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Preface to 2004 Edition

IN THE YEARS since The Fire in the Equations first appeared, I have
taken part in many conversations about it, both with interviewers and
informally among friends and acquaintances, and there have been many
reviews and comments in print. Because certain questions about the
book and the way I wrote it have cropped up repeatedly, it seems to me
that it might be useful for me to address those questions in a preface to
this new edition.

First, did I have a personal agenda when I began the book? The answer
is yes, but not the sort one might expect. My ‘agenda’ was to undertake
a journey of exploration, without knowing where it would take me or
where it would end. My present views on science-religion issues were
not in place when I began the book. They were forged in the writing of
it. If readers were and are surprised at some of the twists in the line of
argument, so was I.

A related issue that some readers and commentators have found
unsettling is that I do not ‘come clean’ in the book and state my personal
conclusions about God. I chose to write from an agnostic point of view.
But AM I an agnostic? Am I a ‘believer’? Am I an atheist? Whatever I am,
I must have hidden it well, for my mail has been about equally divided
between letters trying to convert me to belief and letters accusing me of
being a religious apologist. Should this preface, ten years after The Fire
in the Equations was first published, reveal where I stand on the question
of whether there is a God? I do have strong convictions of my own and
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willingly talk about them in personal conversations, but I have decided,
once again, not to do so in the context of this book. It was written on the
principle—unfashionable, I know, in the current intellectual climate—
that it is a valuable exercise and not a futile one to attempt to set aside
for a while any preconceived notions and beliefs and approach a subject
open-mindedly and objectively. This exercise was helped by a natural
inclination to play ‘devil’s advocate’ on all sides of issues and by a per-
sonal rule that one should never feel comfortably convinced of anything
unless one has heard and understood the strongest arguments against it.

As Iwrote the book, I tried to be equally diligent in exposing any argu-
ments that seemed to me to be facile or logically flawed, no matter which
‘side’ they came from, but I also adhered to the principle that a splendid,
logically impeccable argument does not necessarily create ‘truth.’ In the
course of this exploration, it has been an unexpected pleasure to win the
friendship, or at least the respect, of people whose views are far from my
own, as I sent off various pieces of the book with the questions, ‘Have I
represented your point of view fairly and convincingly? Can you fault the
way I have used your thoughts and your words and your work? If so,
would you help me revise this passage until you can’t fault it?’

A third issue that needs addressing in this Preface is whether, given
the rapid progress of scientific discovery, a ten-year-old book like The
Fire in the Equations is out of date. Regular attendees at meetings of cos-
mologists, other scientists, and leading thinkers in the science-religion
field will, T believe, agree with me that we still headline the same prob-
lems that are featured in this book, raise the same questions, worry over
the same arguments, invoke the same scientific discoveries and theories.
The reason is not that these fields have failed to progress. The Fire in the
Equations was ahead of its time in the 1990s. It dealt with cutting-edge
science, with fields such as chaos and complexity theory that were just
beginning to be understood and valued, with proposals such as the Higgs
field for which potentially definitive experimental work is only now tak-
ing place, with speculative mathematical theories (such as Stephen
Hawking’s and Andrei Linde’s) that still remain outside the limits of
experiment or observation. In some cases the ideas, or slants on them,
were so new that I had to rely on conversations and interviews because
nothing had yet been published about them. In only three instances have
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I felt it necessary to add to the discussion to bring it completely up to
date. If T were writing the book today I might spend more time on the
anthropic principle and the ‘fine-tuning’ of the universe, simply because
they are so much in vogue, but the treatment of these in Chapter s, as it
stands, needs no apology or correction. It is also the case that The Fire in
the Equations is not a book that juxtaposes only academic theology with
science. The ‘religion’ represented here includes grass-roots religion—
what people who attend church or synagogue and believe in God actu-
ally do believe. This has not changed dramatically. Not that they all agree,
but then neither do the academic theologians or the scientists.

In closing this Preface, I should point out that my modus operandi in
writing The Fire in the Equations was not to attempt to discover or forge
reconciliation between science and religion. My exploration was not even
based on the assumption that reconciliation is lacking or needed. It
seemed best to go in search of conflict, not resolution, determinedly to
those areas where the heart of the conflict was reputed to lie. T invite
readers to join me on this journey and to draw their own conclusions
from the arguments and evidence I have presented as fairly, straight-
forwardly, and accurately as I know how.



A Word about Inclusive Language

The author of a book on the topic of science and religion needs a pro-
noun for God. Regardless of whether I choose to call God ‘he’ or ‘she},
find myself making a statement which I don’t wish to make. Using them
interchangeably seems contrived and gets confusing. ‘She/he’ or ‘he/she’
is cumbersome.. .. and one still has the problem of which gender comes
first in the pairing. ‘It will not do. Lacking a better solution, I have cho-
sen to use ‘he’, which makes the weaker statement and is more easily
interpreted as inclusive.
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“They Buried Him in Westminster Abbey’

T 8 O’CLOCK IN THE EVENING of Tuesday, 25 April 1882, the horse-
drawn funeral car carrying Charles Darwin’s coffin arrived at
Westminster Abbey. The sixteen-mile journey in the rain from the Ken-
tish village of Downe had taken all day. The coffin was borne through the
cloisters of the Abbey and placed in the Chapel of St Faith, a spare, sepul-
chral, vaulted chamber, ice-cold and lit only by two flickering lanterns.
It was a magnificent coffin, but not the coffin he and his family had
wanted. That had been an oak box, ‘all rough, just as it left the bench, no
polish, no nothin, said John Lewis, the Downe village carpenter who
built it. ‘When they agreed to send him to Westminster . . . my coffin
wasn’t wanted. This other one you could see to shave in.' But Charles
Darwin belonged to the nation now and to history, not to his family and
his village, and at noon the following day he would be buried in state in
the Abbey.

On the previous Sunday the news of Darwin’s death had brought forth
paeans of praise for him and his scientific discoveries from the pulpits of
London, and the newspapers had continued the theme: ‘Darwin’s doc-
trine is in no wise inconsistent with strong religious faith and hope, pro-
claimed the Daily News.” “True Christians can accept the main scientific
facts of Evolution just as they do of Astronomy and Geology, without any
prejudice to more ancient and cherished beliefs, pontificated the Stan-
dard.? Canon H. P. Liddon, in an afternoon sermon in St Paul’s Cathe-
dral, compared Darwin to St Thomas—‘doubting’ Thomas. Canon
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Liddon chose not to condemn Darwin’s religious scepticism but to com-
mend ‘the patience and care with which he observed and registered
minute single facts’ St Thomas had refused to believe in Christ’s resur-
rection unless he could put his hand into the wounds inflicted during the
crucifixion. Darwin, like Thomas, had insisted on evidence, what Canon
Liddon called ‘the clearly ascertained report of the senses’ The Guardian
reassured its readers that they should not have ‘any misgivings lest the
sacred pavement of the Abbey should cover a secret enemy of the Faith’
The honour of burial there should be seen as ‘a happy trophy of the rec-
onciliation between Faith and Science’?

What? Hadn’t Darwin ended any possibility of believing strongly in
both science and the Judaeo-Christian God without indulging in intel-
lectual dishonesty? Extremes of opinion among both scientists and reli-
gious people ever since would certainly have it so. Darwin demolished
the literal interpretation of the biblical Creation story and undermined
one of the most eloquent arguments for the existence of God, that the
world was a place perfectly designed for the survival and sustenance of
human beings. Evolution and survival of the fittest provided a natural
explanation for what had seemed a miracle. Yet there have been many
scientists since Darwin, and there are many now in the twenty-first cen-
tury, who are devout believers in God. Do they, as someone said of physi-
cist Max Planck, forget their faith when they go into the lab, and forget
their science when they go into church?

On 26 April 1882, the skies were still leaden. The gas-lit Abbey was
dank and gloomy, thronged with sombrely dressed luminaries of gov-
ernment and science as well as middle-class citizens who came without
black-bordered tickets and were allowed to fill the less desirable seats.
The funeral was a religious service with readings and anthem texts from
the Gospels and the Psalms. The Abbey organist, J. Frederick Bridge, had
composed an anthem to be sung for the occasion. He had chosen words
from the Book of Proverbs: ‘Happy is the man that findeth wisdom, and
getteth understanding.® Later the chief mourners and the public filed
past the grave to the accompaniment of the ‘Dead March’ from Handel’s
Saul, a march which in the original was a dirge for a king who had torn
himself away from the love of God to rely on the power of himself.
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What did they make of it, the mourners, the dignitaries, and the
merely curious at the funeral of Charles Darwin? Is the Wisdom of sci-
ence the Wisdom of Proverbs? Proverbs also describes a single-minded
human struggle which ends in the gift of ‘the knowledge of God’” A cen-
tury after Darwin’s death, another great English scientist, Stephen Hawk-
ing, wrote that the ultimate triumph of human reason would be to know
the Mind of God. He said science could get us almost there, but not the
whole way. Is the Knowledge of God in Proverbs the Mind of God in A
Brief History of Time? Or is Hawking’s a metaphor for our becoming
God-like in our complete knowledge? Is there a Person waiting for us at
the end of the quest, or is that Person us, reasoning humanity tri-
umphant, evolution’s masterpiece?

Ultimate reality, whatever that turns out to be, is the end of the quest.
Paradoxically, it must also be the beginning. We must ask whether there
is anything about our universe, about ourselves, that we can take for
granted—any fundamental we can use as a starting place for the explo-
ration of everything else. If it is difficult to find such a ‘still point'—and
we shall find that it is indeed difficult—then the quest for ultimate truth
must begin with a leap of faith. Not faith that we are capable of complete
understanding. Faith that we can know anything at all.
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Seeing Things

Kick at the rock, Sam Johnson, break your bones,
But cloudy, cloudy is the stuff of stones.

—FROM EPISTEMOLOGY BY RICHARD WILBUR

THERE 1s AN OLD straight-backed oak chair standing against the wall
across from my desk. It was made by hand about a century ago in
the Texas hills, when that hill country was still a frontier. I inherited the
chair from my grandparents. When my grandmother and grandfather
looked at it in the dining room of their Mason County parsonage, they
saw the same chair I see here today in my study, or so I assume. Maybe
the wood has darkened a little with age. Someone visiting me today will
see the same chair my grandparents saw and that I see, or so I assume.
Common sense tells me I'm right.

My faith in common sense is a faltering faith. In writing my previous
book, Stephen Hawking: Quest for a Theory of Everything, 1 explored a
world that was not on any level a common-sense world. A man of
extraordinary genius condemned to live out his years locked in a useless
body without movement or speech, whose sheer bloody-minded
courage nevertheless allows him to be one of the pre-eminent physi-
cists of our time as well as an international celebrity—Hawking is not
a common-sense figure. Quantum mechanics and Einstein’s general rel-
ativity are not common-sense subjects. Nevertheless, having made that
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journey through the looking glass and back, having seen for myself how
absurd and counter-intuitive the world is, I still sit here and say, Yes, the
reality of that oak chair was the same for my grandparents as it is for me
today.

I recently re-read Sir Arthur Eddington’s introduction to his book The
Nature of the Physical World," in which he speaks of a table as I am writ-
ing about my chair. There is a story about Eddington that when some-
one remarked that only three people in the world understood Einstein’s
theory of relativity, he muttered, T'm trying to think who the third could
be’ But Eddington, for all his remarkable intellect, also had a talent for
taking complicated scientific concepts and explaining them in simple
English. In the paper I've been reading he describes a piece of furniture
like my chair as seen through the eyes of physics. It is not a description
my grandparents would have recognized.

My chair is made up of atoms, and atoms are almost entirely empty
space. That means my chair consists in very large part of emptiness. My
chair is a blur of uncertainty, which I'm allowed to think of as unimag-
inably tiny particles whizzing around in a fuzzy manner. I know I
mustn’t think of these particles as ‘things’ in exactly the sense I think of
the chair as a ‘thing’—something that can be pinned down in the accu-
rate way we expect to pin ‘things’ down. I wonder whether a chair con-
sisting of ‘non-things’ can itself fairly be called a ‘thing’ and why I see it
as such. Is my familiar chair more real than the same chair as Edding-
ton describes it? Or must I consider the smallest level of the universe the
most ‘real’? We shall get back to those questions later. My chair looks real
enough to me.

A perfectly common-sense, familiar Texas oak chair. That seems to be
the only interpretation anyone’s five senses can make of it. If I touch the
chair seat, a swarm of electronic impulses bats against my hand, which
is also a swarm of electronic impulses. The combined bulk of these
impulses is less than a billionth of the bulk of the chair itself. Thus all that
empty space. But somewhere between the electronic impulses and my
consciousness a mysterious transformation occurs which causes me
without any effort to interpret all of this as a solid piece of oak.

Perhaps that interpretation is the only possible interpretation on our
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level of the universe, but I am curious as to whether you really would see
and feel the same chair if you were here in my study. We would describe
it to one another in more or less the same way, but our descriptions
would have to consist of words and would have to depend entirely upon
the mental images each of us has learned to associate with those words.
Have you perhaps learned to associate the word ‘brown’ in your mind’s
eye with a different hue from that which my mind conjures up when
‘brown’ is mentioned? My chair in my mind’s eye is surely not precisely
my chair in your mind’s eye.

What do you and I really know about chairs or anything else? How do
we know it? We humans have gone a long way beyond such modest
observations of the world around us. We trust not only our five senses
but a wealth of accumulated findings and a spectacularly complex sys-
tem of mathematics and logic. From all of this we hope to find out the
truth about far, far more than chairs and tables. What is the universe?
How did it begin? What happened before that? How and when will it
end? What is space and, even more puzzling, what is time? We hope to
be able to answer Hawking’s question ‘Why does the universe go to all the
bother of existing?’> We hope, with him, to know the mind of God.

We also would like to know the answers to questions left unspoken in
Hawking’s A Brief History of Time, questions that nevertheless cry out
from its pages for answers. Why? Why should a man be dealt such a pre-
posterously unbalanced fate—appalling disease, extraordinary genius,
bloody-minded courage? It isn’t just Stephen Hawking’s dilemma. In a
sense, the cynic might suggest, it sums up the situation of the entire
human race. It is the human condition, a mockery of rationality, a the-
atre of the absurd.

My grandparents would have bowed to all of it as the work of a God
whose activities are far beyond our understanding, a God whose ‘tough
love’ goes beyond that of any human parent. That is how they dealt with
the absurdity of their youngest son being blown up with his boat in the
English Channel, not by enemy fire but by a stray American shell. Some
of the rest of us aren’t willing to take that sort of explanation lying
down, and neither, really, were my grandparents—not without com-
plaint and some rebellion and more than a few demands for clearer
explanations, demands directed to a God they were quite sure could give
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the explanations if he chose. The mind of God to my grandparents was
not something to be learned through physics, though my grandfather was
avidly interested in whatever scientists could tell him, and certainly did-
n’t think such information irrelevant to his own personal spiritual quest.

Hawking does not share my grandparents’ faith in God. But he shares
their curiosity about ultimate truth, ultimate explanation. Like them he
longs to have all illusions swept away, to know the unveiled truth behind
everything, no holds barred. To act on such longing involves great risk.
Does the atheist want to know the truth if the truth is that there is a
God? Does the believer want to know the truth if the truth is that there
is not? Are we that open-minded?

There is a further element of risk for anyone on a search for truth.
You cannot start in a vacuum. You must begin by trusting some ideas
about the universe that have never been proved, may never be proved,
and might turn out to be wrong. To be simplistic about it, you have to
assume that you exist and that you are sane. Those may not be such dif-
ficult assumptions. Common sense supports them. Of course you have
to believe they are true in order to trust your common sense. You see
what sort of mental maze we get ourselves into!

The search for truth in science is based on agreement concerning just
such basic assumptions. It is a gamble, if you will; a gamble that certain
articles of faith that cannot be proved by science are nevertheless well-
founded enough to provide a springboard for all scientific investigation.
It is intriguing to find that religion shares much of science’s basic view
of reality. How is it that two approaches, science and religion, both claim-
ing to be avenues to truth but in many ways reputed to clash with one
another, should be in agreement on so basic a level?

The explanation could be quite simple—that we are all looking at the
same universe, and what is obvious to one reasonable person is equally
obvious to the next. If that is so, it should not surprise us to find all rea-
sonable people more or less in agreement about certain fundamental
aspects of the universe. However, the agreement is not unanimous. We
are speaking of a world-view shared by science (since the seventeenth
century) and Western religion, with exceptions even here, but not shared
by all of humanity who presumably experience and have experienced
the same universe.
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Perhaps the explanation lies in the origins of science as we know it
today. Scientists of the seventeenth century, most but not all of whom
had religious views closer to my grandparents than to Hawking (many
of the first Fellows of the Royal Society in England were Puritans), devel-
oped a procedure to be used in the search for scientific knowledge, a pro-
cedure that would systematically separate what is true from what is not
true. That is the procedure we call the scientific method. It has served us
splendidly ever since its birth and made our spectacular technology pos-
sible. Whatever the scientific method’s origins or its philosophical foun-
dations, we have no cause to doubt its usefulness.

Depending upon whether we believe in God, you or I might leave God
out of the following articles of faith, but otherwise we would find little
in this seventeenth-century world-view with which to disagree. In the
seventeenth century a scientist could have had it both ways without risk-
ing charges of contradiction. What he learned from his religion and his
direct experience of the universe led him to believe the following:

o The universe is rational, reflecting both the intellect and the faithful-
ness of its Creator. It has pattern, symmetry, and predictability to it.
Effect follows cause in a dependable manner. For these reasons, it is
not futile to try to study the universe.

o The universe is accessible to us, not a closed book but one open to our
investigation. Minds created in the image of the mind of God can
understand the universe God created.

o The universe has contingency to it, meaning that things could have
been different from the way we find them, and chance and/or choice
have played a role in making them what they are. Whether this is con-
tingency in the sense that chance and choice play an on-going role
within the universe, or merely in the sense that there was an initial
chance occurrence or choice which brought about this universe
instead of a different one or none at all, one cannot learn about the
universe by pure thought and logic alone. Knowledge comes by
observing and testing it.

o There is such a thing as objective reality. Because God exists and sees
and knows everything, there 1s a truth behind everything. Reality has
a hard edge to it and does not cave in or shift like sands in the desert
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in response to our opinions, perceptions, preferences, beliefs, or any-

thing else. Reality is not a democracy. There is something definite,

some raw material, out there for us to study.

o There is unity to the universe. There is an explanation—one God, one
equation, or one system of logic—which is fundamental to everything.
The universe operates by underlying laws that do not change in an
arbitrary fashion from place to place, from minute to minute, or even
millennium to millennium. There are no loose ends, no real contra-
dictions. At some deep level, everything fits.

Divorced now from the assumption that there is a God, these five
assumptions about the universe, these five articles of faith, if you will—
rationality, accessibility, contingency, objectivity, and unity—continue
to underlie the practice of science. Some would argue that upon them
depends all possibility of doing science as we know it. The best argu-
ment for their validity is not that they are obvious but that the scientific
method seems to work so well! The proof (dangerous word) is in the
pudding.

Nevertheless, we are left with some questions. Is the scientific method,
which serves us so admirably in our quest for knowledge about the phys-
ical universe, also a reliable source of complete understanding about the
events around us and of our own existence? If the scientific method and
the approach of constructing mathematical models cannot answer
Hawking’s question ‘Why does the universe go to all the bother of exist-
ing?, what can? Is there a meaning and is there a God (or ‘mind of God’)
beyond the reaches of the scientific method but not beyond the reaches
of human reason?

Human reason cannot be divorced from common sense, which says:
I can see that the universe has rationality and accessibility and contin-
gency and objectivity, and so can most of the people I know ... If other
cultures look at the same universe and draw different conclusions, well,
that’s certainly mysterious but I can’t be too much bothered by it . . .
Maybe they’re wrong . . . I have to trust my senses.

If you feel that way you may be accused of being naive. However,
some very un-naive people would back you up to the extent of saying
that the argument “This is what I make of it all, and I don’t have any
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stronger reference point than that’ is in fact very hard to refute. Sir Brian
Pippard of Cambridge University, the physicist who introduced me to
the Eddington book I mentioned earlier, tells me there are more chairs
across from me in my study than just the common-sense chair and the
chair-as-seen-by-physics. We’ve already mentioned a third, but we didn’t
give it quite the importance Brian Pippard wants us to. It is the chair in
my mind’s eye, an image I can’t share with Pippard or you or anybody,
because I can’t let you into my mind to see whether ‘brown’ or anything
else looks the same in my mind as in yours. We can discuss my chair,
even compare it with a description my grandfather wrote in an inventory
of his furniture, and come easily to the conclusion that we are all talking
about the same object, but our mind’s-eye chairs will not all be identi-
cal. Our interpretations of whatever it is out there across from my desk
will not be exactly the same.

Perhaps the mind’s-eye chair seems to you less substantial, represent-
ing a fuzzier and more subjective viewpoint, than Eddington’s chair-as-
viewed-by-physics or the common-sense chair we thought was there
before we began all this talk about it. Evidence coming from one person
is not so dependable as something you and I and others could agree upon
precisely. The scientific method cannot accept such individual, uncor-
roborated evidence. But Pippard argues, and it is hard to take exception
with him, that the one and only certainty each of us has is the certainty
of his or her own existence. What this means is that ‘Come what may;, it
is the [chair] in the mind of each of us to which all else we believe in
must conform.” Of course even the certainty of my own existence is
questionable. Philosophically it is possible to argue that I do not exist.
But I notice that I do, and that is the only reference point I have to go on.
I am, by default, my unique authority in the matter. I also have only my
presumption of my existence and my mind’s-eye images to go on if I
want to come to any conclusions at all about my chair or the rest of the
universe.

What has happened to objective truth if truth in my mind’s eye may
be different from truth in yours? Pippard isn’t saying that what my
mind’s eye leads me to believe is truth. What your mind’s eye leads you
to believe isn’t necessarily truth either. Pippard is saying that the one and
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only certainty I have is of my own existence. The only certainty you have
is of your own existence. Each of us has only that as a starting point. The
question is, how does what begins with my certainty of my existence,
and continues with my mind’s-eye view of the universe, end with the
discovery of objective truth—even perhaps with that ultimate distillation
of objective truth, the Theory of Everything or the Mind of God? What
makes me think I can begin HERE and arrive THERE where ultimate,
objective truth is in my mind’s-eye view?

One of the articles of faith listed above was that truth does exist in a
way that is independent and ‘other’ from myself or yourself, unchanged
whether or not it is studied by a physicist or a common-sense observer
and not affected by how it is viewed in anyone’s mind’s eye. Pippard tells
me there is a fourth chair across the room from me—the ‘chair-as-it-is-
in-itself’, the most bed-rock solid of all views of my chair and the most
elusive.

I would like to know whether my perception of my grandparents’ chair
and the rest of the universe has any relation to ultimate reality. If there
is a God, I would like to know what it all looks like from God’s vantage
point. Sir Brian Pippard says my chair-as-it-is-in-itself—and, by exten-
sion, the universe-as-it-is-in-itself—might turn out to be ‘something
quite other, outside the range of our thought.* How much more ‘other’
might be the Mind of God?

