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Hawking' s ti01ely story mysteries of why our Universe is so large, 
is so nearly homogeneous and isotropic on 
the largest observed scales, has consider
able structure on smaller scales, and Don N. Page 
shows such a strong thermodynamic arrow 

A Brief History of Time: From the Big Bang to Black Holes. By Stephen W. Hawking. 
Bantam, New York: 1988. Pp. 198. $18.95 (United States), $24.95 (Canada). To be 
published in Britain on 16 June. 

of time. It is highly doubtful that these 
observed properties could ever be 
explained by a purely dynamical theory of 
everything, because the equations that we 
know so far ( admittedly not the final ones) 

STEPHEN Hawking is a remarkable scien
tist. Despite being afflicted with amyo
trophic lateral sclerosis, he has become 
the greatest gravitational theorist since 
Albert Einstein. For example, in work 
with Roger Penrose, Hawking showed 
that Einstein's classical theory of gravity, 
general relativity, implies that our 
Universe had a beginning. He went on to 
show that black holes normally can only 
grow in area, though in 1973 he made the 
surpnsmg discovery that quantum
mechanical effects can allow black holes 
to emit radiation and thereby shrink. 
Since that time, Hawking has focused on 
applying quantum mechanics to gravity 
and to the Universe as a whole. 

Now Hawking has taken time aside 
from his research on the forefront of cos
mology and quantum gravity to write a 
popular book on the subject. The result is 
a brief but highly readable account of the 
development of scientific ideas about the 
Universe from Aristotle's to his own. 
Without using any equations beyond E = 
me', Hawking gives a lucid account of 
special and general relativity, quantum 
mechanics, elementary particle physics, 
black holes and their emission, the Big 
Bang, inflation, the state of the Universe, 
the arrow of time and the unification of 
physics. Most of the first three-quarters of 
the book covers ideas that are fairly well 
accepted, but the final quarter concen
trates upon more speculative proposals. 

Because there has been a veritable big
bang explosion of popular books on 
physics and cosmology recently, one may 
question the need for another one. This 
can be answered in two ways. First, it is 
probably fair to say that A Brief History of 
Time is the first popular book on cos
mology written by a scientist of such 
stature as Hawking since Steven Wein
berg's The First Three Minutes appeared 
eleven years ago.* Indeed, the two books 
are complementary, because Weinberg 
wrote from the perspective of an elemen
tary particle theorist, with an emphasis on 
non-gravitational forces and the contents 
of the Universe, whereas Hawking writes 
from the perspective of a general relativist, 
with an emphasis on gravity and the 
geometry of the Universe as a whole. Both 
books are intended for people without a 
scientific education, but Hawking's will 
probably be slightly easier to read, 
*Steven Weinberg's book has just been re
issued by Basic Books - see the review on the 
facing page. 

because it is somewhat less detailed than allow solutions for the Universe that do 
Weinberg's and relies more on qualitative not have these properties. 
rather than quantitative reasoning. The no-boundary proposal is scientifi-

The second need met by A Brief History cally controversial for several reasons. 
of Time, in its final quarter, is through the First, as Hawking emphasizes, it is just a 
discussion on a popular level of the 'no- proposal and cannot be deduced from 
boundary' proposal for the quantum state other principles; indeed, there are now 
of the Universe, which Hawking made in some competing proposals that are not 
qualitative form at a conference in the mentioned in the book. Second, for tech-

f nical reasons related to the attractiveness 
~· of gravity, the proposal has not really been 
"' made precise for the dynamical equations 
~ for which it has been formulated, 
~ quantum general relativity coupled to 

Stephen Hawking- boundless ideas. 

Vatican in 1981 and in mathematical form 
in a paper with James Hartle in 1983. (The 
idea, roughly, is that one does a Feynman 
path integral over complex spacetimes 
without boundary.) This proposal, if 
correct, would specify which solution of 
the dynamical equations of a 'unified field 
theory' or a 'theory of everything' 
describes our particular Universe. The 
precise properties of the proposed solu
tion involve infinitely difficult computa
tions which, of course, can never be car
ried out, but approximate calculations 
using highly simplified models for the 
dynamical equations already suggest that 
the no-boundary proposal may explain the 

matter fields. (This problem of the 'inde
finiteness of the gravitational action' was 
presumably considered too complicated 
to be mentioned.) Third, we do not yet 
know the form of the ultimate dynamical 
theory of everything to which the proposal 
should be applied. Hawking argues that 
we already know several features it should 
have, but if the ultimate theory does 
not even fundamentally involve spacetime 
as a basic entity (a distinct possibility 
in superstring theory, for example), the 
no-boundary proposal would have to be 
reformulated. Finally, although the 
preliminary results are encouraging, 
there have not yet been enough detailed 
predictions calculated from the proposal 
to test it adequately against observations. 

