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Foreword

John A. Wheeler, Center for Theoretical Physics,
University of Texas at Austin

‘Conceive of a universe forever empty of life?” ‘Of course not’, a
philosopher of old might have said, contemptuously dismissing the ques-
tion, and adding, over his shoulder, as he walked away, ‘It has no sense to
talk about a universe unless there is somebody there to talk about it’.

That quick dismissal of the idea of a universe without life was not so
easy after Copernicus. He dethroned man from a central place in the
scheme of things. His model of the motions of the planets and the Earth
taught us to look at the world as machine. Out of that beginning has
grown a science which at first sight seems to have no special platform for
man, mind, or meaning. Man? Pure biochemistry! Mind? Memory model-
able by electronic circuitry! Meaning? Why ask after that puzzling and
intangible commodity? ‘Sire’, some today might rephrase Laplace’s fam-
ous reply to Napoleon, ‘T have no need of that concept’.

What is man that the universe should be mindful of him? Telescopes
bring light from distant quasi-stellar sources that lived billions of years
before life on Earth, before there even was an Earth. Creation’s still warm
ashes we call ‘natural radioactivity’. A thermometer and the relative
abundance of the lighter elements today tell us the correlation between
temperature and density in the first three minutes of the universe.
Conditions still earlier and still more extreme we read out of particle
physics. In the perspective of these violences of matter and field, of these
ranges of heat and pressure, of these reaches of space and time, is not
man an unimportant bit of dust on an unimportant planet in an unimpor-
tant galaxy in an unimportant region somewhere in the vastness of space?

No! The philosopher of old was right! Meaning is important, is even
central. It is not only that man is adapted to the universe. The universe is
adapted to man. Imagine a universe in which one or another of the
fundamental dimensionless constants of physics is altered by a few
percent one way or the other? Man could never come into being in such a
universe. That is the central point of the anthropic principle. According to
this principle, a life-giving factor lies at the centre of the whole machinery
and design of the world.

What is the status of the anthropic principle? Is it a theorem? No. Is it
a mere tautology, equivalent to the trivial statement, ‘The universe has to
be such as to admit life, somewhere, at some point in its history, because
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we are here’? No. Is it a proposition testable by its predictions? Perhaps.
Then what is the status of the anthropic principle? That is the issue-on
which every reader of this fascinating book will want to make his own
judgement.

Nowhere better than in the present account can the reader see new
thinking, new ideas, new concepts in the making. The struggles of old to
sort sense from nonsense in the domain of heat, phlogiston, and energy
by now have almost passed into the limbo of the unappreciated. The
belief of many in the early part of this century that ‘Chemical forces are
chemical forces, and electrical forces are electrical forces, and never the
twain shall meet’ has long ago been shattered. Our own time has made
enormous headway in sniffing out the sophisticated relations between
entropy, information, randomness, and computability. But on a proper
assessment of the anthropic principle we are still in the dark. Here above
all we see how out of date that old view is, ‘First define your terms, then
proceed with your reasoning’. Instead, we know, theory, concepts, and
methods of measurement are born into the world, by a single creative act,
in inseparable union.

In advancing a new domain of investigation to the point where it can
become an established part of science, it is often more difficult to ask the
right questions than to find the right answers, and nowhere more so than
in dealing with the anthropic principle. Good judgement, above all, is
required, judgement in the sense of George Graves, ‘an awareness of all
the factors in the situation, and an appreciation of their relative impor-
tance’.

To the task of history, exposition, and judgement of the anthropic
principle the authors of this book bring a unique combination of skills.
John Barrow has to his credit a long list of distinguished contributions in
the field of astrophysics generally and cosmology in particular. Frank
Tipler is widely known for important concepts and theorems in general
relativity and gravitation physics.

It would be difficult to discover a single aspect of the anthropic
principle to which the authors do not bring a combination of the best
thinking of past and present and new analysis of their own.

Philosophical considerations connected with the anthropic principle?
Of the considerations on this topic contained in Chapters 2 and 3 perhaps
half are new contributions of the authors.

Why, except in the physics of elementary particles at the very smallest
scale of lengths, does nature limit itself to three dimensions of space and
one of time? Considerations out of past times and present physics on this
topic give Chapter 4 a special flavour. In Chapter 6 the authors provide
one of the best short reviews of cosmology ever published. In Chapter 8
Barrow and Tipler not only recall the arguments of L. J. Henderson’s
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famous 1913 book, The fitness of the environment. They also spell out
George Wald’s more recent emphasis on the unique properties of water,
carbon dioxide, and nitrogen. They add new arguments to Wald’s rating
of chlorophyll, an unparalleled agent, as the most effective photosynthetic
molecule that anyone could invent. Taking account of biological consider-
ations and modern statistical methods, Barrow and Tipler derive with new
clarity Brandon Carter’s striking anthropic-principle inequality. It states
that the length of time from now, on into the future, for which the earth
will continue to be an inhabitable planet will be only a fraction of the
time, 4.6 billion years, that it has required for evolution on earth to
produce man. The Carter inequality, as thus derived, is still more quan-
titative, still more limiting, still more striking. It states that the fraction of
these 4.6 billion years yet to come is smaller than 1/8th, 1/9th, 1/10th, ...
or less, according as the number of critical or improbable or gateway
steps in the past evolution of man was 7, 8,9, ... or more. This amazing
prediction looks like being some day testable and therefore would seem
to count as ‘falsifiable’ in the sense of Karl Popper.

Chapter 9, outlining a space-travel argument against the existence of
extraterrestrial intelligent life, is almost entirely new. So is the final
Chapter 10. It rivals in thought-provoking power any of the others. It
discusses the idea that intelligent life will some day spread itself so
thoroughly throughout all space that it will ‘begin to transform and
continue to transform the universe on a cosmological scale’, thus making
it possible to transmit ‘the values of humankind. . . to an arbitrarily distant
futurity. .. an Omega Point. . . [at which] life will have gained control of
all matter and forces. . .".

In the mind of every thinking person there is set aside a special room, a
museum of wonders. Every time we enter that museum we find our
attention gripped by marvel number one, this strange universe, in which
we live and move and have our being. Like a strange botanic specimen
newly arrived from a far corner of the earth, it appears at first sight so
carefully cleaned of clues that we do not know which are the branches
and which are the roots. Which end is up and which is down? Which part
is nutrient-giving and which is nutrient-receiving? Man? Or machinery?

Everyone who finds himself pondering this question from time to time
will want to have Barrow and Tipler with him on his voyages of thought.
They bring along with them, now and then to speak to us in their own
words, a delightful company of rapscallions and wise men, of wits and
discoverers. Travelling with the authors and their friends of past and
present we find ourselves coming again and again upon issues that are
live, current, important.
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This book was begun long ago. Over many years there had grown up a
collection of largely unpublished results revealing a series of mysterious
coincidences between the numerical values of the fundamental constants
of Nature. The possibility of our own existence seems to hinge precari-
ously upon these coincidences. These relationships and many other pecul-
iar aspects of the Universe’s make-up appear to be necessary to allow the
evolution of carbon-based organisms like ourselves. Furthermore, the
twentieth-century dogma that human observers occupy a position in the
Universe that must not be privileged in any way is strongly challenged by
such a line of thinking. Observers will reside only in places where
conditions are conducive to their evolution and existence: such sites may
well turn out to be special. Our picture of the Universe and its laws are
influenced by an unavoidable selection effect—that of our own existence.

It is this spectrum of ideas, its historical background and wider scientific
ramifications that we set out to explore.

The authors must confess to a curious spectrum of academic interests
which have been indulged to the full in this study. In seemed to us that
cosmologists and lay persons were often struck by the seeming novelty of
this collection of ideas called the Anthropic Principle. For this reason it is
important to display the Anthropic Principle in a historical perspective as
a modern manifestation of a certain tradition in the history of ideas that
has a long and fascinating history involving, at one time or another, many
of the great figures of human thought and speculation.

For these reasons we have attempted not only to describe the collection
of results that modern cosmologists would call the ‘Anthropic Principle’,
but to trace the history of the underlying world-view in which it has
germinated, together with the diverse range of subjects where it has
interesting but unnoticed ramifications. Our discussion is of necessity
therefore a medley of technical and non-technical studies but we hope it
has been organized in a manner that allows those with only particular
interests and uninterests to indulge them without too much distraction
from the parts of the other sort. Roughly speaking, the degree of difficulty
increases as the book goes on: whereas the early chapters study the
historical antecedents of the Anthropic Principle, the later ones investi-
gate modern developments which involve mathematical ideas in cosmol-
ogy, astrophysics, and quantum theory.

There are many people who have played some part in getting this



xii Preface

project started and bringing it to some sort of conclusion. In particular,
we are grateful to Dennis Sciama without whose encouragement it would
not have begun, and to John Wheeler without whose prodding it would
never have been completed. We are also indebted to a large number of
individuals for discussions and suggestions, for providing diagrams or
reading drafts of particular chapters; for their help in this way we would
like particularly to thank R. Alpher, M. Begelman, M. Berry, F. Birtel, S.
Brenner, R. Breuer, P. Brosche, S. G. Brush, B. J. Carr, B. Carter, P. C.
W. Davies, W. Dean, J. Demaret, D. Deutsch, B. DeWitt, P. Dirac, F.
Drake, F. Dyson, G. F. R. Ellis, R. Fenn, A. Flew, S. Fox, M. Gardner, J.
Goldstein, S. J. Gould, A. Guth, C. Hartshorne, S. W. Hawking, F. A.
Hayek, J. Hedley-Brooke, P. Hefner, F. Hoyle, S. Jaki, M. Jammer, R.
Jastrow, R. Juszkiewicz, J. Leslie, W. H. McCrea, C. Macleod, J. E.
Marsden, E. Mascall, R. Matzner, J. Maynard Smith, E. Mayr, L. Mestel,
D. Mohr, P. Morrison, J. V. Narlikar, D. M. Page, A. R. Peacocke, R.
Penrose, J. Perdew, F. Quigley, M. J. Rees, H. Reeves, M. Ruderman, W.
Saslaw, C. Sagan, D. W. Sciama, I. Segal, J. Silk, G. G. Simpson, S.
Tangherlini, R. J. Tayler, G. Wald, J. A. Wheeler, G. Whitrow, S.-T.
Yau, W. H. Zurek, and the staff of Oxford University Press.

On the vital practical side we are grateful to the secretarial staff of the
Astronomy Centre at Sussex and the Departments of Mathematics and
Physics at Tulane University, especially Suzi Lam, for their expert typing
and management of the text. We also thank Salvador Dali for allowing us
to reproduce the example of his work which graces the front cover, and
finally we are indebted to a succession of editors at Oxford University
Press who handled a continually evolving manuscript and its authors with
great skill and patience. Perhaps in despair at the authors’ modification of
the manuscript they had cause to recall Dorothy Sayers’ vivid description
of what Harriet Vane discovered when she happened upon a former tutor
in the throes of preparing a book for publication by the Press... ‘The
English tutor’s room was festooned with proofs of her forthcoming work
on the prosodic elements in English verse from Beowulf to Bridges. Since
Miss Lydgate had perfected, or was in process of perfecting (since no
work of scholarship ever attains a static perfection) an entirely new
prosodic theory, demanding a novel and complicated system of notation
which involved the use of twelve different varieties of type; and since
Miss Lydgate’s handwriting was difficult to read and her experience in
dealing with printers limited, there existed at that moment five successive
revises in galley form, at different stages of completion, together with two
sheets in page-proof, and an appendix in typescript, while the important
Introduction which afforded the key to the whole argument still remained
to be written. It was only when a section had advanced to page-proof
condition that Miss Lydgate became fully convinced of the necessity of
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transferring large paragraphs of argument from one chapter to another,
each change of this kind naturally demanding expensive over-running on
the page-proof, and the elimination of the corresponding portions in the
five sets of revises...’

Brighton J.D.B.
July, 1985 F.J.T.
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1 Introduction

The Cosmos is about the smallest hole that a
man can hide his head in
G. K. Chesterton

1.1 Prologue

What is Man, that Thou art mindful of him?
Psalm 8:4
The central problem of science and epistemology is deciding which
postulates to take as fundamental. The perennial solution of the greatidealis-
tic philosophers has been to regard Mind as logically prior, and even
materialistic philosophers consider the innate properties of matter to be
such as to allow—or even require—the existence of intelligence to
contemplate it; that is, these properties are necessary or sufficient for life.
Thus the existence of Mind is taken as one of the basic postulates of a
philosophical system. Physicists, on the other hand, are loath to admit any
consideration of Mind into their theories. Even quantum mechanics,
which supposedly brought the observer into physics, makes no use of
intellectual properties; a photographic plate would serve equally well as
an ‘observer’. But, during the past fifteen years there has grown up
amongst cosmologists an interest in a collection of ideas, known as the
Anthropic Cosmological Principle, which offer a means of relating Mind
and observership directly to the phenomena traditionally within the
encompass of physical science.

The expulsion of Man from his self-assumed position at the centre of
Nature owes much to the Copernican principle that we do not occupy a
privileged position in the Universe. This Copernican assumption would be
regarded as axiomatic at the outset of most scientific investigations.
However, like most generalizations it must be used with care. Although
we do not regard our position in the Universe to be central or special in
every way, this does not mean that it cannot be special in any way. This
possibility led Brandon Carter' to limit the Copernican dogma by an
‘Anthropic Principle’ to the effect that ‘our location in the Universe is
necessarily privileged to the extent of being compatible with our existence
as observers’. The basic features of the Universe, including such proper-
ties as its shape, size, age and laws of change, must be observed to be of a
type that allows the evolution of observers, for if intelligent life did not
evolve in an otherwise possible universe, it is obvious that no one would
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be asking the reason for the observed shape, size, age and so forth of the
Universe. At first sight such an observation might appear true but trivial.
However, it has far-reaching implications for physics. It is a restatement,
of the fact that any observed properties of the Universe that may initially
appear astonishingly improbable, can only be seen in their true perspec-
tive after we have accounted for the fact that certain properties of the
Universe are necessary prerequisites for the evolution and existence of
any observers at all. The measured values of many cosmological and
physical quantities that define our Universe are circumscribed by the
necessity that we observe from a site where conditions are appropriate for
the occurrence of biological evolution and at a cosmic epoch exceeding
the astrophysical and biological timescales required for the development
of life-supporting environments and biochemistry.

What we have been describing is just a grandiose example of a type of
intrinsic bias that scientists term a ‘selection effect’. For example, as-
tronomers might be interested in determining the fraction of all galaxies
that lie in particular ranges of brightness.? But if you simply observe as
many galaxies as you can find and list the numbers found according to
their brightness you will not get a reliable picture of the true brightness
distribution of galaxies. Not all galaxies are bright enough to be seen or
big enough to be distinguished from stars, and those that are brighter are
more easily seen than those that are fainter, so our observations are
biased towards finding a disproportionately large fraction of very bright
galaxies compared to the true state of affairs. Again, at a more mundane
level, if a ratcatcher tells you that all rats are more than six inches long
because he has never caught any that are shorter, you should check the size
of his traps before drawing any far-reaching conclusions about the length
of rats. Even though you are most likely to see an elephant in a zoo that
does not mean that all elephants are in zoos, or even that most elephants
are in zoos. In section 1.2 we shall restate these ideas in a more precise
and quantitative form, but to get the flavour of how this form of the
Anthropic Principle can be used we shall consider the question of the size
of the Universe to illustrate how our own existence acts as a selection
effect when assessing observed properties of the Universe.

The fact that modern astronomical observations reveal the visible
Universe to be close to fifteen billion light years in extent® has provoked
many vague generalizations about its structure, significance and ultimate
purpose. Many a philosopher has argued* against the ultimate importance
of life in the Universe by pointing out how little life there appears to be
compared with the enormity of space and the multitude of distant
galaxies. But the Big Bang cosmological picture shows this up as too
simplistic a judgement. Hubble’s classic discovery® that the Universe is in
a dynamic state of expansion reveals that its size is inextricably bound up
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with its age.® The Universe is fifteen billion light years in size because it is
fifteen billion years old. Although a universe the size of a single galaxy
would contain enough matter to make more than one hundred billion
stars the size of our Sun, it would have been expanding for less than a
single year.

We have learned that the complex phenomenon we call ‘life’ is built
upon chemical elements more complex than hydrogen and helium gases.
Most biochemists believe that carbon, on which our own organic chemis-
try is founded, is the only possible basis for the spontaneous generation of
life. In order to create the building blocks of life—carbon, nitrogen,
oxygen and phosphorus—the simple elements of hydrogen and helium
which were synthesized in the primordial inferno of the Big Bang must be
cooked at a more moderate temperature and for a much longer time than
is available in the early universe.” The furnaces that are available are the
interiors of stars. There, hydrogen and helium are burnt into the heavier
life-supporting elements by exothermic nuclear reactions. When stars die,
the resulting explosions which we see as supernovae, can disperse these
elements through space and they become incorporated into planets and,
ultimately, into ourselves. This stellar alchemy takes over ten billion years
to complete. Hence, for there to be enough time to construct the
constituents of living beings, the Universe must be at least ten billion
years old and therefore, as a consequence of its expansion, at least ten
billion light years in extent. We should not be surprised to observe that
the Universe is so large. No astronomer could exist in one that was
significantly smaller. The Universe needs to be as big as it is in order
to evolve just a single carbon-based life-form.

We should emphasize that this selection of a particular size for the
universe actually does not depend on accepting most biochemists’ belief
that only carbon can form the basis of spontaneously generated life. Even
if their belief is false, the fact remains that we are a carbon-based
intelligent life-form which spontaneously evolved on an earthlike planet
around a star of G2 spectral type, and any observation we make is necessarily
self-selected by this absolutely fundamental fact. In particular, a life-form
which evolved spontaneously in such an environment must necessarily see
the Universe to be at least several billion years old and hence see it to be
at least several billion light years across. This remains true even if
non-carbon life-forms abound in the cosmos. Non-carbon life-forms are
not necessarily restricted to seeing a minimum size to the universe, but we
are. Human bodies are measuring instruments whose self-selection prop-
erties must be taken into account, just as astronomers must take into
account the self-selection properties of optical telescopes. Such telescopes
tell us about radiation in the visible band of the electromagnetic spec-
trum, but it would be completely illegitimate to conclude from purely
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optical observations that all of the electromagnetic energy in the Universe
is in the visible band. Only when one is aware of the self-selection of
optical telescopes is it possible to consider the possibility that non-visible
radiation exists. Similarly, it is essential to be aware of the self-selection
which results from our being Homo sapiens when trying to draw conclu-
sions about the nature of the Universe. This self-selection principle is the
most basic version of the Anthropic Principle and it is usually called the
Weak Anthropic Principle. In a sense, the Weak Anthropic Principle may
be regarded as the culmination of the Copernican Principle, because the
former shows how to separate those features of the Universe whose
appearance depends on anthropocentric selection, from those features
which are genuinely determined by the action of physical laws.

In fact, the Copernican Revolution was initiated by the application of
the Weak Anthropic Principle. The outstanding problem of ancient
astronomy was explaining the motion of the planets, particularly their
retrograde motion. Ptolemy and his followers explained the retrograde
motion by invoking an epicycle, the ancient astronomical version of a new
physical law. Copernicus showed that the epicycle was unnecessary; the
retrograde motion was due to an anthropocentric selection effect: we
were observing the planetary motions from the vantage point of the
moving Earth.

At this level the Anthropic Principle deepens our scientific understand-
ing of the link between the inorganic and organic worlds and reveals an
intimate connection between the large and small-scale structure of the
Universe. It enables us to elucidate the interconnections that exist be-
tween the laws and structures of Nature to gain new insight into the chain
of universal properties required to permit life. The realization that the
possibility of biological evolution is strongly dependent upon the global
structure of the Universe is truly surprising and perhaps provokes us to
consider that the existence of life may be no more, but no less, remarka-
ble than the existence of the Universe itself.

The Anthropic Principle, in all of its manifestations but particularly in
its Weak form, is closely analogous to the self-reference arguments of
mathematics and computer science.>® These self-reference arguments lead
us to understand the limitations of logical knowledge: Gddel’s Incom-
pleteness Theorem demonstrates that any mathematical system suffi-
ciently complex to contain arithmetic must contain true statements which
cannot be proven true, while Turing’s Halting Theorem shows that a
computer cannot fully understand itself. Similarly, the Anthropic Princi-
ple shows that the observed structure of the Universe is restricted by the
fact that we are observing this structure; by the fact that, so to speak, the
Universe is observing itself.

The size of the observable Universe is a property that is changing with
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time because of the overall expansion of the system of galaxies and
clusters. A selection effect enters because we are constrained by the
timescales of biological evolution to observe the Universe only after
billions of years of expansion have already elapsed. However, we can take
this consideration a little further. One of the most important results of
twentieth-century physics has been the gradual realization that there exist
invariant properties of the natural world and its elementary components
which render the gross size and structure of virtually all its constituents
quite inevitable.® The sizes of stars and planets, and even people, are
neither random nor the result of any Darwinian selection process from a
myriad of possibilities. These, and other gross features of the Universe
are the consequences of necessity; they are manifestations of the possible
equilibrium states between competing forces of attraction and repulsion.
The intrinsic strengths of these controlling forces of Nature are deter-
mined by a mysterious collection of pure numbers that we call the
constants of Nature.®

The Holy Grail of modern physics is to explain why these numerical
constants—quantities like the ratio of the proton and electron masses for
example—have the particular numerical values they do. Although there
has been significant progress towards this goal during the last few years'’
we still have far to go in this quest. Nevertheless, there is one interesting
approach that we can take which employs an Anthropic Principle in a
more adventurous and speculative manner than the examples of self-
selection we have already given.

It is possible to express some of the necessary or sufficient conditions
for the evolution of observers as conditions on the relative sizes of
different collections of constants of Nature. Then we can determine to
what extent our observation of the peculiar values these constants are
found to take is necessary for the existence of observers. For example, if
the relative strengths of the nuclear and electromagnetic forces were to be
slightly different then carbon atoms could not exist in Nature'! and
human physicists would not have evolved. Likewise, many of the global
properties of the Universe, for instance the ratio of the number of
photons to protons,'> must be found to lie within a very narrow range if
cosmic conditions are to allow carbon-based life to arise.

The early investigations of the constraints imposed upon the constants
of Nature by the requirement that our form of life exist produced some
surprising results. It was found that there exist a number of unlikely
coincidences between numbers of enormous magnitude that are, superfi-
cially, completely independent; moreover, these coincidences appear es-
sential to the existence of carbon-based observers in the Universe.® So
numerous and unlikely did these coincidences seem that Carter proposed”
a stronger version of the Anthropic Principle than the Weak form of
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self-selection principle introduced earlier: that the Universe must be such
‘as to admit the creation of observers within it at some stage.” This is
clearly a more metaphysical and less defensible notion, for it implies that
the Universe could not have been structured differently—that perhaps the
constants of Nature could not have had numerical values other than what
we observe. Now, we create a considerable problem. For we are tempted
to make statements of comparative reference regarding the properties of
our observable Universe with respect to the alternative universes we can
imagine possessing different values of their fundamental constants. But
there is only one Universe; where do we find the other possible universes
against which to compare our own in order to decide how fortunate it is
that all these remarkable coincidences that are necessary for our own
evolution actually exist?

There has long been an interest in the idea that our Universe is but one
of many possible worlds. Traditionally, this interest has been coupled with
the naive human tendency to regard our Universe as optimal, in some
sense, because it appears superfically to be tailor-made for the presence
of living creatures like ourselves. We recall Leibniz’ claim that ours is the
‘best of all possible worlds’; a view that led him to be mercilessly
caricatured by Voltaire as Pangloss, a professor of ‘metaphysico-
theologo-cosmolo-nigology’. Yet, Leibniz’ claims also led Maupertuis
to formulate the first Action Principles of physics'* which created new
formulations of Newtonian mechanics and provided a basis for the
modern approach to formulating and determining new laws of Nature.
Maupertuis claimed that the dynamical paths through space possessing
non-minimal values of a mathematical quantity he called the Action
would be observed if we had less perfect laws of motion than exist in our
World. They were identified with the other ‘possible worlds’. The fact
that Newton’s laws of motion were equivalent to bodies taking the path
through space that minimizes the Action was cited by Maupertuis as
proof that our World, with all its laws, was ‘best’ in a precise and rigorous
mathematical sense.