To bring us down out of the clouds to a more practical level, suppose
you decide, on a quest for knowledge, to attach particular importance to
what scientists have discovered about the universe by means of the sci-
entific method, which does after all seem to be a very reliable method for
finding out what is what. If you proceed along these lines you may be in
for a shock. You will learn not only that science has not proved the
assumptions that the universe is rational, accessible, contingent, objec-
tive, and has unity to it, but also that there have been scientific discover-
ies and theories which lead us to question seriously whether those
assumptions are correct. Where does that leave us? Are the foundations
of all our knowledge crumbling? Is the search for truth about to self-
destruct? Can we know ANYTHING?
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Is THE RATIONAL UNIVERSE AN [LLUSION?

We speak of a universe that is rational and logical, a universe that
makes sense and has pattern to it. Strong evidence of this rationality is
the dependability of cause and effect. Everyone knows that nothing hap-
pens without something causing it to happen. The cause may be obvious
or it may be hidden beyond our ability ever to discover what it is, but it
is always there, or so we assume. We conduct lengthy and expensive
investigations to find the cause of a disaster like the explosion of the
United States space-shuttle Challenger. Extremely cold weather, a prob-
lem with the O-ring seals. No-one thinks seriously of concluding ‘It just
happened, nothing more to be said about it Every effect has a cause,
and that means there are chains of cause and effect, chains which we
don’t expect to come to a dead end.

Even if chance played a part—the perhaps unlikely instance of weather
conditions and O-ring problem coinciding—no one would claim that the
‘law’ of cause and effect had been broken. The weather conditions had a
history of cause and effect behind them and so did the O-rings and the
adhesive that secured them. Too complicated to follow, perhaps, but still
there. A story was involved, and if we could find out what the story was, we
could explain the disaster. If we had failed to find some link in the story,
we still wouldn’t have leapt to the conclusion that no such link existed. It
would not occur to us to do that. We say the evidence is insufficient.

We’ve grown accustomed to the way cause and effect operate on our
level and in the part of the universe we can observe, and so it seems safe
to assume, though we have no way of demonstrating it beyond a certain
point, that cause and effect similarly operate in areas of the universe that
we cannot observe directly. We rely on this being so. We think that cause
and effect will continue to operate in the future, with no real guarantee
that today isn’t the last day they will be in operation. If an experiment
gives one result today, it ought to give the same result tomorrow. If it
fails to do so, we question the experiment or our interpretation of it, not
the reliability of the concept of cause and effect.

We also assume with no way of testing it that cause and effect oper-
ated at the very earliest stages of the universe. Even at the moment of
creation? So strong is our belief that it is difficult to imagine that the
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universe itself could exist without a cause; that it could just BE. We want
to know how it happened, and we want to find the answer to the ques-
tion ‘Why?’ Or even ‘Who?’

Belief in cause and effect is a cornerstone of the scientific method.
Nevertheless some scientists keep reminding us that the ‘law’ of cause
and effect is an ‘article of faith’ not a law at all. It can’t be proved to oper-
ate in all cases. Indeed, there is a major subfield of modern physics that
requires us to reconsider our assumption that every event has an unbro-
ken history of cause and effect leading up to it.

‘Quantum mechanics’is not a name like ‘black hole’ or ‘quasar’ to light
the fires of our imagination. Yet the study of the quantum level of the
universe is an area of physics which seems as exotic as anything ever
dreamed of in science fiction. It is the study of the smallest size levels in
the universe, of atoms and elementary particles. Some of what happens on
that level is extremely difficult to explain in a way that satisfies our wish
for a common-sense description. One of the oddities is that we observe
individual events that are, in a sense, ‘uncaused’ events, happenings with-
out a history of the sort we normally assume any event must have.

The quantum level of the universe will crop up repeatedly in this
book. For the benefit of those who haven’t already learned something
about it, or have forgotten what they used to know, let us pay it a pre-
liminary visit before proceeding further:

Picture something relatively familiar, our solar system. The planets
orbit the sun in orbits that we have learned to predict. At any given
moment each planet in relation to the others has a definite position and
is travelling in a definite direction at a definite speed. We can see that
Saturn is THERE today, and, because we also know its speed and direction
of movement, we can figure out what path it followed to get there and
where it’s going next. A space vehicle could plot a course and know that
at a certain time, at certain space coordinates, it would intercept the
planet Saturn.

Early in our century scientists thought atoms were something like
miniature solar systems with electrons orbiting the nucleus as predictably
as planets orbit the sun. That made for excellent science fiction possibil-
ities—our solar system as an atom in a superbeing’s thumbnail—intel-
ligent beings living on electrons, as we live on the earth. You were not
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taught in school that any such possibilities existed, but you probably had
a diagram of an atom in your physics book that looked something like
the solar system, and you very likely carry that picture around in your
mind even now to trundle out whenever the word ‘atom’ is spoken. In the
1920s physicists found that this is not an accurate picture of an atom
(which shows the time lag between scientific discoveries and textbook
publication). Though no mental picture really suffices, we do better to
visualize electrons blurred in a cloud around the nucleus. With this rev-
elation, science outdid science fiction.

As far as anyone has been able to discover, unlike a planet in a solar
system, an electron (and this applies to all other particles as well) never
has a definite position AND a definite momentum at the same time. We
may measure very precisely the position of a particle, but we cannot at
the same time measure very precisely its momentum. Or we may choose
to measure its momentum very precisely, but we cannot at the same time
precisely measure its position. It’s as though the two measurements—
position and momentum—ride at opposite ends of a see-saw. As the pre-
cision of one measurement rises, the other inevitably goes down, and
vice versa. This is the Heisenberg Uncertainty Principle of quantum
physics. No-one has been able to find a way around it. There probably is
none. We cannot under any circumstances find out where a particle is
AND the speed and direction of its movement. The answer to that ques-
tion with regard to any individual particle at any given moment in time
seems not simply unknown—not simply unknowable—non-existent.

There are a few physicists who still refuse to believe that such a bizarre
situation, such a block to our further investigation, should be the end of
the story. They hope that some future development in physics will
increase our understanding and make it possible to ask and answer the
two questions precisely at the same time: ‘Where is the particle and how
is it moving?’ But most have concluded that this question has no answer,
that quantum uncertainty does not result from our ineptitude as ob-
servers, that things on the quantum level really are uncertain.

The drama of this situation may not strike you immediately. It’s obvi-
ous that no scientist likes to be frustrated in his or her investigations, but
why should this uncertainty have so profoundly disturbed the scientific
community when it was discovered early in our century, and in the years
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following that discovery? It has been disturbing in part because it seems
to undermine our faith in the reliability of cause and effect, a concept
which has traditionally supported the assumption of a rational universe.

In the case of the Challenger explosion, we had a definite series of
events, a history (though perhaps not entirely known to us) that hap-
pened in one way and not in any other. In the case of the planets in the
solar system, a definite path, a definite history brought Saturn to the
position in which we observe it tonight. Even in the case of an amnesia
patient who remembers nothing at all, whom no-one else can identify,
and whose past cannot be traced, the patient is assumed to have a history
which happened in one way and not in any other.

In the case of an individual elementary particle, that definite series of
events, that definite history, is missing. The particle doesn’t even have
an unknown or an unknowable history. What it has is a blur of possible
histories, a blur that does not focus itself on one historical track rather
than another. Studying the quantum world from our level, we see that
some histories for a particle are more likely than others, have a greater
probability. Nevertheless (to state the case in its most extreme form) any
history is possible and there is o answer to the question “‘What history
brought this one particle to the position or momentum we, at this
moment, measure it to have?’ In this sense, ‘causality’ is lost.

In case you are thinking that all this, though fascinating, is not very
relevant to the world of everyday existence, let me remind you of the
chair with which we began this chapter. All ordinary matter in the uni-
verse is made of atoms. That goes for this book, ourselves, planets, air,
microbes, as well as chairs. Every atom consists of particles, and the
uncertainty principle applies to all particles. You and I and chairs and
tables and all other matter in the universe are at one level a quantum
blur—on any level an amalgam of uncaused events!

But does a loss of causality on the level of particles and atoms really
call into question the rationality of the universe? You may raise your eyes
from this book and reassure yourself that day does follow night and night
follows day, the seasons come round as expected, the moon and the plan-
ets keep to their appointed orbits, the galaxy retains its shape, the room
in which you sit has the same dimensions it had an hour ago. Whatever
nonsense is going on, it all sorts itself out into the familiar and, given
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the circumstances, surprisingly dependable world we perceive. In Chap-
ter 6 we will examine reasons why this is so. But scientists still don’t
completely understand how and why the sorting out takes place, how
and why the world of quantum uncertainty is transformed into the
common-sense world of our daily experience. They cannot tell us how
large a part human perception and consciousness play in the sorting out,
how much ‘interpretation’ by the human mind has to go into the trans-
formation, how much what we see is what we expect to see rather than
what is really there.

We know we aren’t directly conscious of everything that goes on
around us. Our five senses are our only contact with the world, and there
is much news they don’t transmit. In the room with us there are many
types of electromagnetic radiation that we aren’t aware of. All of these are
forms of light which human eyes can’t see. Some of them we sense as heat.
Others not at all. Some are in the form of radio waves, which we can’t
know are there unless we turn on a radio. What else is going on around
us? Suppose the universe is really a place of nonsense—anarchical, mean-
ingless, patternless, directionless in both space and time. Is there a possi-
bility that is what reality is like? If so, why do we see so much pattern?

The theory of evolution tells us that certain capabilities give certain
individuals within a species a survival advantage. These individuals are
more successful than others at making the best of the situation in their
environment; they live long enough to have more offspring. Their traits,
including those which gave them the survival advantage, are passed
down to more descendants than the traits of those individuals without
the survival advantage. We’ll discuss evolution in more detail in Chap-
ter 6. Meanwhile, we are all probably familiar with examples of survival
advantage. If lizards appear in green and brown, and green is a good
camouflage among leaves—so that the predators of lizards can’t find
the green ones to eat them—after a few generations (all other things
being equal) brown lizards are likely to be extinct and green lizards
flourishing.

Itisn’t hard to imagine that in the evolution of living beings there was
a survival advantage for those who could discover pattern in their sur-
roundings and experiences. Brains would have evolved in such a way
that as generations passed they were better and better able to find such
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pattern. We know that the human mind has become a superb device for
compressing the wealth of information it receives from the five senses
into useful, meaningful, abbreviated form. Thought and memory could
not work as they do if we were not equipped to do this compressing. It
doesn’t seem far-fetched to think that our brains, having been wired this
way by evolution, might continue with this process out of habit, even to
the extent of finding pattern where there is no inherent pattern to be
found.

But could the human or pre-human brain have created the very con-
cept of pattern if there had been no pattern at all to be found in the uni-
verse? Is that perhaps how we have come to interpret a quantum blur as
a chair? Are there in reality an infinite number of dimensions, only four
of which our senses and our consciousness allow us to know about? Does
time perhaps not flow chronologically in a way which allows us to
remember the past but not the future? Can we prove anything about this
at all? A good argument against an absence of all pattern is that evolu-
tion itself is a pattern. If that pattern exists only in our minds, could any-
thing have done any evolving?

It’s difficult to see how all pattern could be merely our invention. But
could it be that human beings have come to attribute more importance
to the pattern found in nature than nature herself does? Consider the
symmetry we find in nature. We have only to look around us to see that
there is far more to the picture than simple symmetry. Symmetry seems
to be an ideal which much of the universe fails to live up to, at least on
the levels most obvious to us.

When she was ten years old, my daughter did a school project about
geometric shapes in the natural and built environment. Collecting pho-
tographs, she discovered it was easy to find examples in the built envi-
ronment. Here were squares, pyramids, even dodecahedrons aplenty.
Collecting the photographs of the natural environment was much more
difficult. Circles were there in the pupils of our eyes and the ripples when
we drop a stone in still water. But other shapes presented a problem.
Columnal basalt formed roughly hexagonal shapes in a natural ‘giant’s
pavement’. The hexagons in DNA spirals, in beehives, and in the eye of
a horsefly also seemed carelessly drawn, without regard for exact geom-
etry. The diamond shapes in a sunflower seed-head were lop-sided. One
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had to give tree-trunks the benefit of the doubt in most cases to call them
cylinders. The earth bulges and is not a perfect sphere. Natural crystals
are not perfect geometric shapes either. As for mirror symmetry, one
side of a human face is not the true mirror image of the other.

It seemed at first to a ten-year-old that all the wealth of geometric
shapes and figures that lie waiting in mathematics, which is arguably a
thing of nature, not human-made, is largely unrealized in nature itself.
Nature has not taken advantage of many of the possibilities. Humans
have. The things we build and the art we create exhibit much more
geometry and symmetry than we can find in nature. Are we bettering
nature, imposing rationality on a less rational universe, when we design
a building or draw a pleasing design?

Even my young daughter soon realized that the situation was really
more subtle than that. There is geometry hidden in nature. The way we
see, the way we judge distance and perspective is all bound up with tri-
angles and cones. The frequency of vibration of the stretched membrane
of a timpani head involves circles and wedges of circles. Radiation waves
move out spherically from an underground explosion. The imaginary
line drawn through time by a planet (not only its orbit, the pattern of
many superimposed orbits, in time-lapse photography if you will) is
beautifully geometric. The rules of geometry help dictate how a build-
ing can be made to stand and what cannot be built. Whether we choose
to carry that geometry and symmetry into the more visual level of decor
and design, we must adhere to nature’s geometry-related rules in the
structure. We shall see later that there is also symmetry hidden in the
fundamental laws of nature.

But if symmetry and geometry go deeper than what we most readily
see in the natural world, the digression from ideal geometry and sym-
metry also goes deeper. Matter in the universe, in the form of stars, plan-
ets and galaxies, is distributed unevenly. It is clumped in a way not yet
understood by science, leaving enormous, mysterious voids. At the level
of elementary particles, we discover a right- and left-handedness about
the universe, slightly favouring the left. In the early universe there may
have been an infinitesimal imbalance between the amount of matter and
the amount of antimatter, an imbalance which has resulted in the uni-
verse of matter we see today.
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If we were somehow able to take the natural world, straighten out
the lines, correct the asymmetries and irregularities, make all the tree-
trunks into true cylinders, the picture that would emerge would be
unnatural, unbeautiful, impossible. If someone or something had taken
the asymmetries found in physics and ‘corrected’ them, we and our uni-
verse could not exist. As important as the concept of pattern in nature is,
there is also a powerful requirement for a pulling out of shape, a devia-
tion from plumb, a tipping of the balance. There is a tension everywhere
between ideal pattern and deviation from it. Can we call this tension
itself a symmetry, a pattern, a balance? Such a subtle symmetry, such a
tension, is familiar to artists and musicians. It is part of their craft to use
it, to make it work for them. It is less familiar, perhaps, to scientists,
except for those engaged in the study of chaos and complexity.

The rationality of the universe goes beyond its manifestation in obvi-
ous symmetry, pattern, and cause and effect. It would appear to include
the ability to make judgments as to when the symmetry must be broken,
when the geometry must be pulled out of shape, when cause and effect
must not apply. Is that the rationality of the Mind of God?

Perhaps we have underestimated the amount of apparent asymmetry
and ‘irrationality’ that can be accommodated without contradiction in
a rational universe. Perhaps there is no contradiction between a rational
God and a range of human experience that seems to stretch any con-
ventional notion of rationality beyond the breaking point. Or are such
suggestions merely a rearguard action engaged in so that we can pre-
serve our assumptions that the universe is rational and that there is a
Mind of God?

‘IN NATURE’S INFINITE BOOK OF MYSTERIES . ..
CAN WE REaD VERY MUcCH AT ALL?

‘We don’t know a millionth of one percent about anything, said the
American inventor Thomas Edison.” Of course it’s been at least seventy
years since he uttered those words. We ought to know a little more by
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now. Even so, just a casual look around us would indicate that there is
incredibly much to know.

We’ve already called into question the trustworthiness of our five
senses, through which any information about the universe must come to
us. Nevertheless we have a gut feeling (which isn’t quite the same thing
as common sense) that the universe is open to our study and our under-
standing, and this feeling certainly isn’t new with our generation or our
century. However, it is possible to conceive of a universe which would be
rational yet somehow blocked off, veiled, difficult to find out about, as
our everyday world must be to one who is born blind and deaf. It is even
possible to conceive of a universe in which this blocking off would be for
our benefit. T. S. Eliot wrote that ‘Humankind cannot bear very much
reality’® Perhaps he was right.

Nevertheless, we yearn to know the truth about everything and behind
everything, to see further and further with our telescopes, to probe closer
and closer with our microscopes, to know all the answers. We are hard
to discourage and not particularly humble in assessing our capabilities
or our achievements.

In April of 1980 Hawking had the audacity to suggest we had come so
far that before the end of the twentieth century we might find the the-
ory that would explain everything that is happening, has happened, or
ever will happen in the universe. Eight years later he wrote that after we
have that theory in hand we might just go on (not scientists alone, but
all of humanity) to know the mind of God. Which calls to memory an
ironic piece of history trivia. In the late 1890s Prussia closed its patent
office on the grounds that all possible inventions had been invented. It
wasn’t long afterwards that Albert Einstein, in a Swiss patent office, began
toying with ideas which would revolutionize science.

In the children’s party game ‘Pass the Parcel’ a colourfully wrapped
package goes round the circle of children while the music blares. When
the music stops, the child holding the parcel unwraps the first layer of tis-
sue paper. A piece of candy tumbles out, the reward for this child. The
music begins, the parcel starts round once more, and the game goes on.
With each pause in the music another layer of paper is pulled off and the
parcel gets smaller. At the heart of the parcel there is a prize more excit-
ing than any of the candy rewards that have come before.



Seeing Things 21

Science plays a game like Pass the Parcel, unwrapping layer after layer
of knowledge to reveal deeper knowledge, more complete understand-
ing. For instance, unwrap atoms and you find electrons, protons, and
neutrons. Unwrap protons and neutrons and you find quarks. Perhaps
there are, after all, layers of structure more basic than electrons and
quarks. As the game goes on, we hold our breath to see what will emerge
when the last wrapping comes off. We might have to hold our breath for
a very long time.

If our game is ‘Infinite Pass the Parcel’, it will never end. We will grow
old and die sitting in that circle, listening to that tinny march! New gen-
erations will take our place in the circle. We will discover more and more
refined theories, each one describing the universe more accurately than
the last. Devise a way to take more sensitive measurements or make a
new observation, and we discover things that are not accounted for by
existing theory. Develop a more advanced theory. With each advance a
layer of the parcel is unwrapped. The ‘unknown’ seems to become
smaller. But if knowledge is infinite, the ‘unknown’ will never truly grow
smaller. Every layer will reveal a deeper layer, and there will be another
beyond that. Even if there is such a thing as complete knowledge, our way
of doing science might mean that an infinite number of refinements
would be needed for us to touch bed-rock. We may pass the parcel for all
eternity. Einstein, for one, believed that ‘this process of deepening the
theory has no limits.”

Whether or not nature’s book of mysteries is infinite, science has
already encountered some specific pages of the book which seem to be
unreadable. We have already mentioned the quantum level of the uni-
verse and how the uncertainty principle limits us there. Physicist and
author Paul C. W. Davies described scientific work on elementary par-
ticles as ‘learning more and more about less and less. Hawking calls
quantum mechanics the ‘theory of what we do not know and cannot
predict’ Einstein didn’t want to accept quantum uncertainty as inher-
ent uncertainty. ‘God does not play dice, he declared. But Niels Bohr, the
Danish physicist, who was convinced that the quantum world was
intrinsically uncertain, answered, ‘Albert, don’t tell God what he can
do!” In the 1930s Einstein devised an experiment which he hoped would
show that events, even on the quantum level, have distinct causes. It
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wasn’t until the 1960s that the technical capability was available to carry
out Einstein’s experiment. The results showed that Einstein had been
wrong.

The quantum world does not provide the only unreadable passage in
the book of the universe. For a time in the late sixties and seventies, it
seemed as though singularities of infinite density and spacetime curva-
ture might end all hope of our learning about how the universe began.
If singularities exist, they are a serious road-block. Relativity theory pre-
dicts that we should find them at the centre of black holes, at the begin-
ning of the universe, and possibly at the end of the universe. Physicists
do not want to find singularities. It is no small matter to discover a door
slammed in their faces.

First, a look at singularities which might be at the centre of black
holes. Black-hole theory has it that a massive star, quite a bit more mas-
sive than our sun, after successfully supporting itself for millions or even
billions of years against the inexorable collapsing pull of gravity, runs
out of the fuel necessary to continue this support. To be more specific,
the fuel is hydrogen, and the star has been producing energy by trans-
forming this hydrogen into helium and then into some heavier elements.
When the energy the star can produce is no longer enough to balance the
pull of gravity, the star begins to collapse. If the star is massive enough,
it will go on collapsing until it becomes a black hole.

What exactly is a black hole? The classical textbook definition is an
area of the universe from which nothing can escape unless it is capable
of travelling faster than the speed of light. Only the ability to exceed the
speed of light could allow something to escape the gravitational pull of
a black hole. Nothing that we know of can exceed the speed of light, and
so it follows, by this definition, that nothing, not even light itself, can
escape from a black hole.

If you aren’t familiar with the concept of black holes you may be pic-
turing an invisible solid sphere (the remains of the star) out in space,
emitting no light and allowing no escape from its surface, but that isn’t
quite correct. A black hole is not an object but includes an area of space
surrounding the collapsing star—roughly spherical but probably bulging
like the earth does around its midriff. Relativity theory predicts that the
star itself, within this area of no escape, goes on collapsing until all the
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matter in it is compressed to an area of zero volume and infinite density,
which is known as a singularity.

Physical theories can’t really handle infinite numbers. When Einstein’s
theory of general relativity predicts a singularity of infinite density and
infinite spacetime curvature, that theory is also predicting its own break-
down. All the theories of classical physics break down at a singularity. We
lose our ability to predict anything.

Some of you may be wondering why we don’t label the entire interior
of a black hole, rather than just the singularity, as ferra incognita, one of
the unreadable pages. If no light or anything else can come out of a black
hole, then surely no information can come out. How do we know what
goes on in there?

Black holes are indeed mysterious, but we do know mathematically
and theoretically a great deal about them, including the dynamics of
their interiors. Furthermore, it isn’t entirely inconceivable that we may
some day have the technology to travel to a black hole. Then if anyone
is really curious, he or she can jump in, and if the black hole is large
enough, so that gravitational tidal effects don’t tear the explorer to
spaghetti immediately, he or she can find out first-hand about what goes
on inside a black hole, at least in its outermost areas. This expert witness
won’t be able to return to report on the experience to the rest of us, but
at least one person’s curiosity will be satisfied. The interior of a black
hole is not unknowable.

However, it isn’t the singularities that might lie at the heart of black
holes that trouble physicists most. The really serious unreadable page is
the singularity at the beginning of the universe. First we had better dis-
cuss why there should be any singularity there at all.

