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Preface
Five principal concerns have characterised activity in the past thirty years
across the border between science and theology: a rejection of reductionism,
partly based on an appeal to science's increasing recognition of the
interconnected and holistic character of much physical process; an
understanding of an evolutionary universe as being compatible with a
theological doctrine of creatio continua; a revival of a cautiously revised form
of natural theology; a methodological comparison of science and theology
that exhibits their common concern with the attainment of understanding
through the search for motivated belief; and speculations concerning how
physical process might be sufficiently open to accommodate the acts of
agents, both human and divine. Serious books on science and theology are
bound to engage with some or all of these themes. I do not feel that I have
much to add to what has been written already on the first two of these topics,
but the invitation to give the Terry Lectures provided the opportunity to give
further thought to the other three.
Chapter 1 concerns natural theology, presented as an in
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sightful, rather than logically demonstrative, discipline. Underlying its
argument is the conviction that theism offers the "best explanation" of the
many-levelled character of human encounter with reality. The treatment
enlarges my previous discussion of this theme, not least by its greater
emphasis on the importance of moral and aesthetic experience and the deepseated human intuition of hope.
In Chapter 2, I describe the cousinly relationship between scientific and
theological method. Though in no conventional sense a Kuhnian, I am
persuaded by Thomas Kuhn's insistence on the importance of historical
enquiry as the testing ground of philosophical theorising. Epistemological
questions are to be settled, not by abstract considerations, but by regarding
how it is that we actually gain knowledge. Rather than reworking previous
general methodological discussions, I have focused on two critical periods of
exploration and discovery, one scientific, the other theological. The first is the
investigation into the nature of light that eventually led to quantum theory; the
second is the Christological controversies of the first five centuries that
eventually led to the Chalcedonian definition. I believe that these
particularities bring to light interesting analogies between the ways in which
science and theology attain their beliefs.
In Chapter 3, I discuss divine action, a theme that has preoccupied many
writers on science and theology, particularly in the past ten years. A critical
review is given of the proposals that have been made for locating a "causal
joint," or ontological openness within process as science describes it, which
could afford room for agents to act. Recent results of Ilya Prigogine in
relation to non-integrable (fractal-like) solutions are used to carry further the
metaphysical conjec-
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ture that chaos theory should be interpreted in an open, rather than a
deterministic, way.
Chapter 4 surveys prospects for future dialogue. It is argued that the
engagement between scientific and theological thinking will become closer,
drawing in a greater involvement of theologians and of workers in the human
sciences. The religious setting must broaden beyond the Abrahamic faiths to
include all religious traditions. It is suggested that their meeting with science
may provide the world faiths with a congenial ground of encounter.
One way of characterising the perceived common ground between science
and theology is to say that both make a critical realist evaluation of their
encounter with their very different subject matters. This has been a popular
theme in the writings of scientists who have a serious interest in theology. My
own defence of critical realism in science is based on an analysis of the thirtyyear history of the discovery of quarks and gluons, in which I had been a
minor participant (see my book Rochester Roundabout). Chapter 5 distils
many features of the scientific quest for understanding, and it suggests that
parallels exist in the theological quest for understanding. The chapter,
therefore, constitutes a defence of the critical realist thesis, located at a level
of generality midway between the specificities of Chapter 2 and a purely
abstract line of argument (if that were possible).
The nature of mathematical truths has long been debated. The sense of
discovery, to which the mathematicians testify, encourages the belief that
there is a realm of reality in which entities like the Mandelbrot set exist
everlastingly. Chapter 6 briefly sketches the metaphysical challenge and
opportunity that such a view offers.
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The book presents a series of variations on a fundamental theme: if reality is
generously and adequately construed, then knowledge will be seen to be one;
if rationality is generously and adequately construed, then science and
theology will be seen as partners in a common quest for understanding.
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Chapter One
Belief in God in an Age of Science
What does it mean to believe in God today? Different religious communities
propose different answers to that fundamental question. I speak from within
the Christian tradition, though much of what I say in this chapter would, I
believe, find endorsement from my Jewish and Islamic friends. For me, the
fundamental content of belief in God is that there is a Mind and a Purpose
behind the history of the universe and that the One whose veiled presence is
intimated in this way is worthy of worship and the ground of hope. In this
chapter, I sketch some of the considerations that persuade me that this is the
case.
