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On the Shores of the Unknown

A Short History of the Universe

In this fascinating book, astronomer Joseph Silk explores the

universe from its beginnings to its ultimate fate. He shows how

cosmologists study cosmic fossils and relics from the distant past

to construct theories of the birth, evolution, and future of the uni-

verse. Stars, galaxies, dark matter, and dark energy are described, as

successive chapters detail the evolution of the universe from a frac-

tion of a microsecond after the Big Bang. Silk describes how physi-

cists apply theories of subatomic particles to recreate the first

moments of the Big Bang, and how astronomers chart the vast

depths of space to glimpse how the most distant galaxies formed.

He describes the search for dark matter and the dark energy that

will determine the ultimate fate of the universe. This highly read-

able account will appeal to all those with an interest in the story of

the universe.

joseph silk is the Savilian Professor of Astronomy and member of

the Astrophysics Department at the University of Oxford. His

research interests are in theoretical cosmology, seeking insights

about dark matter, galaxy formation, and the cosmic microwave

background. He has authored or co-authored a number of popular

articles and books including A Short History of the Universe (1997)

and The Big Bang (3rd edition, 2000).

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

On the Shores of the
Unknown
A Short History of the Universe

joseph silk

University of Oxford

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Shaftesbury Road, Cambridge CB2 8EA, United Kingdom

One Liberty Plaza, 20th Floor, New York, NY 10006, USA

477 Williamstown Road, Port Melbourne, VIC 3207, Australia

314–321, 3rd Floor, Plot 3, Splendor Forum, Jasola District Centre, New Delhi – 110025, India

103 Penang Road, #05–06/07, Visioncrest Commercial, Singapore 238467

Cambridge University Press is part of Cambridge University Press & Assessment, 
a department of the University of Cambridge.

We share the University’s mission to contribute to society through the pursuit of 
education, learning and research at the highest international levels of excellence.

www.cambridge.org
Information on this title: www.cambridge.org/9780521836272

© J. Silk 2005

This publication is in copyright. Subject to statutory exception and to the provisions
of relevant collective licensing agreements, no reproduction of any part may take 
place without the written permission of Cambridge University Press & Assessment.

First published 2005

A catalogue record for this publication is available from the British Library

Library of Congress Cataloging-in-Publication data

Silk, Joseph, 1942–
 On the shores of the unknown: a short history of the universe / Joseph Silk.

 p. cm.
 Includes bibliographical references and index.
 ISBN 0 521 83627 1 (hardback)
 1. Cosmology. 2. Astrophysics. I. Title.
 QB981.S5535 2004
 523.1–dc22  2004051863

ISBN   978-0-521-83627-2   Hardback

Cambridge University Press & Assessment has no responsibility for the persistence
or accuracy of URLs for external or third-party internet websites referred to in this 
publication and does not guarantee that any content on such websites is, or will 
remain, accurate or appropriate. 