Although many of these caveats are 
noted in the book, there is the danger that 
Hawking's enthusiasm for his proposal 
may lead the less-cautious reader to 
become more convinced of its correctness 
than there is yet evidence to warrant. 
Nevertheless, because of the significance 
of the proposal if it is correct, its exposi
tion in this timely book is valuable for 
enabling the public to ponder some of its 
implications. 

A Brief History of Time provides 
Hawking with an opportunity to present at 
first hand some of his own philosophical 
and theological conclusions from the no
boundary proposal. After discussing what 
he considers to be the most common view 
of God's activity - that God started off 
the Universe and then let it evolve without 
intervention - Hawking objects that if 
the Universe actually has no boundary, 
and hence no beginning, "What place, 
then, for a creator?". However, this 
objection does not apply to the Judaeo
Christian view, that God creates and 
sustains the entire Universe rather 
than just the beginning. Whether or not 
the Universe has a beginning has no rele-
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vance to the question of its creation, just 
as whether an artist's line has a beginning 
and an end, or instead forms a circle with 
no end, has no relevance to the question of 
its being drawn. 

Of course, if the no-boundary proposal 
is correct, it does have interesting implica
tions for the beauty, elegance and simpli
city of the Universe God did create. 
Hawking draws the conclusion that God 
"had no freedom at all to choose initial 
conditions", but this is debatable. When I 
was defending Hawking's proposal to a 
small group of gravitational theorists in 
1982, Bryce DeWitt expressed this view 
by saying, "You do not want to give God 
any freedom at all". However, Karel 
Kuchar quickly rejoined, "But that's His 
choice". In other words, even if we cor
rectly hypothesize which state God chose 

... and Weinberg 
revisited 
David Layzer 

The First Three Minutes: A Modern View 
of the Origin of the Universe. By Steven 
Weinberg. Basic Books: 1988. Pp.198. 
Hbk $16.95; pbk $7.95. In Britain the 
book is out of print. 
Big Bang, Big Bounce: How Particles and 
Fields Drive Cosmic Evolution. By Iosif L. 
Rozental. Translated by Juri Estrin. 
Springer-Verlag: 1988. Pp.129. Pbk 
DM58, £22, $35. 

AFTER eleven years, The First Three 
Minutes remains, in my opinion, the best 
introduction to cosmology for non
mathematical readers. Galileo, the first 
and most successful popularizer of cos
mological theories, pinpointed the central 
difficulty of such an enterprise when he 
remarked (in another context) that the 
book of nature is written in the language 
of mathematics. Like poetry, mathe
matics always loses something in trans
lation. Yet Weinberg manages not only to 
capture some of his subject's deepest ideas 
in clear, lively prose but also to communi
cate a personal vision of what science is 
and how it grows. This new edition is a 
reprint of the original text and of an after
word added in 1982. 

Two main themes are intertwined in the 
book: the history of the early Universe 
and the history of modern cosmology. 
Weinberg pays special attention to the 
historical antecedents of Arno Penzias 
and Robert Wilson's accidental discovery, 
in 1965, of the cosmic radiation back
ground, and he devotes an entire chapter 
to the question of why astronomers didn't 
look for (and find) the background radia
tion earlier. 

The text of The First Three Minutes and 

for the Universe, that would in no way 
eliminate the freedom He may have had in 
making that choice. Choosing the no
boundary state and then actually carrying 
out the immense task of the creation of the 
Universe in this state is a far cry from Carl 
Sagan's claim in his introduction to the 
book of "nothing for a Creator to do". 

