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  INTRODUCTION

  This book has been a long time in the making as I have struggled, often desultorily but sometimes intensively, with the fundamental question which has long perplexed me, but which I felt I could not satisfactorily answer, yet I couldn’t get out of my mind.What do I really believe about human existence, why we’re here, what is the universe for?

  The credo (‘I believe’) that I was brought up on was the Nicene Creed, but that was written a millennium and a half ago, focused on repudiating the long-forgotten heresies of the day, and with little guidance for today’s very different world. If we were trying to understand the ultimates about existence in the universe as we know it today, what would we write?

  I have never been one of the lucky ones whose experience has given them an inner and unalterable certainty for answering these fundamental questions. Indeed I have always been struck by the fact that most people seem to have quite a clear and fixed view about the world and their place in it, even if when pressed it seemed based on rather fragmentary evidence. So confronted by this farrago of often mutually exclusive and even contradictory options (atheism versus religion, scientific rationalism versus ideological belief, predestination versus pointlessness, humans at the centre of the universe or an irrelevant scum at the margins, to mention just a few of the jarring antitheses), what did I really believe?

  This book is the result of more than a decade of musing on this question. I selected each of the nodal issues, from the beginnings of the universe through to the present day, which I believed were most likely to yield the relevant evidence on which a systematic answer to my question could be based. This is of course a very well-explored area, but nevertheless I believe my approach is entirely novel and has not previously been deployed in this form across the whole spectrum of interconnected disciplines. Drawing on the latest data from the fields of physics, chemistry, geology, biology, philosophy and theology, the book aims to set out as tightly, systematically and dispassionately as I can (within the span of a shortish book) all of the main components that need to be brought together to underpin the answer to the central question – Who are? Where did we come from? Where are we going to?

  The quest has been remarkably revealing. The systematic review of all the scientific evidence strongly suggests that the Dawkins and neo-Darwinian view that the universe is driven by pitiless, directionless chance is seriously wrong and misleading. Rather the evidence indicates: astronomically precise fine-tuning in the construction of the universe; early life driven for billions of years by symbiotic and co-operative networking, not blindly by mutations; and the spontaneous transposition of matter and energy into new higher organisational states at certain thresholds of complexity both in biological and cosmological systems.

  All this, and so much else, suggests an utterly different, far more complex, much more meaningful picture. Instead of an analytic, reductionist and arbitrary model of the universe, it uncovers a dramatically different subjective, holistic and purposeful one.

  The book is not parti pris, not written from the propagandistic viewpoint either of science or religion. It is written as a sceptical searching after how all the component parts of human experience fit together within a single indivisible reality, and what that totality means. Whether the issue is the origin and development of the universe, the origin and evolution of life forms on Earth, the absurdly unlikely but probably inevitable evolution of the human species, or the intellectual, cultural and spiritual uniqueness of humans, the survey of all the evidence repeatedly returns to the central question: what does all this mean?

  Is it also compatible with other dimensions of human experience, including religious experience which is ratified, not by scientific verification, but by its own different (though equally demanding) paradigm of validity? What the evidence again indicates is that religion and science, so far from being incompatible, are in fact mutually complementary. The book spells out how the latest scientific findings about a designed and purposeful organisation of the universe and of life forms within it point to an ultimate reality, not of the human race as the summit of evolution, but of an overarching cosmic plan of which we are a key part.

  The narrative is in two parts. The first, chapters 2-9, systematically examines the range of the key sources of evidence, while the second part, chapters 10-13, assesses the status of the evidence and aims to bring together the summation of the evidence in a single consolidated new theory. Unsurprisingly, it rejects a number of widely held current views on grounds of ideological or doctrinal bias which no longer fits the evidence as currently accumulated. The book ends with a new perspective based firmly within the parameters of the whole range of available evidence.

  Inevitably the thread may in places not be easy to follow, though in general that simply reflects how complex and technical the evidence base of scientific discovery can sometimes be. It seemed preferable to lay out the full weight of the scientific case rather than to simplify or abbreviate the necessary information at the risk of undermining the full force of the argument. However, each chapter ends with an Implications section which tries to draw out the meaning behind the evidence just presented. In addition, a glossary is provided of all the main scientific terms.