In the 19208 American astronomer Edwin Hubble made one of the most
revolutionary discoveries of the twentieth century: The universe is expand-
ing. The distant galaxies are all increasing in distance from us and from
each other. If this is true, and no-one today seriously contests it, then
unless something has changed dramatically in the past, the galaxies used
to be much closer together. It follows that at some moment in the distant
past everything that we might ever be able to observe in the universe would
have been in exactly the same place. All that enormous amount of mass
and energy would have been packed in a single point, infinitely dense.
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We'll return to the events and controversies leading up to and follow-
ing upon Hubble’s discovery in Chapter 4. For the moment suffice it to
say that although general relativity predicts the existence of singulari-
ties, it was not until 1970 that Roger Penrose of Oxford University and
Stephen Hawking (both experts on black holes) used what they had
learned from black holes, reversed the direction of time, and showed
that the universe must have begun as a singularity. This was good news
for their careers as physicists. In another way it was bad news.

If Hawking and Penrose were correct, the singularity at the beginning
of the universe would mean that the beginning of the universe is beyond
our science—an unreadable page. As is true at a singularity in a black
hole, the laws and theories of classical physics, including Einstein’s the-
ory of relativity which predicts the singularity, all break down at the sin-
gularity at the beginning of the universe. We couldn’t use these laws to
predict what would emerge from the singularity. It could be any sort of
universe. And the question of what happened before the singularity
probably has no meaning at all. All we could say about the beginning is
that time began, because we observe that it did.

It wasn’t long before physicists, with Hawking in the lead, began to
attack this ultimate Gordian knot. We shall see the results of that venture
in Chapter 4.

There is another category of information about the universe which
seems closed to our investigation. We have not yet found a way to pre-
dict ‘constants of nature’ such as the mass and charge of the electron and
the speed of light in a vacuum. To say these are unknown would be
incorrect. We can, in fact, measure the mass and charge of the electron
and the speed of light. What we don’t know about them is more subtle
than that: If we couldn’t measure these values directly, we wouldn’t be
able to find out what they are from any theory we have. These are ‘arbi-
trary elements’ in all our theories. An alien who had never seen our uni-
verse would have no way of finding out by using any present theory what
these values would be in our universe. And that, for a physicist, is an
unsatisfactory situation.

Will we ever know these answers? Some hopeful avenues are currently
being explored. However, if our universe began as a wormhole tunnelling
out of another universe, as one speculative theory we encounter in Chap-
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ter 4 suggests, we may never be able to predict all the constants of nature
—though we will understand better why we must remain frustrated.

Relatively new branches of science called chaos and complexity, which
we shall examine in detail in Chapter 6, lead us to believe we’ve been
over-confident about human ability to predict even the orbits of the solar
system very far into the future. With most, perhaps all, systems in nature,
only infinite knowledge of present details (and perhaps not even that)
would allow us to calculate precisely what will happen in the future of the
system or what has happened in the past. We never have infinite knowl-
edge of details. Where does that leave us in our gallant attempts to trace
the history of the universe to its origin and to predict its future?

Chaos and complexity also point up a significant road-block between
us and the fundamental laws of nature. When we try to understand the
structure of the universe, we discover many instances where it is diffi-
cult, perhaps impossible, to determine whether what we see is the result
of fundamental laws or the result of chance. If we are observing a chance
outcome, one among many outcomes the fundamental laws would have
allowed, then it would be misleading to suppose our observation is a clue
to the fundamental, underlying laws of the universe. For example, if the
way galaxies cluster is attributable to the laws of nature, we can study
that clustering and learn something about those basic laws. On the other
hand, if the way galaxies cluster is a matter of chance, with the underlying
laws permitting a variety of results, we won’t learn much about the basic
laws by studying the way galaxies are clustered. It’s a Catch-22. Not under-
standing what the fundamental laws actually determine, and where they
are flexible, renders us incapable of finding out what those laws are.

Is OBJECTIVE REALITY A MIRAGE?

If we ask ourselves what we believe about the existence of objective
reality, objective truth, the answer for most of us is probably that we
think it exists, and we tend also to believe that science and the scientific
method are the best way to get at it—to settle what is the truth and what
1s not.
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However, science doesn’t make any claim to have discovered the ulti-
mate truth about anything. Scientists speak instead of discovering pre-
dictability—of seeking deeper understanding of nature. They don’t speak
of ‘the verdict of science’, but of ‘the standard model’, which means the
model that nearly all experts agree on at the present time. They speak of
‘approximate theories, which means theories that work satisfactorily in
a certain area but do not claim to be the whole truth as it might apply to
all areas. They speak of ‘effective theories, which means something we
can work with for the present while knowing that it isn’t absolutely and
unequivocally correct.

It is generally agreed that in science nothing can ever be ‘proved’. The
best anyone can say of a theory is that it has not been disproved. No mat-
ter how many times something is confirmed by testing, there is still an
infinite number of times it may be tested in the future. That means the
number of chances left for it to be disproved will always outnumber the
number of times it has been tested and verified. Scientists are sceptical
people when it comes to anything which claims to be ultimate, unassail-
able truth. It may be this scepticism that keeps some scientists away from
a belief in God, not the notion that science disproves God. The idea of
anyone actually finding ultimate, unassailable truth has in a sense
become foreign to the minds of many scientists, and to some of the rest
of us as well, even though we may believe such truth exists.

In other areas besides science, truth is even more elusive. Where ques-
tions of religion, morality, and human behaviour are involved, we are
prone to say that it is a matter of opinion, a matter of belief. What hap-
pens to the notion of objective reality then? It is certainly very tolerant
of Hawking, for example, to say that whether God operates in our lives
is ‘a matter of belief’, but surely he doesn’t mean that objective reality is
different for the atheist from what it is for the person who believes in
God. Does the Christian or Jew live in a universe that was created and is
sustained by God and the atheist in a universe for which there is no God?
If there is such a thing as objective truth, some of us are dead right and
others dead wrong. Tolerance is necessary not because everybody is
equally right, but because we have no way of proving once and for all
which of us is right.

That is, 1F there is such a thing as objective reality. It is not inaccurate
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to say that on the quantum level of the universe the objective truth seems
to be that we lose objective reality.

Recall the two ways we have mentioned of explaining the uncertainty
we find on the quantum level of the universe. One way is to say that
things there seem uncertain because we haven’t yet found an adequate
way of observing and measuring. However, the majority of physicists
have become convinced that quantum uncertainty is something deeper
than merely a matter of observation and measurement. When we meas-
ure precisely a particle’s momentum, that particle does not at the
moment of our measurement have any definite position to be measured.

That raises the question of whether anything that isn’t located some-
where is a real ‘thing’ Does it actually exist as an independent entity? If
it does, wouldn’t it have to have a definite location and a definite motion?

Even more troubling, there is a sense in which we as observers change
reality on the quantum level. We said earlier that, as far as anyone has
been able to discover, a particle or even an atom never has a definite posi-
tion AND a definite momentum at the same time. If you look for an
atom’s position, that’s what you get, an atom in a definite place—with a
blur as to its motion. If you look for an atom’s motion, that’s what you
get, an atom moving in a definite manner—with a blur as to its loca-
tion. A very predictably unpredictable little fellow, this atom. But what
happens when you aren’t measuring anything at all about it? It seems
that when an atom isn’t being observed it lapses into a state that can be
described as ghostlike, with no concrete reality to it at all. Only under
observation does it resolve itself into either an atom with a location or
an atom with a definite momentum, and which atom it will be depends
entirely upon what the observer is trying to measure. To put it bluntly,
the observer seems to create reality by observing it.

John Wheeler of Princeton and the University of Texas is the physicist
who coined the name ‘black hole’ which was fortunate because the name
‘collapsar’ was the best anyone else had suggested. Besides inventing good
names, Wheeler has a remarkable talent for finding analogies that make
it possible for nonphysicists to understand physics. Here is his version of
Twenty Questions, Quantum Style.

Professor Wheeler is 1T. We all assume that he has chosen a secret
word, but he decides to play a trick on us. He doesn’t choose any word
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at all. The game begins. ‘Animal, vegetable, or mineral?” we ask. Prof.
Wheeler, having no secret word in mind, just a blur of every noun in his
English vocabulary, is free to choose any of the three categories. ‘Animal,;
he answers. As we all shift our attention to the animal kingdom, the blur
of possibilities becomes smaller.‘ Mammal?” someone asks. ‘No, answers
Prof. Wheeler, though he could just as honestly have answered ‘Yes. ‘Rep-
tile?” is the next question. ‘Yes, says Prof. Wheeler with a congratulatory
nod, although he might just as truthfully have said ‘No. Now we all think
of snakes and lizards and the like, a blur of reptilian life in our minds. A
blur of reptilian life in Prof. Wheeler’s mind too. There is no definite
reptile lurking there in his mind’s eye. As the game goes on Prof. Wheeler
may have to be very clever in order to keep each answer consistent with
all his previous answers, but if he does, can you see that in the end we will
arrive at a definite word, although there was not one waiting to be found
in Prof. Wheeler’s mind? The avenue our questions have taken has helped
create the hidden word.

In an analogous way, Wheeler tells us, it is our probing that deter-
mines what reality is on the quantum level. It isn’t a reality that exists ‘out
there’, independent of us, waiting to be found, the same regardless of
whether or not anyone is looking. Our act of observation creates a real
situation where otherwise there would be only ghostly uncertainty. We
can’t separate this reality from the person doing the observing or from
his or her choice of how to do the measuring.

If we as observers manipulate and even create reality on the quantum
level, what effect might we be having on the universe as a whole? It is
Wheeler again who presents us with a mind-boggling suggestion. Per-
haps it may be impossible for a universe to exist without observers. Does
it follow that the universe did not exist before there were thinking beings
in it? Does it follow that our observations create a history of the uni-
verse before our own appearance, a history that in a certain sense did
not exist before we began to ask questions about the early universe? What
meaning does our expertise and our technology have if all we are able to
do with it is discover answers we are creating ourselves? And if we
become extinct, will the universe vanish?

In a parallel line of thought, can God exist without believers? If the
existence of God is a matter of belief, then if nobody believed in God we
wouldn’t have a lonely God, we’d have no God at all. Is it possible to con-
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ceive of a situation in which the answer to the question ‘Is there a God?’
is indefinite in the way particles are indefinite on the quantum level?
Would belief then, not observation, create an affirmative answer? This
would not be the same as saying the believer is deluded, any more than
the physicist who locates an electron at a definite position is deluded.
Unbelief would create a negative answer, and that also would not be a
delusion. Can truth be contrary to truth?

Suffice it to say that most of us do not take kindly to the notion that
it is possible to have contradictory truths. Contradictory opinions—all
right. Contradictory evidence—that’s OK too. Somebody’s mistaken.
Somebody’s lying. Compromise—fine. But contradictory truth? No.
Most of us feel instinctively that there is a definite answer to every ques-
tion, even the question of whether God exists. We feel that our opinions
and our beliefs do not make something real or unreal. We do not manip-
ulate reality, whether that reality is the existence of a chair or the exis-
tence of God. In spite of hints to the contrary coming from the quantum
level of the universe, when it comes to decisions about ultimate reality,
I don’t think my vote gets counted.

This is not a reaction confined to the ordinary, common-sense-
oriented person-on-the-street. Most scientists feel there must be some-
thing ‘real’ or else what they study about the physical world would not
fit together in such amazing and unexpected ways. We hear almost iden-
tical words from people regarding their belief in God. But isn’t this ‘fit-
ting together’, which we interpret to mean that there is some raw
material out there against which we can stub our toes and bang our
heads, just the sort of pattern that evolution has so superbly conditioned
us to find—and to feel good about finding? Perhaps we even consciously
or unconsciously single out problems for our scientific study which are
likely to have that sort of satisfying resolution, while ignoring those
which do not.

ARE WE REALLY FREE AGENTS?

A friend of mine, Jim Morgan, tells me that on a summer day in 1990,
as he sat in a camp chair in his garden reading A Brief History of Time, a
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yellow leathopper about a quarter-inch long landed at the top of page 9
and remained there for about six seconds. Jim stopped reading to ponder.
Was it determined irrevocably at the instant of the creation of the uni-
verse 10 to 20 billion years ago that he and the leathopper and Hawking’s
page 9 would meet, precisely thus, on this quiet summer afternoon? Not
a second earlier, not a second later, not on page 8 or 10? Hawking, of
course, has said he is of the opinion that everything that happens, has
happened, or will happen in the universe has been determined either by
a Theory of Everything or by God. Jim Morgan says he would like to
think Hawking is right. If he is, any assumption that chance and choice
play a role as events unfold in the universe is a false assumption.

What is a Theory of Everything? It isn’t really correct to say a Theory
of Everything. That would imply that there is more than one such the-
ory. It must be the Theory of Everything—the simple set of rules that
would underlie all the enormous complexity and trivial detail of the uni-
verse. A formula that could be written on a T-shirt? Maybe.

It isn’t easy for a non-physicist to see how such a formula could exist.
A glance out of almost any window or the thought of the working of
our own bodies is enough to tell us there are far too many things going
on in the universe to be explained so succinctly. But scientists have for
centuries been finding that nature is often less complicated than it first
appears. Richard Feynman, the American physicist and Nobel laureate,
describes the way the process works. There was a time, he reminds us,
when we had something we called motion, and something called heat,
and something else again called sound.

But it was soon discovered [Feynman writes] after Sir Isaac New-
ton explained the laws of motion, that some of these apparently
different things were aspects of the same thing. For example, the
phenomena of sound could be completely understood as the
motion of atoms in the air. So sound was no longer considered
something in addition to motion. It was also discovered that heat
phenomena are easily understandable from the laws of motion. In
this way, great globs of physics theory were synthesized into a
simplified theory.*
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Hawking, in his inaugural lecture as Lucasian Professor of Mathe-
matics at Cambridge, suggested that we may soon be able to synthesize
all of physics theory into one simplified theory, but he was not sug-
gesting that we will soon have a theory with which we human beings can
predict everything that happens in the universe. We won’t be able to use
it to decide which horse to back in the Kentucky Derby. There are too
many billions upon billions of details involved in tracing the history of
every particle that makes up every horse, the turf on which it is running,
not to mention the weather, from the instant the universe began to the
day of the race. We have no computer capable of doing such calcula-
tions. There are other insuperable problems with predicting everything.
Hawking thinks that’s for the best. Otherwise, we’d place our bet and
change the odds! Even our reaction to our prediction and the reper-
cussions from our reaction would have to have been predicted in the
theory.

Hawking was suggesting something less dramatic. He said that physics
was well on the way to finding a theory which would give a unified expla-
nation of the activities of the elementary particles and the working of the
four forces by which they interact. These interactions underlie every-
thing that happens in the physical universe. Hawking said in his inau-
gural lecture that the complete theory to explain the universe would also
have to answer the question of what the ‘initial conditions’ of the uni-
verse were, conditions at the instant of beginning, before any time what-
soever had elapsed. We will see that a complete theory may have to do
more than that, depending partly upon whose definition of Theory of
Everything you are using.

However, the question we are asking here is not whether we can find
such a theory, or what we humans could or could not predict with it,
but rather does such a complete theory exist either within reach of us or
beyond our comprehension. And if it exists, does it only explain every-
thing, or does it actually predict or even determine everything? Is free will
an illusion? Do chance and choice simply not exist? Perhaps even the
Theory of Everything could not possibly have been different.

Although Hawking has said he believes everything is determined, he
has also said that free will is ‘a good approximate theory of human
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behaviour’’ We defined ‘approximate theory’ above as a theory which is
useful in a limited context, but which may not be correct in all contexts.
What Hawking means is that whether or not everything is determined,
we do best to assume that we have free will and choices. And that’s what
most of us do. Even those with a strong belief in predestination still look
both ways before crossing the street. Of course, one might argue that
these people were predestined to look both ways.

Hawking is not alone in his belief that everything is determined,
though there are probably fewer scientists who would agree with him
today than there were in the eighteenth and early nineteenth centuries.
The difference in Hawking’s theories, as we shall learn in more detail
later, is that they can be seen to undermine even the more fundamental
assumption of contingency, that choice and/or chance were involved in
the origin of the universe.

Other current science presents us with a different picture. Chaos and
complexity studies reveal a delicate balance in the universe between pre-
dictability and unpredictability, allowing us to understand better why it
is that we experience both in the common-sense world. We must save our
discussion of chaos and complexity for Chapter 6 and a different context.
For now, suffice it to say that they cast a strong vote against determinism,
encouraging us to keep our assumption of contingency. However, there
are also hints in chaos and complexity that the question ‘Is everything
determined?’ can never be answered definitively by human beings.

The question of whether or not everything is determined appears
repeatedly in science and religion and has profound implications for
human morality. On the one hand, God is supposed to have foreknowl-
edge. On the other, we are told we have free will and will be held account-
able for our actions. How can both be true? On the one hand, the Theory
of Everything may have determined the future from the instant of the
beginning of the universe. On the other, we are told we do best to assume
we live in a contingent universe, a not-entirely-predictable universe—a
universe that can be studied only by looking at it, not by pure thought,
no matter how advanced and well-informed that thought. The enor-
mous paradox that lies at the heart of Western religion seems to lie at the
heart of science as well.
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Is THE UNIVERSE A UNI-VERSE?

The assumption that the universe has a unified description is less easy
than the other four assumptions to support from everyday experience,
which often seems to imply the opposite of unity. It might appear that
only by limiting our scientific inquiry to what does fit into a unified pic-
ture could we possibly go on claiming such unity exists. Similarly, there
are those who insist that only by shutting our eyes to contradictions and
conflicting claims can we sustain a belief in one God.

Nevertheless, in science, our faith in this unprovable assumption of
unity keeps us searching for deeper, simpler explanations in which the
fragmented picture resolves itself into something of great simplicity, ele-
gance, and beauty. If ‘laws’ break down, then what we have been calling
‘laws’ must be only approximations and we must look further beyond
them for those laws which are truly fundamental and unchanging—an
underlying symmetry. This way of proceeding has indeed proved fruit-
ful. ‘Beauty’ is a strong guide in physics—a beauty which has to do in part
with this falling into place of previously disparate elements. As our
understanding deepens, contradictions often do seem to resolve.

Often ... but not always. In mathematics, that area of thought where
we most expect completeness and a relatedness without contradictions,
we find contradictions. The mathematics worked out one way leads to
one conclusion, and worked out another leads to a contradictory con-
clusion. We have learned to trust mathematics as a guide to what the real
world is like—all of us in simple ways, theoretical physicists in ways they
think will lead them to fundamental understanding of the universe.
Could it be that our mathematics sometimes builds houses of cards? Or
should we give the strongest interpretation to the way mathematics
always seems to match nature and conclude that if there are contradic-
tions in mathematics, there are contradictions in nature? What happens
to our unity then?

Our assumption that there are laws which hold at all times and in all
places leads us to believe that by studying a small part of the universe we
can make great strides toward understanding the whole universe and its
entire history—even predict its future. When the breakdown of physical
laws at a singularity called into question the assumption that unchanging
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laws held even at the origin of the universe, this provided a strong motive
to look for theories which undermine singularities. But if we favour the-
ories which uphold our assumption of unity, do we risk a circular argu-
ment, letting our assumption pick our theory while our theory upholds
our assumption?

What shall we conclude? Can we learn anything meaningful about the
universe by means of science? Are not the assumptions which underlie
the scientific method called into question by twentieth-century scien-
tific theories and discoveries? Should we trust even those theories and
discoveries? Haven’t they also emerged from a structure which may be no
more than a dubious inheritance from seventeenth-century religious
dogma?

It may be an act of faith alone, a flying in the face of some contrary
evidence, but few of us would succumb to complete pessimism or aban-
don the scientific quest. Few of us would say that the human race and
individuals among the human race can’t know anything meaningful
about the universe. Some of us do go on doing science, and others search
for God, and still others do both, or keep their options open, or merely
cope on a day-to-day basis—continuing to assume that the universe is
rational, contingent, open to our scrutiny, has underlying unity, and that
there is such a thing as objective truth. Beyond that shared mind-set, we
are a diverse and rather motley crew, like knights on a quest with many
different motives and hidden agendas and varying degrees of commit-
ment. In the chapters to follow we shall see where this adventure has led
us so far, and where it might still take us.
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Almost Objective

Experience is not all, and the savant is not passive; he does not wait
for the truth to come and find him, or for a chance meeting to
bring him face to face with it. He must go to meet it, and it is for
his thinking to reveal to him the way leading thither. For that there
is need of an instrument; well, just there begins the difference.

—HENRI POINCARE'

N THE FILM Monty Python and the Holy Grail a scurvy band of knights

went on a quest riding imaginary horses. The film budget was too
small to afford the real chargers that would have carried these heroes in
proper style. But no matter, imaginary horses were exactly right for this
adventure. In a universe seemingly bereft of any clear concept of ‘horse),
the knights tried to enter an impregnable fortress by building a giant
wooden rabbit in which to conceal themselves.

The end of Chapter 2 reminds me of those knights. It also brings to
mind a recent Harry Kupfer production of Richard Wagner’s Ring of the
Nibelungs at the Bayreuth Festival in Germany. Wagner’s gods and
heroes inhabited a world lit by laser light, and their spears, swords, hel-
mets, shields, even the luggage they brought with them to move into
Valhalla, were all made of transparent Plexiglass. Shafts of light rico-
cheted off the see-through weapons and suitcases full of nothing visible
to human eyes, and swept into the corners of the dark Festspielhaus,
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occasionally spotlighting and blinding for a moment one or another of
us in the audience.

Given a choice between the two images to symbolize humanity’s quest
for truth, I would prefer Harry Kupfer’s clarity and piercing light over
Monty Python’s mud, blood, and humour. Of course, as Richard Wag-
ner tells the tale, the magic weapons of Valhalla are in the end as inef-
fective and pitiful as Monty Python’s giant wooden rabbit—and the
horseless knights just might after all stumble on the Grail. Nevertheless
the clarity and light looked more promising.

‘There is need of an instrument . . . just there begins the difference ..
says Henri Poincaré in the passage quoted at the head of this chapter. We
who live at the beginning of the twenty-first century have a lot of faith in
the ‘instrument’ we call the scientific method. Here, we like to think, are
clarity and light. Light to pierce the darkness of ignorance; clarity of vision
for discerning truth. However, if we carry the Bayreuth metaphor a little
further we discover that light also blinds us and causes deep shadows, and
what is transparent sometimes becomes a mirror reflecting ourselves.

Be that as it may, how can we not have faith in science when it has
produced the technology that underpins our modern civilization? Don’t
we believe the lamp will go on when we flick the switch . . . the microwave
will cook our casserole . . . our fax will go through via satellite to Perth?
Haven’t we travelled to the moon and back? Aren’t our space telescopes
exploring the furthest limits of the universe? Aren’t our instruments
probing the fundamental structure of matter and revealing the deepest
secrets of heredity and organic life? Certainly there are annoying glitches
now and then. Certainly we have serious reservations about some aspects
of the lifestyle our technology makes possible. But there is no doubt
about it, science is a mind-boggling success story.

Nevertheless, should we accept everything that science tells us?

Science has never asked us to do that. Faith in the dogma-of-the-lead-
ing-edge-of-science wasn’t invented by scientists—not the faith that
blindly embraces the latest findings as the best findings, the right find-
ings. Not the faith that speaks knowingly about ‘what modern science
tells us’ or ‘the verdict of science’ and fails even to note whether it’s talk-
ing about speculative theory and preliminary findings or well-established
scientific knowledge.
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It’s the inalienable right of science to be wrong, and it insists on this
right by putting its most cherished assumptions mercilessly to the test.
Some like to think of science as chipping away at the universe to reveal
Truth, as Michelangelo chipped away at marble to release a human form.
In fact a large part of what science chips away at is itself. No, we can’t
believe everything we hear from science. We can only believe, as most
scientists do, that through this chipping process eventually the truth
will out.