Maupertuis’ ensemble of worlds is not the only one that physicists are
familiar with. There have been many suggestions as to how an ensemble
of different hypothetical, or actual’ universes can arise.’>'® Far from
being examples of idle scholastic speculation many of these schemes are
part and parcel of new developments in theoretical physics and cosmol-
ogy. In general, there are three types of ensemble that one can appeal to
in connection with various forms of the Anthropic Principle and they
have rather different degrees of certitude.

First, we can consider collections of different possible universes which
are parametrized by different values of quantities that do not have the
status of invariant constants of Nature. That is, quantities that can, in
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principle, vary even in our observed Universe. For example, we might
consider various cosmological models possessing different initial condi-
tions but with the same laws and constants of Nature that we actually
observe. Typical quantities of this sort that we might allow to change are
the expansion rate or the levels of isotropy and spatial uniformity in the
material content of the Universe. Mathematically, this amounts to choos-
ing different sets of initial boundary conditions for Einstein’s gravitational
field equations of general relativity (solutions of these equations generate
cosmological models). In general, arbitrarily chosen initial conditions at
the Big Bang do not necessarily evolve to produce a universe looking like
the one we observe after more than fifteen billion years of expansion.'’
We would like to know if the subset of initial conditions that does
produce universes like our own has a significant intersection with the
subset that allows the eventual evolution of life.

Another way of generating variations in quantities that are not con-
stants of Nature is possible if the Universe is infinite, as current as-
tronomical data suggest. If cosmological initial conditions are exhaustively
random and infinite then anything that can occur with non-vanishing
probability will occur somewhere; in fact, it will occur infinitely often.'®
Since our Universe has been expanding for a finite time of only about
fifteen billion years, only regions that are no farther away than fifteen
billion light years can currently be seen by us. Any region farther away
than this cannot causally influence us because there has been insufficient
time for light to reach us from regions beyond fifteen billion light years.
This extent defines what we call the ‘observable, (or visible), Universe’.
But if the Universe is randomly infinite it will contain an infinite number
of causally disjoint regions. Conditions within these regions may be
different from those within our observable part of the Universe; in some
places they will be conducive to the evolution of observers but in others
they may not. According to this type of picture, if we could show that
conditions very close to those we observe today are absolutely necessary
for life, then appeal could be made to an extended form of natural
selection to claim that life will only evolve in regions possessing benign
properties; hence our observation of such a set of properties in the finite
portion of the entire infinite Universe that is observable by ourselves is
not surprising. Furthermore, if one could show that the type of Universe
we observe out to fifteen billion light years is necessary for observers to
evolve then, because in any randomly infinite set'® of cosmological initial
conditions there must exist an infinite number of subsets that will evolve
into regions resembling the type of observable Universe we see, it could be
argued that the properties of our visible portion of the infinite Universe
neither have nor require any further explanation. This is an idea that it is
possible to falsify by detecting a density of cosmic material sufficient to
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render the Universe finite. Interestingly, some of the currently popular
‘inflationary’ theories of how the cosmic medium behaves very close to
the Big Bang not only predict that if our Universe is infinite then it should
be extremely non-uniform beyond our visible horizon, but these theories
also exploit probabilistic properties of infinite initial data sets.

A third class of universe ensembles that has been contemplated
involves the speculative idea of introducing a change in the values of the
constants of Nature, or other features of the Universe that strongly
constrain the outcome of the laws of Nature—for example, the charge on
the electron or the dimensionality of space.?> Besides simply imagining
what would happen if our Universe were to possess constants with
different numerical values, one can explore the consequences of allowing
fundamental constants of Nature, like Newton’s gravitation ‘constant’, to
vary in space or time. Accurate experimental measurements are also
available to constrain the allowed magnitude of any such variations.?* It
has also been suggested*® that if the Universe is cyclic and oscillatory then
it might be that the values of the fundamental constants are changed on
each occasion the Universe collapses into the ‘Big Crunch’ before
emerging into a new expanding phase.

A probability distribution can also be associated with the observed
values of the constants of Nature arising in our own Universe in some
new particle physics theories that aim to show that a sufficiently old and
cool universe must inevitably display apparent symmetries and particular
laws of Nature even if none really existed in the initial high temperature
environment near the Big Bang. These ‘chaotic gauge theories’, as they
are called,?® allow, in principle, a calculation of the probability that after
about fifteen billion years we see a particular symmetry or law of Nature
in the elementary particle world.

Finally, there is the fourth and last class of world ensemble. A much-
discussed and considerably more subtle ensemble of possible worlds is
one which has been introduced to provide a satisfactory resolution of
paradoxes arising in the interpretation of quantum mechanics.?® Such an
ensemble may be the only way to make sense of a quantum cosmological
theory. This ‘Many Worlds’ interpretation of the quantum theory intro-
duced by Everett and Wheeler requires the simultaneous existence of an
infinite number of equally real worlds, all of which are more-or-less
causally disjoint, in order to interpret consistently the relationship be-
tween observed phenomena and observers.

As the Anthropic Principle has impressed many with its apparent
novelty and has been the subject of many popular books and articles,?” it
is important to present it in its true historical perspective in relation to the
plethora of Design Arguments beloved of philosophers, scientists and
theologians in past centuries®® and which still permeate the popular mind
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today. When identified in this way, the idea of the Anthropic Principle in
many of its forms can be traced from the pre-Socratics to the founding of
modern evolutionary biology. In Chapter 2 we provide a detailed histori-
cal survey of this development. As is well known, Aristotle used the
notion of ‘final causes’ in Nature in opposition to the more materialistic
alternatives promoted by his contemporaries. His ideas became extremely
influential centuries later following their adaption and adoption by
Thomas Aquinas to form his grand synthesis of Greek and Judaeo-
Christian thought. Aquinas used these teleological ideas regarding the
ordering of Nature to produce a Design Argument for the existence of
God. Subsequently, the subject developed into a focal point for both
expert and inept comment. The most significant impact upon teleological
explanations for the structure of Nature arose not from the work of
philosophers but rather from Darwin’s Origin of Species, first published in
1859. Those arguments that had been used so successfully in the past to
argue for the anthropocentric purpose of the natural world were suddenly
turned upon their heads to demonstrate the contrary: the inevitable
conditioning of organic structures by the local environment via natural
selection. Undaunted, some leading scientists sought to retain purpose in
Nature by subsuming evolutionary theory within a universal teleology.

We study the role played by teleological reasoning in twentieth-century
science and philosophy in Chapter 3. There we show also how more
primitive versions of the Anthropic Principles have led in the past to new
developments in the physical sciences. In this chapter we also describe in
some detail the position of teleology and teleonomy in evolutionary
biology and introduce the intimate connection between life and compu-
ters. This allows us to develop the striking resemblance between some
ideas of modern computer theorists, in which the entire Universe is
envisaged as a program being run on an abstract computer rather than a
real one, and the ontology of the absolute idealists. The traditional
picture of the ‘Heat Death of the Universe’, together with the pictures of
teleological evolution to be found in the works of Bergson, Alexander,
Whitehead and the other philosophers of progress, leads us into studies
of some types of melioristic world-view that have been suggested by
philosophers and theologians.

We should warn the professional historian that our presentation of the
history of teleology and anthropic arguments will appear Whiggish. To
the uninitiated, the term refers to the interpretation of history favoured
by the great Whig (liberal) historians of the nineteenth century. As we
shall discuss in Chapter 3, these scholars believed that the history of
mankind was teleological: a record of slow but continual progress toward
the political system dear to the hearts of Whigs, liberal democracy. The
Whig historians thus analysed the events and ideas of the past from the



10 Introduction

point of view of the present rather than trying to understand the people
of the past on their own terms.

Modern historians generally differ from the Whig historians in two
ways: first, modern historians by and large discern no over-all purpose in
history (and we agree with this assessment). Second, modern historians
try to approach history from the point of view of the actors rather than
judging the validity of archaic world-views from our own Olympian
heights. In the opinion of many professional historians, it is not the job of
historians to pass moral judgments on the actions of those who lived in
the past. A charge of Whiggery—analysing and judging the past from our
point of view—has become one of the worse charges that one historian
can level at another; a Whiggish approach to history is regarded as the
shameful mark of an amateur.*®

Nevertheless, it is quite impossible for any historian, amateur or
professional, to avoid being Whiggish to some extent. As pointed out by
the philosopher Morton White,>® in the very act of criticizing the long-
dead Whig historians for judging the people of the past, the modern
historians are themselves judging the work of some of their intellectual
forebears, namely the Whig historians. Furthermore, every historian must
always select a finite part of the infinitely-detailed past to write about.
This selection is necessarily determined by the interests of people in the
present, the modern historian if no one else. As even the arch critic of
Whiggery, Herbert Butterfield, put it in his The Whig Interpretation of
History:

The historian is something more than the mere external spectator. Something
more is necessary if only to enable him to seize the significant detail and discern
the sympathies between events and find the facts that hang together. By imagina-
tive sympathy he makes the past intelligible to the present. He translates its
conditioning circumstances into terms which we today can understand. It is in this
sense that history must always be written from the point of view of the present. It
is in this sense that every age will have to write its history over again.*®

This is one of the senses in which we shall be Whiggish: we shall try to
interpret the ideas of the past in terms a modern scientist can under-
stand.>® For example, we shall express the concepts of absolute idealism
in computer language, and describe the cosmologies of the past in terms
of the language used by modern cosmologists.

But our primary purpose in this book is not to write history. It is to
describe the modern Anthropic Principle. This will necessarily involve the
use of some fairly sophisticated mathematics and require some familiarity
with the concepts of modern physics. Not all readers who are interested in
reading about the Anthropic Principle will possess all the requisite
scientific background. Many of these readers—for instance, theologians
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and philosophers—will actually be more familiar with the philosophical
ideas of the past than with more recent scientific developments. The
history sections have been written so that such readers can get a rough
idea of the modern concepts by seeing the parallels with the old ideas.
Such an approach will give a Whiggish flavour to our treatment of the
history of teleology.

There is a third reason for the Whiggish flavour of our history: we do
want to pass judgments on the work of the scientists and philosophers of
the past. Our purpose in doing so is not to demonstrate our superiority
over our predecessors, but to learn from their mistakes and successes. It is
essential to take this approach in a book on a teleological idea like the
Anthropic Principle. There is a general belief that teleology is scientific-
ally bankrupt, and that history shows it always has been. We shall show
that on the contrary, teleology has on occasion led to significant scientific
advances. It has admittedly also led scientists astray; we want to study the
past in order learn under what conditions we might reasonably expect
teleology to be reliable guide.

The fourth and final reason for the appearance of Whiggery in our
history of teleology is that there are re-occurring themes present in the
history of teleology; we are only reporting them. We refuse to distort
history to fit the current fad of historiography.

We are not the only contemporary students of history to discern such
patterns in intellectual history. Such patterns are particularly noticeable in
the history of science: the distinguished historian of science Gerald
Holton®? has termed such re-occurring patterns themata. To cite just one
example of a re-occurring thema from the history of teleology, the
cosmologies of the eighteenth-century German idealist Schelling, the
twentieth-century British philosopher Alexander, and Teilhard de Char-
din are quite similar, simply because all of these men believed in an
evolving, melioristic universe; and, broadly speaking, there is really only
one way to constuct such a cosmology. We shall discuss this form of
teleology in more detail in Chapters 2 and 3.

In Chapter 4 we shall describe in detail how the modern form of the
Anthropic self-selection principle arose out of the study of the famous
Large Number Coincidences?® of cosmology. Here the Anthropic Princi-
ple was first employed in its modern form to demonstrate that the
observed Large Number Coincidences are necessary properties of an
observable Universe. This was an important observation because the
desire for an explanation of these coincidences had led Dirac®® to
conclude that Newton’s gravitation constant must decrease with cosmic
time. His suggestion was to start an entirely new sub-culture in gravita-
tion research. We examine then in more detail the idea that there may
exist ensembles of different universes in which various coincidences between
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the values of fundamental constants deviate from their observed values.
One of the earliest uses of the Anthropic self-selection idea was that of
Whitrow?! who invoked it as a means of explaining why space is found to
possess three dimensions, and we develop this idea in the light of modern
ideas in theoretical physics. One of the themes of this chapter is that the
recognition of unusual and suggestive coincidences between the numerical
values of combinations of physical constants can play an important role in
framing detailed theoretical descriptions of the Universe’s structure.

Chapter 5 shows how one can determine the gross structure of all the
principal constituents of the physical world as equilibrium states between
competing fundamental forces. We can then express these characteristics
solely in terms of dimensionless constants of Nature aside from inessential
geometrical factors like 2. Having achieved such a description one is in a
position to determine the sensitivity of structures essential to the exis-
tence of observers with respect to small changes in the values of funda-
mental constants of Nature. The principal achievement of this type of
approach to structures in the Universe is that it enables one to identify
which fortuitous properties of the Universe are real coincidences and
distinguish them from those which are inevitable consequences of the
particular values that the fundamental constants take. The fact that the
mass of a human is the geometric mean of a planetary and an atomic mass
while the mass of a planet is the geometric mean of an atomic mass and
the mass of the observable Universe are two striking examples.>* These
apparent ‘coincidences’ are actually consequences of the particular num-
erical values of the fundamental constants defining the gravitational and
electromagnetic interactions of physics. By contrast the fact that the disks
of the Sun and Moon have virtually the same angular size (about half a
degree) when viewed from Earth is a pure coincidence and it does not
appear to be one that is necessary for the existence of observers. The
ratio of the Earth’s radius and distance from the Sun is another pure
coincidence, in that it is not determined by fundamental constants of
Nature alone, but were this ratio slightly different from what it is
observed to be, observers could not have evolved on Earth.*?

The arguments of Chapter 5 can be used to elucidate the inevitable
sizes and masses of objects spanning the range from atomic nuclei to
stars. If we want to proceed further up the size-spectrum things become
more complicated. It is still not known to what extent properties of the
whole Universe, determined perhaps by initial conditions or events close
the Big Bang, play a role in fixing the sizes of galaxies and galaxy clusters.
In Chapter 6 we show how the arguments of Chapter 5 can be extended
into the cosmological realm where we find the constants of Nature joined
by several dimensionless cosmological parameters to complete the de-
scription of the Universe’s coarse-grained structure. We give a detailed
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overview of modern cosmology together with the latest consequences of
unified gauge theories for our picture of the very early Universe. This
picture enables us to interrelate many aspects of the Universe once
regarded as independent coincidences. It also enables us to highlight a
number of extraordinarily finely tuned coincidences upon which the
possible evolution of observers appears to hinge. We are also able to
show well-known Anthropic arguments regarding the observation that
the Universe is isotropic to within one part in ten thousand are not
actually correct."’

In order to trace the origin of the Universe’s most unusual large scale
properties, we are driven closer and closer to events neighbouring the
initial singularity, if such there was. Eventually, classical theories of
gravitation become inadequate and a study of the first instants of the
Universal expansion requires a quantum cosmological model. The de-
velopment of such a quantum gravitational theory is the greatest unsolved
problem in physics at present but fruitful approaches towards effecting a
marriage between quantum field theory and general relativity are begin-
ning to be found. There have even been claims that a quantum wave
function for the Universe can be written down.>*

Quantum mechanics involves observers in a subtle and controversial
manner. There are several schools of thought regarding the interpretation
of quantum theory. These are described in detail in Chapter 7. After
describing the ‘Copenhagen’ and ‘Many Worlds’ interpretations we show
that the latter picture appears to be necessary to give meaning to any
wave function of the entire Universe and we develop a simple quantum
cosmological model in detail. This description allows the Anthropic
Principle to make specific predictions.

The Anthropic Principles seek to link aspects of the global and local
structure of the Universe to those conditions necessary for the existence
of living observers. It is therefore of crucial importance to be clear about
what we mean by ‘life’. In Chapter 8 we give a new definition of life and
discuss various alternatives that have been suggested in the past. We then
consider those aspects of chemical and biochemical structures that appear
necessary for life based upon atomic structures. Here we are, in effect,
extending the methodology of Chapter 5 from astrophysics to biochemis-
try with the aim of determining how the crucial properties of molecular
structures are related to the invariant aspects of Nature in the form of
fundamental constants and bonding angles. To complete this chapter we
extend some recent ideas of Carter® regarding the evolution of intelligent
life on Earth. This leads to an Anthropic Principle prediction which
relates the likely time of survival of terrestrial life in the future the
number of improbable steps in the evolution of intelligent life on Earth
via a simple mathematical inequality.
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In Chapter 9 we discuss the controversial subject of extraterrestrial life
and provide arguments that there probably exists no other intelligent
species with the capability of interstellar communication within our own
Milky Way Galaxy. We place more emphasis upon the ideas of biologists
regarding the likelihood of intelligent life-forms evolving than is usually
done by astronomers interested in the possibility of extraterrestrial intel-
ligence. As a postscript we show how the logic used to project the
capabilities of technologically advanced life-forms can be used to frame
an Anthropic Principle argument against the possibility that we live in a
Steady-State Universe. This shows that Anthropic Principle arguments
can be used to winnow-out cosmological theories. Conversely, if the
theories which contradict the Anthropic Principle are found to be correct,
the Anthropic Principle is refuted; this gives another test of the An-
thropic Principle.

Finally, in Chapter 10, we attempt to predict the possible future
histories of the Universe in the light of known physics and cosmology. We
describe in detail the expected evolution of both open and closed cos-
mological models in the far future and also stress a number of global
constraints that exist upon the structure of a universe consistent with our
own observations today. In our final speculative sections we investigate
the possibility of life surviving into the indefinite future of both open and
closed universes. We define life using the latest ideas in information and
computer theory and determine what the Universe must be like in order
that information-processing continue indefinitely; in effect, we investigate
the implications for physics of the requirement that ‘life’ never becomes
extinct. Paradoxically, this appears to be possible only in a closed uni-
verse with a very special global causal structure, and thus the requirement
that life never dies out—which we define precisely by a new ‘Final
Anthropic Principle’—leads to definite testable predictions about the
global structure of the Universe. Since indefinite survival in a closed
universe means survival in a high-energy environment near the final
singularity, the Final Anthropic Principle also leads to some predictions in
high-energy particle physics.

Before abandoning the reader to the rest of the book we should make a
few comments about its contents. Our study involves detailed mathemati-
cal investigations of physics and cosmology, studies of chemistry and
evolutionary biology as well as a considerable amount of historical
description and analysis. We hope we have something new to say in all
these areas. However, not every reader will be interested in all of this
material. Our chapters have, in the main, been constructed in such a way
that they can be read independently, and the notes and references are
collected together accordingly. Scientists with no interest in the history of
ideas can just skip the chapters in which they are discussed. Likewise,
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non-scientists can avoid mathematics altogether they wish. One last word:
the authors are cosmologists, not philosophers. This has one very impor-
tant consequence which the average reader should bear in mind. Whereas
philosophers and theologians appear to possess an emotional attachment
to their theories and ideas which requires them to believe them, scientists
tend to regard their ideas differently. They are interested in formulating
many logically consistent possibilities, leaving any judgement regarding
their truth to observation. Scientists feel no qualms about suggesting
different but mutually exclusive explanations for the same phenomenon.
The authors are no exception to this rule and it would be unwise of the
reader to draw any wider conclusions about the authors’ views from what
they may read here.

1.2 Anthropic Definitions

Definitions are like belts. The shorter
they are, the more elastic they need to be.
S. Toulmin

Although the Anthropic Principle is widely cited and has often been
discussed in the astronomical literature, (as can be seen from the bibliog-
raphy to this chapter alone), there exist few attempts to frame a precise
statement of the Principle; rather, astronomers seem to like to leave a
little flexibility in its formulation perhaps in the hope that its significance
may thereby more readily emerge in the future. The first published
discussion by Carter' saw the introduction of a distinction between what
he termed ‘Weak’ and ‘Strong’ Anthropic statements. Here, we would
like to define precise versions of these two Anthropic Principles and then
introduce Wheeler’s Participatory Anthropic Principle® together with a
new Final Anthropic Principle which we shall investigate in Chapter 10.
The Weak Anthropic Principle (WAP) tries to tie a precise statement
to the notion that any cosmological observations made by astronomers
are biased by an all-embracing selection effect: our own existence.
Features of the Universe which appear to us astonishingly improbable, a
priori, can only be judged in their correct perspective when due allowance
has been made for the fact that certain properties of the Universe are
necessary if it is to contain carbonaceous astronomers like ourselves.
This approach to evaluating unusual features of our Universe first
re-emerges in modern times in a paper of Whitrow>! who, in 1955, sought
an answer to the question ‘why does space have three dimensions?’.
Although unable to explain why space actually has, (or perhaps even why
it must have), three dimensions, Whitrow argued that this feature of the
World is not unrelated to our own existence as observers of it. When
formulated in three dimensions, mathematical physics possesses many
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unique properties that are necessary prerequisites for the existence of
rational information-processing and ‘observers’ similar to ourselves.
Whitrow concluded that only in three-dimensional spaces can the dimen-
sionality of space be questioned. At about the same time Whitrow also
pointed out that the expansion of the Universe forges an unbreakable link
between its overall size and age and the ambient density of material
within it.>® This connection reveals that only a very ‘large’ universe is a
possible habitat for life. More detailed ideas of this sort had also been
published in Russian by the Soviet astronomer Idlis.>” He argued that a
variety of special astronomical conditions must be met if a universe is to
be habitable. He also entertained the possibility that we were observers
merely of a tiny fraction of a diverse and infinite universe whose unob-
served regions may not meet the minimum requirements for observers
that there exist hospitable temperatures and stable sources of stellar
energy.

Our definition of the WAP is motivated in part by these insights together
with later, rather similar ideas of Dicke'® who, in 1957, pointed out that
the number of particles in the observable extent of the Universe, and the
existence of Dirac’s famous Large Number Coincidences ‘were not ran-
dom but conditioned by biological factors’. This motivates the following
definition:

Weak Anthropic Principle (WAP): The observed values of all physical and
cosmological quantities are not equally probable but they take on values
restricted by the requirement that there exist sites where carbon-based life
can evolve and by the requirement that the Universe be old enough for it to
have already done so.

Again we should stress that this statement is in no way either specula-
tive or controversial. It expresses only the fact that those properties of the
Universe we are able to discern are self-selected by the fact that they
must be consistent with our own evolution and present existence. WAP
would not necessarily restrict the observations of non-carbon-based life
but our observations are restricted by our very special nature.

As a corollary, the WARP also challenges us to isolate that subset of the
Universe’s properties which are necessary for the evolution and continued
existence of our form of life. The entire collection of the Universe’s laws
and properties that we now observe need be neither necessary nor
sufficient for the existence of life. Some properties, for instance the large
size and great age of the Universe, do appear to be necessary conditions;
others, like the precise variation in the distribution of matter in the
Universe from place to place, may not be necessary for the development
of observers at some site. The non-teleological character of evolution by
natural selection ensures that none of the observed properties of the
Universe are sufficient conditions for the evolution and existence of life.
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Carter, and others, have pointed out that as a self-selection principle
the WAP is a statement of Bayes’ theorem. The Bayesian approach®® to
inference attributes a priori and a posteriori probabilities to any
hypothesis before and after some piece of relevant evidence, E, is
taken into account. In such a situation we call the before and after
probabilities pg and p,, respectively. The fact that for any particular
outcome O, the probability of observing O before the evidence E is
known equals the probability of observing O given the evidence E, after
E was accounted for, is expressed by the equation,

pe(0)=pa(O/E) (1.1

where/denotes a conditional probability. Bayes’ formula® then gives the
relative plausibililty of any two theories a and 8 in the face of a piece of
evidence E as

pela) _ PA(E/a)PA(a)
Pe(B) Pa(E/B)pa(B)

Thus the relative probabilities of the truth of a or 8 are modified by the
conditional probabilities p, (E/a) and p, (E/B8) which account for any bias
of the experiment (or experimenter) towards gathering evidence that
favours a rather than 8 (or vice versa). The WAP as we have stated it is
just an application of Bayes’ theorem.

The WAP is certainly not a powerless tautalogical statement because
cosmological models have been defended in which the gross structure
of the Universe is predicted to be the same on the average whenever it is
observed. The, now defunct, continuous creation theory proposed by
Bondi, Gold and Hoyle is a good example. The WAP could have been
used to make this steady-state cosmology appear extremely improbable
even before it came into irredeemable conflict with direct observations.
As Rees points out,*?