  The bringing together of all the tributaries of argument begins in chapter 11 and runs through to chapter 13. The significance of the scientific, religious and philosophical material is then assessed in conjunction (provided statements of non-scientific experience meet acceptable criteria of reliability), and the crossreadings between the insights of these very different aspects of human experience are pulled together to point the way to reach a new synthesis and a new vision.


  Chapter 1

  The Model’s Wrong

  The framework of inquiry

  Que sommes nous? D’ou venons nous? Ou allons nous? There is really only one question for human beings that in the end matters. That is, what, if any, is the purpose of existence, and what are we here for? It is a question that has underlain religious conviction and philosophic inquiry throughout human history, and to which scientific rationalism in recent centuries has added some important insights. It highlights two contesting views of the nature of reality: is there a purpose behind the universe, and if so, is the evolution of man somehow related to that purpose, or is it a mechanistic universe driven by blind natural forces in which there is no ultimate purpose and no meaning of life? Or is there indeed some alternative third explanation? These questions will recur throughout this book and in every case, as each dimension of human understanding and experience is analysed, the question is posed: what does this tell us? What does this mean?

  These are also clearly questions to which there is no final and absolute answer. Each generation, drawing on its inheritance of understanding, builds on its own experiences, new discoveries and fresh insights to construct its own special approach to ultimate meaning. For centuries until the Enlightenment, religion seemed to offer an authoritative repository of final truth, until the rise of empirical scientific method removed its mantle of certitude. But just as religion survived the onslaught of rationalism by adopting a more pragmatic and flexible approach to religious phenomena, in the same way scientific propositions have come to be seen, so far from being fixed and invariable descriptions of the world around us, rather as constantly shifting approximations to an endlessly elusive underlying reality. ‘Truth’ is not an objective element out there; as preached by scientists it often turns out to be no more than prejudice inspired by prevailing social and political beliefs1.

  What then is one to believe about the ultimates of human existence? Regretfully, too many start from an a priori position. Either that is a religious standpoint which is taken as fundamental based on experience or faith, and all other observations of human affairs and of the universe are fitted to this pattern and its presuppositions. Or it is a starkly material framework which precludes all non-cognitive evidence as at best fantasy or at worst fraudulent. In either case the starting point is usually preconceived, and judgements are adopted about the world to rationalise pre-existing attitudes. What this book seeks to do is rather to assess the evidence – the whole range of it – without a predetermined worldview as a premise, and to decide, as objectively as possible, what the evidence on balance points to.

  In one sense, such objectivity is a chimera. We all approach matters of judgement with a set of values acquired throughout life which propels us to one particular interpretation or another. All that one can do, by being conscious of this, is to try to resist the impulse and to remain open to the widest range of interpretation of phenomena. For the questions to be answered are almost metaphysical in form – not so much what is the evidence, but what is the relevant evidence, and what does it mean? And how do all the relevant strands of human experience – physical, psychological, aesthetic, moral and spiritual – connect together, as they must in some way since reality is indivisible?

  But the question goes a great deal wider than the centuries-old disputes between religion and science. It requires at the outset a determination of the total framework of eligible evidence. For any final conclusions will clearly depend heavily on what categories of data are regarded as admissible, what weight is attached to different kinds of evidence, and how the relationship between them is assessed. Furthermore, the ‘meaning’ of things is not a mono-dimensional concept, to be ascertained and verified by experiment. It is a matter of interpretation, values and above all perspective, and there can be no certainty that what seems to offer an intellectually satisfying insight in one generation will not be superseded by deeper understanding of the same phenomena in the next.

  Plan of the book

  The framework adopted for exploring these issues is as follows. First, alternative theoretical models to explain the existence of the universe need to be identified. These need to be assessed on the basis of several fundamental dimensions. These include the time dimension (infinite/created in time), causative agency (chance/necessity/God), mechanism of creation (quantum fluctuation within the vacuum/singularity), and rationale (created for a purpose/mechanistic and purposeless).