Even so . .. can we expect science to provide all the answers? Will it
lead us some day to ultimate and complete truth about the universe and
beyond?

Now that is a different matter entirely. There are problems we can tol-
erate when we're searching for partial truth and predictability but that
become daunting obstacles when our goal is ultimate and complete
truth. How are we to find a way of looking at the universe free from any
bias whatsoever? How are we to recognize ultimate truth when and if we
find it? How are we to prove we’ve found it? The naive view is that these
are precisely the problems science solves: it enables us to study reality
without a bias, with pure objectivity, and prove conclusively what is true
and what isn’t. That is a very naive view of science.

Think of this chapter as a briefing session. In Chapter 4 we’ll put our-
selves in the hands of science and allow it to take us to explore extremes
of space, time, and scientific imagination, assaulting strongholds once
reserved for religion and philosophy. In preparation, though we can’t all
learn to think like Einstein, Hawking, and their colleagues, we must try
to equip ourselves a little better to think with them—and that means
having a more sophisticated conception of the way science works.

WHERE [s FANCY BRED?

The foundation stones of science are the assumptions we discussed
in Chapter 2: the universe is rational, contingent (subject to chance
and choice), accessible to human minds, has unity, and there is such a
thing as objective truth. Beyond those foundation stones, what we
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learned in school about the scientific method can be reduced to two
basic principles:

1. All our theory, ideas, preconceptions, instincts, and prejudices about
how things logically ought to be, how they in all fairness ought to be, or
how we would prefer them to be, must be tested against external real-
ity—what they really are. How do we determine what they really are?
Through direct experience of the universe itself. This assumes of course
that we all know what we mean by ‘direct experience of the universe’—
but leave it at that for now.

2. The testing, the experience, has to be public, repeatable—in the
public domain. If the results are derived only once, if the experience is
that of only one person and isn’t available to others who attempt the
same test or observation under approximately the same conditions, sci-
ence must reject the findings as invalid—not necessarily false, but use-
less. One-time, private experience is not acceptable.

What is acceptable from private sources is suggestions about what
might be true, and here some creativity comes into play. Einstein wrote:
‘When I examine myself and my methods of thought, I come close to the
conclusion that the gift of fantasy has meant more to me than my talent
for absorbing positive knowledge.” Hawking has said: ‘The ability to
make these intuitive leaps is really what characterizes a good theoretical
physicist.” Poincaré calls it the ability to ‘make ascensions otherwise than
in a captive balloon’* There is art to this science.

Creativity isn’t limited to the theoretical side of science. If independ-
ent reality did come out to meet us or lie waiting to be found in an
unambiguous fashion, we might justifiably conclude that creativity
among observers and experimenters would be unnecessary and unde-
sirable. We wouldn’t want human subjectivity intruding between us and
direct experience of the universe. But nature isn’t that obliging. Scientific
findings have to be coaxed out, dragged out, tricked into appearing,
chipped at, hammered out, both mined and honed. Poincaré was right
to say, in the passage at the head of this chapter, that if we want to find
truth it is for our thinking to reveal to us ‘the way leading thither’ When
we choose or devise a ‘way leading thither’ we inevitably adopt or impose
a point of view.
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That was a dilemma Darwin faced when he collected data in the Gala-
pagos Islands. As science historian John Hedley Brooke tells it,

Because [Darwin] stated in his private journal that the species of
the Galapagos had marked the origin of all his views, popular
accounts . . . have conjured up the image of a patient fact collector
suddenly bowled over by what he had found . . . The trouble with
such accounts is that they can trivialize the logic of discovery. They
assume that the ‘facts’ were somehow there, waiting at the Gala-
pagos for Darwin to process. Darwin himself knew better than
that. One of the things that had worried him earlier in the voyage
was whether he was noting the right facts. What his experience at
the Galapagos rather embarrassingly showed was not that some
new facts pointed unequivocally toward a new theory, but that the
constitution of a relevant fact depended on prior expectation.’

It’s never a simple matter talking about experiencing independent
reality. If we ever felt we knew exactly what that meant, our confidence
has been severely shaken by the quantum level of the universe. On that
level we find that the concept of the scientist as a spectator, detached
from what he or she studies, isn’t viable. As we saw in Chapter 2, what’s
real there seems to depend upon whether we observe it and how we
observe it. There is apparently no fundamental quantum reality in the
sense we usually mean ‘reality’—something whose existence is the same
whether we’re observing it or not, waiting to be discovered and studied.

In part because of our encounter with the quantum situation, we are
more than ready to suspect that on any level of the universe how we look
changes what we find. It becomes of paramount importance to ask which
point of view it is we’re operating from, how we’ve arrived at this point
of view rather than some other, and how much it limits us. As the Ger-
man physicist Werner Heisenberg said, ‘in science the object of research
is no longer nature itself, but man’s investigation of nature.®

‘How we look’ can mean anything from which apparatus we decide to
use in the lab on Tuesday to how we allocate the national science budget
over the next decade.
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On a day-to-day basis, there are choices among techniques or equip-
ment for carrying out an experiment, choices about which data are sig-
nificant for a hypothesis, which of the more difficult-to-get-at data
deserve special efforts and which do not, which piece of inconsistent
data it is safe to ignore and which it isn’t. On a broader scale, scientists
opt for one theoretical or megatheoretical framework over others, and
allow that framework to direct the course of research. In a large or small
way, each of these decisions is a decision about how we look.

Points of view also come from sources we think of as having less legit-
imate right than scientific technique or theory to influence what we find
with our science, things more insidious and harder to control: individ-
ual preference, cultural conditioning, religious or anti-religious belief,
political and economic interests, our value system, the spirit-of-the-
times, the current fads in science. There’s an almost inevitable tendency
to find a theory more plausible if it’s congenial to current thinking, both
inside and outside the science community.

Other points of view are not insidious but surprising. Our vision is
circumscribed by the fact that we live in the universe when it is ten to
twenty billion years old and not at another time, on the earth and not
elsewhere, and with the brains we have, capable and perhaps over-ready
to compress information to patterns. With all our genius and scientific
imagination, can we even begin to perceive how different we might find
things if we could look from another time or place, with other senses
and minds, or if we could see all of it? We are, as physicist Murray Gell-
Mann put it, ‘such a small speck of creation believing it is capable of
comprehending the whole’”

The scientific method itself is a point of view. Its assumption of order
and search for an orderly universe have been with us since the seven-
teenth century, spotlighting areas which hold most promise for system-
ization while avoiding those which don’t. British astrophysicist John D.
Barrow writes in his book Theories of Everything, ‘We [had come] to
think of linear, predictable, and simple phenomena as being prevalent in
Nature because we were biased towards picking them out for study.® All
five assumptions we discussed in Chapter 2 influence what theories we
find most acceptable. So does our view of mathematics. Furthermore, the
scientific method limits itself to evidence which can be corroborated.
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Experiencing independent reality unentangled by any point of view or
bias—with an unlimited range of experience . . . that would be discov-
ering the chair-as-it-is-in-itself. With all we’ve learned, we still fall far
short of that.

Can our point of view affect what we find? You don’t have to believe
things are as uncertain on all levels as they are on the quantum level to
see that it can. Nor do you have to believe that a point of view changes
objective reality. The choice of an experiment that is more likely to coax
out one set of evidence than another; the choice based on a theory as to
which evidence will be more significant and ought to be coaxed out; the
choice of which theory we ought to take seriously . . . such choices don’t
change objective reality, but they do help determine what we perceive as
reality and what will emerge as scientific knowledge. Some critics believe
the result is ‘knowledge’ that has no basis whatsoever in objective reality.
Should we treat such scepticism seriously? Enough so, perhaps, to take
a really good look at ‘how we look’.

Theory plays an enormous role in modern science. Particularly in
physics, it provides the point of view and plots the course. This is by no
means to discount the importance of observation and experiment, or to
suggest that nothing theory hasn’t anticipated comes from them. Plotting
the course doesn’t mean ignoring the terrain. Theorists frequently adjust
theories to make sense of new findings, even of complete surprises, and
when theories compete they opt for the one which is more consistent
with experimental and observational evidence. Science doesn’t run
rough-shod over data. However, it’s theory which assimilates the data,
and after appropriate revision continues to plot the course.

That being the case, where do we get theory in the first place?

The quotations above from Einstein, Hawking, and Poincaré about
fantasy and leaps of intuition might lead one to think a theory can be a
complete flight of fancy. Is it really fantasy and intuition that plot the
course of science?

I’s true that a theory can go as far beyond previous scientific knowl-
edge as a theorist’s imagination can take him or her. However, most the-
ory is built by reasoning on the basis of previous scientific knowledge,
evidence, and other successful theory. All scientific theory, however it
arises, is supposed to be logically consistent with such knowledge and
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evidence. If a theory is not, it should explain the discrepancy or suggest
what as yet undiscovered evidence we should look for which will show
that our previous conclusions were off the mark. For example, after the
planet Uranus was discovered at the end of the eighteenth century,
astronomers found that its observed positions were difficult to reconcile
with positions predicted by calculations using Newton’s theories. How-
ever, the discrepancy could be accounted for if one figured in the exis-
tence of an as yet undiscovered body whose gravity was affecting Uranus’
orbit. Newton’s theory wasn’t wrong. In fact it allowed astronomers to
predict the position of the unknown body. In 1846 the unknown body—
the planet Neptune—was discovered less than one degree away from the
predicted position.

A strong theory gathers into the fold a broad range of evidence, mak-
ing sense of what was previously unexplained, confusing, or contradic-
tory. Supersymmetric string theory is a theory that sees the fundamental
structure of the universe not as point-like particles (such as the electrons
and photons we are accustomed to thinking about), but as tiny vibrat-
ing strings or loops of string. One early argument in favour of super-
string theory was that while other theories showed inconsistencies when
they attempted to incorporate gravity into quantum mechanics, super-
string theory wouldn’t be consistent if gravity didn’t exist.

Other points in favour of a theory are successful interlinking with the
network of existing theories; fruitfulness in giving rise to other theories
and technology; and ability to avoid arbitrary elements. Arbitrary ele-
ments are things that can’t be predicted by the theory itself, that must be
taken as a given in order for the theory to work.

A criterion to which scientists attach great importance is how eco-
nomical (the technical term is ‘parsimonious’) a theory is—does it refine
ideas to a simpler, more self-evident form? This is not a criterion con-
fined to science; it reflects an instinctive way of looking for explanations.
We don’t seek out a complicated explanation when there is a simple, self-
evident one available. If we see a medium-sized, shiny black winged crea-
ture with a beak in the tree, we say it’s a crow, we don’t run for our book
of exotic birds or speculate that it might be a bird previously thought to
be extinct. If we hear a loud bang, we decide it was a car backfiring or a
firecracker, only dimly entertaining the notion that our usually placid
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neighbour may have shot his wife. However, in science and in everyday
life, it is only an assumption that the simplest, most economical expla-
nation is most likely to be the right one—a problem which takes on
major proportions if we want to prove to ourselves that we’ve found THE
explanation for everything.

We expect a theory to make predictions for future testing. It isn’t
enough simply to tell us what to look for to show that the theory is cor-
rect. The theorist should also tell us what to look for that would show the
theory is incorrect. Because of the nature of the theories we’re going to
be discussing later, we’d best concentrate for a moment on the require-
ment that there be ways to demonstrate that a theory is incorrect. At the
outer reaches of scientific imagination, theories become almost ‘un-
falsifiable’, and our next chapter is going to take us to those outer reaches.

There’s a difference between failing to prove that something is true,
and proving that it is false. Philosopher of science Karl Popper pointed
out that no hypothesis can ever be proved by experiment. No matter
how many experiments confirm the hypothesis, there is still an infinite
number of chances remaining in the future for an experiment to produce
different results. To say that something isn’t proved is not nearly so strong
a statement as to say it has been proved incorrect. ‘Not proved” does not
equal ‘false’

At the frontiers of physics, we find a number of theories which have
very little hope of being tested by experiment or observation in the fore-
seeable future—if ever. The microscopic level at which wormholes may
appear, the unstable primordial nothingness which might have decayed
into something, the centre of black holes or the origin of the universe
where we could search for singularities of infinite density, the era when
time may have been a space dimension, the instant early in the first split
second of the universe when gravity might have been a repulsive force—
all are far beyond our observational and experimental reach. By one def-
inition of the word, these theories are ‘metaphysical’. Yet we will be
making hypothetical journeys to all these places and times and giving all
these theories a great deal of serious attention in Chapter 4. Why? Only
because they haven’'t been proved wrong? Is everything believable that
can’t be falsified?

Yes. Technically, any idea that, if it were true, wouldn’t overturn
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orthodox, successful scientific knowledge must be termed scientifically
believable. But we’ve already seen that there’s more to theory-making
than devising a theory so safely far-out that it can’t be falsified. In fact a
theory with no possibility of falsification isn’t considered a very strong
theory. The proposals just mentioned are plausible to the extent to which
theorists have shown they are mathematically and logically consistent
within themselves and with known scientific laws and observational
data, and they could be falsified by showing that they lack this consis-
tency. Such distinctions are important when we’re discussing highly
speculative scientific theories, and they become particularly significant
when we begin to ask questions such as whether belief in God is falsifi-
able. If so, by the standards of what laws and evidence? If not, is God not
a very strong theory? And does that matter in the case of God?

We’ve said that theory is a legitimate channel for a point of view in sci-
ence. It’s a point of view we think we know how to handle, first because
we're fully conscious it is a point of view—nothing insidious about it—
and second because we have established ways of putting most theories to
the test. But if a theory were to distort our perception of reality in a hid-
den way, in a way which skewed the fairness of the test itself, then admit-
tedly we would have a problem. Do some theories do this? That’s a little
like the question I was asked on a survey: ‘Do you unconsciously dis-
criminate on the basis of race, class, or sex?’” Once the question is raised,
we can’t possibly answer it with an unequivocal No. We have to consider
the possibility: Could how we look (determined by a theoretical point of
view) dictate what we find in such a way as seriously to skew scientific
findings—without our knowing it?

THE SPECTACLES-BEHIND-THE-EYES

Russell Hanson, in a book written in the late 1960s, Perception and
Discovery,” made the startling suggestion that scientific theory not only
makes predictions that can be tested but sometimes also dictates what we
discover when we do the testing—helping to assure its own verification.
Hanson calls theory the ‘spectacles-behind-the-eyes’ of science.
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Figure 3.1

Do our expectations determine what we find? Philosophers of science use
this infamous drawing to illustrate the problem. If you look for a rabbit,
you find a rabbit. If you look for a duck, you find a duck.

Spectacles are supposed to help us see what’s there, and most of the
time that’s what they do. But spectacles can play tricks on us. I remem-
ber a set of ‘spy’ spectacles I had as a child. I ordered them by sending
in a form on a cereal box. They came—two pairs of cardboard-and-
cellophane spectacles and a card covered with dots like a Seurat painting.
The dots didn’t make a picture, but if you wore one pair of spectacles,
you could see a faint message. It said ‘Beware. If you wore the other pair,
the same card read ‘Proceed.” If I had owned only one of the pairs of
spectacles, I would never have discovered the second message. Had I
owned neither, I would have discovered no message at all.

An example which some believe supports Hanson’s suspicions about
spectacles-behind-the-eyes cropped up, not long after he wrote his book,
in the experimental evidence verifying the electroweak theory. This the-
ory was one of the most significant advances in twentieth-century
physics. It takes us a giant step nearer to the simplicity we think under-
lies the universe. In the next few pages we’re going to spend some time
with the electroweak theory, not only because it illustrates the point
about spectacles and the reasons most scientists do not feel they lead us
into error, but also because it’s a good introduction to what we mean by
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a Theory of Everything and some other concepts we’ll need in the chap-
ters to come. The electroweak theory is not a Theory of Everything, but
it’s considered to be a move in that direction.

In the late 1960s, Abdus Salam, a Pakistani physicist working at Impe-
rial College, London, and Steven Weinberg, then at MIT (both thinking
along lines anticipated by physicist Sheldon Glashow), independently
proposed similar theories which were to cause great excitement in the
scientific community. These theories promised to take us much deeper
in our understanding of the most fundamental physical laws.

To understand Salam and Weinberg’s theory, you must know some-
thing about the four forces which seem to underlie all of nature:

All matter as we normally think of it in the universe is made up of
atoms. Atoms in turn are made up of particles and a great deal of empty
space. The particles of matter most familiar to most of us are electrons
(which orbit the nuclei of atoms) and protons and neutrons (clustered
in the nuclei). Protons and neutrons are made up of more fundamental
particles of matter called quarks. All of these matter particles belong to
a class of particles called ‘fermions’, named after the great Italian physi-
cist Enrico Fermi. Fermions have a system of messages that pass among
them, causing them to act and change in various ways. Think of a human
society which has a message system consisting of four different services:
telephone, fax, mail, and e-mail. Not all the humans would send and
receive messages and influence one another by means of all four message
services. If you think of the message system which carries the messages
among the fermions as four such services, which we call forces, you won’t
be far wrong. Other particles serve as messengers, and sometimes these
also pass messages among themselves. ‘Messenger’ particles are more
properly called ‘bosons’. It seems that every particle in the universe is
either a fermion or a boson.

One of the four fundamental forces of nature is gravity. A way of
thinking about the gravitational force holding you to the earth is as ‘mes-
sages’ carried by bosons (in this case they would be ‘gravitons’) between
the particles of the atoms in your body and the particles of the atoms in
the earth, influencing these particles to draw closer to one another. A
second force, the electromagnetic force, is messages carried by bosons (in
this case ‘photons’) among the protons in the nucleus of an atom,



Almost Objective 47

between the protons and the electrons nearby, and among electrons. It
causes electrons to orbit the nucleus. On the level of our everyday expe-
rience, photons show up as light, heat, microwaves, and radio waves. A
third message service, the strong force, causes the nucleus of the atom to
hold together. Its messenger particles are ‘gluons’. A fourth, the weak
force, causes radioactivity.

The gravitational force, the electromagnetic force, the strong nuclear
force, and the weak nuclear force . . . the activities of these four forces are
responsible for all messages among all fermions in the universe and for
all interactions among them. Without the four forces, every fermion,
every particle of ordinary matter, would exist, if it existed at all, in isola-
tion, with no means of contacting or influencing any other, oblivious of
every other. To put it bluntly, it would seem that whatever doesn’t hap-
pen by means of one of the four forces . . . doesn’t happen. That, when
you think about it, is a very strong statement. If it’s true, then a complete
understanding of the forces would give us an understanding of the prin-
ciples underlying everything that happens in the universe.

Much of the work of physicists over the past century has been aimed
at learning more about how the four forces of nature operate and how
they’re related. In our human message system, we might discover that
telephone, fax, and e-mail are not separate services, but the same thing,
showing up in different ways. That discovery would ‘unify’ the three mes-
sage services. In a roughly similar way, physicists have sought to unify the
forces of nature, hoping ultimately to find a theory which explains all
four forces of nature as one ‘superforce’ showing up in different ways, a
superforce which also unites both fermions and bosons in a single fam-
ily. Such a theory would be a significant step on the way to a theory that
would explain the universe—the so-called Theory of Everything.

Another ingredient of a Theory of Everything would be the ‘bound-
ary conditions’ of the universe. If you set up a model train layout, posi-
tion several trains on the tracks, and set the switches and throttles as you
want them, before turning on the power, you are setting up boundary
conditions. As far as this session with the train set is concerned, reality
begins with things in precisely this position and not in another. Where
the trains will be five minutes later and whether they will crash depends
a great deal upon these boundary conditions. Since these are boundary
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conditions at the beginning of the game, we call them initial conditions.

Suppose a friend comes into your train room ten minutes later. You
kill the power. Now you have another set of boundary conditions—the
exact position of everything in the layout at the moment you turned it
off. You might ask your friend to figure out precisely where all the trains
started out ten minutes earlier.

Scientific experiments have boundary conditions something like
that—the lie of the land at a particular point in time, for instance the
beginning of an experiment. Scientific observations and theories of the
universe do too, except that we may have less choice of how to set them
up. If I ask how many ways the universe could have begun and still end
up the way we observe it today, assuming that the laws of physics as far
as we know them are correct and haven’t changed, I am using ‘the way we
observe it today’ as a boundary condition. I am also, in a more subtle
sense, using the laws of physics and the assumption that they haven’t
changed as boundary conditions. The answer I'm after is the answer to
the question: What are the boundary conditions at the beginning of the
universe, or the initial conditions of the universe—the exact layout at
the word ‘go’, including the minimal laws that had to be in place at that
moment in order to produce at a certain time in the future the universe
as we know it today?

In addition to providing a unified description of the particles and
forces, and boundary conditions for the origin of the universe, the The-
ory of Everything would have to be able to account for values which we
said earlier are arbitrary elements in all present theories—including ‘con-
stants of nature’ such as the mass and charge of the electron and the
velocity of light in a vacuum. We know what these are from observation,
but the Theory of Everything should explain and predict them.

If nature really is perfectly unified, then the initial conditions, the most
fundamental particles, the forces which govern them, and the constants
of nature may all be interrelated in a unique and completely compatible
way, which we might be able to recognize as inevitable, absolute, and
self-explanatory. When we speak of the Holy Grail of Science, the The-
ory of Absolutely Everything, it is that compatibility we mean—not just
a complete description of the universe, but the answer to the question,
Why does the universe fit this description? With this goal in mind, we can
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see why an insight such as Einstein’s, that gravity is not merely some-
thing affecting objects but must also be thought of as the warp of space-
time caused by the presence of objects, is more than just an interesting
theory. It is an insight into a deep interrelatedness of nature.

Abdus Salam and Steven Weinberg’s contribution to this quest for a
final theory in the late sixties was the proposal that the electromagnetic
force and the weak nuclear force are not two separate forces of nature but
the same force showing up in different ways.

Salam and Weinberg knew that in the electromagnetic force, the pho-
ton (the messenger particle of that force) has no electrical charge of its
own and doesn’t change the electrical charge of the particles which send
and receive its message. They thought it might be possible that some of
the messages of the weak force also carry no charge. If so, then perhaps
the weak force messenger and the photon are really identical twins show-
ing up in disguise. The idea wasn’t without problems. If this was a dis-
guise, it was a very good disguise. The weak force messenger can travel
only such short distances as exist in an atom, while the photon can travel
for any distance in the universe at the speed of light. Nevertheless, Salam
and Weinberg felt that the two particles (the massive weak force mes-
senger and the massless photon) might appear in an identical way in the
underlying equations.

Salam and Weinberg’s proposal may seem, on the basis of common
sense, not a ridiculous idea but perhaps also not a very promising one.
However, science is full of instances where what appear to be totally dis-
similar situations actually reflect the same underlying laws. Who at first
glance would think that the same force which causes a ball, thrown
upward, to return to the earth also causes the planets to orbit the sun in
elliptical orbits and has prevented the universe from expanding so
steadily that life as we know it could never have emerged? One of the
problems scientists have to deal with is that simple underlying laws tend
to manifest themselves in confusing and contradictory ways in the world
we are able to study.