(1.2)

the fact that there is an epoch when [the Hubble time, ty, which is essentially
equal to the age of the Universe] is of order the age of a typical star..... is not
surprising in any ‘big bang’ cosmology. Nor is it surprising that we should
ourselves be observing the universe at this particular epoch. In a steady-state
cosmology, however, there would seem no a priori reason why the timescale for
stellar evolution should not be either [much less than] t (in which case nearly all
the matter would be in dead stars or ‘burnt-out’ galaxies) or [much greater than]
ty (in which case only a very exceptionally old galaxy would look like our own).
Such considerations could have provided suggestive arguments in favour of ‘big
bang’ cosmologies . . .

We can also give some examples of how the WAP leads to synthesizing
insights that deepen our appreciation of the unity of Nature. Observed
facts, often suspected at first sight to be unrelated, can be connected by
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examining their relation to the conditions necessary for our own existence
and their explicit dependence on the constants of physics. Let us recon-
sider, from the Bayesian point of view, the classic example mentioned in
section 1.1, relating the size of the Universe to the period of time
necessary to generate observers. The requirement that enough time pass
for cosmic expansion to cool off sufficiently after the Big Bang to allow
the existence of carbon ensures that the observable Universe must be
relatively old and so, because the boundary of the observable Universe
expands at the speed of light, very large. The nuclei of carbon, nitrogen,
oxygen and phosphorus of which we are made, are cooked from the light
primordial nuclei of hydrogen and helium by nuclear reactions in stellar
interiors. When a star nears the end of its life, it disperses these biological
precursors throughout space. The time required for stars to produce
carbon and other bioactive elements in this way is roughly the lifetime
of a star on the ‘main-sequence’ of its evolution, given by

2\ -1
ty~ (G"‘N> 100y (1.3)
hc mac

where G is Newton’s gravitation constant, ¢ is the velocity of light, h is
Planck’s constant and my is the proton mass. Thus, in order that the
Universe contain the building-blocks of life, it must be at least as old as ¢,
and hence, by virtue of its expansion, at least ct, (roughly ten billion light
years) in extent. No one should be surprised to find the Universe to be as
large as it is. We could not exist in one that was significantly smaller.
Moreover, the argument that the Universe should be teeming with
civilizations on account of its vastness loses much of its persuasiveness:
the Universe has to be as big as it is in order to support just one lonely
outpost of life. Here, we can see the deployment of (1.2) explicitly if we
let the hypothesis that the large size of the Universe is superfluous for life
on planet Earth be a and let hypothesis 8 be that life on Earth is
connected with the size of the Universe. If the evidence E is that the
Universe is observed to be greater than ten billion light years in extent
then, although pg (E/B)« 1, the hypothesis is not necessarily then improb-
able because we have argued that p, (E/B)=1.

We also observe the expansion of the Universe to be occurring at a rate
which is irresolvably close to the special value which allows it the smallest
deceleration compatible with indefinite future expansion. This feature of
the Universe is also dependent on the epoch of observation. And again, if
galaxies and clusters of galaxies grow in extent by mergers and hierarchi-
cal clustering,? then the characteristic scale of galaxy clustering that we
infer will be determined by the cosmic epoch at which it is observed.

Ellis® has stressed the existence of a spatial restriction which further
circumscribes the range of observed astronomical phenomena. What
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amounts to a universal application of the principle of natural selection
would tell us that observers may only exist in particular regions of a
spatially inhomogeneous universe. Since realistic mathematical models of
inhomogeneous universes are extremely difficult to construct, various un-
verifiable cosmological ‘Principles’ are often used by theoretical cos-
mologists to allow simple cosmological models to be extracted from
Einstein’s general theory of relativity. These Principles invariably make
statements about regions of the Universe which are unobservable not
only in practice but also in principle (because of the finite speed of light).
Principles of this sort need to be used with care. For example, Principles
of Mediocrity like the Copernican Principle or the Principle of Plenitude
(see Chapter 3) would imply that if the Universe did possess a preferred
place, or centre, then we should not expect to find ourselves positioned
there. However, general relativity allows possible cosmological models to
be constructed which not only possess a centre, but which also have
conditions conducive to the existence of observers only near that centre.
The WAP would offer a good explanation for our central position in such
circumstances, whilst the Principles of Mediocrity would force us to
conclude that we do not exist at all!

According to WAP, it is possible to contemplate the existence of many
possible universes, each possessing different defining parameters and
properties. Observers like ourselves obviously can exist only in that
subset containing universes consistent with the evolution of carbon-based
life.

This approach introduces necessarily the idea of an ensemble of possible
unjverses and was suggested independently by the Cambridge biologist
Charles Pantin in 1965. Pantin had recognized that a vague principle
of amazement at the fortuitous properties of natural substances like
carbon or water could not yield any testable predictions about the World,
but the amazement might disappear if*°

we could know that our Universe was only one of an indefinite number with
varying properties, [so] we could perhaps invoke a solution analogous to the
principle of Natural Selection; that only in certain universes which happen to
include ours, are the conditions suitable for the existence of life, and unless that
condition is fulfilled there will be no observers to note the fact

However, as Pantin also realized, it still remains an open question as to
why any permutation of the fundamental constants of Nature allows the
existence of life, albeit a question we would not be worrying about were
such a fortuitous permutation not to exist.

If one subscribes to this ‘ensemble interpretation’ of the WAP one
must decide how large an ensemble of alternative worlds is to be
admitted. Many ensembles can be imagined according to our willingness
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to speculate—different sets of cosmological initial data, different numeri-
cal values of fundamental constants, different space-time dimensions,
different laws of physics—some of these possibilities we shall discuss in
later chapters.

The theoretical investigations initiated by Carter’! reveal that in some
sense the subset of the ensemble containing worlds able to evolve
observers is very ‘small’. Most perturbations of the fundamental constants
of Nature away from their actual numerical values lead to model worlds
that are still-born, unable to generate observers and become cognizable.
Usually, they allow neither nuclei, atoms nor stars to exist.

Whatever the size and variety of permutations allowed within a
hypothetical ensemble of ‘many worlds’, one might introduce here an
analogue of the Drake equation®! often employed to guess the number of
extraterrestrial civilizations in our Galaxy. Instead of expressing the
probability of life existing elsewhere as a product of independent prob-
abilities for the occurrence of processes like planetary formation, pro-
tocellular evolution and so forth, one could express the probability of life
existing anywhere as a product of probabilities that encode the fact that
life is only possible if parameters like the fine structure constant or the
strong coupling constant lie in a particular numerical range.***

The existence of the fundamental cosmic timescale like (1.3), fixed only
by invariant constants of Nature, c, h, G, and my, was exploited by Dicke*>
to produce a powerful WAP argument against Dirac’s conclusion®® that
the Newtonian gravitation constant, G, is decreasing with time. Dirac had
noticed that the dimensionless measure of the strength of gravity

2
GmN~
he
is roughly of order the inverse square root of the number of nucleons in

the observable Universe, N(t), at the present time t,~ 10'° yrs. At any
time, t, the quantity N(¢) is simply

1073 14

oG =

_My_4mpylc)® 3t

N(t
® my 3mn Gmy

78 t

10 (1010 yrs) (1.5)
if we use the cosmological relation that the density of the Universe, py, is
related to its age by py ~(Gt?)~'. (The present age of roughly 10'°yrs
is displayed in the last step.) Dirac argued that it is very unlikely that these
two quantities should possess simply related dimensionless magnitudes
which are both so vastly different from unity and yet be independent.
Rather, there must exist an approximate equality between them of the
form

N ~agd (1.6)
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However, whereas ag is a time-independent combination of constants,
N(t) increases linearly with the time of observation, t, which for us is the
present age of the Universe. The relation (1.6) can only hold for all times
if one component of ag is time-varying and so Dirac suggested that we
must have G «xt™* so that N(t) x ag’ « t>. The quantities N(t) and ag’
are now observed to be of the same magnitude because (as a result of
some unfound law of Nature) they are actually equal, and furthermore,
they are of such an enormous magnitude because they both increase
linearly in time and the Universe is very old—although this ‘oldness’ can
presumably only be explained by the WAP even in this scheme of
‘varying’ constants for the reasons discussed above in connection with the
size of the Universe.

However, the WAP shows Dirac’s radical conclusion of a time-varying
Newtonian gravitation constant to be quite unnecessary. The coincidence
that today we observe N~ ag” is necessary for our existence. Since we
would not expect to observe the Universe either before stars form or after
they have burnt out, human astronomers will most probably observe the
Universe close to the epoch t, given by (1.3). Hence, we will observe the
time-dependent quantity N(t) to take on a value of order N(t,) and, by
(1.3) and (1.4), this value is necessarily just

Ly -2
~ ~ 1.7
N(t*) Gmy 2 ¥¢]) (1.7

where the second relation is a consequence of the value of t, in (1.3). If
we let 8 be Dirac’s hypothesis of time-varying G, while vy is the
hypothesis that G is constant while the ‘evidence’, E, is the coincidence
(1.6); then, although the a priori probability that we live at the time when
the numbers N(t) and ag? are equal is very low, (pg(E/y)« 1), this does
not render hypothesis y (the constancy of G) implausible because there is
an anthropic selection effect which ensures p,(Efy)=1. This selection
effect is the one pointed out by Dicke. We should notice that this
argument alone explains why we must observe N(t) and ag” to be of
equal magnitude, but not why that magnitude has the extraordinarily
large value ~107°. (We shall have a lot more to say about this problem in
Chapters 4, 5 and 6).

As mentioned in section 1.1, Carter' introduced the more speculative
Strong Anthropic Principle (SAP) to provide a ‘reason’ for our observa-
tion of large dimensionless ratios like 107?; we state his SAP as follows:

Strong Anthropic Principle (SAP): The Universe must have those properties
which allow life to develop within it at some stage in its history.

An implication of the SAP is that the constants and laws of Nature
must be such that life can exist. This speculative statement leads to a
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number of quite distinct interpretations of a radical nature: firstly, the
most obvious is to continue in the tradition of the classical Design
Arguments and claim that:

(A) There exists one possible Universe ‘designed’ with the goal of
generating and sustaining ‘observers’.

This view would have been supported by the natural theologians of past
centuries, whose views we shall examine in Chapter 2. More recently it
has been taken seriously by scientists who include the Harvard chemist
Lawrence Henderson** and the British astrophysicist Fred Hoyle, so
impressed were they by the string of ‘coincidences’ that exist between
particular numerical values of dimensionless constants of Nature without
which life of any sort would be excluded. Hoyle*® points out how natural
it might be to draw a teleological conclusion from the fortuitous position-
ing of nuclear resonance levels in carbon and oxygen:

I do not believe that any scientist who examined the evidence would fail to draw
the inference that the laws of nuclear physics have been deliberately designed
with regard to the consequences they produce inside the stars. If this is so, then
my apparently random quirks have become part of a deep-laid scheme. If not
then we are back again at a monstrous sequence of accidents.

The interpretation (A) above does not appear to be open either to
proof or to disproof and is religious in nature. Indeed it is a view either
implicit or explicit in most theologies.

This is all we need say about the ‘teleological’ version of the SAP at
this stage. However, the inclusion of quantum physics into the SAP
produces quite different interpretations. Wheeler® has coined the title
‘Participatory Anthropic Principle’ (PAP) for a second possible interpreta-
tion of the SAP:

(B) Observers are necessary to bring the Universe into being.

This statement is somewhat reminiscent of the outlook of Bishop
Berkeley and we shall see that it has physical content when considered in
the light of attempts to arrive at a satisfactory interpretation of quantum
mechanics.*® It is closely related to another possibility:

(C) An ensemble of other different universes is necessary for the existence
of our Universe.

This statement receives support from the ‘Many-Worlds’ interpretation
of quantum mechanics and a sum-over-histories approach to quantum
gravitation because they must unavoidably recognize the existence of a
whole class of real ‘other worlds’ from which ours is selected by an
optimizing principle.*” We shall express this version of the SAP
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mathematically in Chapter 7, and we shall see that this version of the
SAP has consequences which are potentially testable.

Suppose that for some unknown reason the SAP is true and that
intelligent life must come into existence at some stage in the Universe’s
history. But if it dies out at our stage of development, long before it has
had any measurable non-quantum influence on the Universe in the large,
it is hard to see why it must have come into existence in the first place.
This motivates the following generalization of the SAP:

Final Anthropic Principle (FAP): Intelligent information-processing must
come into existence in the Universe, and, once it comes into existence, it will
never die out.

We shall examine the consequences of the FAP in our final chapter by
using the ideas of information theory and computer science. The FAP will
be made precise in this chapter. As we shall see, FAP will turn out to
require the Universe and elementary particle states to possess a number
of definite properties. These properties provide observational tests for
this statement of the FAP.

Although the FAP is a statement of physics and hence ipso facto>® has
no ethical or moral content, it nevertheless is closely connected with
moral values, for the validity of the FAP is the physical precondition for
moral values to arise and to continue to exist in the Universe: no moral
values of any sort can exist in a lifeless cosmology. Furthermore, the FAP
seems to imply a melioristic cosmos.

We should warn the reader once again that both the FAP and the SAP
are quite speculative; unquestionably, neither should be regarded as
well-established principles of physics. In contrast, the WAP is just a
restatement, albeit a subtle restatement, of one of the most important and
well-established principles of science: that it is essential to take into
account the limitations of one’s measuring apparatus when interpreting
one’s observations.
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2 Design Arguments

What had that flower to do with being white,
The wayside blue and innocent heal-all?
What brought the kindred spider to that height,
Then steered the white moth thither in the night?
What but design of darkness to appall?—
If design govern in a thing so small.

Robert Frost

2.1 Historical Prologue

Original ideas are exceedingly rare

and the most that philosophers have

done in the course of time is to erect

a new combination of them.

G. Sarton

The Anthropic Principle is a consequence of our own existence. Since the
dawn of recorded history humankind has used the local and global
environment to good advantage; the soil and its fruits for food, the
heavenly bodies for navigation, and the winds and waves for power. Such
beneficiaries might naturally be led to conclude that the world in all its
richness and subtlety was contrived for their benefit alone; uniquely
designed for them rather than merely fortuitously used by them. From
such inclinations and the natural attraction they appear to hold for those
seeking meaning and significance in life, simple design arguments grew in
a variety of cultures, each fashioned by the knowledge and sophistication
of the society around it and nurtured by the religious and scientific beliefs
of the day. In the Hebrew writings that form our Old Testament, we see
the idea of providential design as a key feature of the Creation narratives
and the epic poetry of the Wisdom and prophetic writings. The idea of a
partially anthropocentric universe with teleological aspects is the warp and
woof of the Judaeo-Christian world-view that underlies the growth of
Western civilization. Another important aspect of our heritage is the
growth of science and logic in early Greece, where the early Greeks also
generated a detailed teleological view of the world which was, in time,
wedded by the Scholastics to the poetic view of the Judaeo-Christian
tradition.

Astronomers and physicists who first encounter the collection of results
and observations that exist under the collective label of the Anthropic
Principle are usually surprised by the novelty of such an anthropocentric
approach to Nature. Yet, the Anthropic Principle is just the latest
manifestation of a style of argument that can be traced back to ancient
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times when philosophy and science were conjoined and ‘metaphysics’ was
concerned with the method as well as the meaning of science. In this
chapter we shall follow these arguments from ancient to modern times
and attempt to display the recurrent polarization of opinion regarding the
meaning of the order perceived in the overall constitution of the world
and the apparent teleological relationship between living creatures and
their habitats. We shall see many foreshadowings of modern ‘Anthropic’
arguments.

The Strong Anthropic Principle of Carter has strong teleological over-
tones. It suggests that ‘observers’ must play a key role in (if not be the
goal of) the evolution of the Universe. This type of notion was extensively
discussed in past centuries and was bound up with the question of
evidence for a Deity. The search for supporting circumstantial evidence
focussed primarily upon the biological realm. Indeed, to such an extent
did organic analogies permeate the ideas of most Greeks that the entire
universe was viewed as an organism wherein the constituent parts were
constantly adjusting for the benefit of the whole and in which the lesser
members were meaningful only through their function as part of the
whole. The most notable supporter of such a view, whose ideas were to
dominate Western thought for nearly two thousand years, was Aristotle.
He was aware that any phenomenon could be associated with various
types of cause, among them an ‘efficient’ cause (which is what modern
physicists would call a ‘cause’). But Aristotle did not believe one could
claim a true understanding of any natural object or artefact unless one
knew also its ‘final cause’—the end for which it exists. This he believed to
be the pre-eminent quality of things. Rival philosophers denied the
relevance of such a notion and even Aristotle’s pupils occasionally urged
moderation in the deployment of final causes as a mode of explanation. It
was, unfortunately, apt to produce ‘laws’ of Nature that tell us things are
as they are because it is their natural place to be so!

Aristotle’s ideas emerge in Western culture through the channel of
medieval scholasticism. Scholars like Aquinas realized the power of
teleological reasoning as support for an a posteriori ‘Design Argument’
for the existence of a Deity to whom the ‘guidedness of things’ might be
attributed.

Broadly speaking, the Greeks viewed the world as an organism, a view
based in part upon the analogy between the natural world and human
society. The renaissance view which superseded the Greek view was no
less analogical but the paradigm had changed from the organic to the
mechanical. The new picture of the clockwork ‘watch-world’ displayed
both the religious conviction in a created order for the world and the
desire to find a Creator playing the role of the watch-maker. Wheras the
teleological view accompanying the organic world-picture supported a
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general ‘guidedness of things’, the element of design in the mechanical
picture was evidenced by the God-given intrinsic properties of things and
the regularity of the laws of Nature. This development leads us to draw a
distinction between teleological arguments—which argue that because of
the laws of causality order must have a consequent purpose, and eutax-
iological arguments—which argue that order must have a cause, which is
planned. Whereas teleological arguments were based upon the notion
that things were constructed for either our immediate benefit or some
ultimate end, the eutaxiological arguments point just to their co-present,
harmonious composition. There is a clear distinction: the intricate con-
struction of a watch can be appreciated without knowing anything of the
‘end’ for which it has been made. This important distinction, and the
terminology, was introduced by Hicks® in 1883.

The growth of design arguments was, of course, accompanied by the
efforts of persuasive and eloquent dissenters to discredit the notion of
premeditated design in every or any facet of the natural world. Many of
these expressions of scepticism have proven to be overwhelmingly com-
pelling in the biological realm where environmental adaption is now seen
to play a key role through the mechanism of natural selection. However,
when originally proposed they fell largely upon deaf ears in the face of an
impressive array of observational data marshalled in support of ‘design’.
Scientists rarely take philosophers seriously and they did not often do so
in these matters either. One of the strengths of the teleological argument
for the layperson is its compelling simplicity; for as one nineteenth-
century reviewer remarked, ‘Imagine two men debating in public, one
affirming and the other denying that eyes were intended to see with’.
Commonsense superficially appears to affirm the teleological view very
convincingly. Closer examination reveals that the argument contains all
manner of hidden assumptions and associations, not least of which is a
confusion between the ideas of purpose and function. The eutaxiological
argument so popular with Newton and his disciples, on the other hand, is
logically simpler than the teleological one and hides no linguistic sub-
tleties; but to appreciate the existence of the mathematical beauty and
harmony it exhibits and verify the examples cited in support of its claims
requires considerable scientific knowledge. For this reason the logically
simpler, but conceptually more difficult and more interesting, eutaxiologi-
cal arguments appealed less to the popular mind. The eutaxiological
Design Argument is most similar to the Weak Anthropic Principle.
Teleological Design Arguments are analogous to the Final Anthropic
Principle, and the Strong Anthropic Principle has something in common
with both forms of Design Argument. As a rule, teleological arguments
go hand in hand with a holistic, synthetic and global world view whilst the
eutaxiological approach is wedded to the local and analytic perspective
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that typifies modern physics. To those brought up with the modern
scientific method and its emphasis upon concepts like verification, experi-
ment, falsification and so forth, it is surprising that science made as much
progress as it did when inbred by teleological ideas. Yet it is clear that
even the naivest Design Arguments, unlike the philosophical objections
to them, were steeped in observations of the natural world. Indeed,
Darwin attributes much of his initial interest in the problem of natural
adaption to William Paley’s meticulous recording of design in the plant
and animal kingdoms. There are other striking examples of teleological
reasoning producing significant advances in experimental and theoretical
science; for example, Harvey’s discovery of the human circulatory system,
Maupertuis’ discovery of the Principle of Least Action and von Baer’s
discovery of the mammalian ovum.

We shall see that the simpler teleological arguments concerning biolog-
ical systems were supplanted by Darwin’s work, but the system of eutax-
iological arguments regarding ‘coincidences’ in the astronomical make-up
of the Universe and in the fortuitous form of the laws of Nature were left
unscathed by these developments and it is these arguments that have evolved
into the modern Anthropic Principles. But careful thinkers would not jump
now so readily to the conclusions of the early seekers after Design.
The modern view of Nature stresses its unfinished and changing character.
This is the real sense in which our world differs from a watch. An
unfinished watch does not work and the discovery of time’s role in Nature
led to an abandonment of Design arguments based upon omnipresent
harmony and perfection in favour of those that concentrated upon current
co-present coincidences. The other modern view that we must appreciate
is that we have come to realize the difference between the world as it
really is (‘reality’) and our scientific theories about it and models of it. In
every aspect our physical theories are approximations to reality, they
claim merely to be ‘realistic’ and so we hesitate to draw far-reaching
conclusions about the ultimate nature of reality from models which must
be, at some level, inaccurate descriptions of reality. Scientists have not
always recognized this, and some do not even today. We see good
examples of the consequences of this weakness when we look back at the
religious fervour with which Newton’s equations of motion and gravita-
tion were regarded by those eighteenth-century scientists intent upon
demonstrating that God, like Newton, was also a mathematician. Whilst
this group were claiming that the constancy and reliability of the laws of
Nature witnessed a Creator, another was citing the breakdown of their
constancy, or miracles, as the prime evidence for a Deity.

Our treatment of these questions regarding ‘design’ will be largely
chronological and our aim is to chart the history of ideas concerning
design and teleology and to bring into focus the similarity between these
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ancient ideas and the way modern ‘Anthropic’ arguments are framed. The
Anthropic Principle, we shall argue, is a consequence of a certain sym-
metry in the history of ideas. We shall also see that many other contem-
porary issues that today are tangent to the Anthropic Principles were also
associated with Design Arguments of the past. For example, the question
of the plurality of worlds and the construction of proofs of the existence
of God (or gods), the uniqueness of man in anthropocentric Christian
teleology and the logical status of our perceptions of the natural world
were all of continual fascination. There is also a detectable and recurrent
trend revealed by our study: students of Nature build a model to describe
its workings based on observations; if this description is successful the
model becomes an article of faith, some aspect of absolute truth comes to
be taken as embodied within it. The descriptive model then becomes
almost an idol of worship and a proliferation of Design Arguments arise
as expressions of a faith that would claim no comparable or superior
descriptions could exist (the fate, perhaps, of a ‘paradigm’ in ancient
times). Thus the modern anthropic principles can be seen partly as natural
consequences of the fact that current physical theories are extremely
successful. This success is itself still a mystery; after all there is no obvious
reason why we should find ourselves able to understand the fundamental
structure of Nature. It is also, in part, a consequence of the fact that we
have found Nature to be constructed upon certain immutable foundation
stones, which we call fundamental constants of Nature. As yet, we have
no explanation for the precise numerical values taken by these unchang-
ing dimensionless numbers. They are not subject to evolution or selection
by any known natural or unnatural mechanism. The fortuitous nature of
many of their numerical values is a mystery that cries out for a solution.
The Anthropic Principle is but one direction of inquiry, albeit, as we shall
now see, a surprisingly traditional one.

2.2 The Ancients

You all know the argument from design:

everything in the world is made just so

that we can manage to live in the world,

and if the world was ever so little

different, we could not manage to live

in it. This is the argument from design.
B. Russell

Our inquiry into the Western predecessors of the modern Anthropic
Principle begins on the Mediterranean island of Ionia during the sixth
century BC within a culture that valued both curiosity and abstraction for
their own sakes. Here, a tiny society nurtured some of the first natural
philosophers to pose abstract problems completely divorced from any
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technological, nautical, agricultural or authoritarian stimuli. Their prim-
ary goal was to elucidate the primary forms and functions at the root of
all natural phenomena. To realize that ambition they had to understand
both the nature of man and the structure of his environment.