  Next, the most up-to-date empirical data, and the theories derived from them, need to be analysed according to a range of major criteria. What empirically, or by deduction, do we know about the origins of the universe, the fine tuning of its formation, the generation of life forms, the development of the biodiversity of life, the uniqueness of the human species, the complexity of design of the material world, and the virtual universality of religious experience? And in each case what does this tell us about the validity of each of the models or the need for another different model? The argument of this book is that there is indeed a need for a new theory and a new model, and this is gradually developed throughout the course of the analysis, concluding with a new presentation of the likely destination of the human species.
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  Part I

  The Factual Evidence
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  Chapter 2

  Origins of the Universe

  There are several cross-cutting dimensions by which competing theories about the nature of existence can be categorised. Either the universe (all that there is) always existed and is infinite, and was therefore never created, or it (the universe we know, or preexisting universes traceable back to an initial point of origin) is finite, and was therefore created in time. If it was created, another dimension concerns the dynamic of that creation. Either it was created without a purpose, whether by chance or by necessity, or it was created for a purpose. And again, if it was created, another dimension concerns how it originated. Either it arose out of nothing, or it was generated by means outside and beyond the physical universe we know – generally taken to refer to some ultimately existent being (God). All these theories have had their adherents.

  Against that background, there are basically five prevailing theories about the origin of the universe. One, associated with Bondi and Gold, claims that the universe had no origin because it is infinite in time and extent. A second, a version of which was propounded by Hawking and Hartle, asserts that the universe is finite, but not bounded in time, in that its space-time boundary is rounded and cannot therefore be shown to have its origin at any one particular point in time. Other versions philosophise about whether the universe came into existence out of necessity or by chance. The third, advocated by Atkins, hypothesizes a universe that came into existence ex nihilo, as a result of a quantum fluctuation within the vacuum whose expansion was then colossally accelerated by a postulated process known as inflation. The fourth, the standard model of physics, argues that the universe arose out of a singularity, a point of infinite density subject to infinite compression where the laws of physics break down. The fifth, which is not incompatible with the others but equally not limited to them, believes that the universe was created by God. This framework of alternatives does not of course exclude the postulation of other models. But it is important to bear in mind that all these models are speculative and not susceptible of proof, since ipso facto the initial conditions at the beginning of the universe cannot be reproduced or tested.

  Model 1 - A universe without beginning or end

  The theory of an infinite universe was postulated in the 1940s by Bondi and Gold. They envisaged that the rate of expansion of the universe remained constant, with matter being created at a rate just sufficient to maintain a constant average density. This ‘steady state’ universe had no beginning and no end. However, this left several questions unanswered. How was matter created, and at the right rate? A colleague, Fred Hoyle, proposed a ‘creation field’ that would produce new particles of matter, though without violating the law of conservation of energy because the creation field carried negative energy which matched the positive energy of the created matter. But even if this postulate were true, it does not adequately explain how or why the universe happens to exist as it does, as opposed to its equilibral state once created, or why it has the form it does. Nor does it explain why the universe has relevant fields such as the creation field, or how the physical principles originate that generate the steady-state condition.

  What however falsified the steady-state theory was the observation by radio telescopes probing billions of light years into deep space that the universe looked very different in much earlier epochs, contrary to the steady-state hypothesis. This was confirmed by the finding in 1965 that the universe is immersed in heat radiation at a temperature of about three degrees above absolute zero. This was seen as the fading glow from the primeval heat at the explosive creation of the universe, and was incompatible with the steady-state thesis.

  Model 2 - A finite universe without a beginning

  An alternative cosmology proposed by Hartle and Hawking does not assume a background space-time in which the universe is created. Instead of the universe springing into existence from a point singularity, they depict its origin as the smooth hemispherical base of a cone so that there is no abrupt beginning at any point. This would have remarkable implications if it could be validated (it is purely speculative): it would abolish the Big Bang singularity, it would remove the conventional dualism between laws and initial conditions, and it would end the distinction between space and time – in this model time emerges slowly from space as the hemisphere curves gradually into the cone. Also if the universe has no boundary and no beginning, it would remove the need to posit a supernatural act of creation at the outset.

