrated that the three dimensions of space and the single dimension of time are inextricably connected in the form of a four-dimensional space-time. Since Einstein, we have been aware that how space appears to us, and how we perceive time, depends on how quickly we are moving. In other words, time and space are not absolute terms but rather appear different to each observer. Einstein turned Newton’s stage for the laws of nature into a physical entity: space-time is itself subject to physics—it has characteristics and can change. Above all, it can be shaped: mass and energy warp time and space, and we perceive the varying strength of this distortion as a difference in the strength of the gravitational pull.

All of that is confusing enough. When scientists took a more detailed look at Einstein’s equations, however, the whole thing became even more complicated, for they came across singularities. They only began to understand these when they investigated the development of stars. These huge balls of hot gases have nuclear fusion taking place inside them. The energy thus released is emitted outward and pushes against the stars’ matter.

This radiation pressure acts against the force of gravity, since the star actually keeps trying to collapse in on itself under its own weight. But when, at the end of its life, a star can no longer carry out nuclear fusion due to a lack of matter, the pressure is removed. Now, gravity gains the upper hand, the star collapses in on itself and becomes ever smaller, with the matter of which it consists pressed more and more densely together. This collapse can be stopped when the atoms are closely packed and the star’s gravitational pull is no longer sufficient to press them any closer together. If the star is sufficiently high-mass, however, there is no known force that can stop the collapse. The equations of the theory of relativity show that the star becomes ever smaller and denser, until its entire matter is finally united in a single, tiny point. The space-
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time around the dying star is increasingly warped during this collapse—until a point when this distortion and the star’s density are infinitely great and the star itself is infinitesimally small. This state, in which physical dimensions become infinite, is called a “singularity.”
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If a star dies as just described, we refer to it as a “black hole,” but we are not in a position to follow its development to when it ends up as a singularity. Why not? Well, it’s because no more information about this end can reach us—when space-time becomes increasingly warped during the star’s collapse, this results in an ever-increasing gravitational pull. The stronger an object’s gravitational pull, the more energy is needed to distance oneself from the object, or the faster one must be. Take the Earth, for example—to escape its gravitational pull for good, you have to move at a speed of at least 11.2 kilometers per second. The greater the curvature of space, the greater this “escape velocity” is. With a collapsing star, a point will be reached when the velocity required equates to the speed of light, meaning it would be necessary to move quicker than light to escape the gravitational pull—and that’s impossible. This limit is referred to as the “event horizon” and defines what we perceive from outside as a black hole. Up until the event horizon, it is possible to approach a black hole (and, if you’re quick enough—that is to say, goddamn quick—to get away again), but beyond the event horizon you have no hope. This is why everything behind the event horizon is invisible to us outside. Nothing can escape from there, and therefore we do not know what is actually behind it. Relativity theory states that the star behind the event horizon continues to collapse, until it ends up as a singularity.

Nevertheless, the event horizon is in actual fact not nearly as mysterious as it sounds in theory. You cannot see it—it is not a real point in space, not a physical barrier. If you were to approach a true black hole, you wouldn’t notice anything special when you crossed the event horizon. It’s only when you wanted to leave again that you would have a problem. Or when you came across the singularity itself.
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