Anaxagoras of Clazomenae' (500-428 BC) is a pivotal figure, a me-
diator between the ancient Ionian philosophical tradition and the emergence
of the Greek tradition. In 480 BC he migrated to Athens, probably as a
member of Xerxes’ militia, and there remained for thirty years as the first
teacher of philosophy among the Athenians. Eventually, like Socrates, his
career there was to end with charges of heresy; but unlike his famous
successor he chose to leave, and fleeing to Ionia, worked there for a
further twenty-five years.

Unfortunately we possess only fragments of Anaxagoras’ writings in
their original form? and these seem to be of an introductory and general
nature, but later writers provide sufficient commentary for a fragmentary
‘identikit’ portrait of his ideas to be composed. Both Plato and Aristotle
regard him as the first to attribute the evident structural harmony and
order in Nature to some form of intelligent design plan rather than the
chance concourse of atoms. Since Anaxagoras appears to be first of the
known pre-Socratics to dwell upon the presence of order in Nature, it is
perhaps no surprise that he was among the first to attempt to explain this
observation by some primary cause. Anaxagoras sought some all-
embracing dynamical influence which would provide him with an explana-
tion for the mysterious harmony he saw about him. He believed the
Universe and all matter to have always existed, at first a mindiess
confusion of infinitesimal particles, but destined to become ordered by
the influence of a cosmic ‘Mind’. This ‘Mind’ (vouvs) intervened to
eradicate the state of primeval chaos by the induction of a vortical motion
in space® which first led to a harmonious segregation of natural things
and then slowly abated leaving quiescence, harmony and order. The
rotation of the heavenly bodies in the solar system remain as the last
vestige of the action of cosmic ‘Mind’. Anaxagoras aims to explain
the orderly motion and arrangement of matter by some subtle and fluid
entity which exercises a guiding influence upon the Universe like a man’s
mind controls his body. These ideas are relevant because they signal the
first introduction of ‘Mind’ in conjunction and in competition with ‘Mat-
ter’ for the explanation of phenomena; a problem to be much discussed
by subsequent generations of philosophers and scientists. Our interest is
attracted by this simple feature of his thinking because it forges a link
with later Platonic and Aristotelian ideas.

Unfortunately, if the extant writings provide a fair sample, wvovs
appears to have been a rather vaguely defined entity. It is employed to
order all things initially, but thereafter plays no direct role in the
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temporal development of things nor is it ever used to explain the specific
order and design displayed by an individual object or organism. Anax-
agoras’ description places its influence at the boundary of the Universe,
its role cosmological and metaphysical,

And what was to be, and what was and is not now, and what is now and what
will be—all these mind ordered.*

This initial and purposeful cause contrasts sharply with the metaphysi-
cal edifices that were constructed later by Plato and Aristotle. The latter
postulated an ‘end’ (7eAos), neither personal nor purposefully goal-
directed, to which phenomena were magnetically directed. Anaxagoras’
lack of a teleological emphasis provokes criticism from Aristotle who
highlights what appears to moderns the plain common sense of the
Anaxagorean view. The disagreement between Anaxagoras and Aristotle
is interesting because it will appear again and again through the centuries,
albeit suitably camouflaged by the though-forms and categories of con-
temporary thinking,

Now Anaxagoras says that it is due to his possessing hands that man is of all
things the most intelligent. But it may be argued that he comes into possession of
hands because of his outstanding intelligence. For hands are a tool, and Nature
always allots each tool, just as any sensible man would do, to whosoever is able to
make use of it’

The root of Aristotle’s discontent with Anaxagoras is a suspicion that
his predecessor was merely advocating a pre-Socratic version of the ‘God-of-
the-Gaps’ methodology in his approach to the natural world. ‘Mind’
appears only as a form of metaphysical mortar to fill the gaps and cracks
of ignorance in his otherwise entirely deterministic world model. For,
Aristotle claims

Anaxagoras uses mind as a theatrical device for his cosmogony; and whenever he
is puzzled over the explanation of why something is from necessity, he wheels it
in; but in the case of other happenings he makes anything the explanation rather
than mind.®

This criticism had in fact been voiced in a disconsolate commentary a
little earlier by Socrates, who describes how objections slowly dawned
upon him as he read one of Anaxagoras’ books in search of ideas on
design in the Universe. He recalls the moment of anticlimax vividly,

Well, I heard someone reading once out of a book, by Anaxagoras he said, how
mind is really the arranger and cause of all things; [ was delighted with this cause,
and it seemed to me in a certain way to be correct that mind is the cause of all,
and I thought if this is true, mind arranging all things in places as is best. If,
therefore, one wishes to find out the cause of anything, how it is generated or
perishes or exists, what one ought to find out is how it is best for it to exist or to
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do or feel everything. . . . I was glad to think I had found a teacher of the cause of
things after my own mind in Anaxagoras. ... For I did not believe that when he
said all this was ordered by mind, he would bring in any other cause for them that
it was best that they should be as they are.... I got his books eagerly. ... How
high I soared, how low I fell! When as I went on reading I saw the man using
mind not at all; and stating no valid cause of the arrangement of all things, but
giving airs and ethers and waters no causes, and many other strange things.’

Whilst these earliest notions concerning order and motion were
being incubated, a Sicilian contemporary, Empedocles of Argigentum
(492-435BC), was developing some radically different ideas about
the origin of ordered organic structures and their survival over the
course of time. Unlike many of his contemporaries, Empedocles was a
keen and careful observer of Nature and despite sporadic delusions of
divinity combined this with the general study of magic, poetry and
medicine. His key insight was to intertwine the notions of change and
temporal evolution with physical processes rather than conceive of them
possessing some time-invariant meaning. These evolutionary processes he
imagined to be somehow connected with the presence of order and design
in Nature. In modern biological parlance we would say that he proposed
the mechanism of ‘normalizing selection’. Initially, creatures of all possi-
ble forms and genetic permutations were imagined to exist but over the
passage of time only some were able to reproduce and multiply. Gradu-
ally the centaurs and half-human monsters eliminate themselves through
sterility. He imagines that eventually only the ordered, and therefore
‘normal,” beings survive. This type of selection only maintains an in-
variant species against mutant invasion and is really quite distinct from
Darwin’s idea of natural selection wherein no species is immune to
change. Again we learn more of these ideas through Aristotle’s condem-
nation of them; he quotes Empedocles’ summary

On [the earth] many heads sprung up without necks and arms wandered bare and
bereft of shoulders. Eyes strayed up and down want of foreheads. . .. Shambling
creatures with countless hands. . . . While others, again arose as offspring of men
with the heads of oxen, and creatures in whom the nature of women and men was
mingled, furnished with sterile parts.®

Parmenides (¢.480 BC) the founder of the school of Elea in Southern Italy
was one of the earliest logicians. Although he seems to have written in
verse, it is of a sufficiently prosaic nature to allow his principal theses to be
extracted. He hoped to explain what is ‘intelligible’ and wanted to show it
was impossible to make a negative existential judgement. Parmenides
claimed that a ‘many-worlds’ interpretation of nature is necessary because
of the non-uniqueness of the subjective element in our perception and
understanding of the world. As a corollary to this he maintained that
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what is inconceivable must actually be impossible—empty space cannot
exist! Over two thousand years later these ideas will appear in a new
guise in debates concerning the role of the observer in quantum theory
and the theory of measurement.” The more immediate, but no less
important consequence of these ideas was the early atomists’ abandon-
ment of trust in the senses as a certain and invariant gauge of world
structure. In order to avoid this awkward perceptive subjectivity they
sought objective reality in imperceptible ‘atomic’ microphenomena that
they believed to be independent of the observer and absolute in
character.

Socrates (470-399 Bc) and his student Plato (427-347 Bc) later reacted
against this trend towards purely materialistic explanations of natural
phenomena and attempted to show that material order not only sprang
from ‘Mind’ but was actively sustained by it. Plato argued that because
matter cannot induce motion itself, the observed presence of motion is
evidence of a mental presence and Cause underpinning the whole natural
world. He also conceived of a particular hierarchical cosmological model
exhibiting this doctrine. In the beginning the outer sphere of his hierar-
chical universe was perturbed into motion by an obliging deity and
thereafter remained in ordered motion and displayed a completely
invariant structure. In the ‘Laws’ this regular structure is cited as evidence
of the gods. For, when asked how one might prove the existence of the
gods, Cleinas replies with one of the most explicit early design arguments:

How? In the first place, the earth and the sun, and the stars and the Universe,
and the fair order of the seasons, and division of them into years and months,
furnishes proofs of their existence."’

However, this appeal to astronomical phenomena has a slightly hollow
ring to it in the light of Socrates’ attitude towards all experimental
philosophy and astronomy. We see that he was aware of the ability of
‘physical philosophers’ to provide many different but equally plausible
explanations of a single observation but has no notion that perhaps
further observations might narrow down the number of ‘conflicting
opinions’:

With regard to astronomy Socrates considered a knowledge of it desirable to the
extent of determining the day of the year or of the month and the hour of the
night; but as for learning the course of the stars, [he regards] occupying oneself
with the planets or inquiring about their distance from the earth or about their
orbits or the causes as a waste of time. He dwelt on the contradictions and
conflicting opinions of the physical philosophers ... and, in fine, he held that
speculators on the Universe and on the laws of the heavenly bodies were hardly
better than madmen.

Plato opposed contemporary ideas that attempted to explain the observed
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structures and contrivances in Nature as a result of either chance or
mechanism, and this opposition was grounded on the evidence for design
in the natural world. He preferred a picture of the Universe as an organic
and teleologically ordered structure.

Socrates gives the first clear statement of an anthropocentric design
argument with a distinctly eighteenth-century flavour to it when he is
reported by Xenophon extolling the human eye as a proof of the wisdom
of the gods:

But which seems to you most worthy of admiration Astrodemus? The artist who
forms images devoid of motion and intelligence, or who had skill to produce
animals that are endued, not only with activity, but understanding? ... But it is
evidently apparent that he who at the beginning made man endued him with
senses because they were good for him . . . Is not that providence, Aristodemus, in
a most eminent manner conspicuous, which because the eye of man is delicate in
its contexture, hath therefore prepared eyelids like doors, whereby to screen it,
which extend themselves whenever it is needful, and again close when sleep
approaches? . .. Is it not to be admired . .. that the mouth through which the food
is conveyed should be placed so near the nose and eyes as to prevent the passage
unnoticed of whatever is unfit for nourishment? And cans’t thou still doubt
Aristodemus, whether a disposition of parts like this should be the work of
chance, or of wisdom and contrivance.'?

Another very early commentator on the beneficial and superficially
purposeful contrivance of natural things toward our perennial well-being
was the Cretan philosopher, Diogenes (400-325 BC). Working about a cen-
tury after Anaxagoras, he appears to be one of the earliest thinkers who
appealed to a teleological principle behind natural phenomena on the
basis of their optimal arrangements. In particular, he was impressed by
the regular cycle of the seasons,

Such a distribution would not have been possible without Intelligence, that all
things should have their measure: winter and summer and night and day and rain
and winds and periods of fine weather; other things also, if one will study them
closely, will be found to have the best possible arrangement."?

He claims that ‘air’ must be this ordering ‘Intelligence’ because ‘man and
the other animals that breathe live by air...".'*

The earliest opponents of these teleological notions were Democritus
(450-?BC) and Leucippus of Elea (440-? BC). Leucippus appears as a
rather obscure fifth-century figure reputed to have founded the school at
Abdera in Thrace where Democritus was born. Again our knowledge of
their work derives principally from secondary sources—through Aristotle,
Epicurus, and others. Leucippus proposed the early ‘atomic’ theory which
was then developed more ‘scientifically’ by Democritus before being
tenuously extrapolated into the realm of ethics and philosophy by
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Epicurus. Their development of the mechanism of causation and an
atomic view of the world was entirely ateleological; the only causes
admitted were atomic collisions (although later Epicurus and Lucretius
were to appeal to a mysterious intrinsic atomic property, ‘swerve’, which
enabled atoms to collide). As with Empedocles we see inklings of some
parallels with modern evolutionary biology and the ‘many worlds’ in-
terpretation of quantum theory in their writings. Democritus understands
the link between life and its local environment and has the notion of an
ensemble of planetary systems:

There are worlds infinite in number and different in size. In some there is neither
sun nor moon, in others there are more than one sun and moon. The distance
between the worlds are unequal, in some directions there are more of them ...
Their destruction comes about through collision with one another. Some worlds
are destitute of animal and plant life and of all moisture.*’

The pre-eminent proponent of a teleological world view amongst the
ancients was Aristotle (384-322 Bc) and his commentary on the ideas of
others provides a valuable source of information. The Stagirite’s teleolog-
ical view was to become tremendously influential, some would claim out
of all proportion to its profundity, because it became amalgamated with
the Judaeo-Christian revelation in the Scholastic synthesis. By this indirect
route his ideas were able to shape the thought of Western Europe for
nearly two thousand years. Unlike Socrates and Plato, Aristotle was not
an Athenian. His father was a physician at the court of the Macedonian
royal family and his keen observation of and life-long interest in flora and
fauna may have derived from early paternal influence. Whilst still a
teenager he went to Athens to study as a student of Plato at the
Academy. There he worked for twenty years, principally on ethics,
mathematics, politics and philosophy, but then left for the coastal region
of Asia Minor where he rekindled his interest in observation through
studies in zoology and biology. So much did he learn during that period
that on his return to Athens he was able to establish a thriving school of
botanical and biological investigation which laid the foundations of mod-
ern study in these disciplines.

Aristotelian science was based upon presupposition of an ‘intelligent
natural world that functions according to some deliberate design’. Its
supporters were therefore very critical of all those pre-Socratic thinkers
who regarded the world structure as simply the inevitable residue of
chance or necessity. Aristotle’s own detailed observational studies in
botany, biology and zoology led him to take up the organic analogy as the
most fruitful description of the world and he regarded it as superior to the
mechanistic paradigm.

In his Metaphysics, Aristotle works through the ideas of earlier
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philosophers and rejects them one by one. He strongly opposes a recur-
rent idea, held for example by the Atomists, that a thing is explained
when one knows what it is made of. For, he argues, its material composi-
tion provides us with its ‘Material Cause’, but to explain it completely we
require an understanding of three further ‘Causes’. A ‘Formal Cause’
must be identified. This relates to the form or pattern intrinsic to the
object which prevents it from behaving like another; for example, it
distinguishes sculptures from lumps of unformed metal (or at least it did!).
Next, the ‘Efficient Cause’ should be recognized as the agent which
produces the object, transferring the mental notion of a statue from the
sculptor’s mind into solid material bronze; the ‘Efficient Cause’ is what
moderns mean when they use the word ‘cause’. Finally, there exists that
‘Cause’ which Aristotle regarded as the most important: the ‘Final
Cause’—the purpose for which the object exists. Even at this stage it is
evident that this multiplicity of causes leads very quickly to metaphysical
ideas of supreme initial causes or ultimate final ends.

The common preoccupation with the presence of order in the Universe
meant there were many similarities between the cosmologies of Aristotle
and Plato. Where Aristotle differed was in his attitude towards initial
conditions. He argued that knowledge of the ‘beginning’ is not relevant to
our understanding of the present configuration—that initial conditions did
not matter—and furthermore, there were reasons for supposing there
never was an origin in time—the natural order should be eternal and
unchanging. Aristotle’s cosmology was the first ‘steady-state’ Universe.

There, the similarity with any modern cosmological model very ab-
ruptly ends. Aristotle imagined the Universe to possess a spherical bound-
ary with the earth resting at its centre. Surrounding the earth were a
whole series of concentric shells; the three closest to the centre contained
water, air and fire respectively. Now, the idea behind this hierar-
chical structure was to explain why, for example, flames ‘naturally’ rose
whilst other objects, like stones, always fell to the earth. The outer shell
of fire was encompassed by a succession of seven solid and crystalline
spheres; they carried the Moon, Mercury, Venus, the Sun, Mars, Jupiter,
Saturn and finally the fixed stellar background. This outer stellar sphere
was endowed with a dynamical rotation which it is communicated to the
inner spheres and thereby to the planets themselves.®

Aristotle’s guiding principle was that the ultimate meaning of things
was to be divined from their ‘end’ (reAos) rather than their present
configuration—that is, by learning of their final rather than their material
causes. This ‘end’ was the most perfect and fitting purpose,

... it belongs to physical science to consider the purpose or end for which a thing
subsists. The poet was led to say ‘An end it has for which it was produced’.
This is absurd, for not that which is last deserves the name of end, but that which
is most perfect.’’
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Although, as we saw above, Aristotle credits Anaxagoras for germinat-
ing this view, he upbraids him strongly for employing it in so limited and
sterile a fashion. In contrast, he energetically develops his own scheme
of final causes in combination with the Platonic teleology and uses it to
interpret his own detailed observations of Nature. Although he is not often
credited for it, he carried through this programme with something of the
modern scientific philosophy:

The actual facts are not yet sufficiently made out. Should further research ever
discover them, we must yield to their guidance rather than to that of theory; for
theories must be abandoned, unless their teachings tally with the indisputable
results of observation.'®

He is clearly anxious to derive support for his teleological ideas from
observational facts and wants to avoid the approach of those of his
predecessors who have adopted the methodology of armchair natural
philosophers.

From the idea of a ‘Final Cause’ there emerged the Aristotelian idea of
an internal perfecting principle or ‘entelechy’ which directs things toward
some terminal point characterized by its unique harmony. In any indi-
vidual object all its sub-components are united for its greatest benefit and
are coherently organized with this ‘perfect’ end in view. The evidence for
such an opinion, he argues, is much more readily obtained from as-
tronomical observations than from biological ones. For, in the former
system, the time-scale over which significant changes occur is so much
longer:

For order and definiteness are much more plainly manifest in the celestial bodies
than in our own frame; while change and chance are characteristic of the
perishable things of earth. Yet there are some who, while they allow that every
animal exists and was generated by nature, nevertheless hold that the heaven was
constructed to be what it is by chance and spontaneity; the heaven, in which not
the faintest sign of haphazard or of disorder is discernible! Again whenever there
is plainly some final end to which a motion tends, should nothing stand in the way,
we always say that such final end is the aim or purpose of the motion and from
this it is evident that there must be a something or other really existing,
corresponding to what we call by the name of Nature."

Aristotle also displays an objectivity and breadth of view in his discus-
sion of the limitations and conceivable objections to his teleology that was
to prove all too rare in the later work of his many followers. He realizes,
for example, that development could play an important role in generating
organic structures:

In plants, also there is purpose, but it is less distinct; and this shows that plants
were produced in the same manner as animals, not by chance, as by the union of
olives upon grape-vines. Similarly, it may be argued, that there should be an
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accidental generation [or production] or the germs of things; but he who asserts
this subverts Nature herself, for Nature produces those things which, being
continually moved by a certain principle contained in themselves, arrive at a
certain end.”®

and that necessity must be considered as an influence upon their develop-
ment

We have ... to inquire whether necessity may not also have a share in the
matters and it must be admitted that these mutual relations could not from the
very beginning have possibly been other than they are.*

On another occasion he recapitulates the antiteleological position of the
atomists in a convincing fashion:

But here a doubt is raised. Why, it is said, may not nature act without having an
end, and without seeking the best of things? Jupiter, for instance, does not send
rain to develop and nourish the grain, but it rains by a necessary law; for in rising,
the vapour must grow cool, and the cooled vapour becoming water must necessar-
ily fall. But if, this phenomenon taking place, the wheat profits by it to germinate
and grow, it is a simple accident. And so again, if the grain which someone has
put into the barn is destroyed in the consequence of rain, it does not rain
apparently in order to rot the grain, and it is a simple accident if it be lost. What
hinders us from saying as well, that in nature the bodily organs themselves are
subject to the same law and that the teeth, for instance, necessarily grow ... What
hinders us from making the same remark for all the organs where there seems to
be an end and a special destination.*

Whereas Plato had been interested in order and structural design
within the Universe principally as manifestations of its static, permanent
and unchangeable nature, Aristotle’s view was clearly more dynamic. The
Aristotelian world was endowed with a process of temporal evolution
acting solely for the sake of the entities finally evolved.

Following the death of Aristotle, peripatetic thinking was dominated
for a period of thirty-five years by Tyrtamus of Eresos (372-287 BC).
Now regarded as one of the founders of systematic botanical study,
Tyrtamus is better known to us by his nickname ‘Theophrastus’ which he
received from Aristotle because of his stimulating conversation. Like
others before him, Theophrastus was struck by a dichotomy in his
experience. On the one hand he was conscious of the orderliness of his
mental processes whilst on the other he perceived a natural world of
enormous complexity. He felt that if some link could be forged between
these disjoint areas of experience then light might be shed upon them
both.

Despites his long association with Aristotle, first as a fellow student of
Plato at the Academy and then as a co-worker at the Lyceum, he was
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critical of his master’s teleological mode of thinking and recognized the
strongly subjective elements that were incorporated in its application:

As regards the view that everything has a purpose and nothing is in vain, first of
all the definition of purpose is not so easy, as is often said; for where should we
begin and where decide to stop? Moreover, it does not seem to be true of various
things, some of which are due to chance and others to a certain necessity, as we
see in the heavens and in the many phenomena on earth.”

He then goes on the give many examples of natural phenomena, like
drought, flood, and famine, which yield no discernible end, interpreting
them as casting doubt upon Aristotle’s perfecting principle as a useful
practical guide into the nature of things. He concludes that natural
science will only make sure and sound progress if it moderates®* its
appeal to final causes, for

We must try to set a limit to the assigning of final causes. This is the prerequisite
for all scientific enquiry into the universe, that is into the conditions of existence
of real things, and their relations with one another.”

The contemporary counter to the peripatetic school’s teleology was the
radical alternative of Epicurus of Samos (341-270 Bc) and his followers.
Following in the footsteps of Democritus and Leucippus, these later
atomists emphasized the importance of assuming a complete state of
statistical disorder at the moment of the World’s creation. They claimed
this chaotic initial state subsequently evolved by natural forces into an
ordered system characterized by regular and steady rotations. They
argued that the infinite time allowed for creation makes it inevitable that
it should eventually develop into a stable configuration capable of re-
maining in a constantly ordered state. The Epicureans were, of course,
anxious to scotch any notions of supernatural causation or the appeal to
any entity who controls or ordains events. Interestingly, no useful scien-
tific structure was erected upon this materialistic foundation because
Epicurus had a very low view of mundane scientific investigation. Indeed,
he excluded many of its basic tools—logic, mathematics, grammar and
history—from his school’s curriculum. He was particularly hostile to the
study of astronomy because celestial phenomena seemed to him to admit
of so many equally consistent and indistinguishable explanations:

First of all then we must not suppose that any other object is to be gained from
the knowledge of the phenomena of the sky, whether they are dealt with in
connection with other doctrines or independently, than peace of mind and a sure
confidence, just as in all other branches of study.”

The most remarkable spokesman for the Epicurean position was the
Roman poet Titus Lucretius Carus (99-55 Bc). His great poem De Rerum
Natura®® aimed to bury all superstitious speculation and philosophical
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dogma by outlining the vast scope of a purely materialistic doctrine. It
reveals an uncanny intuition regarding the future conceptual development of
physics and displays such a good knowledge of flora and fauna that one is
led to wonder whether Lucretius wrote other prosaic and systematic
studies of these subjects which are now lost to us.

Lucretius believed life to have originated at some definite moment in
the past by natural processes but that the created beings included ‘a host
of monsters, grotesque in build and aspect’” who were subsequently
eliminated by their sterility:

In those days, again, many species must have died out altogether and failed to
reproduce their kind. Every species that you now see drawing the breath of the
world survived either by cunning or by prowess or by speed. In addition, there
are many that survive under human protection because their usefulness has com-
mended them to our care.”