  Their model depends on a theory of quantum gravity, though this is at present only a hypothesis. The idea of external time, as a dynamic reality implying passage and development, is replaced by the concept of internal time associated with the curvature or temperature of a particular 3-dimensional space. As an explanation of the origins of the universe, however, the HartleHawking model falls short on several counts. In effect it transforms the phenomenological reality of time into a mathematical variable and then treats it as a pure abstraction, which can hardly then be rightly understood as time at all. In addition, deriving an origin from a quantum mechanical state function does not avoid the concept of a beginning. It requires pre-existent Hilbert spaces, quantum operators, Hamiltonians, imaginary numbers, and other abstract mathematical entities. Further, if external time does not exist, no state can follow any other, which would seem to imply a wholly static domain where fluctuations, entailing change in time, cannot take place.

  Model 3 - A finite universe with contingent causatio

  If then the universe is finite and was created in time, was it created for a reason, or irrationally whether by chance or necessity? Some philosophers like David Hume have claimed the universe came into existence for no reason at all. It is simply there as a brute fact, the bottom line of any available explanation. But this is wholly unsatisfactory as a rationale. If, as almost all scientists now believe, the universe sprang from the Big Bang singularity, it is necessary to explain why it did so, not in a random or chaotic manner, but according to discoverable mathematical constants and scientific laws which have governed its development to the state seen today. There must have been already a complex set of quantum laws determining the interactions of elementary particles, and indeed some have postulated that the universe originated from fluctuations in a quantum field governed by those laws. It is disingenuous to describe such a comprehensive and integrated array of basic laws as a brute fact, defying further analysis.

  If then the origin of the universe cannot be treated as a chance event, did it happen by necessity? Some physicists like Steven Weinberg reject the irrationality of the ‘mere chance’ hypothesis, and posit a universe by necessity so that it can be wholly intelligible. It is suggested that there is only one logically consistent set of quantum laws which of necessity produces a universe like ours. However, it is impossible to prove that no other systems than the ones we can imagine could possibly exist. The claim that the existence of this particular universe is necessary implies that no other universe could come into existence, and in order to know that, we would need to know every conceivable contingency possible. In fact, it is perfectly feasible to postulate a universe built on different physical laws or different initial conditions which would generate many finite space-times and many different forms of existence than those in this particular space-time. And even if the universe did come into being through mathematical necessity, how could it give rise to the contingent world we know today?

  If then the universe did not come into existence either by chance or by necessity, how did it arise? Did it come into being out of nothing? This thesis, advanced by Peter Atkins2, and drawing on quantum cosmology, proposes that fluctuations may occur in nothing, and eventually produce a physical universe. It can be claimed that gravitational energy, which is negative, and rest mass and kinetic energy, which are positive, could balance out leading to a state of zero net energy. If in that state quantum fluctuations take place, it might be said that the universe has arisen out of nothing, i.e. come into being by chance out of a vacuum (quantum fields in their lowest energy state). But it is quite false to suggest this represents a universe coming into existence out of absolutely nothing. For quantum fluctuations to occur, there must be a background space-time, and there have to be quantum fields with precise properties of energy and mass. Moreover there would also have to be in place probabilistic laws governing quantum fluctuations. Pre-existing entities and structures are therefore necessary for this theory, and creation out of nothing is not tenable.

  But even if the universe were to have arisen out of nothing, it still has to be asked why such an event should have happened. The mathematician Roger Penrose has estimated that the probability of our universe, fine-tuned as it is to such extraordinary precision is about 1 in 10123 out of the array in ‘phase space’ of possible universes3. Even though the odds against this universe coming into existence by chance are so astronomically colossal, what Atkins seems to suggest is that this absurdly improbable universe would, given the infinity of time, come into being sooner or later through a process of purposeless chance. However, since the issue is the origin of space-time, it isn’t clear what is meant by his concept of ‘before’ the existence of spacetime, let alone the pre-existence of infinity of time. Also it is not explained how or why every potential universe is apparently actualised, or what mechanism is driving this process, and where that derived from.