It often happens that something symmetrical in the underlying physics
comes disguised as something not symmetrical. The solution which
Salam and Weinberg suggested had to do with this concept, known as
symmetry-breaking. We’re using the word symmetry here in a way that
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may be new to some, but I believe it will be clear as we proceed. We begin
with underlying laws which are symmetrical, meaning that they make a
number of outcomes (manifestations of the laws in the evidence we can
observe) equally likely. But none of these equally likely results is sym-
metrical. A simple example is a rod set on end. By law it’s allowed to fall
in any direction. The force—gravity—which makes it fall is symmetrical
in that it doesn’t prefer that the pole fall in one direction rather than
another (see Figure 3.2). All the outcomes (the directions it could fall) are

Figure 3.2

When we set a thin rod on
end, gravity lets it fall in
any direction. But the rod
can't fall every way at once.
It will fall one way or
another. The outcome—
the actual fall that we
see—isn’t symmetrical,
The underlying symmetry
is broken.

equally likely. But it can’t fall every way at once. It will fall one way or
another. The outcome—the actual fall that we see—is not symmetrical.
We say the symmetry is broken. Another example: A magnet doesn’t
become a magnet as long as it remains above a certain temperature (see
Figure 3.3); above that temperature, the forces acting on the atoms in the
metal don’t have any preferred direction. One direction is as good as
another, the situation is symmetrical, and the bar of metal has no overall
magnetism. Below the critical temperature, the atoms orient themselves
in one direction. It could be any direction, but it can’t be every direction
at once. As the atoms orient themselves, the symmetry is broken and we
have a north and south pole to the bar of metal. It is a magnet.

Surely one of the most intriguing examples of symmetry-breaking has
to do with the direction of time. With very few exceptions, the laws of
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physics are symmetrical with respect to time, meaning that they work
equally well forwards in time and backwards in time. They don’t prefer
a direction. You could make a film of most physical interactions and

Figure 3.3
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Above a certain temperature, the forces
acting on the atoms in a bar of metal

don't have any preferred direction. The
situation is symmetrical, and the bar of

Below the critical temperature, the
atoms orient themselves in one
direction. The symmetry is broken and
the bar of metal is a magnet.

metal has no overall magnetism.

reverse the direction of the film and no-one who saw it could say which
way it ought to run. But we all know that the outcome of this under-
lying physics in our universe is not time-symmetrical. For some reason
we have a well-defined future and past. It would be difficult to mistake
one direction for another. How this symmetry-breaking occurs is still
one of the great mysteries.

Salam and Weinberg’s use of symmetry-breaking in their theory was
to propose that at very high energies, such as were present early in the
first split second of the universe, the photon and the weak force mes-
senger were identical twins. The situation was symmetrical. At lower
energies, such as are present in the universe today, the symmetry is bro-
ken. The particle is either a massless photon or a massive weak force
messenger. The fact that they are really identical twins is a secret hidden
in the underlying physics. Before Salam and Weinberg arrived at this
insight, physics had been suffering from a point-of-view problem: We
live in an era in the history of the universe when such deep symmetries
of nature are very long since broken.
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The weak force, which no-one had previously been able to explain in
an entirely satisfactory manner, made much more sense in this new the-
ory which unified it with the electromagnetic force. Bothersome infini-
ties disappeared, and arbitrary elements in previous weak force theories
were no longer arbitrary elements in the electroweak theory. The physics
community began to take Salam and Weinberg’s proposal seriously, even
before there was any experimental verification whatsoever.

Experimental evidence was not long in coming. Among other predic-
tions, the electroweak theory predicts something called a neutral cur-
rent in the operation of the weak force—the way the message is carried
without the exchange of any electric charge (as the photon does in the
electromagnetic force). In the early 1970s experimenters at the European
Centre for Nuclear Research (CERN) in Switzerland and Fermilab near
Chicago discovered just such neutral currents. As a result, physicists were,
in general, convinced that the electroweak theory was correct, and a
Swedish newspaper even predicted that Salam and Weinberg would win
the 1975 Nobel Prize. So far, this appears to be a textbook example of the
scientific method at work: Theory predicts—experiment tests and (in
this case) confirms.

However, it is unsettling to note that experimenters could have found
the neutral current in the early 1960s, before Salam and Weinberg pro-
posed their theory. The evidence was there. We might say experimenters
did find it, without recognizing it for what it was. The neutral current
showed up back then in experiments with the weak force—‘showed up’
in the sense that physicists noticed things going on which other experi-
menters later would explain were due to neutral-current effects. How-
ever, there were many other things going on in these earlier experiments
—for instance, events caused by neutrons which could have mimicked
those caused by a neutral current. And so, though neutral currents had
been a matter of speculation for at least thirty years, experimenters didn’t
believe the evidence. They dismissed it as part of these background
events.

In the 1970s new calculations and experiments were done by physicists
who had in mind what the Salam—Weinberg theory told them they might
find and some guidelines from the theory as to how to find it. As Wein-
berg tells it: ‘One new thing in 1973 that was of special importance to
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experimentalists was a prediction that the strength of the neutral current
forces had to lie in a certain range . . . This prediction provided a guide
to the sensitivity that would be needed in an experimental search for
these forces.™

It’s at this point that sceptics throw down a flag. They insist that Han-
son’s spectacles-behind-the-eyes were clearly at work, and that if you
can’t discover a physical phenomenon, one that’s right there before your
eyes, without the help of a theory to tell you it’s there, then you have to
wonder what other significant data you might be missing as a result of
using this theory rather than another. Might not the data you’re missing
be the very data which would invalidate the theory? We do not have a sit-
uation in which we are scrutinizing independent evidence with com-
plete detachment to find out whether a theory is correct. We have the
theory leading us by the nose. Others insist, on the contrary, that taking
science to task for not finding the neutral current before theory led the
way is foolish nitpicking, that all this episode serves to illustrate is how
much we need theory!

The story continues. ‘What really made 1973 different, writes Wein-
berg, ‘was that a theory had come along that had the kind of compelling
quality, the internal consistency and rigidity, that made it reasonable for
physicists to believe they would make more progress in their own scien-
tific work by believing the theory to be true than by waiting for it to go
away."' But in 1976 there was a major set-back. Experiments at Oxford
and Seattle, Washington, showed that neutral-current forces lacked some
of the properties the electroweak theory predicted. Weinberg has this to
say about the way he and other theorists reacted:

Pierre Duhem and W. Van Quine pointed out long ago that a sci-
entific theory can never be absolutely ruled out by experimental
data because there is always some way of manipulating the theory
or the auxiliary assumptions to create an agreement between the-
ory and experiment. At some point one simply has to decide
whether the elaborations that are needed to avoid conflict with
experiment are just too ugly to believe. Indeed, after the Oxford—
Seattle experiments many of us theorists went to work to try to
find some little modification of the electroweak theory that would
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explain why the neutral current forces did not have the expected
kind of asymmetry between right and left . . . But nothing seemed
to work."”

One problem was that the theory could not be altered satisfactorily
and still agree with all the data that had previously supported it.

Then, in 1978, a new experiment at Stanford, California, was able to
verify the predictions that the Oxford—Seattle experiments had called
into question. Says Weinberg:

Suddenly particle physicists everywhere jumped to the conclusion
that the original version of the electroweak theory was correct after
all. But notice that there were still two experiments that contra-
dicted the theory’s prediction for the neutral-current weak force
between electrons and nuclei and only one that supported them
... Why then as soon as that one experiment came along and
found agreement with the electroweak theory did physicists gen-
erally agree that the theory must indeed be correct? One of the
reasons surely was that we were all relieved that we were not going
to have to deal with any of the unnatural variants of the original
electroweak theory. The aesthetic criterion of naturalness was
being used to help physicists weigh conflicting experimental data.”

I'am reminded of a remark my son once made about the ‘unscientific’
way I count playing cards when I'm trying to find out whether there are
fifty-two cards in the pack. He pointed out that if my first count indicates
there are too few or too many cards, I recount. If the count comes out to
fifty-two the next time around, I do not count a third time, I shuffle and
deal. Perhaps that is not so unscientific! In most of the card games my
family and I play, it soon becomes evident whether all the cards are there.
Similarly, later experiments, though not repeating the Stanford experi-
ment, have upheld the conclusion that the original version of the electro-
weak theory was correct.

A major influence of the electroweak theory on the course of physics
was to encourage the development of accelerators powerful enough to
produce the predicted weak force particles. This was an enormously
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costly, long-range undertaking, not the comparatively simple matter of
a grant, a university budget, or even the budget of just one nation.

In 1983 physicists Carlo Rubbia, Simon van der Meer, and a team of 130
physicists at CERN in Switzerland finally carried out experiments
designed to produce, if possible, three previously undiscovered particles
predicted by Salam and Weinberg’s theory. Now you might be thinking,
‘Stop right there! One hundred and thirty physicists! That’s certainly
enough to meet the requirement that scientific evidence be corroborated
and to ensure objectivity. Given the independence and eccentricity of
physicists—certainly one of these would have removed the spectacles-
behind-the-eyes for a moment and would have cried “The emperor has
no clothes” if that had been called for!” However, there are others who
would argue the contrary, that there is a point beyond which more
observers tend to reinforce a point of view rather than ensure greater
objectivity, and you don’t necessarily pick the most rebellious physicist—
the one who rejoices in being odd-man-out—when you're looking for a
team player.

The anticipation and momentum generated by years of effort, mil-
lions spent, careers devoted to developing the equipment and designing
the experiment—the point of view by now had been focused and
strengthened by far more than the original scientific appeal of the the-
ory. The world had bet heavily that the particles would appear. The men
who had predicted them had already won a Nobel Prize (in 1979) for
their theory. The discovery of the particles was really just the icing on the
cake. In a situation like that, a lonely contradictory voice among 130
would be far less powerful, and less likely to speak at all, than when two
or three scientists are working in relative obscurity—with all partici-
pants having a full understanding of the whole picture rather than each
concentrating on a part of the experiment which requires his or her par-
ticular skill. No, the presence of 130 physicists at CERN is not the reason
why we have a lot of faith in the electroweak theory, except insofar as
their expertise was needed to run a reliable experiment.

The particles did indeed appear. First, in 1983, the two particles we call
the W* and the W~, and finally, in 1984, the Z°, the messenger that car-
ries the neutral-current interaction. They showed up with exactly the
masses the electroweak theory predicted—another beautiful falling-into-
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place. How did they show up? No-one at CERN peered through a micro-
scope and spotted the particles zipping around like tiny billiard balls.
Physicists who designed the experiment judged that they would find
them in debris from collisions of matter and antimatter moving at speeds
approaching the speed of light. This debris appears as markings on pho-
tographic plates (see the illustration section). Rubbia and van der Meer
and others among the experimental team scrutinized those for evidence
of Ws and Zs among the debris.

‘Direct experience of the universe’? It was that, surely. However, in
such a situation, what exactly has been experienced does become a mat-
ter of interpretation, requiring great expertise and involving judgement
calls; and the spectacles of theory are bound to influence that judge-
ment. Someone has said that designing and interpreting a complicated
physics experiment is so creative and subjective an activity that it resem-
bles more a winetaster blending a fine sherry than it does our naive pic-
ture of science at work. That may be overstated, but it’s a metaphor that
encourages us to recognize the subjective element in scientific discovery
as an essential part of the process—and also to realize that we have been
naive to think it could be otherwise. But it does not encourage us to
debunk science. Regardless of how much creativity, subjectivity, and
wearing of spectacles-behind-the-eyes goes into blending the sherry, the
result either is a fine sherry or something that should be surreptitiously
dumped into the nearest potted palm. The bottom line isn’t really
whether theory leads us, but whether it misleads us. Sometimes we know
which it is only with hindsight. Scientists firmly believe that, in the end,
we do find out.

Could we satisfy all scepticism once and for all by demanding that sci-
ence remove all theoretical spectacles and start looking at the world as it
really is? No. In fact, we could easily argue that the spectacles give us the
vision to find truth we otherwise would never know was there. Without
Salam and Weinberg’s spectacles, would we have seen beyond the point
of view provided by our niche in history, long after the electroweak
symmetry was broken? We ask scientists to remember they’re wearing
spectacles-behind-the-eyes. We hope they’ll try a few different prescrip-
tions before they decide they’re perceiving reality. But we can’t expect
them to wear no theoretical spectacles. We've already said that there is no
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possible way to escape viewing reality from one point of view or another.
Think about my spy spectacles. One pair gave me one point of view. The
second gave me another. But the view I had of the Seurat-like card when
I was wearing neither was also a point of view. Who can say which of the
three showed me ‘reality’? Certainly none of them was allowing me to see
everything there was to be seen. I want to switch metaphors to illustrate
why theory is indispensable, and to take us still deeper into the problem
of encountering independent reality.

Look at the room around you and imagine how you would have
obeyed the instruction ‘Draw a picture of this room and the things in it’
when you were very young. Let’s give you the benefit of the doubt and
suppose you observed carefully and were fairly good at drawing. Each
item would be in the picture: the door, the window, the books on the
shelf, the lamp, the dog with the spot on one side, maybe even the mouse
you knew lived behind the bookcase, which was visible only occasionally,
and the two chairs and the desk. You could show the drawing to some-
one who hadn’t been in the room, and they would know what things
were in there.

Now imagine yourself when you were a little older. In the meanwhile,
someone had taught you about perspective, and once again you drew a
picture of the room—the same room, but with a difference. Now there
was an additional order to the items, relationships between them showed
clearly, and they probably threw shadows. Here’s the question—Is the
second picture (the one with perspective) a better representation of real-
ity? What, if anything, have you lost in the second drawing?

There is a sense in which you have lost a bit of objectivity. That may
sound unlikely, but in the drawing with perspective, what is perceived as
reality in the room has become more dependent on you, the observer.
Here is a room which (to misquote T. S. Eliot) has the look-of-a-room-
that-is-looked-at—from one position and not from any other position—
at one instant of time and not at another. In order to establish the
relationships between the items in the picture and the pattern of light
and shadows, you had to choose a point of view and give up all others.
You the observer, the time of day you drew the room, your chosen posi-
tion in the room (though you can’t be seen in the picture), and where the
vanishing point is to establish the perspective, have become an essential
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part of the picture. If we extend this analogy and imagine looking at the
room through a camera lens, with the possibility of changing the depth
of the focus, the observer and the choices made by the observer become
an even more confining point of view.

Now let’s imagine that you are a cubist painter. Instead of choosing
one point of view, one time of day, one vanishing point, one depth of
focus, you paint many at once. Here on the left is a close-up of the mouse.
Next to it are two rails from the chair back, here the side of the bookcase,
here the head of the dog seen from the side, here from the front, here
close, here far, here in shadow, here in light. And so on, and so forth.
There are cubist paintings which incorporate so many different points of
view and perspectives and details that they become more like an abstract
rug design or a blur. A cubist painting, like the childhood drawing and
the drawing with perspective, is a way of representing reality. In fact it is
a much less biased representation of reality than your drawing with per-
spective. Its range of experience is far greater.

In science, the work of a naturalist or collector—the careful gathering
and listing of data, the simplest ‘observation’—is like the first drawing.
With theory, we have the second drawing, the one that seems to give us
a truer picture of the room. If in the second drawing one chair looks
smaller than the other, when actually they measure the same dimensions
exactly; if we can’t discover that the dog has a spot on the side away from
us and has two eyes, not one; that if we moved over a couple of feet we
would see that there is a mouse behind the bookcase; that there is a desk
behind us; well, that’s a loss. Similarly, with a theory, for all we gain, we
risk overlooking something significant that might make a different the-
ory more useful to us.

What about the cubist painting? Would we prefer science to be like
that—looking at reality from all points of view at once, wearing no spec-
tacles, with all possibilities kept in mind? Some think that is exactly what
science does. But you'll have to agree that whatever it may say about our-
selves, our perceptions, and our thought patterns—and whatever risk
we may run of distorting reality and fooling ourselves—the perspective
drawing is almost certainly more useful than the cubist drawing in help-
ing us find our way in the room. In science, we’ve discovered that some-
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where in the range between the childhood drawing and the cubist draw-
ing we have to agree on a point of view, or a limited number of points of
view, that are useful and meaningful to us. We don’t claim to have cho-
sen the ultimately correct and complete image of reality. A room can be
looked at not just from hundreds but from an infinite number of per-
spectives, and Poincaré insisted that ‘if a phenomenon admits of a com-
plete mechanical explanation, it will admit of an infinity of other
[mechanical explanations] which account equally well for all the pecu-
liarities disclosed by experiment." Do you see our problem—now that
you are wearing the spectacles which I have provided?

How then do we choose our view of the room?

Poincaré tells us that when one explanation reveals relationships that
the other hides from us ‘we may regard it as physically more true than the
other, because it has a richer content.”* And although several theories
might be equally plausible explanations of the data, each will make dif-
ferent additional predictions that can be tested. We've already discussed
some of the characteristics that cause one theory rather than another to
make it into the textbooks and graduate curricula and plot the course of
science.

But one of the most powerful criteria is one we would least expect.

THE MUSE OF SCIENCE: [s TRUTH BEAUTIFUL?

Among the many tales about the great mathematical physicist Paul
Dirac is one told by his friend and colleague Jagdish Mehra. Dirac and
Mehra met for the first time dining at high table in St John’s College,
Cambridge. Mehra was nervous about being seated beside the legendary
Dirac. ‘The weather outside was very bad, he recalls, ‘and since in Eng-
land it is always quite respectable to start a conversation with the weather,
I said to Dirac, “It is very windy, Professor.” He said nothing at all, and a
few seconds later he got up and left the table. I was mortified, as I thought
that I had somehow offended him. He went to the door, opened it,
looked out, came back, sat down, and said, “Yes™'¢
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Here, surely, was a man who lived by the scientific method! A man
who, like Darwin, ‘insisted on the clearly ascertained report of the senses..

Consider then the following quotation from Dirac himself: ‘It is more
important to have beauty in one’s equations than to have them fit exper-
iment . . . because the discrepancy may be due to minor features which
are not properly taken into account and which will get cleared up with
further developments of the theory . .. It seems that if one is working
from the point of view of getting beauty in one’s equations, and if one
has a really sound instinct, one is on a sure line of success.”” Beauty is a
subjective matter—in the eye of the beholder’, we are told—what could
be more subjective than that? But beauty is a familiar pointer in physics.

Nearly all physicists understand well what Dirac meant when he spoke
about beauty. Mathematician G. H. Hardy wrote: “The mathematician’s
patterns, like the painter’s or the poet’s, must be beautiful. The ideas, like
the colours or the words, must fit together in a harmonious way. Beauty
is the first test.’® Weinberg said: ‘T believe that the general acceptance of
general relativity was due in large part . .. to its beauty’*Physicist Murray
Gell-Mann calls it one of the great mysteries: ‘Why is our sense of beauty
and elegance such a useful tool in deciding whether a thing is good or
bad?* John Wheeler says God or evolution has formed the minds of some
of us in such a way that our instinctive ability to recognize beauty is a
practical tool for finding truth. Perhaps recognizing when youre onto
something and calling that ‘beauty’ has become instinctive as successive
generations of physics students have watched what works among their
elders and in examples in their textbooks, and have become conditioned
to pick up subtle clues. Whatever the explanation, most physicists would
agree that it is in large part Dirac’s ‘really sound instinct’ for getting on the
track of beauty that makes a great physics theorist.

Dirac’s words, ‘It is more important to have beauty in one’s equations
than to have them fit experiment), are not a complete abandonment of
objectivity. What physicists mean by beauty isn’t exactly what the rest of
the world means by beauty, though it’s close. Most of us have experi-
enced beauty in the sense of everything working out in a soul-satisfying,
harmonious manner. That’s certainly a part of what moves us in art,
music, poetry, nature, and even in a beautiful face or body, the coming
together of many disparate elements in a way that seems inevitable,
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effortless, intensely pleasing, beyond our expectations.

Beauty in physics similarly has to do with a falling-into-place that
appears little short of miraculous. It implies simplicity, elegance, and
mathematical consistency and creativity. These are the qualities that
make such theories as superstring theory and wormhole theory appeal-
ing and convincing, not the fact that anyone has ever observed a super-
string or a wormbhole or that anyone hopes to in the foreseeable future.
Even if a theory clashes with experiment and observation, as the electro-
weak theory did for a time, it isn’t illogical to think that it may be the
experimental results which are misleading rather than the theory.

Mathematical consistency is punishingly difficult to achieve, and that’s
one of the reasons why it’s convincing when it is achieved. There is so
much well-established math and physics with which a theory must be
consistent. It’s a little like doing a crossword puzzle in which clues and
words familiar to you converge in such a way as to form a word you’ve
never heard. Even before consulting the dictionary, you’re certain your
unknown word must be correct. If it weren’t, you would be obliged to
reconsider large parts of the puzzle that you know you have right because
they themselves fit together so intricately and successfully. If your word
isn’t in the dictionary, you begin to wonder about the dictionary.

The instinct for beauty has played a part in the history that led to the
acceptance of each of our greatest scientific twentieth-century theories.
However, beauty even in the form of rationality, mathematical consis-
tency, and a seemingly inevitable falling-into-place is in the end consid-
ered less conclusive than direct experimental testing and observation.
Black holes are mathematically beautiful, but we still wanted like any-
thing to find one. For many like Dirac, beauty has been an exceptionally
reliable pointer. However, this pointer is not infallible. Wasn’t it this same
instinct for beauty in the sense of rationality and intelligibility that told
Einstein, Louis de Broglie, and Erwin Schrédinger (founding fathers of
quantum physics) that events on the quantum level could not be inher-
ently uncertain? And weren’t they wrong? . . . or so we think—so far.

It’s also true that scientists sometimes have no choice but to explore
unbeautiful territory, where everything seems out of order and wrong.
An unbeautiful problem which still exists is an apparent contradiction
between general relativity and quantum theory which you’ll be reading
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more about in Chapter 5. These two outstanding theories of the twenti-
eth century serve us magnificently on both the theoretical and the prac-
tical level. They underlie much of our modern technology. Nevertheless,
if both are true, we are left thinking that the universe ought either to be
curled up into a small ball or to have expanded in such a way that galax-
ies couldn’t form. A glance around us tells us that neither is the case.
This sort of inelegance is unsettling, in spite of the overwhelming success
of the theories involved.

We follow the pointers of beauty and mathematical logic from theory
to theory, deeper into the mysteries of the universe, with the hope that
if we follow it far enough we’ll come eventually to an idea behind every-
thing, whose beauty will far surpass any we’ve encountered before. Sci-
entists such as John Wheeler feel certain that this will not be a
complicated idea. It will be simplicity itself. In the yearning to find this
simple, beautiful idea, the search for knowledge in physics becomes inter-
mingled with the search for God. ‘Sing God a simple song, wrote
Leonard Bernstein in the opening solo of his Mass, ‘for God is the sim-
plest of all” Find a word for God which implies ultimate truth without
insisting on the notion of a person, and many an agnostic scientist will
sing along with Bernstein.