As his poem unfolds the entire materialistic methodology is eloquently
restated and the logical difficulty inherent in a teleological approach is
forcefully presented to his patron, Memmius: to put it bluntly, he claims
that teleologists like Aristotle have simply been putting the cart before
the horse:

There is one illusion that you must do your level best to escape—an error to
guard against with all your foresight. You must not imagine that the bright orbs of
our eyes were created purposely, so that we might be able to look before us ...
and helpful hands attached at either side, in order that we might do what is
needful to sustain life. To interpret these or any other phenomena on these lines
is perversely to turn the truth upside down. In fact, nothing in our bodies was
born in order that we might be able to use it, but the thing born creates the use
... The ears were created long before a sound was heard ... They cannot,
therefore, have grown for the sake of being used.”®

Yet this critical approach ground to a temporary halt with Lucretius
whilst the teleological aspect of Aristotle’s philosophy he criticized so
strongly, being more adaptable to the theistic Islamic and Christian
cultures, was to grow in influence and extent.

Another group who inherited some of Aristotle’s teleological ideas
were the Stoics; a school which was founded by Zeno of Citium (334-
262 BC) during the fourth century Bc and which took its name from a
painted corridor on the north side of the market place in Athens where it
was the custom of the school to meet for discussion. Teleological ideas
appear in Stoic physics under the guise of ‘Providence’. For the Stoics this
concept embodied the notion that all was the best; the idea was carefully
gauged to temper the harsher Stoic dictum of ‘fate’ within which was
enshrined the absolute rule of causality. They replaced Auristotle’s in-
finitely old, ‘steady-state’ Universe with one possessing a cyclic recurr-
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ence.” Their conviction regarding the innate order and rationality of
Nature, which became the basis of their ethics, made the Stoics fervent
supporters of the cosmological Design Argument in all its forms. Al-
though they rejected the mechanical world-view in favour of a more
Aristotelian organic analogy, they nevertheless developed their Design
Arguments via the analogy between the workings of the world and
familiar mechanical models. The Roman lawyer, orator and popularizer
of Greek philosophy, Marcus Cicero, records that>°

The Stoics, however, most assuredly did consider man to be at the very apex of
the hierarchy of beings and felt that the rest of the Universe was geared to his
benefit.

Cicero (106—-43 Bc) himself devotes much of his famous work De
Natura Deorum to arguments for the existence of the gods drawn from
the beneficial contrivance of the world. He also signals the start of a
tendency for teleological design arguments to be employed to establish
not only the existence but also the character traits of a deity or deities. De
Natura Deorum describes the conversations between two disciples of
Plato, namely Cotta and Cicero; a Stoic, Balbus; and an Epicurean atom-
ist, Velleius. As might be anticipated from our discussion so far, Balbus
provides various teleological arguments for the gods’ existence and is
backed up by the Platonists in the face of Velleius’ continuous opposition.
For example, Balbus criticizes the Epicurean view that things could have
fallen out so nicely just by chance and reveals a new type of numerical
perspective on the likelihood of ordered configurations arising spontane-
ously:

Can I but wonder here that anyone can persuade himself that certain solid and
individual bodies should move by their natural forces and gravitation in such a
manner that a world so beautiful adorned should be made by their fortuitous
concourse. He who believes this possible may as well believe, that if a great
quantity of the one and twenty letters, composed either of gold or any other
matter, were thrown upon the ground, they would fall into such order as legibly to
form the ‘Annals of Ennius’. I doubt whether fortune could make a single verse
of them ... Thus if we every way examine the Universe, it is apparent from the
greatest reason that the whole is admirably governed by a divine providence for
the safety and preservation of all beings.*!

These arguments were inspired by a lost work of Aristotle (De
Philosophia) in which he reportedly argued that our familiarity with the
remarkable aspects of Nature has removed our sense of wonder at them.
If we had spent our lives underground and then suddenly came to the
surface we would be so struck by the structure of the heavens and the
beauty of the Earth that we would be inevitably and ‘immediately
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convinced of the existence of the gods and that all these wonders were
their handiwork’.3?

Cicero couples a purely mechanical view of the world with a good
anatomical knowledge and even gives the now classic design argument
based upon the watch analogy that was used so persistently by Boyle,
Niewentyt, Paley and others over fifteen hundred years later

When we see some example of a mechanism, such as a globe or clock or some
such device, do we doubt that it is the creation of a conscious intelligence? So
when we see the movement of the heavenly bodies, ... how can we doubt that
these too are not only the works of reason but of a reason which is perfect and
divine?*®

These and many other examples adorn an argument for the ‘gods’ that
is eutaxiological rather than teleological in character; that is, it is based
upon the presence of discernible order and mutual harmony in Nature
rather than the recognition of any conscious or unconscious an-
thropocentric purposes. It is a type of argument that was to be repeated
regularly in future centuries.

Another, whose ideas were later to form the basis of many eighteenth-
and nineteenth-century treatises on the ‘Wisdom of God’ as evidenced by
anthropocentric teleology, was the Greek physician Galen (131-201).
Although Galen was eclectic in his philosophical outlook he clearly
favoured the Aristotelian picture as the most natural backdrop for his
monotheistic views. He developed the doctrine of Final Causes in a more
specific and teleological manner than Cicero, arguing that the purpose
of the deity could be ascertained by detailed inspection of his assumed
works in Nature. Specifically, his study of the specialized design of the
human hand was a classic piece of anatomical analysis that became the
basis of Bell’'s Bridgewater Treatise on the teleological aspects of this
organ over sixteen hundred years later, so little were later workers able to
add to his insights. Of the human body he writes:

Let us, then, scrutinize this member of our body, and inquire, not simply whether
it be in itself useful for all the purposes of life and adapted to an animal endued
with the highest intelligence, but whether its entire structure be not such that it
could not be improved upon by any conceivable alteration.>

His approach was wholly teleological and maintained that all the bodily
processes were divinely and optimally planned in every respect. This
anthropocentric tenor also runs through the encyclopaedic natural history
of the Roman, Pliny (23-79), who also usually described nature by
drawing on its relation to man:

Nature and earth fill us with admiration ... as we contemplate the great variety
of plants and find that they are created for the wants or enjoyments of man-
kind.*®
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Despite their great administrative, legal and military skills the Romans
produced little in the way of lasting abstract ideas. The most relevant
character to our study is perhaps Boethius (470-525) who mediates
the transition from Roman to Scholastic thinking. For many years a
prominent Roman statesman and philosopher he was to write his influen-
tial manual®*® The Consolation of Philosophy whilst incarcerated in Pavia
gaol awaiting execution. This work is one of the few threads of contact
between classical learning and the Dark Ages and is written in an unusual
medley of poetry and prose (the author speaks in prose whilst
philosophy replies in verse). Boethius’ support of the teleological doctrine
of Final Causes is clear from the outset of his work where he hails
Socrates, Plato and Aristotle as the only true philosophers and sets them
in opposition to the spurious Stoic and Epicurean thinkers:

Thinkest thou that this world is governed by haphazard and chance? Or rather
doest thou believe that it is ruled by reason?*’

His answer ensured that the teleological argument was handed on safely
to the emerging civilizations of Northern Europe, for Boethius’ book
was probably the most widely read scholarly work of the medieval
period. It played a major role in shaping the philosophical vocabulary and
perspective of those times—it is even fabled that Alfred the Great
(849-901) had it translated into Anglo-Saxon. Although the world-
view it presents is teleological and anthropocentric through and through,
the world model it presumes most definitely is not. Boethius saw and
stated that despite the implication of final causes, the astronomical
position of man was both infinitesimal and insignificant; a view that would
have become familiar to his later pre-Copernican readership:

Thou hast learnt from astronomical proofs that the whole earth compared with
the Universe is no greater than a point; that is, compared with the sphere of the
heavens, it may be thought of as having no size at all. Then, of this tiny corner, it
is only one-quarter that, according to Ptolemy, is habitable to living things. Take
away from this quarter the seas, marshes, and other desert places, and the space
left for man hardly even deserves the name of infinitesimal.®

This completes the sketch of Greek and Roman origins, showing how
the Design and anti-Design arguments began there. (The dates of the
principal protagonists are shown in Figure 2.1.) But, these seeds would
have fallen on stony ground had it not been for their adoption by the
inheritors of an entirely different tradition.

During the next seven hundred years Greek learning was first per-
petuated by the Arabic schools who translated many of the early texts.
This Eastern influence reached its zenith during the tenth century and
through it Aristotelian ideas slowly diffused into the European culture to
be moulded into a Christian form by Aquinas as easily as it was fitted into
the Muslim perspective of the early Arabic philosophers.
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Figure 2.1. The chronology of some of the early contributors to the question of
design in nature. Where precise dates of birth and death are unknown estimates
have been used.

2.3 The Medieval Labryrinth

The human imagination has seldom had
before it an object so sublimely
ordered as the medieval cosmos ... it is
perhaps ... a shade too ordered. Is
there nowhere any vagueness? No
underdiscovered byways?

C. S. Lewis

What characterizes the Medieval mind most uniquely for the modern
spectator is its absolute respect for written authorities. All writers tried to
base their works on ancient authority—most notably that of Aristotle.
Also, in C. S. Lewis’ words,>® ‘Medieval man was not a dreamer nor a
wanderer. He was an organizer, a codifier, a builder of systems. He
wanted ‘“a place for everything and everything in the right place.”
Distinction, definition, tabulation were his delight.” These two powerful
traits proved perfect, not only for the preservation of the ancient Design
arguments, but for their subsequent elevation to the status of ecclesiastical
dogma. The nearest one gets to a parallel of the atomists versus the
teleologists is, at first, the division of opinion concerning whether science,
religion and metaphysics should be conjoined with the blessing of the
Design Argument.

Averroes of Cordova (1126-1198) was a Mohammedan member of the
early Hispan-Arabic school of philosophy and medicine who opposed
such a scholastic synthesis. He wanted to separate the basis of religion
from experimental science and logic because of the pseudo-conflicts he
saw inherent in such a union. He still maintains a teleological view but
it is only partially anthropocentric, for he feels it is unreasonable to say
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that all Nature exists solely for the luxury of humankind:

Why did God create more than one sort of vegetable and animal soul? The
reason is that the existence of most of these species rests upon the principle of
perfection (completeness). Some animals and plants can be seen to exist only for
the sake of man, or of one another; but of others this cannot be granted, for
example, of the wild animals which are harmful to men.*

Looking to another culture one finds the Jewish rabbi Maimonides
(1135-1204), an astronomer, philosopher and physician who, like the
Arabs, sought to reconcile Aristotelian philosophy with his own religious
heritage.*' This led to his construction of a Jewish Scholastic system that
developed the ‘proof’ of God from contingent being following analogous
earlier work by Avicenna (980-1037) and others. Maimonides wrote an
apologetic work as a spiritual guide for atheistic philosophers entitled
Guide for the Perplexed wherein he states an objection to anthropocentric
teleology which is based on the enormous size of the Universe:

Consider then how immense is the size of these bodies, and how numerous they
are. And if the earth is thus no bigger than a point relative to the sphere of the
fixed stars, what must be the ratio of the human species to the created Universe as
a whole? And how then can any of us think that these things exist for his sake,
and that they are meant to serve his uses?**

By the middle of the thirteenth century the Dominican scholars, Albert
the Great and Thomas Aquinas (1225-74) had completed Aristotle’s
conversion to Christianity. Aquinas, the ‘angelic doctor’, was born after
the major rediscovery and translation of many of Aristotle’s works into
Latin and his own unique contribution was a vast unification of Aristotle’s
philosophy with the Judaeo-Christian doctrine of the Catholic church. The
Scholastic ideal held that the nature of ultimate things was accessible to
reason alone without revelation from a divine source. Therefore Scholas-
ticism preserved a strong belief in the intrinsic intelligibility of Nature and
in the presence of an underlying rationality in an age full of astrological
and magical notions. Ironically, this rationality would in the future
backfire against some of the more negative aspects of Scholastic dogma.

Specifically, Aquinas uses a teleological design argument for the exis-
tence of a unique God as the basis of his famous ‘Fifth Way’ to prove the
existence of God and attributes the idea to St. John of Damascene:

The fifth way begins from the guidedness of things. For we observed that some
things which lack knowledge, such as natural bodies, work towards an end. This is
apparent from the fact they always or most usually work in the same way and
move towards what is best. From which it is clear that they reach their end not by
chance but by intention. For these things which do not have knowledge do not
tend to an end, except under the direction of someone who knows and under-
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stands: the arrow, for example, is shot by the archer. There is therefore, an
intelligent personal being by whom everything in nature is ordered to its end.*

His argument does not appeal to any specific pieces of empirical evidence
or detailed examples of adaption but to a single aspect of world order—
the general trend of natural behaviour.

Alongside Thomist philosophy there began to develop, through a
number of eminent Franciscan friars, an approach to science that has a
more modern flavour. Roger Bacon (1214-94) was the most far-sighted—
and the most persecuted—of the advocates for this new emphasis. His
foresight influenced many fields of learning that are today quite distinct.
He argued, for example, that the use of original texts in historical and
linguistic study was essential for scholarship whilst in the sciences he saw
that useful progress could only be made through a combination of
mathematical reasoning and experimental investigation. Yet, alongside
this new and modernistic philosophy of the scientific method Bacon held
what was, for his time, a typical view of final causation and mankind’s
pre-eminent position within the natural world:

Man, if we look to final causes, may be regarded as the centre of the world; in so
much that if man were taken away from the world, the rest would seem to be all
astray, without aim or purpose ... and leading to nothing. For the whole world
works together in the services of man; and there is nothing from which he does
not derive use and fruit ... in so much that all things seem to be going about
man’s business and not their own.*

The strength of his position was that he did not allow such finalistic
inclinations to usurp the place of direct observations in the practice of
physical science. Final causes were relegated entirely to the metaphysical
domain.

Conscious of the ease with which we adopt preconceived and fallacious
modes of reasoning, Bacon ear-marked four explicit sources of erroneous
deduction; undue regard for established doctrines and authorities, habit,
prejudice and the ‘false conceit of knowledge’. Uncritical adoption of
Aristotelian metaphysics in the area of physical science was clearly the
paradigm for the first of these pitfalls.

The Scholastics, in addition to introducing the term ‘final cause’ (causa
finalis) into philosophy, were also the first to use the appellation ‘natural
theology’ (theologia naturalis) which was to prove so popular during the
seventeenth and eighteenth centuries. It originates in the work of Raymonde
of Sebonde (c. 1400), an obscure scholar who was persuaded to remain in
Toulouse as the university professor of medicine, philosophy and theol-
ogy whilst passing through on a journey to Paris from his home in
Barcelona. His book*” Theologia Naturalis sive Liber Creaturarum was
clearly not wholly orthodox because it was placed on the Index in 1595,
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but the reasons for this are still not altogether clear. It later became
influential following its translation by Montaigne in 1569 and was re-
printed thereafter in France on several occasions. The author’s guiding
theme is the kinship of mankind with the natural world and is slightly
reminiscent of St. Francis. This unity between man and his environment
speaks to him of both design and a unique Designer:

There could not be so great an agreement and likeness between man and the
trees, plants and animals, if there were two designers, rulers or artificers in nature;
nor would the operations of plants and trees be carried on so regularly after the
manner of human operations, nor would they all be so much in man’s likeness,
except that He which guided and directed the operations of these trees and plants
were the same Being that gave man understanding and that ordered the opera-
tions of trees which are after the manner of works done by understanding, since in
trees and plants there is no reason nor understanding. And of far more strength is
the oneness of matter and sameness of life in man, animals, trees and plants an
evidence of the oneness of their Maker.”’

2.4 The Age of Discovery

Inquiry into final causes is sterile,
and, like a virgin consecrated to God,
produces nothing.

F. Bacon

The developments heralding the birth of what has become known as the
Renaissance view of the world have been exhaustively discussed by
scholars. With hindsight, Nicholas Copernicus (1473-1543) appears to us
a pivotal figure, the last of the Aristotelians and the harbinger of a fully
mechanical model of the Universe. What is now equally clear is that his
classic,*® De revolutionibus orbium celestium, had negligible influence until
the seventeenth century. Few copies of it were sold and even fewer read
in the early years after Copernicus’ death; other great events, like the
Portuguese voyages of discovery, completely overshadowed it. Although
Copernicus’ world model was new and heliocentric, his world-view was
extremely anthropocentric and he appears a little reticent about relin-
quishing even the physical centrality of Man, but assures us that Man’s
displacement is really only very slight, given the immense size of the
cosmos:

So it is also as to the place of the earth; although it is not at the centre of the
world, nevertheless the distance [to that centre] is as nothing in particular when
compared to that to the fixed stars.*®

It is also interesting that Copernicus uses various tenets of Aristotelian
teleology concerning the necessary harmony and order of the Universe to
guide him in the construction of a purely mechanical model.
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Spherical configurations were appropriate for the celestial motions
because ‘this figure is the most perfect of all’ and the coalescence of
falling bodies inevitable because ‘nothing is more repugnant to the order
of the whole and to the form of the world than for anything to be outside
of its place’.

Following the heliocentric insights of Copernicus, a route was opened
for philosophers to develop the notion of a ‘plurality of worlds’. The
Aristotelian cosmology could not have countenanced such an asymmetry
and periodicity because of its hierarchical and geocentric structure. To the
early Greeks the notion of ‘many worlds’ carried with it, not the more
modern picture of additional solar systems and habitable planets, but
rather reproductions of the entire Universe. This latter view was charac-
teristic of the early Epicureans but the possibility of its extension into the
Aristotelian cosmology was vigorously opposed by Aquinas on logical
and aesthetic grounds. For, he claimed, if all worlds were similar then all
bar one were superfluous, whilst if they were dissimilar then a semantic
and logical contradiction has arisen because a world does not then contain
all that is possible. The notion of ‘multiverses’ in both of the above-
mentioned senses was to be an enduring consideration, generating new
arguments both for and against the naive anthropocentric teleologies.

Copernicus’ famous scientific successors, Galileo (1564-1642) and
Kepler (1571-1630), held strong but diametrically opposed views on the
subject of anthropocentric design. Whereas Galileo felt such ideas were
simply unthinking manifestations of human presumption:

We arrogate too much to ourselves if we suppose that the care of us is the adequate
work of God, an end beyond which the divine wisdom and power does not
extend,>

his contemporary, Kepler, was thoroughgoing teleologist in outlook,
holding that ‘all things have been made for man’. Furthermore, Kepler
appealed to the obvious presence of order in the Universe to substantiate
such a belief. Paul Janet,’' a nineteenth-century French philosopher,
records this amusing domestic exchange between Kepler and his wife
which was recounted in Bertrand’s Les Foundateurs de I’ Astronomie
Modeme:>*

Dost think, that if from the creation plates of tin, leaves of lettuce, grains of salt,
drops of oil and vinegar, and fragments of hard-boiled eggs were floating in all
directions and without order, chance could assemble them today to form a salad?’
‘Certainly not so good a one’ replied my fair spouse, ‘nor so well seasoned as this’.

Kepler was convinced that God had created the Universe in accord
with some perfect numerological or geometrical principle. In his as-
tronomical work Kepler strove to use this Platonic conviction to search
for the ultimate causes of the planetary motions.>>
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Not surprisingly, many other sixteenth-century scholars had little sym-
pathy for this classical Design Argument drawn from the superficial order
of the World. Indeed Kepler’s contemporaries contrived some of the most
cogent objections to teleology since those of the ancients. The French
essayist Montaigne (1533-92) argued that most teleological arguments
were too anthropocentric to be taken seriously and amusingly, he
parodied Man’s grand self-image with an ornithocentric teleology, argu-
ing that we simply do not know for whom or what purpose natural
contrivances are geared,

Why should not a gosling say thus: All the parts of the Universe regard me; the
earth serves me for walking, the sun to give me light, the stars to inspire one with
their influences. I have this use of the winds, that of the waters; there is nothing
which this vault so favourably regards as me; I am the darling of nature. Does not
man look after, lodge, and serve me? It is for me he sows and grinds: if he eat me,

so does he his fellow-man as well; and so do I the worms that kill and eat him
54

And he uses an objection to teleology that we remember was also cited
by Velleius in Cicero’s De Natura Deorum,

Who has persuaded himself that this motion of the celestial vault, the eternal
light of these lamps revolving so proudly above his head, the awful movements of
this infinite sea, were established and are maintained so many ages for his
convenience and service?.>®

More vehement was the criticism of Francis Bacon (1561-1626), one of
the patrons of the modern inductive method and a pioneer in the logical
systematization of scientific procedure. He felt most strongly that
philosophy and theology should remain completely disjoint rather than
fall confused and conjoined within some elaborate Scholastic synthesis.
This made him extremely hostile to all aspects of Aristotelian science and
a strong supporter of the early atomists.® Although Bacon certainly did
not wish to deny that Nature may both possess and display some divine
purpose, he objected to the use of this belief in generating teleological
‘explanations’ which then became intermingled with the empirical inves-
tigations of the physical sciences. His attitude towards the fruitlessness of
teleological and finalistic explanations in natural science is summarized by
his famous jibe,>” which is the epigram for this section.

For Bacon, final causes have a role to play only in metaphysics. In
physics, experience guides us to exclude them. With Bacon’s ideas we see
the beginning of a trend that has continued to the present day with
most scientists qua scientists ignoring ‘ultimate’ questions; and instead,
concentrating on more limited local problems and the interconnection
between material and efficient causes; Bacon claims this is advantageous



52 Design Arguments

because,

the handling of final causes mixed with the rest in physical inquiries, hath
intercepted the severe and diligent inquiry of all real and physical causes, and
given men the occasion to stay upon these satisfactory and specious causes, to the
great arrest and prejudice of further discovery. For this I find done not only in
Plato, who ever anchoreth upon that shore, but by Aristotle, Galen and others.
For to say that . . . the clouds are for watering of the earth; or that the solidness of
the earth is for the station and mansion of living creatures, and the like, is well
enquired and collected in Metaphysic; but in Physic they are impertinent . .. the
search of the Physical Cause hath been neglected and passed in silence ... Not
because those final causes are not true, and worthy to be enquired, being kept
within their own province; but because their excursions into the limits of physical
causes hath bred a vastness and solitude in that track.®®

In the course of his work Bacon isolated a number of ‘idols’ of natural
or man-made origin which could cause us to stumble from the path to
sure knowledge. Two are strikingly reminiscent of the snares pointed out
by his medieval namesake: Idola Tribus—fallacies generically inherent
in human thought, notably the proneness to perceive in Nature a greater
degree of order than is actually present, and Idola Theatri—idols
constructed around received and venerated systems of thought. The
classical design argument has points of contact with each and Bacon’s
demarcation helps us to trace some of the psychological origins of this
argument.

Yet despite the good sense of Bacon’s advice, there was amongst his
contemporaries a notable Aristotelian; and one whose contribution to
science will be remembered after Bacon is long forgotten. William
Harvey (1578-1657) made his monumental discovery of the human
circulatory system by employing the very style of reasoning derided by
Bacon. Harvey was not an atomist and he regarded the facts uncovered
by his studies of embryology as a refutation of any scientific
philosophy devoid of purpose. In his final publication®® he claims that
“The authority of Aristotle has always had such weight with me that I
never think of differing from him inconsiderably’. The way in which this
respect for Aristotle was realized in Harvey’s work seems to have been in
the search for discernible purpose in the workings of living organisms—
indeed, the expectation of purposeful activity—rather than any associa-
tion in his mind with a vast labyrinth of metaphysical ideas about the
structure of the World and the living organisms within it. Harvey’s
discovery of the human circulatory system actually arose as a consequ-
ence of his Aristotelian approach: on the one hand he wondered if the
motion of human blood might be circular—with all the significance such a
geometry would have for Aristotelians—whilst on the other he tried to
conceive of how a purposeful designer would have constructed a system
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of motion. Robert Boyle records®® a conversation in which he asked
Harvey how he had hit upon such an idea as circulation. Harvey replied
that when he had noticed how carefully positioned were the valves within
the veins so as to allow blood to pass towards the heart but not away from
it, he was

...invited to imagine, that so Provident a cause as Nature had not so placed so
many values without Design: and no Design seem’d more possible than that, since
the Blood could not well, because of the interposing valves, be sent, by the veins
to the limbs; it should be sent through the Arteries and return through the veins.

Elsewhere in Harvey’s writings,®! we find even a desire to interpret the
internal structure of the body as a form of mini solar system with the
heart at the centre along the lines of an Aristotelian cosmology.

These motivations were clearly not the sole reason for Harvey’s success.
He was also among the first of a new generation of physicians®? who did
not look simply to Galen for their instruction but dissected, examined and
recorded, and carried out their own experimental investigations. By his
successful synthesis of teleology and experiment Harvey appears as the
forerunner of a new type of teleologist, those with a special interest in the
observation of the minute intricacy of Nature.