  Model 4 - Origin from a singularity, the standard model of physics

  Whilst the idea that the universe began as an explosion was first put forward by Georges Lemaitre in 1910, the evidence for the Big Bang theory was originally produced in 1922 by the Russian physicist, Alexander Friedmann, by reworking Einstein’s general theory of relativity which predicted a non-static universe. Either the universe starts out from a singularity (a point of infinite compression where the entire cosmos would have been squeezed into a single point, and the gravitational force and density of material were infinite), and then goes on expanding forever if there is insufficient matter for gravity eventually to bring the cosmic dispersion to a halt. Or it burst forth from an initial Big Bang, expands over several billion years at an ever-diminishing rate, and then begins to contract again until it finally disappears at a Big Crunch. Or the cycle is continually repeated (the oscillating universe model), perhaps with cycles growing larger over successive multi-billion year periods.

  Several subsequent discoveries seemed to confirm this theoretical prediction of an expanding universe. Edwin Hubble found in 1929 that galactic light was red-shifted, which implied that the galaxies were rushing apart from each other as from an explosion. In 1965 two American radio astronomers Penzias and Wilson detected a weak hiss of radio noise coming from all directions, which was explained as the fading afterglow of the fireball birth of the cosmos. Then in 1992 NASA’s Cosmic Background Explorer (COBE) satellite confirmed that ripples in the background radiation of exactly the right size needed to explain the existence of galaxies had indeed been found. It detected the colder and denser spots of the early universe from which, some 300,000 years after the Big Bang singularity itself, wispy clouds of matter began to form and stretch across vast distances – clouds which later collapsed in on themselves under the force of their own gravity and then broke up into clusters of galaxies. Yet another finding which seemed to lend support to the Big Bang thesis was the discovery that about 25% of the mass of the universe is in the form of the element helium. Whilst most elements, such as carbon and iron, are known to be made from hydrogen by nuclear reaction inside stars, the universe has simply not existed long enough for stars to have made such a large quantity of helium. This suggests that at one time in the past the entire universe passed through an ultra-hot dense phase in which nuclear reactions forged most of its helium from hydrogen. Calculations show that such a phase – a Big Bang fireball – would have turned about 25% of the mass of the universe into helium, exactly as observed.

  Yet doubts are accumulating about the validity of Big Bang theory. First, it relies on a growing number of hypothetical entities which have never been observed, of which inflation, dark energy and dark matter are the most prominent, in order to align the predictions of the theory with the actual observations of astronomers. Without the speculative inflation field, Big Bang does not predict the smooth, isotropic cosmic background radiation that is observed. Without so-called dark matter, Big Bang theory makes contradictory predictions for the density of matter in the universe, since inflation requires a density twenty times larger than that implied by Big Bang nucleosynthesis, the theory’s explanation of the origin of the light elements. And without dark energy, the theory predicts that the universe is only some eight billion years old, which is billions of years younger than many stars in our galaxy. Also, the Big Bang theory has not been able to make any quantitative predictions which have later been validated by observation. And discordant data on red shifts, lithium and helium abundances, and galaxy distribution, among other issues, are too often ignored. Moreover the latest evidence from the Wilkinson Microwave Anisotropy Probe, the jewel in the crown of cosmology instruments, suggests that the hot and cold regions in the cosmic background radiation are not randomly distributed, but seem to line up along the same direction, indicating that the universe is not the same in all places and in all directions, which would flout a fundamental assumption of all Big Bang models.

  Thus the standard model which has been used to deduce the age and make-up of the universe is disputed. The standard model predicts that the universe is 13.7 million years old (based on the most widely accepted estimate of the Hubble constant) and that its contents comprise just 4% ordinary matter (half unseen), 23% dark matter (nature unknown) and 73% dark energy (also nature unknown). In other words, in order to fix the problem of the extra tug needed to speed up galaxy formation, the standard model calls into existence a vast amount of invisible dark matter for which no independent evidence has ever been adduced. Moreover, dark energy is hard to square with theories of quantum gravity and its observed density is so small that it may be quantum mechanically unstable.