The world is not full of items stamped ''made by God"the Creator is more
subtle than thatbut there are two locations where general hints of the divine
presence might be expected to be seen most clearly. One is the vast cosmos
itself, with its fifteen-billion-year history of evolving development
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following the big bang. The other is the "thinking reed" of humanity, so
insignificant in physical scale but, as Pascal said, superior to all the stars
because it alone knows them and itself. The universe and the means by which
that universe has become marvellously self-awarethese are the centres of our
enquiry.
Those who work in fundamental physics encounter a world whose large-scale
structure (as described by cosmology) and small-scale process (as described
by quantum theory) are alike characterised by a wonderful order that is
expressible in concise and elegant mathematical terms. The distinguished
theoretical physicist Paul Dirac, who was not a conventionally religious man,
was once asked what was his fundamental belief. He strode to a blackboard
and wrote that the laws of nature should be expressed in beautiful equations.
It was a fitting affirmation by one whose fundamental discoveries had all
come from his dedicated pursuit of mathematical beauty. This use of abstract
mathematics as a technique of physical discovery points to a very deep fact
about the nature of the universe that we inhabit, and to the remarkable
conformity of our human minds to its patterning. We live in a world whose
physical fabric is endowed with transparent rational beauty.
Attempts have been made to explain away this fact. No one would deny, of
course, that evolutionary necessity will have moulded our ability for thinking
in ways that will ensure its adequacy for understanding the world around us,
at least to the extent that is demanded by pressures for survival. Yet our
surplus intellectual capacity, enabling us to comprehend the microworld of
quarks and gluons and the macroworld of big bang cosmology, is on such a
scale that it beggars belief that
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this is simply a fortunate by-product of the struggle for life. Remember that
Sherlock Holmes told a shocked Dr. Watson that he didn't care whether the
Earth went round the Sun or vice versa, for it had no relevance to the pursuits
of his daily life!
Even less plausible, in my view, is the claim sometimes advanced that human
beings happen to like mathematical reasoning and so they manipulate their
account of physical process into pleasing mathematical shapes.1 Nature is not
so plastic as to be subject to our whim in this way. In 1907, Einstein had what
he called "the happiest thought of my life," when he recognised the principle
of equivalence, which implied that all entities would move in the same way in
a gravitational field. This universality of effect meant that gravity could be
expressed as a property of space-time itself; physics could be turned into
geometry. Einstein then embarked on a search for a beautiful equation that
would determine the relevant geometrical structure. It took him eight years to
find it, culminating in the discovery of the theory of general relativity in
November 1915. It was a truly beautiful theory but now came the moment of
truth. On 18th November, Einstein calculated the prediction made by his
theory for the motion of the planet Mercury. He found that it precisely
explained a discrepancy in relation to Newton's theory that had baffled
astronomers for more than sixty years. Einstein's biographer, Abram Pais,
says "This discovery was, I believe, by far the strongest emotional experience
in Einstein's scientific life, perhaps in all his life. Nature had spoken to him."
Whilst
1 A. Pickering, Constructing Quarks (Edinburgh University Press, 1984), 413.
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the great man himself said,"For a few days, I was beside myself with joyous
excitement."2 It was a great triumph but, if the answer had not come out right,
the aesthetic power of the equations of general relativity would have been
quite unable in itself to save them from abandonment. It was indeed nature
that had spoken.
There is no a priori reason why beautiful equations should prove to be the
clue to understanding nature; why fundamental physics should be possible;
why our minds should have such ready access to the deep structure of the
universe. It is a contingent fact that this is true of us and of our world, but it
does not seem sufficient simply to regard it as a happy accident. Surely it is a
significant insight into the nature of reality. I believe that Dirac and Einstein,
in making their great discoveries, were participating in an encounter with the
divine. It has become common coinage with contemporary writers about
science to invoke, in addressing the general public, the idea of a reading of
the Mind of God.3 It is a small, but significant, sign of the human longing for
God that apparently this language helps to sell books. There is much more to
the Mind of God than physics will ever disclose, but this usage is not
misleading, for I believe that the rational beauty of the cosmos indeed reflects
the Mind that holds it in being. The "unreasonable effectiveness of
mathematics" in uncovering the structure of the physical world (to use
Eugene Wigner's pregnant phrase) is a hint of the presence of the Creator,
given to us creatures who are made in the divine image. I do not present this
conclusion as a logical demonstrationwe are in
2 A. Pais, Subtle Is the Lord . . . (Oxford University Press, 1982), 253.
3 See, e. g., P. C. W. Davies, The Mind of God (Simon and Schuster, 1992); S. W.
Hawking, A Brief History of Time (Bantam, 1988).