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Contents

Prologue page 1

1 Building blocks of the cosmos 5

1.1 Cosmological principles 5

1.2 Orders of magnitude 9

1.3 Building blocks of the universe 11

1.4 The galaxies 22

1.5 The darkness of the night sky 24

2 Expansion of the universe 26

2.1 The Doppler shift 26

2.2 The distance to the nearest stars 28

2.3 The redshift–distance relation 31

2.4 Unlocking the extragalactic distance scale 33

2.5 What is the Hubble constant? 39

2.6 Steady state cosmology 41

3 Cosmic microwave background 47

3.1 The discovery 48

3.2 Blackbody radiation 50

3.3 The isotropy of the cosmic microwave background 52

3.4 The epoch of thermalisation 53

3.5 The last scattering epoch 54

3.6 Fluctuations 56

4 The first 10�43 second of the universe 59

4.1 Singularities 59

4.2 The quantum vacuum 61

4.3 Fundamental forces 64

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

4.4 Pair creation 66

4.5 Particles and waves 67

4.6 Mini-black holes 69

4.7 The Planck scale 70

4.8 Grand unification 72

4.9 Higher dimensions 73

4.10 Symmetry breaking and inflation 75

4.11 Why is the universe so uniform? 80

4.12 The flatness problem 82

4.13 Anthropic issues 82

5 Genesis of baryons and helium 85

5.1 The matter–antimatter puzzle 86

5.2 Generation of the baryon number 89

5.3 Proton decay experiments 91

5.4 The weak interaction freeze-out 92

5.5 Primordial nucleosynthesis 93

5.6 Helium synthesis 95

6 Testing the Big Bang 97

6.1 The density of the universe 97

6.2 Curved space and general relativity 102

6.3 Cosmological tests 106

6.4 Impediments to the tests 110

7 Dark matter 113

7.1 Local indicators of dark matter 114

7.2 Luminous regions of galaxies 115

7.3 Galaxy halos 117

7.4 Galaxy groups, clusters, and superclusters 118

7.5 Large-scale flows and dark matter 118

7.6 A universe at the critical density? 120

7.7 Deuterium and the baryon density 122

7.8 The lithium puzzle 124

vi contents

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

7.9 WIMPs: exotic particle dark matter 125

7.10 Dark energy 129

8 Baryonic dark matter 132

8.1 Life after the main sequence: white dwarfs 133

8.2 The formation of a neutron star 135

8.3 Observing neutron stars 137

8.4 Brown dwarfs 139

8.5 Black holes 140

8.6 Are halos baryonic? 152

8.7 MACHOs: astrophysical dark matter? 154

9 Intergalactic matter 158

9.1 Recombination and decoupling 158

9.2 The search for the intergalactic medium 159

9.3 Intergalactic clouds 161

9.4 Intracluster gas 164

9.5 Dark baryons 165

10 Origin of structure 170

10.1 Small fluctuations 170

10.2 Cold dark matter and bottom-up formation 172

10.3 A radical view: from cosmic pancakes and filaments to

galaxies 176

10.4 Origin of the fluctuations 181

10.5 A low density universe? 184

10.6 Detection of temperature fluctuations 187

10.7 The whispers of creation 190

11 Large-scale structure 193

11.1 The greatest structures: galaxy clusters 193

11.2 Voids and sheets 196

11.3 Large-scale flows revisited  198

11.4 The challenges of cold dark matter 202

contents vii

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

11.5 Dark energy and cold dark matter 204

11.6 Problems with cold dark matter 208

11.7 Hot and cold, or merely warm 211

11.8 Defects and branes 212

12 Galaxy formation 219

12.1 Formation of the stars 219

12.2 Dying stars 223

12.3 Supernova remnants and enrichment 225

12.4 The first stars 227

12.5 Chemical evolution 230

12.6 Formation of elliptical and spiral galaxies 232

12.7 Galaxy mergers 233

12.8 The cosmological hierarchy 235

13 What lies ahead 237

Index 242

Plate section between pages 152–153

viii contents

www.cambridge.org/9780521836272
www.cambridge.org


Cambridge University Press & Assessment
978-0-521-83627-2 — On the Shores of the Unknown
Joseph Silk
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

Prologue

The universe began in a violent explosion that occurred about 15

billion years ago: this is the modern hypothesis that has replaced the

myths of classical Greece and Rome, of ancient China and India. We

feel certain that our theories have more truth than the beliefs of our

ancestors, yet are we so much smarter than they were? Perhaps a

thousand years in the future, the Big Bang theory will itself be

regarded as a twentieth-century myth.

I am an optimist, however, who finds our current paradigm so

compelling that I can only imagine it will eventually be subsumed

into a greater theory, without losing its essential features. This con-

viction provides justification enough to describe the archaeology of

the universe. By probing fossil fluctuations in the distribution of

matter and fully formed galaxies, the oldest stars and the largest

structures, one can reconstruct almost the entire history of cosmic

evolution.

The story has been told before, but there are two good reasons for

a fresh approach. The study of the cosmos has been revitalised with the

discovery of seed fluctuations from which structures later emerged.

This was the crucial missing link needed to reconcile the Big Bang

theory with the large-scale distribution of matter around us, and it

injected a note of reality into the science of cosmology. From a cosmic

perspective, one might say that galactic raw material was discovered

that is yielding intimate clues about an origin in the remote past. This

is a timely moment to describe our view of cosmic evolution.

An equally compelling reason is that there exists no truly

accessible and modern description of the Big Bang theory, with its

many ramifications arising from the domains of astronomy and of the

physics of elementary particles. One of the perennial fascinations of
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the science of cosmology is that people, both lay cosmologists as well

as the professionals, view it as having the potential to answer the

‘ultimate questions’ about our place in the universe, the creation and

existence of the universe, and indeed of God. It is by no means co-

incidental that the Big Bang epic has excited the attention of theolo-

gians and philosophers as well as of astronomers, mathematicians,

and physicists. 

Some have viewed the theory as providing confirmation of

religious views of creation. The science historian and mathematical

physicist E. T. Whitaker declared in 1942 that ‘when by purely scien-

tific methods we trace the development of the material universe

backwards in time, we arrive ultimately at a critical state of affairs

beyond which the laws of nature, as we know them, cannot have oper-

ated: a Creation in fact. Physics and astronomy can lead us through

the paths to the beginning of things, and show that there must have

been a Creation.’