  In recent years however several alternative models have been formulated that dispense with these hypothetical constructs and hence with the Big Bang itself. Lerner’s plasma cosmology4, for example, noting that almost all observed matter in the universe is in the form of plasma, explains the cosmic microwave background, not as the afterglow of the Big Bang, but as jets of plasma squirted into intergalactic space by highly energetic quasar galaxies which then as plasma filaments continually fragmented until they filled the universe like fog, and that this fog then scattered the infrared light radiated by dust that had in turn absorbed starlight so that the infrared radiation became uniform in all directions. Another theorist, Scarpa5, noting that dark matter turns up in places where the standard model says it shouldn’t exist – for example in globular clusters, tight knots of stars that orbit the Milky Way and many other galaxies – argues that the phenomenon which dark matter is posited to explain may be explained rather by a breakdown of Newton’s law of gravity, in that his inverse square law holds true only above some critical threshold of acceleration. The evidence for this is that the same effect has been observed in spiral galaxies and galaxy-rich clusters, which led Milgrom6 to propose a theory known as modified Newtonian dynamics (MOND) to explain it. Counterarguments that MOND is not compatible with Einstein’s theory of relativity, so it is not valid for objects travelling close to the speed of light or in very strong gravitational fields, and so is powerless to make predictions about pulsars, black holes and above all Big Bang, have been refuted by Bekenstein’s relativistic version of the theory. Researchers at the University of Oxford have shown that relativistic MOND can indeed make cosmological predictions, and researchers have reproduced both the observed properties of the cosmic microwave background and the distribution of galaxies throughout the universe.

  If MOND is right, then the law of gravity from which Big Bang is derived is wrong, in which case a new cosmological model based on MOND is needed. This process, whereby a standard theory which has stood the test of time and has been almost universally accepted, is finally overthrown because it is shown to be based on insupportable premises, is not uncommon in the history of thought. The old Earth-centred cosmology of Ptolemy needed layer upon layer of epicycles to sustain it, until it was finally discredited by Copernicus, Brahe and Galileo. Newtonian dynamics reigned supreme based on the implicit premise of an absolute space and time, till this was disproved by Einstein’s theory of general relativity. Einstein in 1917 invented a ‘cosmological constant’ in order to make general relativity compatible with a static eternal universe, until Hubble’s discovery in 1929 of expansion of the real universe made this fudge factor redundant. In the same way it may be that the current standard model’s dependence on observations retrospectively fitted with a steadily increasing array of adjustable parameters has reached the point where there must be serious questions about the validity of the underlying theory.

  Model 5 - Creation by God

  This uncertainty must inhibit any final religious conclusions being drawn from the Big Bang scenario, though that did not prevent the Vatican triumphantly, but rather naively, proclaiming that Big Bang confirmed the Genesis story of creation. Whatever the scientific explanation of the origin of the universe, which is likely to undergo several revisions yet, the theistic hypothesis is that the universe emerged out of the unrestricted actuality of the mind of God, by an intentional act of creation7. The strongest force behind this claim is that the universe – the totality of things which are contingent or not selfexplanatory – requires an explanation for the existence of everything that is external to itself, and that sufficient First Cause is what people understand as God. This is in effect a restatement of Aquinas’ cosmological argument and a reformulation of Leibniz’ Principle of Sufficient Reason. It is dependent on the concept of an uncaused cause, the unmoved mover, the Being having of itself its own necessity. It is a rejection of the atheistic argument that ‘the universe is a brute fact, it just is, and that is all there is to it’.

  There are two reasons however why this might seem an unsatisfactory position. First, it might appear as another example, for which there are many historical precedents, of resort to ‘the God of the gaps’ – the invocation of God to fill a gap in scientific knowledge, only to be dispensed with later as science extends the boundaries of its understanding. However, that should be rejected as an argument here when what is at issue is not a missing link in a skein of scientific knowledge, but rather the much more profound philosophical question of whether it makes sense to think of a world of causality without an originating cause. The second point is more fundamental. It could be argued that what the Cosmological Argument arrives at is not the God whom religious believers worship. In this Argument, God is portrayed as a metaphysical causal entity, far removed from the personalised being in the world’s religions. However, that too may be countered on the grounds that God (assuming he exists) is by his very nature systematically unknowable by human beings, and that any portrayal of him in any context is inevitably a fragmentary and selective glimpse of the unknowable totality of his being. It may also be argued that the whole purpose of religious revelation, whether through prophets or a messiahfigure, is precisely to enable the unknowable to be seen in the only (very limited) form that humans can comprehend. If – and this is a central if – God exists, then by the very nature of his Godness there can be no constraint on the full range of manifestation of his being in any context or any purpose that he chooses.

