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Preface

Over the past few years there has been an explosion in the number of books and
television programmes popularizing current scientific ideas and theories and making
them accessible to a wider audience. So is there any need for this, yet another book
on a subject that has received more attention than most: the nature of space and time
and the origin of our Universe? The other day, I was looking through the website of a
large Internet book club. Under the category of science and nature, I searched for all
books with the word ‘time’ in their title. I found 29! Of course, Stephen Hawking’s
Brief History of Time is the best known of these, but there were many others with
titles like About Time, The Birth of Time, The Edge of Time, The River of Time, and
so on. It seems that questioning the nature of time at a fundamental level is the ‘in’
topic at the moment. What was most surprising for me was to see that many of those
29 titles had been published since I began writing this book.

Established science writers such as Paul Davies, John Gribbin, and Richard Dawkins
were an inspiration to me as an undergraduate in the mid-1980s. But they were preach-
ing to the converted. At best, they were aimed at the ‘intelligent layperson’, whoever
that is supposed to be. My ambition has therefore been to write a book at a more basic
level, which would explain some of the ideas and theories of modern physics for any-
one to understand, provided of course that they are interested enough to pick up such
a book in the first place. I have also tried to make it a little more fun, aiming (probably
without much success) for a sort of Stephen Hawking-meets-Terry Pratchett.

Many scientists would argue that difficult subjects such as Einstein’s theories of
relativity can only be ‘dumbed down’ so much before reaching a level where the
explanations are no longer correct. I hate that term: dumbed down. It sounds so
patronizing. And while it is flattering to be considered by society to be more intel-
ligent than everyone else, scientists are just people who have spent many years being
trained to understand the relevant jargon, abstract concepts, and mathematical for-
mulae. The hard part is to translate these into words and ideas that someone without
their training can appreciate.

Because of the way this book developed, it has been written with a teenage audi-
ence in mind. However, it is aimed as well at anyone who finds its title fascinating
or intriguing. It does not matter if you have not picked up a science book since you
were fifteen.

So how did this book come about? Well, about three years ago, the then head
of my physics department at the University of Surrey, Bill Gelletly, suggested that

X1



xii  Preface

I should give, as one of a series of lectures to first year undergraduates covering a
range of general interest topics in modern physics, a lecture on ‘wormbholes’. Such a
topic is certainly not part of a traditional undergraduate degree course in physics. In
fact, fans of the TV series Star Trek: Deep Space Nine are probably better informed
about wormholes than your average physicist. Anyway, I thought it would be fun,
and proceeded to do some background reading in preparation for the lecture. On the
day, I was surprised to find in the audience many students not in the course, as well
as postdoctoral researchers and members of staff. There seemed to be something
magical about the title.

Each year, my department sends out a list of speakers from among its aca-
demic staff and lecture titles to local schools and colleges. This is mainly as
publicity for the department in the hope that these lectures might play a part in
our recruitment drive to attract new students. I offered my ‘wormholes’ talk as
one of these. Such was its success, I was asked by the Institute of Physics to be
the 1998 Schools Lecturer. This involved the substantially greater commitment
of having to travel around the country giving the lecture to 14—16-year-olds, with
audiences of several hundred at a time. And, having put a significant amount of
preparation into this performance, I found that I had accumulated far too much
fascinating material to cram into a one-hour lecture and decided to put it all down
in a book.

I have tried as much as possible to be up to date. In fact, when the manuscript
came back to me from the publishers for final corrections and changes, I had to com-
pletely revise the chapter on cosmology. Because of recent astronomical discoveries,
many of the ideas about the size and shape of the Universe had changed during the
few short months since I had written that chapter.

Jim Al-Khalili
Portsmouth, England, July 1999

About the second edition

It is now twelve years since this book was first published, so when its current publishers,
Taylor and Francis, asked me if I would like to make any changes or additions, I leapt
at the chance. After all, while we have not had another Einstein come along and change
the face of physics during the first decade of the new millennium, there have still been
a sufficient number of new ideas and discoveries to at least warrant lengthening some of
the chapters in this book. Most of the book remains exactly as it was, but I have taken
the liberty of bringing some of the stories (big) bang up to date.

Jim Al-Khalili
Portsmouth, England, May 2011
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Introduction

Exciting Times
“The time has come” the Walrus said,

“to talk of many things” . ..

Lewis Carroll
Through the Looking Glass

... of atoms, stars and galaxies,

and what a black hole means;

and whether Einstein’s space can bend
enough to construct time machines.

This book is meant for all those people—which is pretty much everyone I know—
who are curious about such exotic-sounding concepts as black holes, space warps,
the Big Bang, time travel, and parallel universes. In writing the book I have asked
myself whether complete non-experts can learn a little about some of the ideas of
modern physics without feeling the urge to check that their IQ is up to the task
before embarking.

The subject matter of the book has been covered elsewhere at many different
levels. At the very top is the advanced text or monograph for the practitioner in the
field. This is the sorcerer’s spell book, decipherable only by the privileged few. Then
comes the textbook aimed at the university physics student. It too contains some
spells, but nothing very powerful. Below that comes the top end of the popular sci-
ence market. Such books are aimed at the non-scientist in that they contain little or
no mathematics. However, they invariably appeal only to those who are either a)
other scientists or b) fans of such books already, who have invariably read similar
books on the subject.

So, when writing this book I have made every effort to cut out as much scientific
jargon as possible. Popular science writers are, on the whole, becoming highly adept
these days at explaining complex concepts using everyday words. But every now and
then we will let slip a ‘Jargonese’ word which to us is so obvious we forget that it
does not carry the same meaning for everyone.