In 1951, Pope Pius XII, under the influence of Whitaker, went

the additional step. He averred in an address to the Pontifical

Academy of Sciences that ‘thus with concreteness which is charac-

teristic of physical proofs, it [science] has confirmed . . . the well-

founded deduction as to the epoch [some five billion years ago] when

the cosmos came forth from the hands of the Creator. Hence, creation

took place in time. Therefore, there is a Creator. Therefore, God

exists!’

On hearing these words, one can well imagine that the

President of the Pontifical Academy, eminent cosmologist and

cofounder of the Big Bang theory, Abbé Georges Lemaître, must have

stirred uneasily. To compare the primeval explosion from which the

universe emerged to the miracle of creation must have seemed to

leave him, a proponent of the Primeval Atom phase that preceded the

Big Bang, on somewhat uncertain and heretical ground. Lemaître

insisted that physics would suffice to describe the beginning of the

universe: ‘Cosmogony is atomic physics on a large scale.’

The Big Bang was not an easy pill to swallow, for scientists and

2 prologue
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theologians alike. Eminent astrophysicist and science populariser

Arthur Eddington was ‘unwilling to accept the implied discontinuity

in the divine nature.’ Others went further. The pioneering cosmolo-

gist E. A. Milne concluded in his magnum opus Relativity,

Gravitation and World Structure, published in 1935, that ‘the system

to which we have likened the universe is an intelligible system. It

contains no irrationalities save the one supreme irrationality of crea-

tion – an irrationality indeed to physics, but not necessarily to meta-

physics . . . Theoretical cosmology is but the starting point for deeper

philosophical enquiries.’

Some scientists conceded the battle for understanding how the

universe began to the theologians, who after all had been wrestling

with it for many centuries. Astronomer Robert Jastrow described the

cosmologists’ dilemma thus, in a quote beloved by theologians: ‘It

seems as though science will never be able to raise the curtain on the

mystery of creation. For the scientist who has lived by his faith in the

power of reason, the story ends like a bad dream. He has scaled the

mountains of ignorance; he is about to conquer the highest peak; as

he pulls himself over the final rock, he is greeted by a band of theolo-

gians who have been sitting there for centuries.’

In contrast, some eminent scientists have no recourse to any

deity in constructing a suitable cosmology. One convenient way out

is the assertion that time itself was created at the moment of the Big

Bang. This is not a very radical idea, for St Augustine wrote in the fifth

century, ‘The world and time had both one beginning. The world was

made, not in time, but simultaneously with time.’ This was a remark-

ably prescient notion: to physicist Steven Weinberg, ‘it is at least

logically possible that there was a beginning, and that time itself has

no meaning before that moment.’

However, as the mathematical physicist Stephen Hawking

points out, a proper formulation of this concept of the beginning of

time, as well as that of space, must await a quantum theory of gravity,

should it be forthcoming. In this case, ‘there would be no boundary to

space-time and so there would be no need to specify the behaviour at

prologue 3
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the boundary. There would be no singularity at which the laws of

science broke down and no edge of space-time at which one would

have to appeal to God or some new law to set the boundary conditions

for space-time. One could say: “The boundary condition of the uni-

verse is that it has no boundary.” The universe would be completely

self-contained and not affected by anything outside itself. It would

neither be created or destroyed. It would just be.’ In other words, the

universe is the way it is because the universe was the way it was. 

The most eloquent expression of this cosmic agnosticism was

prophetically penned in 1920 by, again, Arthur Eddington: ‘We have

found that where science has progressed the furthest, the mind has

but regained from nature that which the mind has put into nature. We

have found a strange footprint on the shores of the unknown. We have

devised profound theories, one after another, to account for its origin.

At last, we have succeeded in reconstructing the creature that made

the footprint. And Lo! it is our own.’

Discoveries and breakthroughs in cosmology proceed at a

breathtaking pace. It is increasingly difficult for the theologians to

keep up. At the same time, cosmologists have not been deterred from

dabbling in occasional theological metaphors. The shower of images

reached a crescendo in 1992 with the epochal discovery of ripples in

the cosmic microwave background. Newspapers around the world,

less discriminating perhaps than the scientists anticipated, jumped

on the cosmic connection. The most notorious examples, 40 years

after Pius XII’s endorsement of the new cosmology, compared the

long-sought fluctuations to various attributes of God. These vary

from ‘His face’, ‘His handwriting’, and ‘His mind’, to mere relics such

as the ‘Holy Grail’. 

To properly appreciate the significance of such statements, it

would be helpful to have laid out for one the workings of modern cos-

mology at an accessible level. This book is devoted to such a goal. I

hope that the following chapters will be sufficiently transparent to the

many lay cosmologists among us that such connections can be more

fully appreciated, although I hasten to add, not necessarily justified.
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