  Implications

  The evidence presented here is not decisive in answering the question about the nature and origin of the universe and therefore of man’s role within it. The philosophical views are not tenable; the scientific theory is uncertain and in any event can only answer the question ‘how’, not ‘why’, while religion provides an ulterior explanation which is dependent on an a priori assumption about the existence and nature of God and the application of causality beyond the material universe. Philosophers like Atkins or scientists like Hawking who seek to explain the origin of the universe mechanistically without reference to God cannot validate their case, while religious believers simply treat the creation of the world as another manifestation of an all-powerful deity whose existence is prejudged. Disputation about the origins of the universe do not settle the central argument of this book either one way or the other.


  Chapter 3

  Fine-Tuning

  Whatever the precise origins of the universe – exactly how it came into existence, and why – there is one aspect of its creation which is scientifically indubitable and has profound implications for any attempt to explain it. This is that the universe, as steadily uncovered by science, turns out to be spectacularly fine-tuned for life, in the sense that if there had been even very small changes in the basic features of its structure, it would have made the generation of life and the evolution of life forms impossible. This does not automatically mean that the fine-tuning must be the work of a designer God. The explanation needs to be assessed on the merits of the evidence.

  The evidence

  In several ways the development of the cosmos at or shortly after Big Bang (as formulated by the standard model, even if that will require modification for reasons set out in chapter 2) is astonishing almost to the point of incredulity. That conclusion applies to several different categories of evidence.

  First, the construction of the Big Bang event itself is extraordinary. The nature of the explosion reveals a balance between centrifugal and centripetal forces which is mind-blowingly exact. If the former had been even a fraction too strong, then the cosmos would have expanded so fast as to preclude galaxy formation. If the latter had been ever so slightly too strong, the cosmos could have re-collapsed almost immediately. To prevent both these scenarios, the rate of expansion in the early instants had to be fine-tuned to perhaps one part in 1055 – that is a precision with a deviation of only 1/10000000000000000000000000000000000000000000000000000000th, equivalent to hitting a dartboard on the other side of the universe billions of trillions of miles away. Secondly, a universe as smooth as this one, allowing all regions to expand in a carefully orchestrated manner, also requires amazingly accurate fine-tuning. Large regions extruded from Big Bang might be expected to be uncoordinated, and when they made contact enormous turbulence would be generated, leading to a cosmos of black holes or of temperatures which prevented galaxies from forming for billions of years, after which matter would be far too dissipated for them to form at all.

  Third, the phenomenon hypothesized to solve these two problems, known respectively as the flatness problem and the smoothness problem, is ‘inflation’, but this itself requires extraordinary fine-tuning. The hypothesis – which is purely speculative, and simply designed to get round Big Bang’s two main problems – is that within the first second after Big Bang, after initial deceleration, a short burst of enormously accelerating expansion occurred which could have increased the size of the universe by a factor of as much as 101,000,000. It has been estimated that within a miniscule period of time between 10-35 and 10-33 (i.e. between 0.000000000000000000000000000000001% and 0.0000000000000000000000000000001% of a second) the universe expanded from a radius of 10-25 cm to the scale of our visible universe today (with a radius of 3x1027 cm). This could mean that the world we now see had developed from a region whose component parts were well coordinated at the outset, which would provide the observed smoothness. In addition, a space suddenly colossally expanded might be very flat like the surface of a hugely inflated balloon. However this expedient itself needs almost fantastically accurate fine-tuning for it to happen at all and for it to generate irregularities that are not even fractionally too great or too small for galaxies to form. In fact, the two components of an expansion-driving cosmological constant cancel each other out with an accuracy better than one part in 1050 (i.e. less than 1/100000000000000000000000000000000000000000000000000th inaccurate). Even that minutest inaccuracy may not represent a shortfall in perfection. If the balance had been completely perfect, inflation might well not have occurred. This is all absolutely staggering in its precision.