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a realm of metaphysical discourse where such certainty is not available either
to believer or to unbelieverbut I do present it as a coherent and intellectually
satisfying understanding.
So much for signs of Mind. Where are we to look for signs of Purpose?
Before 1859, the answer would have been obvious: in the marvellous
adaptation of life to its environment. Charles Darwin, by the publication of
The Origin of Species, presented us with natural selection as a patient process
by which such marvels of "design" could come about, without the intervening
purpose of a Designer being at work to bring them into being. At a stroke, one
of the most powerful and seemingly convincing arguments for belief in God
had been found to be fatally flawed. Darwin had done what Hume and Kant
with their philosophical arguments had failed to achieve, abolishing the timehonoured form of the argument from design by exhibiting an apparently
adequate alternative explanation.
Since then, two important developments have taken place. One is the
realization in the late 1920s that the universe itself has had a history and that
notions of evolving complexity apply not only to life on Earth, but to the
whole physical cosmos. The other is the acknowledgement that when we take
this cosmic history into our reckoning, evolution by itself is not sufficient to
account for the fruitfulness of the world. Let me explain.
A convenient slogan-encapsulation of the idea of evolution is to speak of it as
resulting from the interplay of chance and necessity. "Chance" stands for the
particular contingencies of historical happening. This particular cosmic ripple
led to the subsequent condensation of this particular group of galaxies; this
particular genetic mutation turned the stream
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of life in this particular direction rather than another. "Necessity" stands for
the lawfully regular environment in which evolution takes place. Without a
law of gravity, galaxies would not condense; without reasonably reliable
genetic transmission, species would not be established. What we have come
to understand is that if this process is to be fruitful on a cosmic scale, then
necessity has to take a very specific, carefully prescribed form. Any old world
will not do. Most universes that we can imagine would prove boring and
sterile in their development, however long their history were to be subjected
to the interplay of chance with their specific form of lawful necessity. It is a
particular kind of universe which alone is capable of producing systems of the
complexity sufficient to sustain conscious life.
This insight, called the Anthropic Principle, has given rise to much
discussion.4 Is it no more than a simple tautology, saying that this universe
which contains ourselves must: be compatible with our having appeared
within its history? For sure that must be so, but it is surprisingand many of us
think significantthat this requirement places so tight a constraint on the
physical fabric of our world. Although we know by direct experience this
universe alone, there are many other possible worlds that we can visit with
our scientific imaginations, and almost all of them, we believe, would be
infertile. John Leslie, who has given a detailed account of the many processes
that depend on the precise character of physical law for their ultimately lifegenerating effects, has also given a careful
4 J. D. Barrow and F. J. Tipler, The Anthropic Cosmological Principle (Oxford
University Press, 1986); J. Leslie, Universes (Routledge, 1989); see also, J. C.
Polkinghorne, Reason and Reality (SPCK/Trinity Press International, 1991),
chap. 6; Beyond Science (Cambridge University Press, 1996), chap. 6.
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discussion of what conclusions we might draw from the Anthropic Principle.
We are in a realm of discourse where such conclusions depend on the
judgement that we have attained a deeper and more comprehensive
understanding, rather than that we have deduced a logically unassailable
consequence. Leslie believes that it is no more rational to think that no
explanation is required of fine anthropic coincidences than it would be to say
that my fishing apparatus can accept a fish only exactly 23.2576 inches long
and, on casting the rod into the lake, I find that immediately I have a catch,
which is simply my good luckand that's all there is to say about it.5 The end
of the matter for Leslie is: "My argument has been that the fine tuning is
evidence, genuine evidence, of the following fact: that God is real, and/or
there are many and varied universes. And it could be tempting to call the fact
an observed one. Observed indirectly, but observed none the less."6 Either
there is one world whose fruitful potential is the expression of divine purpose
or there are many worlds, one of which just happens to be right for the
evolution of life.
Those who wish to avoid any suggestion of a divine purpose manifested in the
fruitful fine tuning of physical law will have to opt for the second of Leslie's
alternative explanations.7 There are a variety of ways in which one might
conceive of the existence of such a portfolio of different universes,
understood as domains in which different laws of nature are operating. The
more plausible accounts will seek to make some appeal to scientific
knowledge and will not just rely on the ad
5 Leslie, Universes, 913.
6 Ibid., 198.
7 A theist could, of course, combine the two options, but personally I find that
unappealing.
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