


About the Book

Was there a beginning of time? Could time run backwards? Is the universe
infinite or does it have boundaries? These are just some of the questions
considered in an internationally acclaimed masterpiece by one of the
world’s greatest thinkers. It begins by reviewing the great theories of the
cosmos from Newton to Einstein, before delving into the secrets which still
lie at the heart of space and time, from the Big Bang to black holes, via
spiral galaxies and strong theory. To this day A Brief History of Time
remains a staple of the scientific canon, and its succinct and clear language
continues to introduce millions to the universe and its wonders.
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FOREWORD

I didn’t write a foreword to the original edition of A Brief History of Time.
That was done by Carl Sagan. Instead, I wrote a short piece titled
‘Acknowledgments’ in which I was advised to thank everyone. Some of the
foundations that had given me support weren’t too pleased to have been
mentioned, however, because it led to a great increase in applications.

I don’t think anyone, my publishers, my agent, or myself, expected the
book to do anything like as well as it did. It was in the London Sunday
Times bestseller list for 237 weeks, longer than any other book (apparently,
the Bible and Shakespeare aren’t counted). It has been translated into
something like forty languages and has sold about one copy for every 750
men, women, and children in the world. As Nathan Myhrvold of Microsoft
(a former post-doc of mine) remarked: I have sold more books on physics
than Madonna has on sex.

The success of A Brief History indicates that there is widespread interest
in the big questions like: where did we come from? And why is the universe
the way it is?

I have taken the opportunity to update the book and include new
theoretical and observational results obtained since the book was first
published (on April Fools’ Day, 1988). I have included a new chapter on
wormholes and time travel. Einstein’s General Theory of Relativity seems
to offer the possibility that we could create and maintain wormholes, little
tubes that connect different regions of space-time. If so, we might be able to
use them for rapid travel around the galaxy or travel back in time. Of
course, we have not seen anyone from the future (or have we?) but I discuss
a possible explanation for this.

I also describe the progress that has been made recently in finding
‘dualities’ or correspondences between apparently different theories of



physics. These correspondences are a strong indication that there is a
complete unified theory of physics, but they also suggest that it may not be
possible to express this theory in a single fundamental formulation. Instead,
we may have to use different reflections of the underlying theory in
different situations. It might be like our being unable to represent the
surface of the earth on a single map and having to use different maps in
different regions. This would be a revolution in our view of the unification
of the laws of science but it would not change the most important point: that
the universe is governed by a set of rational laws that we can discover and
understand.

On the observational side, by far the most important development has
been the measurement of fluctuations in the cosmic microwave background
radiation by COBE (the Cosmic Background Explorer satellite) and other
collaborations. These fluctuations are the fingerprints of creation, tiny
initial irregularities in the otherwise smooth and uniform early universe that
later grew into galaxies, stars, and all the structures we see around us. Their
form agrees with the predictions of the proposal that the universe has no
boundaries or edges in the imaginary time direction; but further
observations will be necessary to distinguish this proposal from other
possible explanations for the fluctuations in the background. However,
within a few years we should know whether we can believe that we live in a
universe that is completely self-contained and without beginning or end.

Stephen Hawking
Cambridge, May 1996



1

OUR PICTURE OF THE UNIVERSE

A WELL-KNOWN SCIENTIST (some say it was Bertrand Russell) once gave a
public lecture on astronomy. He described how the earth orbits around the
sun and how the sun, in turn, orbits around the center of a vast collection of
stars called our galaxy. At the end of the lecture, a little old lady at the back
of the room got up and said: ‘What you have told us is rubbish. The world
is really a flat plate supported on the back of a giant tortoise.’ The scientist
gave a superior smile before replying, ‘What is the tortoise standing on?’
‘You’re very clever, young man, very clever,’ said the old lady. ‘But it’s
turtles all the way down!’

Most people would find the picture of our universe as an infinite tower of
tortoises rather ridiculous, but why do we think we know better? What do
we know about the universe, and how do we know it? Where did the
universe come from, and where is it going? Did the universe have a
beginning, and if so, what happened before then? What is the nature of
time? Will it ever come to an end? Can we go back in time? Recent
breakthroughs in physics, made possible in part by fantastic new
technologies, suggest answers to some of these longstanding questions.
Someday these answers may seem as obvious to us as the earth orbiting the
sun – or perhaps as ridiculous as a tower of tortoises. Only time (whatever
that may be) will tell.

As long ago as 340 BC the Greek philosopher Aristotle, in his book On
the Heavens, was able to put forward two good arguments for believing that
the earth was a round sphere rather than a flat plate. First, he realized that
eclipses of the moon were caused by the earth coming between the sun and
the moon. The earth’s shadow on the moon was always round, which would
be true only if the earth was spherical. If the earth had been a flat disk, the



shadow would have been elongated and elliptical, unless the eclipse always
occurred at a time when the sun was directly under the center of the disk.
Second, the Greeks knew from their travels that the North Star appeared
lower in the sky when viewed in the south than it did in more northerly
regions. (Since the North Star lies over the North Pole, it appears to be
directly above an observer at the North Pole, but to someone looking from
the equator, it appears to lie just at the horizon.)

From the difference in the apparent position of the North Star in Egypt
and Greece, Aristotle even quoted an estimate that the distance around the
earth was 400,000 stadia. It is not known exactly what length a stadium
was, but it may have been about 200 yards, which would make Aristotle’s
estimate about twice the currently accepted figure. The Greeks even had a
third argument that the earth must be round, for why else does one first see
the sails of a ship coming over the horizon, and only later see the hull?

Aristotle thought the earth was stationary and that the sun, the moon, the
planets, and the stars moved in circular orbits about the earth. He believed
this because he felt, for mystical reasons, that the earth was the center of the
universe, and that circular motion was the most perfect. This idea was
elaborated by Ptolemy in the second century AD into a complete
cosmological model. The earth stood at the center, surrounded by eight
spheres that carried the moon, the sun, the stars, and the five planets known
at the time, Mercury, Venus, Mars, Jupiter, and Saturn (Fig. 1.1). The
planets themselves moved on smaller circles attached to their respective
spheres in order to account for their rather complicated observed paths in
the sky. The outermost sphere carried the so-called fixed stars, which
always stay in the same positions relative to each other but which rotate
together across the sky. What lay beyond the last sphere was never made
very clear, but it certainly was not part of mankind’s observable universe.
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