Another illustrious contemporary of Bacon who was deeply concerned
with the unverifiable and imprecise nature of the foundations of all types
of philosophy was the founder of modern critical philosophy, René
Descartes (1596—-1650). Like Galileo and many other renaissance scien-
tists he was convinced that the primary qualities of the Universe were
mathematical in nature. This led him firmly to reject final causation as a
useful scientific concept because it was associated with an anthropocentric
and subjective view of the world, reflecting little more than our presump-
tion in supposing we could unravel the purposes of God. Things have
many ends, Descartes says, but most of these have no interaction with
Man at all:

It is not at all probable that all things have been created for us in such a manner
that God had no other end in creating them . . . Such a supposition would, I think,
be very inept in reasoning about physical questions; for we cannot doubt that an
infinitude of things exist, or did exist, though they have now ceased to do so,
which have never been beheld or comprehended by man, and have never been of
any use to him.%

This view was reinforced by his belief that the Universe was infinite.
Descartes’s approach to natural philosophy was an attempt to deduce
the essence of the world structure from self-evident primary principles
solely by the methods of mathematical reasoning. The Cartesian world-
view was ‘Deistic’; that is, it maintained that order was inherent in the
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Figure 2.2. The chronology of the principal contributors to our discussion of the
Design Argument during the thirteenth to the sixteenth centuries.

properties of inorganic material and endowed at the moment of creation;
thereafter all operates by mechanical causes alone:

God has so wondrously established these laws that even if we suppose that he
creates nothing more than I have said [matter and motion], and even if he puts
into this no order nor proportion, but makes of it a chaos as confused and
perplexed as the poets could describe, they are sufficient to cause the parts of this
chaos to unravel themselves, and arrange themselves in so good an order that they
shall have the form of a very perfect world.**

Whereas Bacon had banished final causes to the metaphysical world,
Descartes wished to exorcise them from this realm as well. Following
Francis Bacon’s example, he made no attempt to deny that Nature may
possess some ultimate end of premeditated design, but claimed that it is
simply beyond our ken to identify it; for,

the capacity of our mind is very mediocre, and not to presume too much on
ourselves, as it seems we would do were we to persuade ourselves that it is only
for our use that God has created all things, or even, indeed, if we pretended to be
able to know by the force of our mind what are the ends for which he has created
them.*®

The reason why the concept of teleology has arisen in our minds,
Descartes claimed, is due to muddled thinking about the relationship
between causes and effects rather than the reality of different types of
cause as Aristotle would have it. By contrast the Cartesian approach
would®® ‘explain effects by causes, and not causes by effects’. Yet Des-
cartes did seem to allow just one final cause; for he believed God has
provided Man with a closely correlated body and mind to evade danger—
mankind’s end was survival.
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2.5 Mechanical Worlds

But of this frame, the bearing and the ties,
The strong connections, nice dependencies,
Gradations just, has thy pervading soul
Look’d thro? Or can a part contain the
whole?

A. Pope

The seventeenth century saw a gradual change from an organic to a
mechanical world picture; the opinion that an entity which generates life
must therefore itself be alive steadily receded in the wake of the manifest
success that flowed from the mechanistic paradigm. This appears as an
important metamorphosis and one which we are apt to skip over, so
familiar are we with the comings and goings of the theoretical models in
modern physical science. In modern science, models and descriptions of
natural phenomena are taken up and discarded solely according to their
transient usefulness, whereas for early scientists they represented not just
a model but the very essence of the Universe, the ‘thing in itself’. Because
of this attitude the new mechanical perspective brought with it a more
interesting and enthusiastic form of eutaxiological argument which found
support principally amongst British physicists. Although their arguments
were strongly motivated by their theistic outlook, their arguments also
grew out of careful observations and an experimental interrogation of the
new clockwork world.

It was Robert Boyle (1627-91) who became the most eloquent ex-
positor and spirited supporter®’ of the ‘new’ design argument. Boyle laid
emphasis upon specific examples and coincidences in Nature, claiming
them as ‘curious and excellent tokens and effects of divine artifice’. His
cosmological view required the Deity to initiate the primordial motion of
atoms and thereafter remain in lawful and beneficent control to ‘contrive
them into the world he designed they should compose’; this establishes
why the laws of nature bear the hallmark of design. Yet Boyle’s approach
was consistently mechanical throughout and, like Descartes, he rejected
the Aristotelian world-view, based as it was upon an organic model of the
Universe, along with the concepts of the Schoolmen which he saw, were
an obstacle to the progress of science because they®® ‘do neither oblige
nor conduct a man to deeper searches into the structures of things.’

Despite his admiration for many aspects of Descartes’s work, Boyle
disagreed strongly with him regarding his blanket exclusion of final
causes, for to do thus would:
throw away an argument, which the experience of all ages shews to have been the

most successful [and in some cases the only prevalent one] to establish, among
philosophers, the belief and veneration of God.*®
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Whilst he agreed with Descartes that one could not hope to ascertain
all the underlying purposes in Nature, he did not see why some, at least,
could not be fathomed. But, unlike Descartes, Boyle felt that a major
reason for the existence of the world was its service to man, though he
certainly granted it could have other ends as well, for he writes,

And here it may not be amiss to take notice, in relation to the opinion, that the
whole material world was made for man, that though the arguments we have used
may be more probable than others hitherto proposed, against the Vulgar Opinion,
especially as it relates to the celestial region of the world, yet amongst the ends
designed in several of his works, especially plants, animals and metals, the
usefulness of them were designed chiefly for men, yet God may design several
ends in several creatures, which may find other, and more noble uses for several
creatures than have yet been discovered.”®

Opponents of the Design Argument, like Montaigne, had highlighted
the presumption attached to any affirmation of anthropocentric design in
Nature; but as a corollary Boyle claimed that, given our fragmentary
understanding, it was equally presumptuous of them to deny it.

Another original aspect of Boyle’s approach to final causes was his
claim that the discovery of features pointing to design in Nature is
promoted principally by experimental science and provides a strong
motivation for these empirical investigations. It is because of lack of good
experimental evidence that Boyle shows so little enthusiasm for arguing
for manifest design in the astronomical world. He has serious reservations
here, for

I am apt to fear that men are wont, with greater confidence than evidence, to
assign the systematical ends and uses of the celestial bodies, and to conclude them
to be made and moved only for the service of the earth and its inhabitants.”*

Instead, he preferred to find indications of design from the minutiae of
flora and fauna, because of their more allegorical nature and the stronger
possibility of deciding the purpose of their composite structures.

For there seems more admirable contrivance in the muscles of a man’s body, than
the celestial orbs; and the eye of a fly seems a more curious piece of work than
the body of the sun’?

Such deductions were less obvious in the extraterrestrial realm:

I think that, from the ends and uses of the parts of living bodies, the naturalist
may draw arguments, provided he do it with due cautions of which I shall speak.
That the inanimate bodies here below that proceed not from seminal principles
have a more parable texture ... and will not easily warrant ratiocinations drawn
from their supposed ends.”

Like Aristotle before him, Boyle searched for particular examples of
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micro-engineering in the structure of animals and insects; such examples
had, at that time, received a lot of publicity following the publication of
Hooke’s Micrographia in 1665. The invention of the microscope had, for
the first time, allowed people to see the intricacy of the smallest organ-
isms. In no small way this advance gave added momentum to the Design
Argument. Boyle’s discussions of these matters appeared in 1688 in a
work bearing a rather intimidating title:”®> Disquisition about the Final
Causes of Natural Things: wherein is inquired whether and (if at all) with
what caution a naturalist should admit them. There he attempted to classify
the various ends one could discern in Nature into four categories: the
‘universal’ (divine), the ‘cosmical’ (which govern the celestial motions),
the ‘animal’ (‘which are those that the peculiar parts of animals are
destinated to, and for the welfare of the animal itself’) and ‘human’
(mental and corporeal). Each category provoked Design Arguments but
they differed in character and force according to the quality of the
evidence available and the impact they made on the imagination.

Following Cicero’s employment of the horological analogy of design,
Boyle replied to Descartes’s claim that final causes are irresolvable,
dissipated in a sea of vague possibilities:

Suppose that a peasant entering in broad daylight the gardens of a famous
mathematician, finds there one of those curious gnomonic instruments which
indicate the position of the sun in the zodiac, its declination from the equator, the
day of the month, the length of the day and so on; it would, no doubt, be a great
presumption on his part, ignorant alike of mathematical science and of the
intentions of the artist, to believe himself capable of discovering all the ends in
view of which this machine, so curiously wrought, has been constructed; but when
he remarks that it is furnished with an index, with lines and horary numbers, in
short, with all that constitutes a sun-dial, and sees successively the shadow of the
index mark in succession the hour of the day, there would be in his part as little
presumption as error in concluding that this instrument, whatever may be its other
uses, is certainly a dial made to tell the time.”*

Boyle argues that in many circumstances no ambiguity arises about the
object and purpose of natural contrivances. The world is like a mechan-
ism, and like all known mechanisms, is built for a specific purpose that can
almost always be elucidated by a thoughtful inspection of its inner workings.

In this contention he was supported by his continental contemporary
Gassendi (1592-1655) who also disagreed with Descartes,

You say that it does not seem to you that you could investigate and undertake to
discover, without rashness, the ends of God. But although that may be true, if you
mean to speak of ends that God has willed to be hidden, still it cannot be the case
with those which he has, as it were, exposed to the view of all the world, and
which are discovered without much labour.”®
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The specific influence of the new mechanical world model can be seen
in an interesting way: Boyle is so impressed by the correspondence
between the internal workings of the world and a timepiece, that he
believes behind the world lurks a designer of mechanisms with a
measure of human intelligence:

Thus, he who would thoroughly understand the nature of a watch, and not rest
satisfy’d with knowing, in general, that a man made it for such uses, but he must,
particularly, know of what materials the spring, the wheels, the chain, and the
balance are made, he must know the number of the wheels, their magnitude,
shape, situation and connexion in the engine, and after what manner or part
moves another ... In short, the neglect of efficient causes would render
philosophy useless; but the studious search after them will not prejudice the
contemplation of final causes.”®

The end of his statement reveals his stance: although immediate
efficient causes of phenomena were entirely mechanical in Boyle’s physics,
their ultimate and final causes were seen as entirely supernatural. He
hoped that his crusade for such a complementarity in the scientific view of
the world would not die with him. To support and perpetuate teleological
studies he bequeathed a sum of fifty pounds ‘forever, or at least for a
considerable number of years’ to support a series of public lectures on
Natural Theology.

At this time those Protestant scientists who, like Boyle, supported the
experimental approach advocated by Bacon were rapidly becoming impa-
tient with the methodological dogmas of the Schoolmen. The lead given
by Descartes and Boyle was enthusiastically followed by others who were
meore colourful in their condemnations as this extract from John Webs-
ter’s view of Scholastic reasoning rather vividly indicates!

What is it else, but a confused chaos of needless, frivolous, fruitless, trivial, vain,
curious, impertinent, knotty, ungodly, irreligious, thorny and hell-hatch’d dis-
putes, altercations, doubts, questions and endless janglings, multiplied and
spawned forth even to monstrosity and nauseousness.”’

The development of the new mechanized physics was to carry with it a
design argument based upon the observation of meticulous contrivances
in Nature and the conviction of an underlying order of its universal laws.
But in biology the organic approach still held sway. An exceptional
scientist who remained unconvinced of the mechanical analogy in all its
facets was John Ray (1628-1704), the greatest of seventeenth-century
English naturalists. In his famous teleological study, The Wisdom of God
manifested in the works of Creation,”® he amassed a wealth of observa-
tional data to argue that animals were pre-adapted to survive in special
environments. His comprehensive work also reviewed both the astronomical
and terrestrial sciences and stressed the manner in which Man’s welfare
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is ensured by the special properties of water, fire, air and wind. It was Ray’s
meticulous botanical and biological observations that led him to reject the
mechanical analogy as too simplistic a view of Nature because it gave
no insight into the reasons for the enormous differences in scale between
intricately constructed organisms and the Universe as a whole. He chal-
lenged Boyle’s contention that Nature originally possessed all the intrinsic
properties necessary for its multivarious outworkings; rather he appealed
to a vitalist force to provide for its constant orchestration: He concludes
that

I therefore incline to Dr Cudworth’s opinion, that God uses for these effects the
subordinate ministry of some inferior plastic nature . ..”°

The novelty of ‘Dr. Cudworth’s opinion’ was the concept he termed
‘Plastic Nature’®® which possessed a measure of irrational motion inde-
pendent of the immediate direction of the Deity. This property enabled it
to be employed as an explanation for the aberrations as well as the
successes of Nature. Even the lack of design could now be attributed
to design.

A strong continental opponent of these attempts to introduce some
finalistic design principle into physics was Benedict de Spinoza (1632-77).
His antagonism toward any deployment of final causes or inferences from
supposed design in the world is spelt out in an appendix to his Ethics®'
published in the year of his death. Such notions, he claims, have only
arisen because of our ignorance of mechanical laws of Nature and our
gullibility regarding the prejudices of anthropocentric philosophy. Far
from being in a position to determine the causes and effects of most
things we tend to react in amazement, thinking that however these things
have come out, they cannot but be for our benefit. This is why, he says,
everyone who ‘strives to comprehend natural things as a philosophere, in
place of admiring them as a stupid man, is at once regarded as impious’.

Those who employ finalistic reasoning simply confuse causes with

effects because,
It remains to be shown that nature does not propose to itself any end in its
operations, and that all final causes are nothing but pure fictions of human
imagination. I shall have little trouble to demonstrate this; for it has already been
firmly established ... I will, however, add a few words in order to accomplish the
total ruin of final causes. The first fallacy is that of regarding as a cause that which
is by nature anterior, it makes posterior . ..*>

Also, if the doctrine of final causes is correct he argues, then those most
perfect things we are seeking as irrefutable evidences of the ‘perfect
principle’ must, by definition, lie in the unobservable future, for
If the things which God immediately produces were made in order to attain an
end, it would follow that those which God produces last would be the most
perfect of all, the others having been made in order to these.®
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Spinoza claims that our deductions of final causes are probably nothing
more than mere wish-fulfillment; expressing, not the nature of the real
world, but the nature we hope it has:

When we say that the final cause of a house is to provide a dwelling, we mean
thereby nothing more than this, that man, having represented to himself the
advantages of the domestic life, has had the desire to build a house. Thus, then
this final cause is nothing more than the particular desire just mentioned ...**

Such metaphysical and logical objections seemed to carry very little
weight on the other side of the English Channel where the greatest
scientific genius of his age, Isaac Newton (1642-1727), was giving his
support to anthropocentric teleology:

Can it be an accident that all birds, beasts and men have their right side and left
side alike-shaped (except in their bowels) and just two eyes and no more, on
either side of the face; and just two ears on either side of the head ...? Whence
arises this uniformity in all their outward shapes but from the counsel and
contrivance of an Author? .. Did blind chance know that there was light, and
what was its refraction, and fit the eyes of all creatures after the most curious
manner to make use of it?%°

Underlying all Newton’s thinking was his deeply-held belief that order
was ‘created by God at first and conserved by him to this Day in the same
state and condition’. Our observation of the planetary orbits, he argued,
should convince us that their arrangement did not simply ‘arise out of
chaos by the mere laws of Nature, though being once formed it may
continue by those laws for many ages’.

Whereas Robert Boyle had been a critic of Cartesian metaphysics,

Newton also opposed Cartesian physics and in particular Descartes’s
vortex theory of celestial motions, which he showed, by employing
angular momentum conservation, to be in conflict with Kepler’s observed
laws of planetary motion. In his last works Newton voices his exaspera-
tion at the omission of final causes in the Cartesian explanations, which
he clearly felt to be incomplete because they provided no explanation for
the economy and special constitution of Nature:
Whence is it that Nature does nothing in vain; and whence arises all that Order
and Beauty which we see in the world? To what end are comets . . . How come the
bodies of animals to be contrived ... For what ends are their several parts? ...
Was the eye contrived without skill in optics? .. .%°

The Newtonian theory of the world, so carefully and impressively
argued in his Principia, became the foundation for a steady stream of
design arguments based upon optical and gravitational phenomena. In-
deed Newton remarked that in writing the treatise he had an ‘eye upon
arguments’ for belief in a deity and in the introduction to his Opticks he
claims that the main business of natural philosophy is to deduce causes
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from effects until we arrive at the ‘First Cause’. However, one man
became inextricably linked with Newton in the propagation of these
teleological interpretations of Newtonian physics; that man’s name was
Richard Bentley.

Richard Bentley (1662-1742) was a Yorkshireman from humble begin-
nings who later, principally because of his successful Christian apologetics
and classical scholarship, became the Master of Trinity College, Cambridge.
Bentley came first into the public eye in 1691, when, while still chaplain
to Edward Stillingfleet, the Bishop of Worcester, he was invited to give
the inaugural Boyle Lectures on Natural Theology. They were entitled
the®” Confutation of Atheism from the Origin and Frame of the World and
in giving them he displayed an excellent knowledge and understanding of
Newton’s mathematical physics, a familiarity known to have been fos-
tered by his close correspondence®® and dialogue on such matters with
Newton himself. Bentley was to argue that design is most clearly wit-
nessed by elegant mathematical laws of a general and invariant character
rather than by the specific, but relative, adaptations we see in the animal
world. He attempted to construct a eutaxiological design argument based
upon our knowledge rather than, as often had been the case, a teleologi-
cal argument founded upon our ignorance. The cornerstone of his argu-
ment, Newton’s gravitational theory, derived, for the first time, what we
still consider to be one of the fundamental constants of nature: the
gravitational constant. It was this underlying universal constant that was
responsible for the apparently universal nature of Newton’s deductions
and explanations in gravitation physics and it led to the belief that there
was something absolute about the entire model of the world it gave rise
to—a model that was mechanical, like the workings of a watch.

In retrospect it is perhaps predictable that outstanding success in
scientific model-building and explanation should lead to an accompanying
proliferation of teleological and eutaxiological design arguments. One
sees it in the Aristotelian period and in the twentieth-century study of
cosmology and elementary particles. Whenever absolute deductions are
possible from a theoretical model, and successfully explain what is seen,
then some form of absolute credence tewnds to be attributed to the
mathematical model responsible.

Newton’s authority was also extensively employed by other apologists,
notably Hales, Clarke, Whiston and MacClaurin, all with Newton’s bless-
ing according to David Gregory’s report

In Mr. Newton’s opinion a good design of a publick speech ... may be to show
that the most simple laws of nature are observed in the structure of a great part of
the Universe, that the philosophy ought there to begin, and that Cosmic Qualities
are as much easier as they are more Universal than particular ones, and the
general contrivance simpler than that of animals, plants .. .5
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The result of this enthusiasm and its widespread influence was to make
Newton and his followers the principal target of Hume’s attack in the''®
Dialogues concerning Natural Religion. In his History of England Hume
describes Newton and his achievement in two-edged terms ‘the greatest
and rarest genius that ever rose for the ornament and instruction of the
species’, but yet ‘while Newton seemed to draw off the veil from some of
the mysteries of nature, he shewed at the same time the imperfections of
the mechanical philosophy; and thereby restored her ultimate secrets to
that obscurity in which they ever did and ever will remain’. The statement
of the Design Argument used by Hume in his work is in fact that given by
Colin MacClaurin (1698-1746) in his book An Account of Sir Isaac
Newton’s Philosophical Discoveries wherein he remarks

the plain argument for the existence of the Deity, obvious to all and carrying
irresistable conviction with it, is from the evident contrivance and fitness of things
for one another, which we find throughout the Universe.”

At this point, it is worth pausing to mention a gradual transition that
has occurred in the nature of design arguments from the Scholastics to
Newton. For the Schoolmen the causa finalis of Nature was God himself;
the unmoved mover was Omega as well as Alpha. The future succession
of effects must come to an end just as surely as the past procession of
causes must have had a beginning and Man, they argued, should use this
insight to know God. For Newton and his colleagues the ordered laws of
motion themselves appear to be the end of Nature. God exists to uphold
and perpetuate them, defending the world system from falling into chaos
and irrationality.

The second Boyle lecturer was another Newtonian, Samuel Clarke, but
it is not for this that Clarke is chiefly remembered. Rather, it is for his
dialogue with another scientist who was not so readily seduced by the
Newtonian design arguments. Clarke’s formidable opponent was
Gottfried Leibniz (1646-1716) and throughout their famous correspon-
dence Clarke was undoubtedly being coached by his compatriot, Newton.
Leibniz believed that mechanistic science alone left no room for theocen-
tric purpose. Such a purpose could only be evident through the recogni-
tion and incorporation of perfect geometrical principles into physics. In
principle, Leibniz argued, there were many possible worlds that were
logically self-consistent but the reason for the selection of the existing
cosmos was its maximal degree of perfection; it was ‘the best of all
possible worlds’.®? He argued that the use of this principle of perfection
was quite essential in physical modelling and®® ‘So far from excluding
final causes and the consideration of a Being acting with wisdom, it is
from this that everything must be deduced in physics’. In conjunction with
mechanical explanation the use of final causation and teleology provides a
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parallel line of analysis and it is to everyone’s benefit that they be
conjoined.

In order to make use of his ‘perfecting principle’ Leibniz gave examples
of laws in Nature that he believed were not metaphysically necessary.
For example, the principle of continuity in the motion of physical systems
which appears to be generic when one might have anticipated discon-
tinuities (‘leaps’) to be prevalent a priori:

The hypothesis of leaps cannot be refuted except by the principle of order, by the
help of supreme reason, which does everything in the most perfect way.”

So, in the beginning God established all things harmoniously and there-
after they maintained their harmony and mutual consistencies even though
they were causally disjoint. The maintenance of order in this fashion was
proposed by Leibniz as ‘a new proof of the existence of God, which is one
of surprising clearness’; it was an a posteriori argument from an initially
established ordering. He is convinced of it because there seems to exist
coordination between things that have never been in causal contact with
one another (a dilemma known®* to modern cosmologists as the ‘horizon
problem’)

This perfect harmony of so many substances which have no communication with
each other can only come from a common cause.®”

Leibniz’ perfect harmony does not necessarily have any anthropocen-
tric bias and because of that it is not surprising that ‘we find in the world
things that are not pleasing to us’, we would expect it because ‘we know
that it was not made for us alone’. In this contention Leibniz would have
been supported by some Newtonians but the area where disagreement
with Clarke, and thereby Newton himself, rested was in the manner of the
maintenance of the world order. Clarke was an ‘occasionalist’ believing
that God constantly intervenes to correct aberrations in the order of
Nature just as the watchmaker occasionally finds it necessary to regulate
or repair his watch. Leibniz held that such a view implied either that the
laws of Nature and creation were in some way imperfect or the Deity was
lacking in foresight; he could not believe the world needed repair
‘otherwise we must say that God bethinks himself again’.®® Clarke re-
torted that Leibniz had turned the Deity into an absentee landlord and
relegated the sphere of divine action to that of a limited initial cause but
received the reply that, to the contrary, His dynamic role was the constant
maintenance of the world order.

Besides the two scientific giants of the age, there were several other
more off-beat contributors to the Design Argument debate; not least the
botanist Nehemiah Grew (1641-1712). In his study Cosmologia Sacra he
gave not only many ingenious examples of design in crystallography but
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also an argument from the large scale regularity of Nature to the
existence of extraterrestrial planetary systems:

there can be no manner of symmetry in finishing so small a part of the Universal
expansion with so noble an apparatus as aforesaid, and letting innumerable and
far greater intervals lie waste and void. If then there are many thousands of visible
and invisible fixed stars, or suns, there are also as many planetary systems
belonging to them, and many more planetary systems belonging to them, and
many more planetary worlds.”

An unusual continental commentary is provided in the famous drama®®
Le Festin de Pierre by Moliére (1622-73). There, the Design Argument
found itself on the lips of a pious valet who says to his unbelieving
master:

This world that we see is not a mushroom that has come of itself in a night ...
Can you see the inventions of which the human machine is composed, without
admiring the way in which it is arranged, one part within another? ... My
reasoning is that there is something wonderful in man, whatever you may say, and
which all the savants cannot explain.”®

Another famous French author with interesting opinions on final
causes, who was also a vehement opponent of Leibniz’ entire world-view
was Frangois-Marie Arouet (1694-1778), better known by his nom-de-
plume, Voltaire. Voltaire is perhaps most succinctly categorized as an
anti-Epicurean, anti-Christian, Newtonian Deist. His opinion of the order
of Nature was that ‘a watch proves a watch-maker, and that a Universe
proves a God’. It was unthinkable to him that one could attribute the
existence of the human mind to blind chance:

We are intelligent beings, and intelligent beings could not have been formed by a
blind, brute, insensible thing . . .%

Furthermore, he maintained, the evident presence of intelligence in
Nature made it necessary to consider final causes in Nature.