Our faith in mathematics and logic leads us to believe that if a thing
isn’t mathematically and logically consistent it can’t be true—it isn’t
allowed to be true. That’s a tight constraint upon what can and cannot
exist or take place. If mathematical consistency becomes more and more
difficult to achieve as we approach ultimate truth, as theorists insist it
does, then it may be that difficulty which finally narrows us down to one
mathematically consistent equation underlying the entire universe. Is it
possible that there was only one way God could have made the universe
without violating mathematical consistency—which isn’t allowed? That’s
a question which intrigued Einstein: ‘What I'm really interested in is
whether God could have made the world in a different way; that is,
whether the necessity of logical simplicity leaves any freedom at all!’' If
God is constrained by mathematical consistency, then mathematical con-
sistency is stronger than God—or even is God. And where did mathe-
matical consistency come from?

It’s a question of profound importance whether mathematical con-
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sistency required an Inventor. I've heard it asked at the end of public lec-
tures on physics: ‘Is mathematical consistency as we know it the only
way it couLp be—or is it conceivable it could be something different?
Did anybody have to choose that it be the way it is?’ If the lecturer is a sci-
entist or mathematician, he or she may answer that mathematical con-
sistency just 1s. In the words of G. H. Hardy, ‘317 is a prime number, not
because we think it so, or because our minds are shaped in one way
rather than another, but because it is so, because mathematical reality is
built that way’* If there isn’t any other way it could be, we don’t need to
find a cause for it, much less a creator who decided that it be so. The
uncaused, unexplainable ‘First Cause’ of the universe may be mathe-
matical consistency. Full stop.

A few members of the lecture audience will find the statement that
mathematical consistency just is’ unsatisfactory, not necessarily for reli-
gious reasons. The scientist or mathematician may think these hold-outs
naive, but it could be argued that they are capable of more divergent
thinking than the scientist/mathematician—that they are less captive to
a point of view. There is a gut feeling abroad that anything courp be. Is
it so inconceivable that a reality couLp exist in which 317 is not a prime
number? Our not being able to imagine it proves nothing at all. Hardy
comes near conceding the point by saying that ‘mathematical reality is
built that way. But he almost certainly didn’t intend to concede the point.
Maybe he, like the rest of us, simply lacked the vocabulary to describe
uncaused fundamental truth. Whether or not mathematical consistency
must be what it is and whether it required an inventor—unfortunately,
these are questions mathematics can’t answer conclusively about itself.
There are other such questions.

Does TRuTH SURPASS PROOF?

Mathematics seems to most of us a sterling example of clarity and
objectivity. If there is a universal language, in the most literal sense of
the term ‘universal’, math is it. Early in life we learn about a direct
correlation between math and reality. Put two apples in a box, put in
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two more, and there are four apples in the box, just as math infallibly
predicts. From such simple beginnings we grow to have faith that this
correlation with reality will hold in situations far beyond anyone’s abil-
ity to demonstrate with picturable objects: 10*° x 10'° = 10°°. We believe
that, though we will never see it happen with apples. We assume all this
holds true in the Andromeda galaxy and at Quasar P.C. 1158 + 4635 as
surely as in our own back yard. We agree with Galileo that “The Book of
Nature is written in mathematical characters’” hardly ever stopping to
realize how amazing and even unlikely it is that nature should always
seem so faithfully to bear out our mathematical predictions. We've
already seen that for those who become mathematicians and physicists,
faith in mathematics may grow so strong that for them mathematical
consistency will rival experimental results and observation as convinc-
ing evidence of truth. For some it seems a stronger concept than the
concept of God.

Isn’t mathematics our one sure, unclouded window to reality? Why
should we not consider it even stronger than observational and experi-
mental evidence, especially having seen how ambiguous the notion of a
direct encounter with independent reality can be? British scientist
Jonathan Powers has expressed it well: ‘We experience mathematics as a
source of Absolute Authority and as a repository of Absolute Truth,
uncompromised by mere human interest. Mathematical proofs are
implacable, and cannot be deflected by bluff or bargaining.*

Interestingly enough, one of the things that math can prove is that
there is truth beyond math’s ability to prove. It was Kurt Godel, a Ger-
man mathematician, who alerted us to this problem. In 1931 he came up
with a theorem now known as Godel’s Incompleteness Theorem. Godel
showed that in any mathematical system complex enough to include the
addition and multiplication of whole numbers, there are propositions
which can be stated—that we can even see are true—but which cannot
be proved or disproved mathematically within the system. It wouldn’t
matter so much if these unprovable (and un-disprovable) propositions
were just peculiar oddities on the fringe of mathematics, but they are
not. They include extremely significant results. The addition and multi-
plication of whole numbers is certainly not exotic territory!

In Chapter 2 we saw that the assumptions underlying the scientific
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method are not capable of being proved or disproved by the scientific
method. If Godel was right, belief in mathematics also requires a leap of
faith. All significant mathematical systems are open and incomplete.
Even in mathematics, truth goes beyond our ability to prove that it is
true. One definition of religion has it that a religion is a system of
thought which requires one to believe in ‘truths’ which can’t be proved.
If that’s what a religion is, then according to Godel’s Theorem, mathe-
matics is a religion. In fact, mathematician F. De Sua has remarked that
it seems to be the only religion that has proved it is a religion.”

The implications of Godel’s discovery are far-reaching and disturb-
ing. As John Barrow points out in his book Pi in the Sky,* we have learned
that it isn’t possible to prove for certain that any system rich enough to
include addition and multiplication of whole numbers is self-consistent.
That means that systems such as geometry, arithmetic, logic—any of the
mathematical systems which physicists rely on—may turn out to be
internally contradictory, and there is no way we can ever prove they are
not. What can we conclude, if the math worked out one way leads to one
prediction, and worked out another way leads to a contradictory con-
clusion? In fact, we can conclude that we are lucky to have discovered the
contradiction! There isn’t any sure way to discover such contradictions
methodically. Discovering them is largely a matter of chance.

The great speculative theories dealing with the origins of the universe
and the unification of the forces rely very heavily on mathematical con-
sistency. Since we cannot ever be certain where in our mathematics con-
tradictions may lurk unsuspected, our situation is precarious. One
theory builds on another. We can’t escape the suspicion that we may be
constructing a very ephemeral house of cards. On the other hand, we
saw in Chapter 2 my daughter’s childhood impression that nature has
not made use of all the possibilities of geometry. Perhaps nature has not
made use of all the possibilities of arithmetic, and has avoided the pit-
falls. Barrow points out that ‘it may be the case that physical reality, even
if it is ultimately mathematical, does not make use of the whole of arith-
metic and so could be complete’, even if mathematics is not.” Unfortu-
nately for theoretical physics, we can’t assume that is so.

We've said that we meet obstacles in the search for ultimate truth that
we don’t meet in the search for partial truths and predictability. One of
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the big questions is, how will we know when we’ve found ultimate truth?
How can we prove we've discovered it? Godel’s Theorem with all its
implications for the concept of mathematical consistency—found as it
is in the area of human knowledge that has traditionally seemed most
able to establish incontrovertible proof—is discouraging.

THE ELITE OF SCIENCE

We said early in this chapter that point of view in science comes not
only from scientific technique or theory but also from sources we think
of as less legitimate influences. Here are examples:

When we try to form a picture of what the truth is about the universe
or a part of the universe, we bring to the task preconceived notions so
deeply ingrained that we are barely conscious of them. Such notions as
‘What I would prefer the truth to be’ (I am uncomfortable with any
other version); ‘What I think the truth ought to be’ (If I had created the
universe, I would certainly have done it thus); ‘What I imagine it is’ (I'm
guessing now); ‘What I fear it is’ (I don’t even want to consider that);
‘What it simply must be” (Anything else would be unthinkable) are cer-
tainly not objective. These are personal points of view—ijust the sort
the scientific method is supposed to weed out when they are unsup-
ported by data. The cherished personal notions of eminent scientists—
‘icons of the scientific quest, as Powers calls them—make for difficult
and slow weeding. The opinions and prejudices of the acknowledged
experts of our generation strongly influence which theories other sci-
entists take seriously, which they scoff at, and what avenues of inquiry
they follow.

Scientists are particularly loath to relinquish the last form of prejudice
in the list above—‘It must be true because anything else would be
unthinkable. As the Nobel physicist Subrahmanyan Chandrasekhar said
of Arthur Eddington: ‘He was a great man. He said that there must be a
law of nature to prevent a star from becoming a black hole. Why should
he say that? Just because he thought it was bad? Why does he assume
that he has a way of deciding what the laws of nature should be? Simi-
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larly, this oft-quoted statement of Einstein’s disapproving of the quan-
tum theory: “God does not play dice.” How does he know?’* Chan-
drasekhar was referring to Einstein’s belief, which Einstein never
relinquished, that the quantum level could not be inherently uncertain.

Chandrasekhar was in a position to appreciate the significance of
Eddington’s prejudice.” In January 1935, when he was a twenty-four-
year-old student from India at Cambridge, he presented a paper at a
meeting of the Royal Astronomical Society. The paper announced a sig-
nificant mathematical discovery he had made about what happens when
a massive star runs out of fuel and can no longer support itself against
the pull of its own gravity. Chandrasekhar had every reason to expect this
presentation to be the making of his career. He’d been encouraged by
the interest Sir Arthur Eddington had taken in what he was discovering.
Eddington was the senior statesman among physicists at Cambridge at
that time. Today we call the dividing line that Chandrasekhar laid down
in that paper—the dividing line between the mass of stars which might
stop collapsing and go on existing as White Dwarf stars and those which
would continue to collapse—the Chandrasekhar limit. What Chan-
drasekhar had discovered was to become a vital part of black hole the-
ory, and it was partly on the basis of this early work that he received the
Nobel Prize in 1983.

But no-one predicted this on 11 January 1935.

Chandrasekhar didn’t say in his presentation that day that a massive
star would become a black hole. He couldn’t have used that term in any
case, since John Wheeler wouldn’t invent it until thirty years later, but he
was cautious enough to avoid saying how the collapsing star would end
up, leaving that tantalizing question open.

Eddington, who spoke next, was not so reticent about the implica-
tions of Chandrasekhar’s findings. T suppose, Eddington said, ‘[the star]
gets down to a few kilometres radius, when gravity becomes strong
enough to hold in the radiation, and the star can at last find peace.’ He
called that result unthinkable, the perfect example of a reductio ad absur-
dum. T think there should be a law of nature to prevent a star from
behaving in this absurd way.* Such was Eddington’s influence in physics
that his audience readily joined him in his scorn, even though no-one,
including Eddington, could fault Chandrasekhar’s logic or calculations.
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The situation Eddington said couldn’t possibly exist—while Royal Soci-
ety members laughed with him—we now of course do call a black hole.
Chandrasekhar remembers standing that night in the deserted common
room back in Cambridge, thinking “This is how the world ends, not with
a bang but with a whimper’

Today, Chandrasekhar doesn’t regard that incident as the crushing
blow it seemed to him then, although the continuing disagreement with
Eddington ruled him out of any tenured position in England and finally
caused him to move to other subject areas and not return to black holes
for many years. In spite of initial doubts, he did continue his career, in
America not in England, and he thinks that he benefited as a scientist and
a person from not having success come so early.

But what about the impact on physics? ‘Suppose Eddington had
decided that there were black holes in nature . . . It’s very difficult to
speculate, Chandrasekhar says. ‘Eddington would have made the whole
area a very spectacular one to investigate, and many of the properties of
black holes might have been discovered twenty or thirty years ahead of
time. I can easily imagine that theoretical astronomy would have been
very different. It’s not for me to judge whether that difference . . . well,
the difference would have been salutary for astronomy, I think I would
say that”!

Though we hear the epithet ‘tyranny of old men’ used to describe the
elite of science, this elite is by no means made up only of those who are
over the hill and no longer capable of doing meaningful work. Nor are
the elite only the ‘icons’ like Eddington. They are also all those on uni-
versity committees, government committees, grant committees, editorial
boards, and corporate boards, who determine whose theories and pro-
posals are taken seriously, whose paper gets published, whose theory is
tested. As someone has described the competition for promotions,
grants, laboratory space, and telescope time, ‘There are too many at the
trough and the swill is thin.’ Politics, economics, and fads within the sci-
entific community have a significant impact on what theory becomes a
‘spectacular one to investigate’, or even a possible one to investigate—
and what as a result emerges as scientific knowledge.

Another consideration is that the mentor system is still very much
alive in science. If you are a physics graduate student, after finishing a
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course curriculum designed to give you a broad view of the field, you
narrow your area of study and do graduate research under the tutelage
of an individual or group of individuals whose current work most inter-
ests you and where there is grant money available to keep you alive—if
you're lucky, with one of the ‘icons’. You align yourself at least for a time
with the mind-set and theoretical views of your mentors, and your own
research agenda is related to theirs, often contributes to theirs. That
doesn’t necessarily mean that your work isn’t original, and that there
isn’t, along with some hero worship and genuine admiration, a certain
amount of grumbling about this tyranny. However, at least as far as
Ph.D. and postdoctoral research are concerned, you’re unlikely to stage
a serious rebellion. These people are going to decide whether you get
your degree, and their connections will, you hope, land you a good job.
By the time you are free to go your own way, your particular slant on sci-
ence and what, through your efforts, will emerge as scientific knowl-
edge—unless you really are unusually independent—are likely to be
coloured by the views of your former mentors, especially if their work
is prestigious.

TuEe SpirIT OF THE TIMES

The mind-set of our culture and our historical setting also play a
strong role in determining what theoretical proposals are taken seriously
and what emerges as scientific knowledge. This happens partly as the
result of pressure coming from outside the scientific community, but it’s
also the result of the fact that scientists themselves are part of this cul-
ture, and they, like everybody else, have absorbed its fashions, its values,
and its standards of morality.

The scientific method itself is not a method designed to make moral
judgements or value judgements. In principle a scientific decision about
whether something is true is not a decision about whether it is good. Truth
may very well offend us, cause us problems, raise acute moral dilemmas,
not be ‘politically correct. Truth may not seem at all ‘good’ by current
standards of what is good, though the same truth might have seemed
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good a century ago or in another culture. Why then should anyone say
that what suits our current standards is more likely to emerge as ‘truth™

Standards have a way of translating to priorities. Society and groups
within society force science to concentrate on finding what we most want
to find. We encourage the testing of theories we like and where the find-
ings promise to be advantageous to us, and not those where the results
might be of little use or repugnant to us. Much of this encouragement
and discouragement comes from outside the scientific community, and
it is particularly strong when the cost of testing a theory requires a large
public or private outlay of funds.

We demand cures for cancer or Alzheimer’s, not those diseases which
afflict less wealthy countries (who couldn’t pay for the pharmaceuticals)
or only a tiny portion of the population—until they impinge on us, as
AIDS now does. An item in Newsweek in November 1992 stated:

Drug companies have largely given up looking for [remedies for
malaria]. From a commercial perspective, it makes little sense to
turn out costly pharmaceuticals for people who can’t afford shoes
... Altruism has never played a big role in malarial research. Qui-
nine enabled Europe to colonize the tropics. Chloroquine grew
out of efforts to protect U.S. troops abroad. Without an empire or
an army on the line, the developed world will need a new ration-
ale for fighting malaria. At the moment, the best one is that 2.1 bil-
lion people—about 40 percent of the world’s population—are in
danger.”

We favour science which boosts national prestige and security: we
want to win the race into space; we want effective weaponry and missile
defence systems.

We give preference to what suits our economic aspirations: give us the
inventions that will enhance competitiveness—innovative goods and
services that will strengthen our industry for future international trade
conflicts.

We jump on bandwagons: for a time the rage is ‘pushing back the fron-
tiers’—space exploration and super-colliders, study of DNA that might
allow us to clone dinosaurs—science according to Steven Spielberg and
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George Lucas. Then, none of that—give us useful science; of what pos-
sible practical value would the discovery of the Higgs particle be?

We raise issues which make it difficult for some types of research to
take place: don’t experiment with animals, humans, or human foetuses;
don’t experiment with genetic engineering and cloning.

The statement of Charles Darwin’s grandfather Erasmus Darwin in
1783 upon founding the Derby Philosophical Society that the society
would seek ‘gentlemanly facts’ sounds quaint to us today, but we are not
so far from that when we seek ‘politically correct facts’. We make up our
minds regarding issues on the basis of values and principles which are
important to us and assume that research can do no other than show
that we are right, not contradict us: show us for instance that ‘intelli-
gence’ is largely a product of environment, not inheritance, so that
inequalities are something we can correct socially. With regard to some
loaded issues, such as those having to do with the roots of sexual prefer-
ence, or genetically or racially linked IQ, it is extremely difficult for sci-
entists to get funding for research where there is even a risk of finding
what we don’t want to know. Many of us will not accept unwelcome
answers as valid findings. We can argue this is a good thing;: life is unfair
enough without looking for scientific excuses for even more unfairness.

But all of this leads us to a question: Is any system of values or prin-
ciples a stronger concept than scientific truth? It seems that for most of
us the answer to that question may be yes. In spite of our enormous
faith in science, when scientific evidence conflicts with our most deeply
held principles and beliefs, we do not easily capitulate. Einstein, you
may remember, was unwilling to accept that the quantum universe was
inherently uncertain. He felt that quantum uncertainty must be the
result of limitations in our measuring ability. In order to show that he
and those who agreed with him—the minority among physicists—were
right, he proposed an experiment. It wasn’t until after his death that the
difficult obstacles involved in carrying out the experiment were over-
come, and French physicist Alain Aspect, CERN physicist John Bell, and
colleagues were able to carry it out and interpret it. The result—Einstein
was wrong. The quantum world is inherently uncertain. In his book
Superforce, British physicist and author Paul C. W. Davies writes the fol-
lowing:
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Several months after Aspect published the results of his experi-
ment I had the privilege of making a BBC radio documentary
programme about the conceptual paradoxes of quantum physics.
The contributors included Aspect himself, John Bell, David
Bohm, John Wheeler, John Taylor, and Sir Rudolph Peierls. I
asked all of them what they made of Aspect’s results and whether
they thought that common-sense reality was now dead. The vari-
ety of answers was astonishing.

One or two of the contributors felt no surprise. Their faith in
the official view of the quantum theory as enunciated long ago by
Bohr was so strong that they felt the Aspect experiment merely
provided confirmation (albeit welcome confirmation) of what
was never seriously in doubt. On the other hand, some were not
prepared to leave it at that. Their belief in common-sense real-
ity—the objective reality sought by Einstein—remained
unshaken. What would have to go, they argued, was the assump-
tion that signals could not travel faster than light. There must be
some ‘ghostly action at a distance’ after all.”

Dutch scientist A. van den Beukel has commented: ‘You rub your eyes
in amazement . . . Those who hold the one belief do not need any con-
firmation; they knew it all along. Those who hold the disputed belief are
unshocked by what seems to be an overwhelming argument for the pros-
ecution and are ready to throw overboard one of the most fundamental
principles of the whole of science, as if it were nothing.** We don’t know,
of course, what Einstein’s reaction would have been to the outcome of his
proposed experiment.

We’ve seen that no experimental results need be considered absolutely
conclusive. We are not necessarily being ‘unscientific’ when we refuse to
accept as ‘the final word’ a result which seems to undermine a principle
in which we believe strongly. That said, we must admit that ideology,
scientific and other, can play a significant role when we judge how con-
clusive an experiment is. Regarding common-sense reality on the quan-
tum level of the universe, within our society as a whole we don’t have an
ideological spirit of the times ruling strongly either for or against—cer-
tainly not strongly enough to alter the course of science. When it comes
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to social issues such as some we spoke of earlier, we can’t state that so
confidently.

We’re all to a certain extent prisoners of the mind-set of our culture
and time in ways so inherently part of us that none of us can discern
exactly how we and our science are influenced. It’s easier to see biases in
other cultures and historical eras than our own, but we can’t look
thoughtfully at human history and come away believing that our own
culture is for some reason the exception—free of biases that affect our
perception of the world.

THE ESSENTIAL GODLESSNESS OF SCIENCE

While we’re on the subject of values and principles: Do religious views
affect what emerges as scientific knowledge?

We would be surprised today to find, except among scientific cre-
ationists, any scientist openly allowing the Bible or religious teaching
jurisdiction over what is true or false among scientific findings. But what
about more subtle influences? And what about the argument that some
scientists allow their atheism to dictate what they accept among scientific
findings and what theories they prefer?

The assumption that science is a Godless pit of atheists is false. Many
scientists do believe devoutly in God and many others are agnostics, not
atheists. However, if someone put forward a theory predicting that
prayer for healing improved chances of healing, and proposed to put
that to the test, hardly anyone in the scientific world—atheist, agnostic,
Jew, Christian, Moslem, Buddhist, or anything else—would treat that as
serious science. Why? Why should it seem essential that we leave God
totally out of science in order to do valid science? To be completely accu-
rate, we must mention that serious Jews and Christians have reason not
to take such a theory and testing seriously on the grounds that one of the
primary tenets of their religion is “Thou shalt not put the Lord thy God
to the test.” But that can’t be the only reason why science avoids such
questions.

One of the underlying assumptions of science is that knowledge about
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the universe is accessible to us. The way we seek to uphold that assump-
tion is by trying to break down any barriers that threaten to make any
areas of knowledge inaccessible, hoping that whatever appears inacces-
sible and beyond our understanding will eventually become an open
book. Evidence from quantum theory and chaos/complexity theory
argues otherwise. But faith in the accessibility of the universe still
remains a foundation stone of science.

If there is a God, that almost certainly means everything is not acces-
sible and understandable by human discovery and reason alone. There
is knowledge we’ll never have unless God himself chooses to reveal it. Sci-
entists who believe in God say that their knowledge of God enhances
their science, but even most of these believers still practise science on
the premise that the unknown is entirely fair game, not forbidden terri-
tory. The more acceptable, scientific way of studying an event which
might be attributable to divine action would be to try to find an expla-
nation that is not beyond human understanding, as Weinberg puts it, ‘to
assume that there is no divine intervention and to see how far one can
get with this assumption.” If all this sounds like a prejudiced point of
view, it arguably is—but it doesn’t necessarily lead to prejudiced scien-
tific results. It is not at all unreasonable to think that if there is a God, he
would be better served by trying to falsify him, and failing, than by try-
ing to prove he exists. And God can, we suppose, look out for himself!

We have a good example in twentieth-century science of the para-
doxical way attempts to falsify a theory help verify it. A controversy raged
for fifty years, first over whether the universe is expanding and later
(when it was inescapably clear that it is expanding) over whether this
expansion means the universe had a beginning, the Big Bang. Support for
the notion of a creator in the Big Bang theory arises not only from the
fact that the theory provides a moment when creation could have
occurred (as an eternal universe does not) but also from the fact that at
the beginning of the universe we encounter the unexplainable. Laws of
physics as we know them break down; there is an initial event the cause
for which is unknowable.

As American astronomer Robert Jastrow wrote in his book God and
the Astronomers,
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I am an agnostic in religious matters. However, I am fascinated by
some strange developments going on in astronomy—partly
because of their religious implications and partly because of the
peculiar reactions of my colleagues . .. Theologians generally are
delighted with the proof that the Universe had a beginning, but
astronomers are curiously upset. Their reactions provide an inter-
esting demonstration of the response of the scientific mind—
supposedly a very objective mind—when evidence uncovered by
science itself leads to a conflict with the articles of faith in our
profession. It turns out that the scientist behaves the way the rest
of us do when our beliefs are in conflict with the evidence. We
become irritated, we pretend the conflict does not exist, or we
paper it over with meaningless phrases.”