So although the final quarter of A Brief 
History of Time is most interesting, it is 
also controversial. Nonetheless, the book 
should be acquired by anyone seeking to 
learn about some of the latest ideas and 
speculation in cosmology, and to gain 
familiarity with the insights that have 
sprung from the extraordinary mind of 
Stephen Hawking. D 

Don N. Page is Professor of Physics at The 
Pennsylvania State University, University Park, 
Pennsylvania 16802, USA. 

the seven-page afterword of 1982 are 
themselves interesting historical docu
ments. In 1976, the 'standard model' of 
the early Universe, which interprets the 
radiation background as the fossil rem
nant of a primordial fireball, seemed 
firmly entrenched. It explained the black
body character of the background radia
tion and it made predictions of the pri
mordial abundances of helium and deuter
ium that seemed to be consistent with 
astronomical evidence. It did not, how
ever, explain why the Universe is clumpy 
or why it contains roughly a thousand 
million photons for every nucleon. 
Clumpiness and the photon/nucleon ratio 
had to be put in 'by hand' - postulated as 
initial conditions. But most cosmologists 
were confident that these problems would 
eventually be solved. In 1976 Weinberg 
saw only one potential threat to the 
standard model, "one great uncertainty 
that hangs [over it] like a dark cloud": 
although the radiation background is now 
uniformly bright in all directions, there is 
no direct evidence that it was uniform and 
isotropic at very early times, as the 
standard model assumes. 

By 1982, when Weinberg wrote his 
afterword, the picture had changed. New 
astronomical data and refined analyses of 
old data implied that if the standard model 
is correct, only a small fraction (now 
estimated at one per cent or less) of the 
mass in the Universe resides in ordinary 
matter. The bulk of the mass must reside 
in particles for whose existence there is 
as yet no independent experimental evi
dence. Meanwhile, Weinberg and other 
particle physicists, following up an early 
suggestion by Andrei Sakharov, had con
structed a new theoretical foundation for 
the standard model. They conjectured 
that the Universe initially contained equal 
numbers of particles and antiparticles, 
and argued that the slight excess of par
ticles needed to account for the observed 
photon/baryon ratio could have been pro-

duced by baryon-nonconserving processes 
during a critical early period of the cosmic 
expansion. Baryon-nonconserving pro
cesses are permitted by unified theories of 
the strong and electroweak interactions. 
These theories also allow neutrinos to 
have small but finite mass. Could the 
missing mass be in the form of massive 
neutrinos? In 1982 the answer seemed to 
be yes. 

Since 1982 the picture has changed 
again. Massive neutrinos have been ruled 
out as carriers of the missing mass, and no 
adequate replacement for them has 
emerged. The simplest unified theory of 
the strong and electroweak interactions 
has been found to conflict with experi
mental lower limits on the lifetime of the 
proton. Alan Guth's inflationary hypo
thesis, put forward in 1981 and described 
briefly in Weinberg's afterword, has 
solved some the problems - notably the 
magnetic-monopole problem - but it has 
created others. Increasingly stringent 
observational limits on small-scale 
angular variations in the brightness of the 
radiation background have made it 
increasingly difficult to reconcile the 
hypothesis of a primordial fireball with the 
observed dumpiness of the astronomical 
universe. And the standard model has 
split, at its base, into a dozen or so com
peting hypotheses, each more speculative 
than the last. 

One of these hypotheses - that the 
Universe is made up of non-interacting 
'metagalaxies', each with its own physical 
constants and laws - forms the central 
theme of Big Bang, Big Bounce, a book 
intended to introduce readers who "have 
taken courses in physics and mathematics 
at the undergraduate or graduate level" to 
some elementary concepts of particle 
physics and cosmology. In his preface, 
Rozental praises Weinberg's book, and 
his text is intended as a kind of sequel to 
The First Three Minutes. 

I found the sections on particle physics 
clear and interesting. The sections that 
deal with observational and theoretical 
cosmology are less satisfactory. For the 
most part they are superficial and perfunc
tory, and some of them - for example, 
the discussion of 'Newtonian cosmology', 
a topic that Weinberg treats very well -
are seriously misleading. As for the trans
lation, it preserves the flavour of the 
original Russian so successfully that one is 
hardly aware that one is reading 
English. D 

David Layzer is the Donald H. Menzel Profes
sor of Astrophysics at Harvard University, 60 
Garden Street, Cambridge, Massachusetts 
02138, USA. 

• Another classic example of popular exposi
tion in cosmology, Arthur Eddington's The 
Expanding Universe, which was first published 
in 1933, has recently been re-issued in paper
back by Cambridge University Press. Price is 
£7.95, $12.95. 
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