Although he believed that normalizing selection could explain the
adaption that animals displayed with respect to their environments it
could account neither for their mental faculties nor the intricacy of the
design actually engineered within them, and, as for chance as a feasible
mechanism he claimed

The disposition of a fly’s wings or of the feelers of a snail is sufficient to confound
99
you.

Yet Voltaire was a scathing opponent of anthropocentric design argu-
ments because he felt that our scanty knowledge made the objects and
beneficiaries of design indeterminate and inevitably, the subject provided
excellent material for his Dictionary article on ‘Ignorance’. In the same
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volume he argues against the synthesis of Final Causes with these
anthropocentric delusions on the grounds that things could not have been
set up long ago with our present specific and unpredictable day-to-day needs
in view,

In order to become certain of the true end for which a cause acts, that effect must
be at all times and in all places. There have not been vessels at all times and on all
seas: thus it cannot be said that the ocean has been made for vessels. One feels
how ridiculous it would be to allege that nature had wrought from the earliest
times to adjust itself to our arbitrary inventions, which have all appeared so late;
but it is very evident that if noses have not been made for spectacles, they have
been made for smelling, and that there have been noses ever since there have
been men.'®

We also recall the caricature of Leibniz and his ‘best of all possible
worlds’ philosophy through Dr. Pangloss, the professor of ‘metaphysico-
theologo-cosmolonigology’ in Candide.'*!

One of Voltaire’s co-editors of the Encyclopédie and the author of its
mathematical content was D’Alembert (1717-83). He was, like Voltaire,
sceptical of the numerous metaphysical bases to mathematical physics.
Also interesting is his distinction between the intrinsic laws of nature and
the mathematical models we use to represent them. This distinction he
develops when discussing the form of the laws of motion,

It seems to me that these thoughts can serve to make us evaluate the demonstra-
tions given by various philosophers of the laws of motion as being in accord with
the principle of final causes, that is to say with the designs of the Author of
Nature in establishing these laws. Such proofs can be convincing only insofar as
they are preceded and supported by direct demonstrations and have been derived
from principles which are within our reach; otherwise they could often lead us
into error. It is for having followed that path, for having believed that it was the
Creator’s wisdom to conserve always the same quantity of motion in the Universe,
that Descartes was mistaken about the laws of collision. Those who imitate him
run the risk of either being deceived like him, or taking for a general principle
something that takes place only in special cases, or finally of regarding a purely
mathematical consequence of some formula as a fundamental law of nature.'®*

For modern mathematicians D’Alembert’s name is linked with that of
his younger contemporary Moreau de Maupertuis (1698-1759) through
their important contributions to the variational principles of mechanics.
Such variational principles are remarkable quantitative examples of tele-
ological reasoning being directly and predictively employed in mathemati-
cal physics and we shall discuss them in a little more detail in Chapter 3.4.
Here, we just mention how they enabled Maupertuis to arrive at a
quantification of the notion of ‘the best of all possible worlds’: the
optimal configuration or state within an ensemble of logically consistent
possibilities.
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In general, a variational principle indicates how the actual motion or
state of a system differs from all of the kinematically possible motions
permitted by its constraints. This principle may be differential, giving the
difference between the actual and the optimal systems at each instant of
time; or, less generally, it may be integral. Integral variational principles
establish the difference between the actual motion of a system and all of
its kinematically possible motions during a finite time interval. Mauper-
tuis’ name is associated with the famous integral principle of variation—
the Least Action Principle. Maupertuis used this idea to argue for a
system of God-inspired final causes in Nature and claimed that it was a
mathematically precise version of Leibniz’ doctrine of ‘the best of all
possible worlds’. Formerly, Design Arguments had been implicitly mak-
ing statements of comparative reference without any other “worlds” being
available; the novelty of Maupertuis’ Design Argument is that the other
worlds do exist. They are the paths with non-stationary action.

Yet, Maupertuis was well aware that the growth of accurate mathemat-
ical models of nature had spawned many over-zealous metaphysical
extrapolations:

For all ages proofs of the wisdom and power of Him who governs the Universe
have been formed by those who applied themselves to the study of it. The greater
the progress in physics, the more numerous have these proofs become. Some
struck with amazement at the divine tokens which we behold every moment in
nature, other through a zeal misnamed religious, have given certain proofs greater
weight than they ought to have, and sometimes taken for proof that which was not
conclusive.*®®

and he believed Newton to be the originator of this uncritical approach
because,

That great man believed that the movements of the celestial bodies sufficiently
demonstrate the existence of Him who governs them; such uniformity must result
from the Will of a Supreme Being.'®*

and other less distinguished authors, Derham, Fabricus and Lesser were
chastised for their unimaginative repetition of earlier platitudes,

Almost all the modern authors in physics and natural history have done little else
than expand the proofs drawn from the organization of animals and plants, and
push them in the details of nature ... A crowd of physicists since Newton have
found God in stars, in insects, in plants, and in water; not to mention those who
find him in the wrinkles of the rhinoceros’ hide . .. leave such bagatelles to those
who do not perceive their folly.'*

The only people with whom he appears to have less sympathy are those
who would outlaw Final Causes at the behest of chance and mechanism.
His own approach was grounded in a search for general regulatory
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principles and for physical laws generated by the precise formulation of a
Least Action Principle. He argues that the only objective approach to
evaluating the tendencies of nature is to dwell on the form of its
laws—not its artefacts and organisms,

I review the proofs drawn from the contemplation of nature, and I add a
reflection: it is, that those which have the greatest strength have not been
sufficiently examined as regards their validity and extent. That the cosmos
presents trains of agencies convergent to an end on a thousand occasions, is no
proof of intelligence and design ... skill in the extension is not sufficient .. the
purpose must be rational ... The organization of animals, the multiplicity and
minuteness of the parts of insects, the immensity of celestial bodies, their
distances and revolutions are better suited to astonish the mind than to enlighten
it ... Let us search for him in the fundamental laws of the cosmos, in those
universal principles of order which underlie the whole, rather than in the
complicated results of those laws.'%®

A number of Maupertuis’ criticisms were directed specifically at Wil-
liam Derham (1657-1735) the Boyle lecturer for 1711-12, a minor scien-
tist and an enthusiast for the Newtonian world-view. His Boyle Lectures
consisted of sixteen sermons delivered at St. Mary-le-Bow Church which
appeared in book form a year later under the title Physico-Theology.'"”
He considered all the usual good fortunes of the world, the suitability of
the terrestrial environment, the diurnal and seasonal variations and so on,
all from an anthropocentric perspective. Extraordinarily, he pauses to
wonder if the eye might have been more efficiently situated on the hand,
but upon reflection, considers it safer from injury on the head! Another
unusual trend in his argument is an attempt to persuade the reader that
many minor disasters, which one might at first sight have found difficult to
reconcile with providential design, were actually beneficial in staving off
even graver catastrophes! For instance,

To instance the very worst of all things named, viz., the volcanoes ignivomous
mountains: although they are some of the most terrible shocks of the globe and
dreadful scourges of the sinful inhabitants thereof .. Nay, if the hypothesis of a
central fire and waters be true, these outlets seem to be of the greatest use to the
peace and quiet of the terraqueous globe in venting the subterraneous heat and
vapours, which, if pent up, would make dreadful and dangerous commotions of
the earth and waters. ®®

Later he was to abandon this anthropocentric bias, referring to it as the
‘old vulgar opinion that all things were made for man’. His more
sophisticated teleological outlook was written-up in a later work Astro-
Theology. There, in contrast to his earlier work, he realizes the need to
consider the role of the heavenly bodies whose motions appear to be of
no possible relevance to ourselves. He uses their existence to support a
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eutaxiological argument by appeal to the manifest design of their orderly
motions:

For where we have such manifest strokes of wide order and management, of the
observance of mathematical proportions, can we conclude there was anything less
than reason, judgement and mathematical skill in the case? Or that this could be
effected by any other power but that of an intelligent Being.'%®

Eighteenth-century biologists were beginning to think more carefully
about the progressive development of forms but came to widely differing
conclusions, The Swiss naturalist Bonnet (1720-93) introduced the term
evolution to describe the ontogenetic development of an individual from fetus
to adult and argued that the entire inorganic world was similarly pre-
programmed. Further this complete determinism was sufficient to explain
the match of living things to their local environment. Yet, his French
contemporary, the zoologist Buffon (1707-88), believed that no useful
information about animal function could be gleaned from the doctrine of
Final Causes so commonly employed by the physicists:

Those who believe they can answer these questions by final causes do not
perceive that they take the effect for the cause.'”®

2.6 Critical Developments

The believers in Cosmic Purpose make

much of our supposed intelligence but

their writings make one doubt it. If

I were granted omnipotence, and

millions of years to experiment in, I

should not think Man much to boast of

as the final result of all my efforts.

Bertrand Russell

Besides Maupertuis, the most original approach to the metaphysical
problems at the core of the mechanical world-view issued from the pen of
Giovanni Vico (1688-1744), a Neapolitan professor of Jurisprudence.''®
In his own time his work was not widely discussed, but retrospectively he
is seen, by philosophers of science, as a forerunner of Kant. Vico was
interested in refuting the Cartesian dogma that all science required in
order to unravel the working of the World was an axiomatic basis for
reasoning and a sound mathematical methodology. His approach was to
establish a clear distinction between the world as it really is and the world
which we create and cognize through the use of mathematical models and
physical experiments. He realized that the understanding one has of
something created by oneself is of a different nature to that understanding
gleaned from simple observation. This distinction means we can never
be free from subjectivism. Vico saw that mathematical models appear
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intelligible and coherent to our minds because our minds alone have
made them. All our enquiry is necessarily anthropocentric because we
employ man-made tools and human reason in its pursuit. Vico believed
the ‘real’ world of nature, which obeyed knowable but inaccessible rules,
differed in kind from our do-it-yourself model of intelligible but man-
made laws;

Create the truth which you wish to cognize, and I, in cognizing the truth that you
have proposed to one, will ‘make’ it in such a way that there will be no possibility
of my doubting it, since I am the very one who has produced it.''!

Vico recognized four distinct types of knowledge and warned against
abstracting conclusions drawn from information within one category of
enquiry into others. One of his categories is Scienze: a priori knowledge of
the real nature of things, which one can only possess of artefacts or
models we have made. God alone possesses this type of knowledge of
everything. Vico himself was a Christian teleologist who believed that we
could only know the ultimate ends of Nature by revelation, (which would
endow us with the third of his four types of knowledge).!*"'12 Yet, his
ideas provide a natural prologue to the more critical analyses of the
Design Argument and the theory of knowledge which were to be de-
veloped by David Hume and Immanuel Kant.

In his posthumous publication, the Dialogues Concerning Natural
Religion,'**> David Hume (1711-76) mounted a sceptical attack on the
logical structure of many naive design arguments and indeed also upon
the rational basis of any form of scientific enquiry. In the Dialogues, and
in other works, Hume calls the Design Argument °‘the religious
hypothesis’ and proceeds to attack its foundation from a variety of
directions. Hume’s approach was entirely negative; whereas most of his
contemporaries accepted the rationality and ordered structure of the
world without question, Hume did not. A common-sense view of the
world, along with the metaphysical trimmings that had been added to the
Newtonian world model, Hume rejected. His Dialogues are analogous to
Cicero’s De Natura Deorum; the Dialogues describe a debate in which
the sceptical Philo umpires and examines the argument between two
supporters of different types of ‘religious hypothesis’. On the one hand
there is Demea, representing the school of a priori truth and revelation
and on the other Cleanthes, who reasons in a posteriori manner, employ-
ing the fashionable synthesis between Final Causes and the mechanical
world-view. The views of Newton’s supporters''* are voiced through
Cleanthes who actually adopts MacClaurin’s statement of the Newtonian
Design Argument when summarizing his position:

I shall briefly explain how I conceive this matter. Look round this world:
Contemplate the whole and every part of it. You will find it to be nothing but one
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great machine, subdivided into an infinite member of lesser machines. . . All these
various machines and even their most minute parts, are adjusted to each other
with an accuracy, which ravishes into admiration all men who have ever contemp-
lated them. The curious adapting of means to ends, throughout all nature,
resembles exactly, though it much exceeds, the productions of human contrivance;
of human design, thought, wisdom and intelligence. . '*®

The principal objections which Hume allows to surface during the
course of the discussion are threefold: Firstly, the Design Argument is
unscientific; there can be no causal explanation for the order of Nature
because the uniqueness of the world removes all grounds for comparative
reference. Secondly; analogical reasoning is so weak and subjective that it
could not even provide us with a reasonable conjecture, never mind a
definite proof. And finally: all negative evidence has been conveniently
neglected. Hume maintains that a dispassionate approach could argue as
well for a disorderly cause if it were to concentrate upon the disorderly
aspects of the world’s structure. His aim is not so much to refute the
Design Argument as to show it only raises questions that are undecidable
from the evidence available.

Hume’s spokesmen question the anthropocentric bias of the Design
Argument

... we are guilty of the grossest, and most narrow partiality, and make ourselves
the model of the Universe ... What peculiar privilege has this little agitation of
brain which we call thought, that we must thus make it the model of the whole
Universe.'*®

Hume also draws attention to the tautological nature of the deductions from
animal structure. For if the harmonious interrelation of organs is a
necessary condition for life how could we fail to inhabit a world of
harmonious appearances

It is vain . .. to insist upon the uses of the parts in animals or vegetables and their
curious adjustments to each other. I would fain know how an animal could
subsist, unless its parts were so adjusted?.'”’

An alternative explanation of order is suggested: perhaps the develop-
ment of the world is random but has had an infinite amount of time
available to it so all possible configurations arise until eventually a stable
self-perpetuating form is found:

... let us suppose it [matter] finite. A finite number of particles is only susceptible
to finite transpositions. And it must happen in an eternal duration, that every
possible order or position must be tried an infinite number of times...a chaos
ensues; till finite though innumerable revolutions produce at last some forms,
whose parts and organs are so adjusted as to support the forms amidst a
continued succession of matter.'’®
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Despite these counter-arguments Cleanthes’ support for the Design
Argument was so carefully built up that there has even been scholarly
debate as to where Hume’s own sympathies really lay.'’® Elsewhere
Hume!'® appears to display a vitalist view, believing matter to possess
some intrinsic self-ordering property:

... that order, arrangement, or the adjustment of final causes is not, of itself, any
proof of design; but only in so far as it has been experienced to proceed from that
principle. For aught we can know a priori matter may contain the source or spring
of order originally, within itself, as mind does . .. It is only to say, that such is the
nature of material objects and that they are originally possessed by a faculty of
order and proportion.

Hume’s most telling remarks in the Dialogues seek to convince the
reader that problems of design simply cannot be meaningfully posed. Our
position in the Universe introduces natural limitations upon our powers
of generalization:'2°

A very small part of this great system, during a very short time is very imperfectly
discovered to us: And do we thence pronounce decisively concerning the origin of
the whole? ... Let us remember the story of the Indian philosopher and his
elephant. It was never more applicable than to the present subject. If the material
world rests upon a similar ideal world this ideal world must rest upon some other;
and so on, without end. It were better, therefore, never to look beyond the
present material world.'**

At the conclusion of the dialogue the sceptical Philo admits to ‘a
deeper sense of religion impressed on the mind’, for even though the
arguments he has heard in support of design are logically unsound they
still have considerable psychological impact upon him; they strike him,
he says, ‘with irresistible force’.

History shows that the Humean tirade against the simple design argu-
ments of the English physicists fell, for the time being, upon deaf ears.
There were probably a number of reasons for this. Many English intellec-
tuals, for instance Samuel Johnson'?? and Joseph Priestly, felt that Hume
was being merely mischievous or downright frivolous in an attempt to
ensure literary fame and he was an isolated and ignored figure in literary
circles even during his own lifetime.’** His Dialogues were published
posthumously.

More significant hurdles to Hume’s acceptance by the scientific com-
munity were his eccentric scientific ideas. His unusual theory of causality
and the serious suggestion that the Universe may be organic rather than
mechanical in nature must have seemed rather naive when held up
against the staggering quantitative achievements of the Newtonian sys-
tem. Those, like Maupertuis, who subscribed to more sophisticated sys-
tems of final causation would not have regarded his objections as relevant
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and some of his arguments could be falsified by detailed scientific
examples.'?> However, although his objections to the Design Argument
were to lie temporarily dormant, they were to prove extremely significant
for the future spirit of critical inquiry.

At least one zoologist, Erasmus Darwin (1731-1802), who was Charles
Darwin’s grandfather, enthusiastically took up Hume’s intimations con-
cerning the organic nature of the World. Erasmus Darwin was starting to
take the early steps towards an evolutionary theory of animal biology,
maintaining that the components of an animal or plant were not designed
for the use to which they are currently applied, but rather, have grown to
fit that use by a process of gradual improvement. However, in order to
maintain his belief in theistic design Darwin had to subsume this evolutio-
nary development within some deeper all-embracing plan—a Universal
Teleology, an idea common amongst romantic philosophers of this
period:

The late Mr. David Hume ... concludes that the world itself might have been
generated, rather than created; that is, it might have been gradually produced
from very small beginnings increasing by the activity of its inherent principles,
rather than by a sudden evolution of the whole by the Almighty fiat—What a
magnificent idea of the infinite power to cause the causes of effects, than to cause
the effects themselves.'**

Of the few other thinkers who saw deeper possibilities and challenges
to the Design Argument growing from David Hume’s work the most
famous is Immanuel Kant (1724-1804). He read Hume’s Dialogues in a
translated manuscript form in 1780 and subsequently acknowledged his
debt to him for awaking him ‘from his dogmatic slumbers’. Kant’s early
work had attempted to reconcile the mechanical and teleological views of
the world contained in the works of Leibniz and Newton. There he
displayed a cautious respect for the Design Argument and the way in
which it had been deployed to deduce the existence of a Supreme Being
as, for example, in Aquinas’ Fifth Way.

In our humble opinion this cosmological proof is as old as the reason of
man. . . . In this respect the endeavours of Derham, Nieuwentyt, and many others,
though they sometimes betray much vanity in giving all sorts of physical insights
or even chimeras a venerable semblance by the signal of religions, do human
reason honour.***

Kant’s later critical works take up the claims of Hume concerning the
impossibility of deriving sure and necessary principles of a universal
nature from empirical data. Independently of Vico he recognizes the
irreducible subjectivity of our observations and interpretations. In the
Critique of Pure Reason Kant summarizes the Design Argument in detail
and calls it the ‘Physico-Theological Argument’:
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(1) In the world we everywhere find clear signs of an order in accordance with a
determinate purpose, carried out with great wisdom; and this in a Universe which
is indescribably varied in content and unlimited in extent.

(2) This purposive order is quite alien to the things of the world and only belongs
to them contingently; that is to say, the diverse things could not of themselves
have co-operated, by so great a combination of diverse means, to the fulfilment of
determinate final purposes, had they not been chosen and designated . ..

(3) There exists, therefore, a sublime and wise cause . ...

(4) The unity of this cause may be inferred...with certainly in so far as our
observation suffices for its verification, and beyond these limits with probability in
accordance with the principle of analogy.'*®

He admits great respect for this argument because of its stimulus to
scientific enquiry: he realizes that many biological investigations have
been motivated by the expectation of purpose in organic structures,

It enlivens the study of nature ... It suggests ends and purposes, where our
observation would not have detected them by itself, and extends our knowledge
of nature by means of the guiding concept of a special unity, the principle of
which is outside Nature ..."*’

However, Kant then goes on to undermine the logical foundation of
any contention that design exists in nature, arguing that we can neither
prove nor disprove statements about the real world by pure reason alone.
For, in reaching our conclusions we inevitably introduce facts and obser-
vations and employ our, possibly erroneous, ‘practical reason’. It is only
with respect to the ‘practical reason’ that the Design Argument can
maintain its cogency:

It would therefore be not only extremely sad, but utterly vain to diminish the
authority of that proof . . . we have nothing to say against the reasonableness and
utility of this line of argument, but wish on the contrary to commend and to
encourage it, yet we cannot approve of the claims which this proof advances of
apodictic certainty.'>®

Then he explains how this lack of ‘certainty’ arises by pointing out that
all our empirical enquiries into the structure of Nature regard it as an
entity which incorporates within itself a system of empirical laws. These
laws are unified and naturally adapted to the faculties of our own
cognition. The design we perceive must be necessarily mind-imposed and
subjective to our innate categories of thought. Although the ‘things in
themselves’ are mind-independent, our act of understanding completely
creates the categories in terms of which we order them. Inevitably we
view the world through rose-coloured spectacles. These self-created
categories cannot themselves be ascertained by observation; they are a
priori, conditions of the experience we have, like the perception of the
space-time continuum. We could not through our experience hope to
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ascertain the conditions of such experience. Our observation of order and
structure in the Universe, he argues, arises inevitably because we have
introduced such concepts into our analysis of experience. We must not
then proceed to rederive them from it. We can say nothing stronger than
that the world is such as to make its perception by our minds in any form
but ordered, impossible.

Kant claimed morality as the final end of nature, for when we consider
moral beings, he writes,

we have a reason for being warranted to regard the world as a system of final
129

causces.

He thought that only through this ethico-teleology could the final cause of
the world be discerned; but its nature is disjoint from the arena of
‘physico-theological’ design arguments because the latter do not concen-
trate on the character of final ends, only the transient ends that benefit
ourselves here and now:

Now I say that no matter how far physico-theology may be pushed it can never
disclose to us anything about a final end of creation; for it never even begins to
look for a final end.'®

Kant’s notion of teleology'?>'8%1% had an enormous influence on the
work of German biologists in the first half of the nineteenth century.
Like Kant, for the most part these biologists did not regard tele-
ology and mechanism as polar opposites, but rather as explanatory
modes complementary to each other. Mechanism was expected to provide
a completely accurate picture of life at the chemical level, without the
need to invoke ‘vital forces’. Indeed, Kant and many of the German
biologists were strongly committed to the idea that all objects in Nature,
be they organic or inorganic, are completely controlled by mechanical
physical laws. These scientists had no objection to the idea that living
beings are brought into existence by the mechanical action of physical
laws. What they objected to was the possibility of constructing a scientific
theory, based on mechanism alone, which described that coming into
being, and that could completely describe the organization of life. The
impossibility of such a scientific theory was not due to non-mechanical
processes in Nature, but rather it lay in the inherent limitations of the
human mind. In Kant’s view, a mechanical explanation, which was
equivalent to a causal explanation in Kant’s philosophy, could be given
only when there is a clear separation between cause and effect. In living
beings, causes and effects are inextricably mixed. An effect in a living
being cannot be completely understood without describing every reaction
in the being: ultimate biological explanations require a special non-
mechanical notion of causality—teleology—in which each part is simul-
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taneously cause and effect. Parts related to the whole in this way
transcend mechanical causality. The order and arrangement of the organ-
ism is, according to Kant, a fundamental explanatory mode in biological
science.

The limitation of explanation in terms of mechanical causality can
perhaps be best understood by comparing a living being to a computer.
As Michael Polanyi has pointed out'®®!°! the internal workings of the
computer can of course be completely understood in terms of physical
laws. What cannot be so explained is the computer’s program. To explain
the program requires reference to the purpose of the program, that is, to
teleology.

Even the evolution of a deterministic Universe cannot be completely
understood in terms of the differential equations which govern the
evolution. The boundary conditions of the differential equations must also
be specified. These boundary conditions are not determined by the laws
of physics which are the differential equations. The universal boundary
conditions are as fundamental as the physical laws themselves; they must
be included in any explanation on a par with the physical laws.