When Jastrow refers to ‘beliefs), he doesn’t mean only religious beliefs,
but quite clearly the reactions of many, beginning with Einstein, to the
idea that the universe was expanding, were far from cool-headed and
objective. “This circumstance [of an expanding universe] irritates me,
Einstein wrote.” Allan Sandage, whose work was important in confirm-
ing the expansion theory, nevertheless said, ‘Tt is such a strange conclusion
... it cannot really be true’” When it became evident that the universe,
regardless of anyone’s preference, was indeed expanding, Hermann Bondi,
Tom Gold, and Fred Hoyle came up with ‘Steady State theory’, a measure
to explain the expansion of the universe in a way that would not require
the universe to have had a beginning. The three of them were outspo-
kenly resistant to an explanation which seemed to support a biblical view
of creation, and they were not alone in their disappointment when obser-
vational evidence supported the Big Bang rather than Steady State theory.
For reasons entirely apart from scientific objectivity, the Big Bang pill was
a bitter one to swallow, and a few still have it hiding behind a tooth.

That history of opposition to the Big Bang theory is, however, one of
the reasons it is so convincing today. When a theory has to fight its way
against scepticism and opposition within the scientific community and
when there is a serious competing theory, it is far more likely to sat-
isfy Popper’s requirement that it be tested for as many as possible of the
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predictions that would disprove it, and the evidence favouring it must be
extremely convincing. As was not the case with the electroweak theory,
a large segment of the physics community was reluctantly won over to
the Big Bang theory by data they didn’t much care to find.

However, as we will see in Chapter 4, physicists did not give up hope
of getting past the slammed door that we thought we had encountered
in the Big Bang singularity. Some of these are at least pleased to show as
a by-product of their theory that we don’t need God after all. Hawking
makes a very big point that his no-boundary proposal shows how the
universe could just BE (‘What place, then, for a creator?’*).

In a similar vein, Richard Dawkins states that one of his primary pur-
poses in writing his bestseller about evolution, The Blind Watchmaker,
was to show ‘evolution as the true explanation for the phenomena that
Paley thought proved the existence of a divine watchmaker’*' Many have
asked why, for either Hawking or Dawkins, it was necessary to bring the
other suggestion—God—into the discussion at all? Why not just stick to
the science?

A Brief History of Time and The Blind Watchmaker are two of the finest
books ever written for the popular science audience, and both authors
seem obsessed with God. Whether or not it is true, both give the impres-
sion that the fact that the scientific theory they are writing about erases
our need for a God is far more reason for celebration than the fact that
the theory makes a new part of this mysterious universe accessible to
human beings. This can’t be called a religiously neutral point of view. Sci-
ence, for Hawking and Dawkins, is not essentially Godless.

Anything that influences our choice of which theory will lead the way
is a potential influence on the future course of science and upon what
will emerge as scientific knowledge. Clearly, we no longer do science, in
the phrase coined at the Cavendish Labs in Cambridge, ‘with sealing wax
and string’. It’s been a trend since the late twentieth century, especially in
physics, for theory to run not just a little way but very far ahead of exper-
iment, and for it to influence decisions as to who will get the money for
decades in the future to buy the expensive modern equivalents of the
sealing wax and string. Theory plots the course of science, and it isn’t
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only scientific thinking that determines which theory will lead us. The
choice is a complex and haphazard affair. Everything from pure aesthet-
ics to the lust for power, fame, and wealth plays a part.

Should we agree with that minority who say scientific knowledge is
what it is almost entirely as a result of forces that have nothing to do
with any encounter with reality? The recognition of all the forces
involved need not leave us so pessimistic as that. Weinberg writes:

A party of mountain climbers may argue over the best path to
the peak, and these arguments may be conditioned by the history
and social structure of the expedition, but in the end either they
find a good path to the peak or they do not, and when they get
there they know it . . . I cannot prove that science is like this, but
everything in my experience as a scientist convinces me that it is.
The ‘negotiations’ over changes in scientific theory go on and on,
with scientists changing their minds again and again in response
to calculations and experiments, until finally one view or another
bears an unmistakable mark of objective success. It certainly feels
to me that we are discovering something real in physics, some-
thing that is what it is without any regard to the social or histor-
ical conditions that allowed us to discover it.*

Is Weinberg right? Will science, as an instrument for learning about
reality, prove strong enough to overcome all the glitches and stumbling
blocks, the fads and false leads, the good but mistaken intentions, the
arrogance and the assumptions, the din of many voices urging us down
one path or another? Is it correct to believe that eventually the truth will
out? ‘Muddling to discovery’ was what American physicist W. Peter Trower
called it.” That sounds more like Monty Python’s knights than the
Bayreuth laser-lit gods and heroes. Perhaps it is the intrinsically human
way of getting there. It’s also human to wonder about the roads dimly
perceived but never followed, the ‘hints’ not even ‘half-guessed’, and the
points of view that may lie completely beyond human conception.

It’s time to ask how much the scientific method itself gives us a biased
view of reality.
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AT THE LiMm1TSs OF SCIiENTIFIC TRUTH

Religion, philosophy, art, music, poetry, literature—none of these
instruments probes the world as confidently and systematically as sci-
ence. Someone has said that they caress and butcher the world, while
science performs laser surgery. Nevertheless, the arts and humanities
have stretched the boundaries of human experience and given us insights
and explanations that have the unmistakable feel of truth about them. As
science is unable to do, they incorporate and even celebrate the unex-
plainable, the freak, the uncategorizable, the unpredictable, the sense-
less, the unique, the miraculous, the absurd, and the irrational. The
traditional study of science, with its penchant for predictability, ration-
ality, elegance, and simplicity, seems by comparison an escape to a for-
malized, artificial world.

Nevertheless, if there is such a thing as objective truth, it must be the
same for the artist, the philosopher, the religious, the poet, and for the
scientist. How can this be? One of the finest teachers I ever had, who had
lived an adventurous life that had taken him all over the world into many
cultures, insisted as an old man that he couldn’t stomach the modern
rhetoric about all human beings being alike. ‘Don’t you see, he asked us,
‘that the wonder of it . . . the glory of it . . . is how different we are!’ Sci-
ence, religion, art, literature, and music all study the same reality. The
wonder of it—perhaps the glory of it—and certainly the confusion of
it—is how differently they see it.

It’s easier to recognize the biases of other generations than it is to rec-
ognize our own. At present we're able to see that the point of view dom-
inating science from the time of Newton until well into the twentieth
century, the point of view which saw reality in terms of predictable sys-
tems, was a distorted and limiting point of view. Predictable systems lent
themselves more readily to scientific study which ends in meaningful
and helpful results, and for that reason anyone choosing a line of inquiry
was likely to choose an area which showed promise of systematization.
Opver the years, what began as a hope became a definite impression, that
everything in the universe, all the complication and variety that is obvi-
ously there, would eventually resolve to predictable systems. Today chaos
and complexity theories show that predictable systems are the excep-
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tions, not the norm. Science has been operating from a biased point of
view, and finding what she expected to find.

Science, like other areas of human knowledge, evolves, and there is no
reason to think that all blinkers science may be wearing today will be
there tomorrow. Nevertheless, there is a broader and perhaps more per-
manent sense in which the scientific method may be a limiting point of
view:

Suppose we find intelligent beings on another planet. How different
might ‘reality’ look from the point of view of their science? It is one of the
assumptions of science that there are fundamental laws which hold for
the entire universe. But these laws would not manifest themselves in pre-
cisely the same ways on other planets. We know that though the gravi-
tational constant is not different on the moon, the experience of gravity
on the moon is different from on the earth. Beyond such easily explain-
able discrepancies, are there other more fundamental differences we
might find in an alien science?

On the individual level of perception, our minds to a certain extent
invent our views of a chair based on previous experience of such objects
and previous experience of ‘seeing'—assumptions about size, distance,
and perspective we learned in infancy. Psychologists tell us that it is
almost impossible for a person to describe an object which can’t be
linked in any way with anything he or she has experienced before. If a
person blind from birth is given sight, that person doesn’t immediately
know how to see. Even if beings from another planet have five senses
similar to ours, would they see anything like my chair?

We suspect that thought processes which developed in response to
problems of survival dictated ‘how we look’ long before there ever was a
thing called science. We know that science evolves partly in response to
problems society feels it needs to solve. The same will have been true for
the development of perception and scientific knowledge on another
planet. Have our methods of discovery and reasoning about the universe
turned out at all similar? Would even our logic seem logical to alien
minds? Is there only one possible method that leads from individual
mind’s-eye views of the chair toward the chair-as-it-is-in-itself? If not,
have we humans found the best method? And what does our method
not allow us to discover?
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FirsT STEPS BEYOND THE MIND’s-EYE ViEW

At the most basic level, our scientific method takes us beyond all our
unique starting points and allows us to expand upon our individual, pri-
vate mind’s-eye pictures of reality by showing us relationships. We saw
in Chapter 2 that just because I say the chair is brown and you also say
the chair is brown doesn’t mean we’re seeing the same colour. Brown is
just a code name, and I may have learned to attach it to a different visual
impression from the one you have. We don’t know how to find out
whether or not that’s true, nor do we know which (if either of us) is see-
ing the colour of the chair-as-it-is-in-itself.

Let’s suppose, however, that I say the chair is brown and so is the book-
case, and you agree. Now we haven’t settled upon what the chair looks
like colour-wise in the ultimate sense, but we have settled upon a rela-
tionship, in this case an instance of sameness. Most of us would say that
a little objectivity has entered the picture. It’s a paradox that at the same
time there’s a sense in which we have begun to ignore the question of the
ultimate objective reality of the colour of the chair. Why worry about
the unknowable? We’ve decided that there is something we can agree on.
It’s no longer a personal decision. It took two of us. We can predict that
if a third person joins us he or she will also say that the chair and the
bookcase are the same colour and will probably call it ‘brown’ If that
happens, so much the better. Science refuses to accept evidence that has
no possibility of corroboration, and so the establishment of scientific
fact is always going to be a social rather than an individual achievement.
But we still don’t know the colour of the chair-as-it-is-in-itself, nor is it
at all certain that we ever will learn by this process.

Such agreements have carried us far beyond chairs and bookcases,
and on other levels as well we’ve learned not to expect absolutes. For
example, no scientific theory we have at present can tell us why the
speed of light and the strengths of the fundamental forces of nature are
what they are. We’ve observed the speed of light and the strengths of the
forces. Because this is knowledge we can only get from observation, we
might argue that discovering these values has had nothing to do with
any agreement, it is basic knowledge of independent reality. Moreover,
we describe them with a number, not a name. A number is a more
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precise label. “Two’ is ‘two’ for you and for me with a precision ‘brown’
can never have.

But what does a number tell us? A number actually reflects the rela-
tionship with other numbers, and thus we are able to relate the observed
strength of one force to the observed strengths of the others. Scientists
would dearly love to be able to explain why these values and relation-
ships should be the ones that apply in our universe—or even show why
the ones we observe are more probable than others. There are on-going
efforts to understand some of the constants of nature in systems of sym-
metry. Again, we are concentrating on what we have the capacity to han-
dle—relationships. Absolute values, absolute position in space or
time—in the most fundamental sense of the word absolute—science
has all but abandoned these notions. Perhaps to God there are such
absolute values and positions. We don’t even know exactly what that
would mean.

How far can the process of discovering relationships take us? To ulti-
mate truth about relationships in the universe? Maybe. To ultimate objec-
tive knowledge about the universe and beyond? That depends upon
whether the relationships are the ultimate reality. We hope that a theory
of everything will eventually wrap all of it up—fundamental laws and
particles, initial conditions, the constants of nature. But even then, would
complete self-consistency, a perfect system of relationships, represent
anything absolute, anything beyond ‘self-relationship’—a description
which scratches its own back to perfection but may not be a description
of bed-rock, absolute, chair-in-itself reality?

There are questions that we may never be able to answer with the sci-
entific method, at least as we know it, no matter how successfully we
realize its potential. In more than one sense, a scientific Theory of Every-
thing would not necessarily be a Theory of Everything.

Is THERE ANYTHING ELSE?

For starters, we must remind ourselves that a scientific Theory of
Everything would not allow us to know or predict specifically everything
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that happens in the physical universe. We are limited by the breakdown
of predictability where our observations meet the quantum level. We are
limited in our inability to do calculations of great enough complexity
and to have available for our calculations the infinite details on any level
that would be necessary to predict anything specific. We are limited by a
lack of understanding about the relationships between levels of com-
plexity: is everything about molecules determined by what happens on
the level of atoms? . . . and so forth. We are limited by a random step in
the process of evolution that rules out precise prediction of what crea-
tures will evolve.

Those are severe practical limitations on the value of a scientific The-
ory of Everything for making specific predictions. Nevertheless, such a
theory might explain everything by providing a simple formula that
would allow for, and underlie, all we observe—without strictly deter-
mining the details or allowing us to predict. Let’s suppose for the sake of
this discussion that some day in the future we do arrive at a complete
physical explanation for the universe. Would that be everything there is
to know about the universe? Does ultimate truth include anything
beyond that ultimate physical and mathematical explanation?

We needn’t get spooky about it. Part of the ‘anything else’ might be
human minds and personalities. Can we entirely account for our self-
awareness, our minds, personalities, intuitions, and emotions, by means
of a physical explanation? This is a matter of enormous significance for
many of the questions we are asking in this book, and we will return to
it frequently. If we are super-complex computing machines—the sum
of our physical parts and their mechanical workings, which in turn exist
as a result of the process of evolution—then science may ultimately be
able to tell us everything there is to know about us. Even if no computer
can ever simulate the human mind, science may find another complete
physical explanation. But we have at present no scientific reason to rule
out the possibility that there is more to self-awareness, our minds, and
our personalities than any such explanation can encompass. Is there such
a thing as the soul? If there is, does its existence begin and end with our
material existence? Despite some impressive advances in the field of arti-
ficial intelligence, and an increasing understanding of the way our minds
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work, certainly no-one would claim to be able to say at present, except
on faith, whether science will eventually be able to assimilate the phe-
nomena of self-awareness, mind, and personality into the materialistic
picture. If science can’t, then there is truth beyond the range of scientific
explanation.

Another part of the ‘anything else’ may be what we call the supernat-
ural. Perhaps it is simply figments of imagination, psychological events,
not so much to be explained by science as to be explained away. Or per-
haps these are real events which are at present unexplainable because we
lack complete understanding of the full potential of the physical world.
If either is the case, then the supernatural ought eventually to fall into the
realm of scientific explanation. However, if the supernatural world exists,
and if it is inherently beyond testing by the scientific method, then there
is truth beyond the range of scientific explanation. There may indeed be
more in heaven and earth than is dreamed of in our science (if not our
philosophy).

Another part of the ‘anything else’ may be the ‘meaning’ of what we
experience. There’s meaning in the sense of the significance you or I
attach to a physical event, and there’s meaning in the sense of ultimate
significance which doesn’t depend upon our recognizing it. If our psy-
chology is entirely explainable in terms of physical processes, as we said
above it might be, then any meaning you or I attach to events might be
similarly explained by science. For instance, the birth of my child may
have meaning for me beyond the physical event because of my psy-
chology and chemistry. Suffering, beauty, evil might all be reduced to
physics, chemistry, and the way we have evolved to feel, think, and react.
Perhaps there is no meaning in any of this beyond the ability of science
to explain.

But there is no scientific reason to rule out the possibility that a birth
has meaning in an ultimate sense. Is life sacred? If so, why? Because the
child is known to God? The possible sacredness of life is a ‘meaning’
that the scientific method can’t explore. Is there evil which is evil or
beauty which is beauty in an ultimate sense, not subject to human inter-
pretation or traceable merely to the way we have evolved to prefer
things? Does any event have a meaning in the sense that Christians claim
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when they say that a crucifixion brought the possibility of universal
salvation? If meaning is more than human-made significance, inter-
pretation, and symbolism, then there is truth beyond the range of sci-
entific explanation.

Another part of the ‘anything else’ may be God or some other answer
to the ‘Why’ of the universe. If the Mind of God is only a euphemism
for the sum of all the laws of physics, then God is not beyond the reach
of science. But Hawking has written: ‘Even if there is only one possible
unified theory, it is just a set of rules and equations. What is it that
breathes fire into the equations and makes a universe for them to
describe? The usual approach of science of constructing a mathemati-
cal model cannot answer the question of why there should be a universe
for the model to describe.* Some of his colleagues would disagree with
him, but if Hawking is right, then there is truth beyond the range of sci-
entific explanation.

But aren’t we being a little far-out? There is a philosophy which has it
that if science cannot study something, that something cannot be real.
That may seem extreme, but it receives some support from the supposi-
tion that the limitations of our measuring capacity on the quantum level
are actually limitations on what can take place there. On the face of it, it
may seem ridiculous to carry this supposition into other areas of science
and human experience, but the idea crops up regularly in both science
and religion.

However, hasn’t science proved to us in more positive ways than
‘Sorry, can’t study it’ that the supernatural world is only a trick of the
brain, only psychological experiences, at most unusual but altogether
natural occurrences? Hasn’t it shown that what we call God is only the
laws of physics, or wishful thinking? Hasn’t it shown that meaning is
only interpretation—meaning in the eye of the beholder? And isn’t there
already good evidence that human mind and personality are only the
product of complex physical mechanisms?

No. Science has not yet been able to offer us a complete physical expla-
nation in any of these four areas; we do not know that it has the capac-
ity ever to do so; we do not know whether there are, even in principle,
unknowable physical explanations. But even were science to give us a
complete physical explanation, we couldn’t claim to have found the onLy
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explanation. We couldn’t even claim to have found the only complete
physical explanation. In fact, we couldn’t even claim to know we have
found the simplest or the best physical explanation. Present-day science
knows no way of showing that we have, only that we haven’t—by finding
a simpler or better one. To say that something has been ‘proved’ to be
‘only’ this, or ‘only’ that, is not a scientific statement. However, although
science can’t prove there are no alternative or better explanations, we’re
going to see that it can show that some of the alternative explanations are
unsatisfactory and inconsistent with the evidence. It is not a situation of
anything goes.

Meanwhile, are we hedging our bets here to the point of the ridicu-
lous, clutching at straws and making things more complicated than nec-
essary to keep open the possibility of God, meaning, the supernatural,
and the human soul? If we have explained something satisfactorily, per-
haps we could look for another explanation; but why should we?

If there is any hope at all of perceiving the world without being entan-
gled by a point of view, the realization of that hope must surely begin
with a lesson we could have learned from everyday experience or almost
any good fictional detective story: A simple explanation that ties in all the
evidence isn’t necessarily the right explanation. The black creature in the
tree is not always a crow. The loud bang heard one summer day in my
neighbourhood was not a backfire or a firecracker, or even someone
murdering his wife. It was my neighbour shooting golf balls at a tree
from a home-made brass mini-cannon. Real life, especially but not exclu-
sively where human behaviour is involved, is not always best represented
by the simplest explanation.

We believe that there are uncomplicated, elegant laws underlying the
untidiness. But even in science there always seem to be more loose ends
than most of us prefer to think, and there is what fictional detective Sir
Henry Merrivale® called ‘the blasted cussedness of things in general—
the propensity of things to lend themselves to a simple, meaningful
explanation, when in fact they have come about in damnably compli-
cated and illogical ways. Attempts to generalize, to explain in a manner
that satisfies our desire for neatness, simplicity, the most logical chain of
cause and effect, may not always lead to truth. We can’t be sure that ulti-
mate truth will be simple. And of course there’s another possibility, that
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our simplest scientific explanation isn’t simple enough—that Bernstein
was right about God being the simplest of all.

Have we in these paragraphs demolished the argument that every-
thing is explainable by science in physical terms? Certainly we have done
nothing of the sort. We’ve shown that science can’t prove that a physical
explanation is THE complete explanation. We haven’t in turn shown that
there 7s another explanation, or anything else to explain.

THE INSIDIOUSNESS OF GOD

The old, pre-Darwin ‘natural theology’ was a search for evidence of
God in the works of his creation. Because science has found other expla-
nations for the origin of so much that used to be considered explainable
only as the work of God, there seems little basis for faith left in natural
theology. We can no longer declare that nature points irresistibly beyond
itself. However, the philosophical questions raised by science do irre-
sistibly point beyond science. It is not without reason that Hawking said:
Tt is difficult to discuss the beginning of the universe without mention-
ing the concept of God.* Fred Hoyle wrote: ‘T have always thought it
curious that, while most scientists claim to eschew religion, it actually
dominates their thoughts more than it does the clergy’* Perhaps when
C. S. Lewis warned that ‘a young man who wishes to remain a sound
atheist can’t be too careful of his reading’* the reading to be strictly
avoided should include science books.

A common reaction of scientists making a new discovery about how
the universe works is ‘How clever! I would never have thought to do it
that way myself!” The next thought that springs to mind is ‘Who did?’ Is
it wisdom or naivete or social conditioning that brings that thought? Is
it a God-given instinct that makes us ask ‘Who?’ when there is a flash of
recognition that here is a mind like our own but far superior? Or are we
so hopelessly anthropomorphic that we have difficulty allowing a clever
pattern to be the first cause of everything rather than a clever person?

Our spontaneous ‘Who did?’ is not the only question which points
beyond science.
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THE MORALITY OF SCIENCE: Is TRUTH GOOD?

The visceral feeling among most scientists and many of the rest of us
is a little at odds with the principle that scientific findings themselves
have no moral content, that ‘truth’ does not imply ‘good’. There is a moral
arrow in science aside from the question of how findings are put to use
or whether we approve of them. It is a feeling first that it is good to do
science—more worthwhile than many other pursuits a person might
undertake. We consider uncovering truth about the universe a high call-
ing. Beyond that is a feeling that truth is inherently better than false-
hood, knowledge is better than ignorance, objective truth will be
beautiful and orderly, not ugly and confused. Whether or not there was
a God at the Creation who ‘saw that it was good’, we assume that objec-
tive truth has a purity, a healthy feel about it. There are only a few who
think that ultimate truth might be horrible, utter confusion, madness.
Instead, following the arrow toward objective reality seems to remove
us from the nitty-gritty fallen world where men and women use this raw
material of reality so unwisely—removes us to holier ground, nearer the
ultimate ‘good’, the Mind of God or the perfection of human knowledge.

Little arrow, who made thee? Or what? The moral arrow in science
which defines a direction toward truth and away from falsehood, toward
knowledge and away from ignorance, toward beauty and away from ugli-
ness, attaching a value to these directions—this ‘arrow’ is not easy to
explain, though many have tried. It seems to come from instinct. Perhaps
it’s the result of evolution. Does this sort of thinking give a survival
advantage? Is ‘good’ only what was ‘good’ for the species? Have our minds
over-evolved to attach an aesthetic and even moral value to the com-
pression of information into simplified patterns? Perhaps the arrow
results from our cultural conditioning or is a ‘meaning’ of our own
invention because it pleases us to think of things this way. Is it part of the
uncaused laws of the universe—as Hardy says ‘317 is a prime number’ is?
Is it perhaps nothing more than a rationalization for doing science which
makes science more than just another way to eke out a living? Is it a
pointer to anything at all?