Xvii



xviili  Introduction

Short or long ten minutes?

One summer, when I was about ten or eleven, I became fascinated with the concept
of time. Where did it come from? Did we invent it or has it always been around?
Does the future already exist somewhere? Is the past still being acted out? Deep
questions for a kid. But, before you mistake me for a child prodigy, let me share
with you what my idea of time travel was. I knew that on the other side of the
world, somewhere in the middle of the Pacific Ocean, was an invisible line run-
ning from the North Pole to the South Pole which divided the world into Today and
Yesterday! If a ship was anchored across this line, then on one end of the ship it
could be 9:00 on Tuesday morning and at the other end 10:00 on Monday morning.
Surely this was a clear example of time travel, just by walking a few yards along
the deck!

OK, I knew there was something fishy going on and I remember one evening my
father explaining to me that time zones around the world are only a human inven-
tion. For instance if it is decreed that at midnight in New York it is already 5:00 a.m.
in London, this is just our way of making sure that, as the Earth spins and differ-
ent countries face towards the sun, the hours of daylight are roughly the same for
everyone, if not at the same time. I followed all of this, sort of, but felt disappointed.
Surely there was more to the concept of ‘time’ than that, something more mysteri-
ous. I had this theory about time flowing at different rates depending on my mood.
Clocks definitely slowed down towards the end of school lessons and, as my birthday
approached, the weeks and days almost ground to a halt.

Now it is the turn of my own children to come to these conclusions. If I tell them
they have ten more minutes before they have to put their toys away, they are quite
serious when they ask whether it is a short, medium, or long ten minutes. Anyway,
who can argue against the simple observation that, for a child, time goes by very
slowly. One year is an extremely long time for five-year-olds since it makes up a fifth
of their life, but the older we get the faster the years seem to flash by: can you believe
it is Christmas again already! or, has it really been three years since I was last here?
and so on.

Deep down we feel we know that time flows at a steady rate. When asked how fast
time flows, the scientists’ usual glib response is to say that it is at a rate of one second
per second. In our culture we believe that, no matter how subjective we feel about the
passage of time, there is a cosmic clock that marks off the seconds, minutes, hours,
days, and years everywhere in the Universe relentlessly and inexorably and there is
nothing we can do to change it.

Or is there? Does such cosmic time really exist anyway? Modern physics has
shown that it doesn’t. Don’t worry, there is very strong evidence to support this. In
fact, before I go any further let me say that we now know with absolute certainty
that time travel to the future is possible. Scientists have successfully carried out
many experiments that have tested this and proven beyond any doubt that it is pos-
sible. If you are in any doubt about this amazing, maybe even startling, piece of
information then this is not due to any X-Files-type government cover-up but rather
because you have not done a course in special relativity. All will be revealed, I
hope, in this book.
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Common sense

It is probably fair to say that most people are not exactly on best buddy terms with
Einstein’s theories of relativity (yes, there are two of them). So I am never surprised by
the response I get when I tell my non-scientist friends that nothing can go faster than
light. ‘How do you know?’ they say. ‘Just because scientists haven’t found anything that
can go faster than light, that doesn’t mean that you won’t one day have to eat your words.
You should be more open minded to other possibilities that just may not have occurred to
you. Imagine showing a television to an isolated tribe in the deepest Amazon which has
never seen one before,” and so on. I am not in the least bothered by this response because
it is exactly the attitude I would like the reader of this book to have. Namely, being open
minded and having the ability to accept a new worldview even if it flies against every-
thing you thought you were sure about, or what you would call simple common sense.

Albert Einstein was once quoted as saying that common sense is just the preju-
dices we acquire by the age of eighteen. So, for the Amazonian tribe which has never
seen a television before, it would go against their common sense that such a box
could speak to them and show them a whole world inside it. (OK, I am assuming that
they have electricity there and a power point!) But I am sure you would agree that
after we had spent enough time with this tribe explaining radio waves and modern
electronics and all the other things that go into making a television work, then they
would grudgingly have to adjust their worldview so that this new information no
longer went against their common sense.

At the beginning of the twentieth century, several new scientific theories were
developed and proven to be, so far anyway, correct. Between them they are respon-
sible for almost the whole of modern science and technology. The fact that we have
digital watches, computers, televisions, microwaves, CD players, and just about
every other modern appliance is testimony to the fact that these theories are, if not
the whole story, pretty much true in the way they describe the world around us. The
theories in question are relativity and quantum mechanics. I should explain that a
successful theory is one which can predict what would happen under certain circum-
stances: If I do this, then according to my theory that will happen. If I carry out an
experiment and find that the theory’s predictions were correct, then this is evidence
in support of the theory. But a theory is not the same as a law.

The law of gravity says that all objects in the Universe are attracted to each other
by a force that depends on how massive they are and how far apart they are. This is
not open to doubt, and while we know that it needs to be modified when we are deal-
ing with extremely massive objects such as black holes, we trust it completely when
it comes to describing the way falling objects behave on Earth. However, a theory is
only good as long as a better one doesn’t come along and disprove it. We can never
prove a theory, only disprove it, and a successful theory is one that stands the test of
time. Contrary to the view of many non-scientists, most scientists would like nothing
better than to prove a scientific theory wrong, the more respectable the better. So,
since theories such as quantum mechanics and Einstein’s relativity have lasted for
most of this century despite the constant efforts of physicists to prove them wrong or
at least find loopholes and weaknesses, we have to admit that they are probably right,
or at least on the right track.