In a biological organism, the analogues of the computer program are the
processing and organizational plans coded in the organism’s DNA. The
German biologists who followed Kant’s program—the historian Lenoir
has named them the teleomechanists—sought to discover the plan in the
over-all organization of the organism. As the physiologist Hermann Lotze
put it,

Thus all parts of the animal body in addition to the properties which they possess
by virtue of their material composition also have vital properties; that is,
mechanical properties which are attributable to them only so long as they are in
combination with the other parts...Life belongs to the whole but it is in the
strictest sense a combination of inorganic processes'®” ... Biological organiza-
tion is, therefore, nothing other than a particular direction and combination of
pure mechanical processes corresponding to a natural purpose. The study of
organization can only consist therefore in the investigation of the particular ways
in which nature combines those processes and how in contrast to artificial devices
she unites a multiplicity of divergent series of phenomena into complex atomic
events.'”?

The study of biological organization by the teleomechanists led to a
number of important discoveries, particularly in embryology, which they
studied because the action of an organism’s organizational plan is most
manifest when the creature is being formed. For example, such studies led
to the discovery of the mammalian ovum by the teleomechanist von
Baer.%®

In spite of such scientific feats, by the latter part of the nineteenth
century the teleomechanists had been eclipsed by the reductionists, led by
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Hermann Helmbholtz.'®® The great weakness of the teleomechanists was
their tendency to think of teleology not only as a plan of organization but
also as an actual life force, a tendency which Kant warned against. This
led them to believe that it was impossible for organisms to change their
fundamental plan of organization, that is, to evolve, under the action of
inorganic forces. As a consequence, they later opposed Darwin’s theory
of evolution by natural selection, and as the evidence for such evolution
became overwhelming, they ceased to exert an influence on the develop-
ment of biology.

Kant’s important ideas in critical philosophy and the theory of know-
ledge which grew out of his work were to have little or no effect upon the
growing momentum of the Design Argument in England. The first books
describing Kant’s work began to appear in English from about 1796
onwards but the logical difficulties they highlighted were not taken seriously
by allies of William Paley (1743-1805), author of the famous Natural
Theology, a work that was to become something of a minor classic in its
own time and synonymous with the gospel according to anthropocentric
design.

Paley had a distinguished early career at Cambridge; the Senior
Wrangler in 1763, he was later greatly admired by his students for a lucid
and memorable lecturing style but his progressive social views prevented
him rising to high office in the Church of England. On reading his work
one is struck by the clarity of his explanation, the skill with which he
marshalls his material and the naiviety with which he uses his biological
examples. This last trait actually led some European supporters of the
Design Argument to disown him in embarrassment.'>> However, because
of its lucidity and the widespread support for its conclusions, Natural
Theology was for many years a set text at Cambridge and a special edition
was even produced with essay questions bound into it for undergraduate
study. Charles Darwin was to recall how he ‘was charmed and convinced
by the long line of argumentation’ on reading it during his undergraduate
years. Where Kant was a model of obscurity Paley is a paragon of literary
clarity.

Paley bases his case for design entirely upon the constitution rather
than the development of natural things and interprets this constitution in
a completely anthropocentric fashion: everywhere in Nature, he claims,
we see elements of design and purpose. Design implies a Designer.
Therefore Nature is the result of a Designer who is, by implication, God.
Paley claims that, wielded in this manner, teleology ‘has proved a powerful
and perhaps indispensible organ of physical discovery’ but he expresses
a dislike for the notion of ‘Final Causes’ largely because of its Scholastic
undertones:
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. it were to be wished that the scholastic phrase ‘final cause’ could, without
affectation, be dropped from our philosophical vocabulary and some more unex-
ceptional mode of speaking be substituted instead of it.'>

His central argument appears dramatically in the opening lines of his
book.

In crossing a heath, ... suppose I had found a watch upon the ground, and it
should be inquired how the watch happened to be in that place...For this
reason, and for no other, viz. that, when we come to inspect the watch, we
perceive . . . that its several parts are framed and put together for a purpose.’*

The analogy of the watch-world had been the watchword of many earlier
workers. The advantage of the analogy, Paley claims, is that it makes his
point regardless of whether one knows the origin of the watch or
understands every facet of its machinery. Furthermore, he believed it
evaded other well-known objections: even though the world (watch)
occasionally malfunctions it would be peculiar not to attribute its mechan-
ism to contrivance. It would be senseless, he says, to claim it was merely
‘one of possible combinations of material forms, a result of the laws of
metallic nature’ or the inevitable consequence of there having ‘existed in
things a principle of order.” Nothing, he argues, is to be gained

by supposing the watch before us to have been produced from another watch,
that from a former, and so on indefinitely . . . A designing mind is neither supplied
by this supposition, nor dispensed with.'**

The idea that postulating ‘laws’ of Nature gave explanations of design he
thought to be a form of mysticism, ‘a mere substitution of words for
reasons, names for causes.” The so-called ‘laws’ of Nature may be, even
now, nothing more than a way of codifying observations that have been
made. They do not guarantee anything will take place in the future. They
do not provide an explanation of the sort Paley required.

Paley continues to consistently and obliviously mix analogies from the
organic and mechanical realms; for example, when discussing explana-
tions of order via evolutionary development and summarizing the general
nature of his methodology he admits:

The generations of the animal no more account for the contrivance of the eye or
ear, than, upon the supposition stated...,the production of a watch by the
motion and mechanism of a former watch, would account for the skill and
intention evidenced in the watch so produced ... Every observation which was
made ... concerning the watch, may be repeated with strict propriety concerning
the eye; concerning animals; concerning plants; concerning, indeed all the or-
ganized parts of the works of Nature.'?¢

This complete faith in the mechanistic analogy, even in the organic
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realm, convinces Paley that we can infer ultimate causes from local effects
because of the string of causal and mechanical connections that will exist
between them. He brushes aside the critique of Hume, Spinoza and
Descartes regarding the transposition of causes for effects:

‘Of a thousand other things,” say the French academicians, ‘we perceive not the
contrivance, because we understand them only by the effects, of which we know
not the causes’: but we here treat of a machine, all the parts whereof are visible;
and which need only be looked upon to discover the reasons of its motion and
action ., .'¥’

Like Galen, Boyle, Newton and many others before him Paley concen-
trates upon the internal structure of the human eye as the example of design
par excellence; so enamoured is he by the eye’s remarkable structure that
he exclaims,

Were there no example in the world of contrivance, except that of the eye, it
would be alone sufficient to support the conclusion which we draw from it.**®

There is much that is humorous in his examples of design: he dwells
upon the foresight displayed by the provision of the epiglottis in the
human throat; the following passage has been dubbed the ‘devotional
hymn to the epiglottis’!*>®

Reflect how frequently we swallow, how constantly we breathe. In a city feast, for
example, what deglutition, what anhelation! Yet does this little cartilage, the
epiglottis, so effectually interpose its office, so securely guard the entrance of the
wind-pipe that ... Not two guests are choked in a century.'

More noteworthy are the passing parries he aims at two alternative
explanations of order. In accordance with his whole approach, firmly
grounded in observation, (and we note in passing that Paley was keen
amateur naturalist’*!) he excludes them on the basis of current observa-
tions. Concerning the argument that orderly forms were the inevitable
result of normalizing selection from an array of randomly constituted
organisms, he takes a blinkered approach to fossilized remains and
remarks that:

[chance] ... would persuade me to believe ... every organized body which we
see, are only so many out of the possible varieties and combinations of being,
which the lapse of infinite ages has brought into existence; that the present world
is the relic of that variety; millions of other bodily forms and other species having
perished, being by the defect of their constitution incapable of preservation, of
continuance by generation. Now there is no foundation whatever for this conjec-
ture in anything which we observed in the works of nature; no such experiments
are going on at present; no such energy operates... A countless variety of
animals might have existed, which do not exist."*

Paley felt that chance was not a mechanism, as many regarded it at that
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time, but merely a label for ‘the ignorance of the observer.’” He also
claimed that appeal to some inherent and universal ordering principle in
Nature was in conflict with observation:

...a principle of order, acting blindly and without choice, is negatived by the
observation, that order is not universal; which it would be, if it issued from a
constant and necessary principle ... where order is wanted there we find it;
where order is not wanted, i.e. where, if it prevailed, it would be useless, there we
do not find it. .. No useful purpose would have arisen from moulding rocks and
mountains into regular solids, bounding the channel of the ocean by geometrical
curves; or form a map of the ocean resembling a table of diagrams in Euclid’s
Elements, or Simpson’s Conic Sections.'*?

The second half of Paley’s Natural Theology is much more interesting
to post-Darwinians than the first. Here he moves from the world of
zoology and anatomy to consider the laws of motion and gravitation and
their role in astronomy. The first interesting remarks concern the velocity
of light: because of its enormous value he infers that the mass of the
photon needs to be extremely small to be compatible with our existence:

Light travels from the sun at the rate of twelve millions of miles in a minute ... It
might seem to be a force sufficient to shatter to atoms the hardest bodies. How
then is this effect, the consequence of such prodigious velocity, guarded against?
By a proportionable minuteness of the particles of which light is composed.**

He continues with a discussion of astronomical phenomena, gratefully

acknowledging his debt to Rev. J. Brinkley, Professor of Astronomy at
Dublin'#® for assistance with many details. He confesses that he feels
there to be severe disadvantages as well as advantages in this new line of
reasoning:
My opinion of astronomy has always been, that it is not the best medium through
which to prove the agency of an intelligent Creator; but that, this being proved, it
shows, beyond all other sciences, the magnificence of his operations ... but it is
not so well adapted as some other subjects are to the purpose of argument. We
are destitute of the means of examining the constitution of the heavenly bodies.
The very simplicity of their appearance is against them.'*¢

In this area Paley feels adrift from the practice of direct observation he
so values and is also relieved of his principal dialectical device because he
feels!*” ‘we are cut off from one principal gound of argumentation—
analogy’. Undoubtedly, he also feels a little less confident of his assertions
in an area where he must seek considerable guidance from others.

Now separated from his false analogical guide he proceeds with Brink-
ley’s help to make a number of insightful observations concerning the
stability of the solar system and the form of the law of gravitation. Many
of these have been subsequently re-derived in connection with the
question of whether we could, from the fact of our own existence alone,
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actually deduce that the world possesses precisely three spatial dimensions,
(see section 4.8).

Paley also points out that the evolution of the Sun rules out the
possibility of an infinite steady-state history without evolutionary change:

it follows, that the sun also himself must be in his progress towards growing cold;
which puts an end to the possibility of his having existed, as he is from eternity.'*®

He goes on to describe the manner in which the terrestrial oblateness and
ocean content sensitively determine the local environment and shows how
the present topographical circumstances are necessary for our own existence.

The next observations he makes are the most intriguing from a modern
perspective: he points out the unique features that are intrinsic to
Newton’s inverse square law of gravitation. The basis for his comparative
study is an imaginary ensemble containing all possible power laws of
variation for the gravitational force. The size of the subset of this
collection which are consistent with our existence can then be examined
in Anthropic fashion:

whilst the possible laws of variation were infinite, the admissible laws, or the laws
compatible with the preservation of the system, lie within narrow limits. If the
attracting force had varied according to any direct law of the distance, let it have
been what it would, great destruction and confusion would have taken place. The
direct simple proportion of the distance would, it is true, have produced an
ellipse; but the perturbing forces would have acted with so much advantage, as to
be continually changing the dimensions of the ellipse, in a manner inconsistent
with our terrestrial creation.'*®

This enables Paley to quantify that formerly rather vague, qualitative
notion of the mechanical optimality in the World’s structure and laws.
Next he considers the fitness of the various possible force laws in
connection with the stability of the elliptical planetary orbits which he
assumes are a necessary condition of our existence:

Of the inverse laws, if the centripedal force had changed as the cube of the
distance, or in any higher proportion. .. the consequence would have been, that
the planets, if they once began to approach the sun, would have fallen into its
body; if they once, though by every so little, increased their distance from the
centre, would forever have receded from it . .. All direct ratios of the distance are
excluded, on account of the danger from perturbing forces; all reciprocal ratios,
except what lie beneath the cube of the distance, . .. would have been fatal to the
repose and order of the system ... the permanency of our ellipse is a question of
life and death to our whole sensitive world.***

Having thus narrowed down the form of the force law to an inverse
power law he claims that the inverse square is uniquely selected because
it allows extended bodies to behave gravitationally as point particles
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with an equal mass concentrated at the centre of mass of the body, (see
section 4.8),

whilst this law prevails between each particle of matter, the united attraction of a
sphere, composed of that matter obeys the same law...it is a property which
belongs to no other law of attraction that is admissible ... expected attraction
varying directly as the distance.'*°

The possibility of precisely circular orbits are also excluded on the
grounds of stability and Paley argues that the selection of a force law
which optimally serves ‘to guard against [perturbations] running to de-
structive lengths, is perhaps the strongest evidence of care and foresight
that can be given.” His case for anthropocentric design rests upon the
concurrence in our solar system of the four circumstances required for the
stability of the planetary orbits against perturbations of a ‘periodical or
vibrating’ nature:

... viz. that the force shall be inversely as the square of the distance; the masses
of the revolving bodies small, compared with that of the body at the centre; the
orbits not much inclined to one another; and their eccentricity little.***

To complete this intriguing collection of mathematical arguments for
anthropocentric design Paley makes some remarks similar to those of
Newton in his correspondence with Bentley concerning the gravitational
stability of the Universe. This provides him with a simple argument for the
finite age of the Universe:

If the attraction acts at all distances, there can be only one quiescent centre of
gravity in the universe: and all bodies whatever must be approaching this centre,
or revolving around it...if the duration of the world had been long enough to
allow of it, all its parts, all the great bodies of which it is composed, must have
been gathered together in a heap round this point.**>

Despite the naivety of its earlier treatment of some of the human
sciences, Paley’s widely read work was to play an important role in
summarizing and clearly placing before scientists’ eyes the simple facts of
adaption in the natural world. In order to supersede his teleological thesis
another theory would be required to give a convincing explanation for the
vast array of detailed examples he catalogues. The lack of a viable and
positive alternative may possibly explain the negligible impact that the
afore-mentioned metaphysical objections to the Design Argument actu-
ally had. Hume offered no such explanations or deductions with clear
observational consequences whereas the hypothesis which was to displace
the Paleyean branch of teleology—natural selection—did provide a plaus-
ible alternate explanation for the very facts upon which the anthropocen-
tric design argument was based. The relevance of Paley’s organic exam-
ples of ‘design’ was later recognized by Huxley who went so far as to
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remark that Paley ‘proleptically accepted the modern doctrine of evolu-
tion’. It is also worth noting that Paley’s astronomical examples—which
are so similar to modern Anthropic arguments—are clearly of a different
and inorganic nature and lie entirely outside the jurisdiction of Darwinian
natural selection. Strangely, they have been ignored in subsequent
evaluations of his work.

Paley’s work opened the floodgates for apologetic treatises on every
conceivable aspect of ‘design’, although few of these had anything new to
say. The most encyclopaedic and systematic arose at the bequest of the
Rev. Francis Egerton, the Eighth Earl of Bridgewater who died in 1829.
Egerton charged his executors with the duty of selecting eight eminent
scientific authors to demonstrate:

The Power, Wisdom and Goodness of God, as manifested in the Creation;
illustrating such work by all reasonable arguments, as for instance, the variety and
formation of God’s creatures in the animal, vegetable, and mineral Kingdoms; the
effect of digestion, and thereby of conversion; the construction of the hand of
man, and an infinite variety of other arguments.'>

The scholars chosen to carry out this task were Charles Bell, William
Buckland, Thomas Chalmers, John Kidd, William Kirby, William Prout,
Peter Roget and William Whewell'>* with a later independent contribu-
tion by the mathematician Charles Babbage. They were all eminent
scholars of their day; several held university lectureships in the sciences
and some like the chemist William Prout are now famous for their
scientific work—and almost everyone has Roget’s Thesaurus on their
bookshelves. Despite their varying subject matter the Bridgewater Treat-
ises have two things in common: they were all published in London and
all sold out almost at once, subsequently going through many editions.
With the exception of Babbage’s numerical study, the style of the
contributions is reminiscent of earlier eighteenth-century works and
marked by a dogmatically anthropocentric bias that may be ascertained
from their fairly explicit titles. It has been suggested'>® that the whole
collection is well summed-up by a sentence in Prout’s contribution, ‘The
argument of design is necessarily cumulative; that is to say, is made up of
many similar arguments!’

Whereas in England this teleological spirit appears to have been firmly
entrenched in the minds of many scientists, evolutionary ideas were
beginning to germinate elsewhere. The biologist von Baer (1792-1876)
remarked in his 1834 lectures that ‘only in a very childish view of nature
could organic species be regarded as permanent and unchangeable types’.
Another articulate critic of teleology who was considering the consequ-
ences of an evolutionary perspective was Goethe (1749-1832). A widely
gifted man who was responsible for important contributions in anatomy,
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botany, poetry and philosophy, Goethe tried to introduce an evolutionary
perspective into every one of these disciplines. As a student he studied in
Leipzig and Strasbourg where his thinking was strongly influenced by the
works of Bacon, Spinoza, and Kant. Like Francis Bacon, Goethe detects
and rejects that systematic bias in Man’s self-image which tempts him to
elevate himself relative to the world at large:

Man is naturally disposed to consider himself as the centre and end of creation,
and to regard all the beings that surround him as bound to subserve his personal
profit . . . He cannot imagine that the least blade of grass is not there for him."*

2.7 The Devolution of Design

The apparent uniqueness of the Universe

primarily depends upon the fact that we

can conceive of so many alternatives to it.

C. Pantin

The seventy-fifth section of Kant’s Critique of Judgement bears the title
‘The conception of an objective finality of nature is a critical principle of
reason for the use of the reflective judgement’, and in it Kant made a
confident claim:

It is ... quite certain that we can never get a sufficient knowledge of organized
beings and their inner possibility, much less get an explanation of them, by
looking merely to mechanical principles of nature ...we may confidently assert
that it is absurd for me even to entertain any thought of so doing or to hope that
maybe another Newton may some day arise, to make intelligible to us even the
genesis of but a blade of grass from natural laws that no design has ordered. Such
insight we must absolutely deny to mankind."*’

When the young Charles Darwin (1809-82) began his theological
studies at Christ’s College Cambridge, where Paley had been both a
student and a fellow, he did not study Kant; but for Darwin the study of
Paley’s various works was compulsory.’>” Many years later Darwin was to
recall in his autobiography these early studies:

In order to pass the B.A. examination, it was also necessary to get up
Paley’s . . . Evidences. The logic of this book and, as I may add, of his Natural
Theology gave me as much delight as did Euclid. The careful study of these
works, without attempting to learn any part by rote, was the only part of the
academical course which, as I then felt and as I still believe, was of the least use to
me in the education of my mind. I did not at that time trouble myself about
Paley’s premises; and taking these on trust, I was charmed and convinced by the
long line of argumentation.**®

Following his monumental development of the theory of natural selec-
tion in parallel with Wallace, Darwin remarked on its interaction with the
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traditional design arguments:

The old argument from design in nature, as given by Paley, which formerly
seemed to me so conclusive, fails, now that the law of Natural Selection has been
discovered.'*®

As he grew older Darwin became more agndstic, especially with regard
to the awkward problem of the evolution of intelligence. He considered:

the impossibility of conceiving this immense and wonderful universe, including
man...as the result of blind chance or necessity. When thus reflecting I feel
compelled to look to a First Cause having an intelligent mind in some degree
analogous to that of man and I deserve to be call a Theist. But then arises the
doubt, can the mind of man, which has, as I fully believe, been developed from a
mind as low as that possessed by the lowest animal, be trusted when it draws such
grand conclusions.'®°

Many have looked to the relegation of Man’s special status in relation
to the animal world as the principal cause of hostility between Darwinians
and those of an orthodox religious persuasion.'®! But it appears that the
possible demolition of the Design Argument may have been an equally
strong motivation for opposition. Charles Hodge made this explicit at the
time in his book What is Darwinism:

It is, however, neither evolution nor natural selection which gives Darwinism its
peculiar character and importance. It is that Darwin rejects all teleology, or the
doctrine of final causes.'>

The nineteenth-century philosopher Winston Graham also pointed out
that primarily Darwin had launched a successful assault on the Design
Argument of the natural theologians:

Now it appears that Darwin has at last enabled the extreme materialist to attempt

and carry the design argument, the last and hitherto impregnable fortress behind
which natural theology has entrenched herself.'

Ideas of a general evolutionary development had of course been in the
wind and were suggested by many previous workers, but it was only
Darwin’s introduction of the concept of natural selection along with a vast
collection of observational evidence that finally displaced the an-
thropocentric design arguments drawn from biology. The stress laid upon
the many precise adaptions visible in Nature by writers like Paley and the
Bridgewater authors can be seen to have played an interesting role in this
development. Their claims for design were usually based upon a systema-
tic study of biological and botanical observations and, whether or not the
Design Argument was regarded as true, they served to focus the attention
of naturalists upon a set of remarkable adapted features.!®*

The new evolutionary world-view led predictably to a re-evaluation of
the teleological interpretation and the conception of a universal teleology
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that used the process of natural selection to direct events towards a final
cause. Most notable amongst the supporters of this view was the Ameri-
can botanist and Calvinist, Asa Gray (1810-88). Gray had been ap-
pointed professor of natural science at Harvard in 1842 and through his
exchange of ideas'®®> with Darwin before the publication of the Origin of
Species in 1859 had confirmed its thesis by his own independent botanical
studies. His approach to teleology was to use the Darwinian hypothesis as
a panacea to solve many of the problems which had formerly been
brushed under the carpet by supporters of the Design Argument, for:

Darwinian teleology has the special advantage of accounting for the imperfec-
tions and failures as well as for successes. It not only accounts for them, but turns
them to practical account. .. So the most puzzling things of all to the old-school
teleologists are the principles of the Darwinian,...it would appear that in
Darwinian evolution we may have a theory that accords with, if it does not
explain, the principal facts, and a teleology that is free from the common
objection . .. if [a theist] cannot recognize design in Nature because of evolution,
he may be ranked with those of whom it was said ‘Except ye see signs and

wonders ye will not believe’.**®

In a letter to de Candolle in 1863 Gray offered his

hearty congratulations of Darwin for his striking contributions to
teleology . . . knowing well that he rejects the idea of design, while all the while he
is bringing out the neatest illustrations of it.'®’

Darwin liked Gray’s interpretation of his work, but perhaps only because
it helped soothe the public antagonism to his ideas; he remarked in a
private letter to Gray that ‘what you say about Teleology pleases me
especially and I do not think anyone else has ever noticed the point’. In
the later editions of the Origin he even acknowledges Gray as ‘a celeb-
rated author and divine’ who had:

gradually learnt to see that it is just as noble a conception of the Deity to believe
that he created a few original forms capable of self-development into other and
needful forms. ..

Another American who recognized the impact of evolution on Design
was the philosopher and science writer John Fiske (1842-1901), who
gave a series of thirty-five lectures on Darwinian evolution at Harvard in
1871; they subsequently appeared in revised and expanded book-form as
the Outlines of Cosmic Philosophy. Fiske was another to realize that it was
the overthrow of the anthropocentric design arguments by the mechanism
of natural selection that made Darwin’s work so unpopular:

From the dawn of philosophic discussion, Pagan and Christian, Trinitarian and
Deist, have appealed with equal confidence to the harmony pervading nature as
the surest foundation of their faith in an intelligent and beneficient Ruler of the
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universe. We meet the argument in the familiar writing of Xenophon and Cicero,
and it is forcibly and eloquently maintained by Voltaire as well as by Paley, and,
with various modifications by Agassiz as well as by the authors of the Bridgewater
Treatises. One and all they challenge us to explain, on any other hypothesis than
that of creative design, these manifold harmonies, these exquisite adaptions of
means to ends, whereof the world is admitted to be full, and which are, especially
conspicuous among the phenomena of life . . . , in natural selection there has been
assigned and adequate cause for the marvellous phenomena of adaption, which
has formerly been regarded as clear proofs of beneficent creative contrivance.'®®

Like Gray, Fiske believed that natural selection did not necessitate the
rejection of a teleology that was conceived on a large enough scale. Fiske’s
development of these ideas was looked upon with approval by his friend
Thomas Huxley, to whose memory his subsequent work'®® Through
Nature to God was dedicated. Huxley (1825-95) had set himself up as the
principal public defender of the evolutionary ‘faith’ in England on Dar-
win’s behalf, but was himself surprisingly sympathetic to the teleological
interpretation of evolutionary