Some say that the question about why the arrow exists, about who or
what has set this compass, can best be answered by saying there is a God
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whose nature defines ‘truth’ and ‘good’ and ‘beauty’. C. S. Lewis applied
this argument not just to science but to the question of why there is any
good/evil orientation in the universe at all.

Nature fills us with delight and awe. It moves us profoundly in ways
that are difficult to express or assess and leads us to ask questions science
may never be able to answer. But does it point to God? Before Darwin,
many of our forebears had no philosophical misgivings about singing a
hymn set to the music of Haydn whose last stanza, after admitting that
the stars and planets have no voices in the usual sense, nevertheless says
that ‘In reason’s ear’, they unmistakably declare, ‘the hand that made us
is divine.* What sort of reason would we have to employ to hear that
declaration today?



o

Romancing the Creation

The evolution of the world may be compared to a display of
fireworks that has just ended: some few red wisps, ashes and smoke.
Standing on a cooled cinder, we see the slow fading of the suns,

and we try to recall the vanished brilliance of the origin of the worlds.

—GEORGES LEMAITRE

OUR MODERN picture of the universe is dramatically different from
the picture our forebears had at the beginning of the twentieth
century. Today it’s common knowledge that all the individual stars we
see with the naked eye are only the stars of our home galaxy, the Milky
Way, and that the Milky Way is only one among many billions of galax-
ies. It’s also common knowledge that the universe isn’t eternal but had
a beginning ten to twenty billion years ago, and that it is expanding.
We take all this so much for granted now that it’s hard to believe how
far we’ve come in the past one hundred years in the quest to discover the
origin of the universe.

In spite of our greater understanding, the universe has become in
many ways even more mysterious to us than it was to earlier generations.
It is not a familiar, cosy place. It stretches out to distances inconceivably
vast and contains systems driven by incredible power. Earth now seems
tiny and insignificant, a speck, a cooled cinder. It would appear that if we
humans are of any interest to the Mind of God, God carries to an absurd
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extreme the credo of Dr Seuss’s elephant Horton: ‘A person’s a person, no
matter how small.

The first part of this chapter is a short review of the chain of theoret-
ical and observational discovery that led over a period of years to the
conclusion that the universe began with a Big Bang. We will also look at
the philosophical and religious controversy which greeted these astound-
ing and sometimes unwelcome developments. Those to whom this story
is already familiar may want to move quickly through these pages to the
middle of the chapter and more contemporary debates.

THE UNCOMFORTABLE CONCEPT OF A BEGINNING

By the end of the First World War there was no concrete evidence that
the turn-of-the-century picture of the universe was incorrect, but there
were suspicions. Since the eighteenth century there had been speculation
about fuzzy patches of brightness called the nebulae. It seemed most
likely they were only gas clouds in our galaxy, but some people enter-
tained wilder ideas: they might be newborn solar systems, or fissures in
the universe where matter and energy pour in from another universe or
another dimension, or remote, independent formations of stars and
gases like the Milky Way. Perhaps the Milky Way was only one among
many ‘island universes’

In the early years of the twentieth century, attention had begun to
focus on those nebulae that had a spiral structure, because many
astronomers thought these were protostars—clouds of collapsing gas on
the point of giving birth to a star. Between 1912 and 1914, Vesto Slipher
at the Lowell Observatory in Flagstaff, Arizona, discovered that most of
the spiral nebulae he was studying showed a red shift: that is, a shift in
the colours of the spectrum of light away from the blue end of the spec-
trum and toward the red end. Slipher interpreted this shift in the light
coming from the nebulae to mean that the distance between us and them
was growing greater, just as we interpret the drop in the pitch of an
engine or siren to mean that a vehicle is moving away from us—the
familiar Doppler effect. In both cases the shift is caused by the stretch-
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ing of waves that reach us from something as its distance from us
increases. In the case of the siren, sound waves are stretched. Our ears
interpret the length of a sound wave as pitch; we ‘hear’ longer sound
waves as a lower pitch. In the case of the spiral nebulae, light waves are
stretched. Our eyes interpret the different lengths of light waves as dif-
ferent colours, and longer light waves mean a shift to the red end of the
spectrum. The sort of red shift Slipher was discovering is not detectable
to the naked eye as reddening light. He based his conclusions on calcu-
lations made by studying the spectra of light from the nebulae and com-
paring them with the spectrum of light from something whose distance
from us is not changing.

What Slipher had found was revolutionary. In 1914 he presented his
findings to the American Astronomical Society. John Miller, who had
been one of Slipher’s professors, described the event: ‘Something hap-
pened which I have never seen before or since at a scientific meeting.
Everyone stood up and cheered.” The turn-of-the-century picture of the
universe was on the brink of crumbling.

Clearly Slipher had made a discovery of enormous importance, but it
wasn’t immediately obvious what it meant. Slipher’s interpretation was
that our own drift through space was causing the increasing distance
between us and the nebulae. Since we don’t think of the universe in terms
of absolute position, it might seem a moot point who is retreating from
whom, but Slipher’s ‘drift’ didn’t take into account the more dramatic
implications of his discovery. Those wouldn’t emerge until many more
observations had been catalogued.

One problem with interpreting the significance of the red shift was
that no-one was yet able to determine how far away the spiral nebulae
were. The difficulty with measuring distances to objects in space is sim-
ilar to the difficulty we have in judging the distance between ourselves
and a light shining at night: is the light a few feet away and very faint, or
is it a few miles away and very bright? Though the distance of the nebulae
was still in question at the time of Slipher’s announcement, astronomers
were not far from having the answer. Since the last decade of the nine-
teenth century, they’d been devising increasingly sophisticated ways of
measuring such distances.

Meanwhile, what were the theorists saying? Einstein produced his
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Theory of General Relativity in 1915. Within the next two years, Dutch
astronomer Willem de Sitter and Einstein himself began to see that solu-
tions to Einstein’s equations implied that the universe is expanding. Ein-
stein, like most of his contemporaries, believed the universe is static, that
is, not changing in size. When the implications of his equations began to
emerge, he was chagrined. As he wrote in a letter, “To admit such a pos-
sibility seems senseless.” He decided to adjust his theory to cancel out the
prediction of an expanding universe by putting in a new constant of
nature—a ‘cosmological constant, a mathematical term which corre-
sponded to a force of repulsion or ‘anti-gravity’. Einstein was later to dub
this cosmological term—this concession to his own preconception and
that of his contemporaries—‘the biggest blunder of my life’

The Russian mathematician Alexander Friedmann was the first to
buck the spirit of the times emphatically and insist on taking Einstein’s
theory at face value, not assuming that the ‘cosmological term if it had
to be considered at all, was necessarily anything other than zero. What
Friedmann found was not just one solution but a family of solutions to
the cosmological equations of General Relativity, and each different solu-
tion describes a different sort of universe.

The Belgian astrophysicist and theologian Abbé Georges Henri
Lemaitre—with whose words we opened this chapter—found solutions
to Einstein’s equations which were similar to Friedmann’s. However,
unlike Friedmann, Lemaitre was most intrigued with what the equations
and their solutions could tell him about the origin of the universe. It was
he who first envisioned something like what we now call the Big Bang,
though he didn’t give it that name. Partly because he was a priest as well
as an astrophysicist, this idea was met with some derision from fellow sci-
entists. Lemaitre’s suggestion was that there had been a time when every-
thing that makes up the present universe was compressed into a space
only about thirty times the size of our sun—a ‘primeval atom’. As he put
it, “The primeval atom hypothesis . . . pictures the present universe as the
result of the radioactive disintegration of an atom.* By the time Lemaitre
wrote those words in the fifties, he was speculating that this primeval
atom might be thought of as a single quantum.

While Friedmann’s theoretical work remained largely unknown except
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among mathematicians—he died in obscurity at the age of thirty-
seven—Lemaitre’s gained the attention of observational astronomers,
largely thanks to Eddington (whose student Lemaitre had been at Cam-
bridge) and another of Eddington’s research students, George McVittie.

Meanwhile, back in Arizona, Vesto Slipher continued to design his
own instruments for studying the nebulae and discovered that most he
was able to study showed red shifts. In early 1921 he reported an enor-
mous red shift (or what seemed enormous at the time) for a nebula
called NGCs84. According to Slipher’s calculations the nebula’s distance
was increasing at a speed of approximately two thousand kilometres per
second. In 1922 Slipher sent Eddington at Cambridge measurements for
forty spiral nebulae, thirty-six of which were receding.

When Slipher first announced his findings about red shifts in 1914, a
young man named Edwin Hubble had been in the audience. In the years
that followed, Hubble began to see the connection between Slipher’s
observational discoveries and the solutions that de Sitter (and Lemaitre
and Friedmann—though Hubble may not then have known about their
work) was getting from Einstein’s equations. Hubble also turned his
attention to the nebulae. In 1923 he realized that a faint spot of light in
the Great Nebula in Andromeda was not a nova, as he had previously
thought, but a Cepheid—a star that regularly changes its brightness. It
was this realization that enabled him finally to settle the question
whether the nebulae are something in our galaxy or remote, independ-
ent ‘island universes’. Astronomers had learned how to calculate the dis-
tance to a Cepheid by timing these variations. Hubble’s calculations
showed that the Andromeda nebula is at a distance much greater than
any star in the Milky Way. It is indeed another galaxy.

Hubble went on to establish that there are many galaxies besides our
own, and in 1929 he made one of the most revolutionary announcements
in the history of science, one that was to change forever our ideas about
what the universe is like, about its history, and about ourselves. He and
his associate Milton Humason, a colourful character who had begun not
as a scientist but as a mule driver at the Mount Wilson Observatory,
established that except for galaxies that are clustered closest to us every
galaxy in the universe is increasing in distance from us. Moreover, except
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for galaxies which are close together, every galaxy in the universe is
increasing in distance from every other galaxy.

The observations continued, and more and more galaxies and red
shifts were catalogued. By the early fifties the relationship between what
astronomers were discovering with their telescopes and the theoretical
predictions of Einstein, Friedmann, and Lemaitre was clear. The red
shifts become greater the farther away a galaxy is from us, which tells us
that the farther away the galaxy is, the faster it’s receding. As Friedmann
had predicted, regardless of where we were to station ourselves in the
universe, in any galaxy, we would see the other galaxies receding from us,
twice as far away, twice as fast. A loaf of raisin bread rising in the oven is
a homely analogy to illustrate this. Standing on any raisin while the
dough rises and expands between the raisins, we would see every other
raisin moving away from us—twice as far away, twice as fast. The raisin
bread also reminds us that it is more accurate to think of the expansion
of the universe, as Friedmann first suggested, not in terms of galaxies
flying away from one another through space, but in terms of the space
between them swelling.

One might easily jump to the conclusion that if the universe is
expanding like a loaf of raisin bread, we ought, if we had the technology
to do so, to be able to travel to the surface of the loaf and find the edge
of the universe. What would be beyond? The question of what is beyond
the edge unfortunately has no real meaning. Eddington suggested that
we think of a balloon with dots painted on its surface. Imagine an ant
crawling on the surface of the balloon. In order for the analogy to be
helpful we must say that for this ant all that exists is the surface of the bal-
loon. The ant can’t look outward from the balloon’s surface or conceive
of an interior to the balloon. Those dimensions don’t exist for the ant.
Now if air is let into the balloon and the balloon expands, the ant will
see every dot on the surface of the balloon moving away from it. Regard-
less of where the ant travels on the balloon, every dot will be moving
away. The ant won’t find an edge or an end anywhere. The same may be
true in our universe, but with more dimensions than in the ant’s bal-
loon universe.

Another conclusion to which we might jump is that we ought to be
asking where in the universe the expansion began. Where is the point
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everything is retreating from? One way of thinking of the expansion of
the universe is as an explosion outward. Even if there are no absolute
directions in the universe, beings riding on a piece of debris from any
explosion ought to be able to assume that there is an answer to the ques-
tion: Where exactly did the explosion take place in relation to where we
are now? Eddington’s balloon analogy helps us understand why there is
no such point of origin in the universe. On the balloon surface, there is
no such point—or, if you prefer, any point could just as fairly claim to be
the point of origin. Remember that the interior of the balloon is a
dimension that doesn’t exist. Modern cosmology accepts Friedmann’s
assumptions: the universe looks the same (on the large scale) in all direc-
tions; and regardless of where we were to stand in the universe it would
look the same in all directions. There is no edge from which we would
see galaxies in one direction and nothing in the other. There is no core
toward which we could point and say, There it began.

We can, however, ask when the universe began.

Any direction in space we look, no matter where in the universe we
are, we look toward the past. Even in so small a space as the room where
I'sit and write, what I see is old news. However, the delay with which the
picture of the far wall reaches my eyes is not worth considering, because
light—and thus any picture that comes into my eyes—does travel
extremely fast.

When it comes to cosmic distances, the delay is decidedly worth con-
sidering. The light that reaches us from some distant quasars left them
perhaps ten billion years ago.” Are the quasars still there? In give-or-take
another ten billion years our descendants on the earth (if descendants
and earth still exist) might find out whether these quasars, or the galax-
ies into which they may have evolved, were still there in the year 2000
(earth time). From our own vantage point, we can only observe their
existence ten billion years ago. Since the past is in all directions, then out
there—some distance beyond the quasars—is the answer to the ques-
tions: Did the universe have a beginning, and, if so, when?

Fortunately, there are other ways of finding the answers to those ques-
tions besides actually seeing the split second of the origin of the uni-
verse—an observation which is not possible with our technology and
perhaps not with any we could ever invent. If the universe is expanding,
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it would seem correct to think that it must at an earlier time have been,
as Lemaitre insisted, much denser than it is now. In fact it would seem
correct to think that there was a time when everything we would ever be
able to observe in the universe was in exactly the same place, and that this
must have been the beginning.

Must that have been the case?

In 1948 Hermann Bondi, Thomas Gold, and Fred Hoyle introduced
theories which allowed for the expansion of the universe but did away
with the requirement that the universe must have a beginning. Accord-
ing to their ‘Steady State’ theory, the universe hasn’t always contained all
the matter it does today. As the universe expands, new matter continu-
ously emerges to fill in the gaps, and the average density of matter in the
universe remains the same. Galaxies such as ours reach the end of their
life cycles—when the stars in them burn out and the galaxies die—but
meanwhile new galaxies are forming from new matter.

A Steady State universe would have no beginning or end. This return
to the possibility of an eternal universe was welcomed by many, includ-
ing the theorists who invented it, as a way of eliminating the hint of ‘cre-
ation’ that was inherent in a universe with a beginning. For more than a
decade the scientific and (to a lesser extent) the philosophical debate
continued between those who favoured the Steady State theory and those
who favoured the Big Bang.

It may be difficult from our vantage point to understand why the
notion of a beginning presented a major philosophical problem for any-
one. Today almost all scientists accept some version of the Big Bang the-
ory, yet we still find atheists and agnostics as well as believers in God
among them. Clearly having a Big Bang must not prove decisively that
we have a God. As we will see a little later, having a Big Bang doesn’t even
prove we have a beginning. Why were Bondi, Gold, Hoyle, and some of
their colleagues so concerned? We must try to see this from the point of
view of those who debated it in the late forties and the fifties.

To a certain extent it was true that as the Big Bang theory began to
look increasingly likely to be the correct one, the anti-God camp seemed
to be losing ground to the pro-God camp, but that was not the whole
story. In Chapter 3 we saw how Robert Jastrow, himself an astronomer
and an agnostic, in his book God and the Astronomers, chides his fellow



Romancing the Creation 97

scientists for their reaction to the Big Bang theory: ‘the response of the
scientific mind—supposedly a very objective mind—when evidence
uncovered by science itself leads to a conflict with the articles of faith in
our profession.’ Jastrow describes the situation:

This is an exceedingly strange development, unexpected by all
but the theologians. They have always accepted the word of the
Bible: In the beginning God created heaven and earth. To which
St Augustine added, ‘Who can understand this mystery or explain
it to others?’ The development is unexpected because science has
had such extraordinary success in tracing the chain of cause and
effect backward in time . . .

Now we would like to pursue that inquiry farther back in
time, but the barrier to further progress seems insurmountable.
It is not a matter of another year, another decade of work,
another measurement, or another theory; at this moment 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 theologians who have been sitting there for
centuries.’

However, as Jastrow himself pointed out, the controversy was much
more complicated than a simple competition between science and reli-
gion in which religion had apparently won a major victory. It isn’t God
that Jastrow’s scientists find when they pull themselves over the final
rock. It is a band of people, including presumably St Augustine, faced
with a closed door at a beginning in time through which we are not
allowed to pass in our search to know everything.

The irony in Jastrow’s story is not that the theologians have had it
all explained for a long time, while the scientists have not. The irony
is rather that the theologians have been saying for many centuries that
we are dealing with a mystery human beings will never be able to
explain, and now the scientists, by dint of hard labour trying to find
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that explanation, have to their chagrin arrived at the same conclusion. It
isn’t the discovery of God, but rather the discovery of the limits of
human intellectual endeavour that rots everyone’s socks on the moun-
taintop. The theologians have learned to live fairly comfortably with
those limitations and put down roots and even enjoy the situation. The
advantage they claim to have, and if it’s true it is a very great advantage,
is that they believe the end of human intellectual endeavour isn’t neces-
sarily the end of the quest for complete understanding.

For a while the Steady State theory that allowed one to believe that
the universe was eternal held its own and seemed a powerful rival to the
Big Bang theory. Both theories seemed equally capable of explaining
what had been found by observation. However, in the sixties, new evi-
dence came to light which the Steady State theory could not explain and
the Big Bang theory could.

Back in the 1940s, George Gamow, a Russian-born physicist who
defected to the West in 1933, had begun, with Americans Ralph Alpher
and Robert Herman, to theorize about the early universe by running
Friedmann’s equations backward toward the event with which the uni-
verse began. They predicted that there should be left-over radiation—
photons (messenger particles of the electromagnetic force)—surviving
from about a thousand years after the origin of the universe. In that era
the universe would still have been very hot, but the prediction was that
the temperature of those photons should by now have cooled to about
five degrees above absolute zero. Such radiation would be very difficult
to observe, and the prediction was not tested. The evidence of that radi-
ation was finally discovered by accident in 1965. The story of the discov-
ery recalls our discussion of the interplay between theory and direct
observation in Chapter 3. It is an instance in which theory didn’t lead the
way but rushed in with the spectacles needed to make sense out of oth-
erwise puzzling data.

In the mid-1960s, at Bell Laboratories in New Jersey, there was a horn
antenna designed to be used with the Echo I and Telstar communication
satellites. The amount of background noise the antenna picked up ham-
pered its use in the study of signals from space. Scientists working with
the antenna had to make adjustments and confine themselves to studying
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signals that were stronger than the noise. It was an annoyance that was
possible to ignore, but two young scientists, Arno Penzias and Robert
Wilson, took the noise more seriously. They noticed that the noise
remained the same no matter which direction they pointed the antenna.
If the noise were a result of the earth’s atmosphere, that wouldn’t be the
case, since an antenna pointed toward the horizon faces more of the
earth’s atmosphere than one pointed straight up. The noise had to be
coming either from beyond the earth’s atmosphere or from the antenna
itself. Wilson and Penzias thought pigeons nesting in the antenna might
be causing the disturbance, but evicting the pigeons and clearing away
their droppings made no difference in the noise.

Wilson and Penzias weren’t aware of a current proposal from Robert
Dicke at Princeton, who was in the process of building an antenna to
search for the background radiation that Gamow, Alpher, and Herman
had predicted in the 1940s. But when another radio astronomer, Bernard
Burke, heard from Penzias and Wilson about their problem with the
antenna, he proceeded to bring the two groups of researchers together.
Penzias and Wilson had found by accident the radiation that Dicke, led
by theory, had been hoping to find.

In 1973, balloon experiments of Paul Richards and others at Berkeley
in California showed that the spectrum of the background radiation was
the spectrum Big Bang theory predicted. The cosmic background radi-
ation (as it is now called) has been confirmed by many experiments and
is the most direct evidence we have that the universe was once very much
hotter and denser than it is now. The radiation as it reaches us has a tem-
perature of about three degrees above absolute zero, instead of the five
degrees Alpher and Herman had calculated. Today we know that you
don’t need unusual equipment to observe the cosmic background radi-
ation. The snow on a TV screen that appears when a station isn’t broad-
casting consists in part of this radiation—these photons which are
artefacts of ancient light.

The discovery of the cosmic background radiation and its spectrum
was dramatic support for the Big Bang theory. There was more. The
theory predicts that, of all the elements making up the universe, about
25 per cent of the mass ought to be helium 4. By the mid-seventies,
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measurements of the elements in external galaxies (a measurement which
is possible by studying their spectra), as well as in our own galaxy, con-
firmed this prediction. They also confirm predictions of abundances of
other elements that were made in the Big Bang, such as deuterium,
helium 3, and lithium.

More support for the theory came from the fact that it suggests a solu-
tion to the mystery of why we find quasars only at such large distances
from us. Most astrophysicists link quasars with galaxy formation. If
galaxies were periodically dying and being replaced by new galaxies made
from new matter, as the Steady State theory would have it, then we ought
to find quasars fairly evenly scattered throughout the universe. On the
contrary, we find no quasars near us. They are all far away, and, by virtue
of that fact, long ago. It’s understandable why this is so if galaxy forma-
tion occurred mainly during one era far back in the history of the uni-
verse, and is not a continually recurring process. Looking to the distance
where the quasars are, we are seeing the universe in that era of galaxy for-
mation. The information from there has taken a long time to reach us.
Old news indeed, but it seems to indicate that we are in a universe that
is evolving over time, a universe like the Big Bang universe, not the Steady
State universe.

While observational evidence was confirming the Big Bang, theorists
were providing further support and putting an additional padlock on
the slammed door at the beginning of time. It had become clear that if
general relativity is correct, it’s overwhelmingly probable that the uni-
verse will be either expanding or contracting. A static universe in that
theory is about as stable as a pencil standing on end. Nevertheless the
question arose, If a universe is expanding, even if it isn’t a Steady State
universe, does that necessarily mean that everything in it was in the same
place at some earlier time?

In 1963 Russian scientists Evgenii Lifshitz and Isaac Khalatnikov sug-
gested another possible history for an expanding universe. Running time
backward, imagine a scenario in which a universe something like ours
contracts, with all its galaxies getting closer together, apparently on col-
lision course. Looking more closely at the galaxies, we notice that they
have other motion in addition to the motion that’s drawing them directly
toward one another. When the galaxies approach one another, this addi-
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tional motion might cause them to miss one another, fly past—and the
universe expand again without having reached a state of infinite density.

It was this possibility that interested Hawking and Roger Penrose in
the middle and late 1960s, about the same time Wilson and Penzias were
puzzling over the cosmic background radiation. General relativity pre-
dicts the existence of singularities—points of infinite density and infinite
spacetime curvature—but in the early sixties few physicists took this pre-
diction seriously. Some thought that a star of great enough mass under-
going gravitational collapse might form a singulari