  But it is only the start of a long series of extremely finely balanced phenomena in almost every aspect of the universe’s structure, particularly the four fundamental forces and the particle masses. First, the strengths of the nuclear weak force and of gravity are calibrated so precisely that a difference of even such an utterly miniscule amount as one part in 10100 (i.e.1/10000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000th, or one thousandth trillionth trillionth trillionth trillionth trillionth trillionth trillionth trillionth) in their present strengths could destroy the cancelling out between the two most fundamental forces holding the universe on its present course. Equally, if the nuclear weak force had been significantly stronger, Big Bang would have burned all hydrogen to helium, and then there could be no water or long-lived stable stars. If on the other hand it had been significantly weaker, it would again have destroyed the hydrogen, and in addition neutrons formed in the early stages of the universe would not have decayed into protons. Again, if the nuclear weak force did not have precisely the strength it does, neutrinos would not have been able to interact with stars both weakly enough to escape from the core of a collapsing supernova and strongly enough to blast its outer layers into space so as to provide the building blocks for planets such as ours.

  If carbon, the essential component of all living creatures, is to be created in sufficient amounts inside stars, the nuclear strong force needs to be neither 1% stronger or weaker than its present strength. If it were as little as 2% stronger, protons would not be formed, and hence there would be no atoms. On the other hand, if its strength were around 5% less, the deuteron would not bindtogether, which would make it impossible for stars to burn, and hence the material for life would not be created.

  The third force, electromagnetism, also needs to be very finetuned if stars are not to be either too cold or too hot for life to evolve as it has. If it were only very slightly stronger, main sequence stars would then all become red stars, unable to explode as the supernovae needed to create elements heavier than iron. Even a strength as little as 1% greater could have doubled the time necessary for intelligent life to evolve, because it would make chemical changes more difficult. If however its strength were very slightly weaker, all main sequence stars would be very hot and short-lived blue stars, rather than burning in stable form over billions of years to produce the conditions necessary for life. Equally, the ratio between electromagnetism and gravity, the fourth force, is crucial, and gravity also needs to be extremely fine-tuned for stars and planets to form. Gravity is about 1039 times weaker than electromagnetism, but if it had been only 1033 times weaker, stars would be a billion times less massive and would burn a million times faster, making the evolution of life much more unlikely if not impossible.

  Particle masses also have to have very precise values if life is to emerge. If the difference in mass between neutrons and protons – as little as one part in 1,000 – had not been almost exactly twice the mass of the electron, either all neutrons would have decayed into protons or all protons would have changed irreversibly into neutrons, and if either of these had happened there would not be the 200 or so stable types of atom on which the chemistry and biology of life depend. If the super-heavy particles operating shortly after Big Bang had had small changes in their masses, it could have led to profound alterations in the ratio of matter particles to photons, yielding a universe full of black holes or of matter too dissipated to form galaxies. Further, the masses of a whole set of scalar particles might affect the value of the cosmological constant in relation to its capacity to allowinflation to occur and whether it was later tiny enough to allow space to be very flat. Otherwise there would be very violent expansion or contraction. But the margin of appropriateness here is again utterly miniscule – the constant today is between zero and 10120, a value of almost unimaginably precise dimensions.

  This evidence, and much more, has been set out comprehensively in several sources8. Even if some of the particular details need to be modified slightly in the light of future scientific knowledge, the impact of the broad picture is overwhelming. The chances against several of these phenomena being mere coincidences are stupendous. The chances against all of them being mere coincidences must be virtually infinite. So how then are they to be explained? How does one explain, according to the calculations of Roger Penrose, the English mathematician9, that in the absence of new principles guaranteeing a smooth beginning, the accuracy required in selecting our highly ordered universe from the range of physically possible ones would have been of the order of 1 part in 10123 (one in a hundred trillion trillion trillion trillion trillion trillion trillion trillion trillion)?How does one explain, as Dicke calculated10, that a speed decrease of only one part in a million at one second after Big Bang would have led to the re-collapse of the universe before temperatures fell below 10,000º, while an equally miniscule speed increase would have made the gases so dilute that minor density irregularities could not have arisen for the formation of stars? Or how does one explain that the cosmic density at Planck time, 10-43 of a second after Big Bang, must have been within one part in 1060 (i.e. within a trillionth trillionth trillionth trillionth trillionth) of the critical density required to place it exactly on the line between collapse and unstoppable expansion? If inflation did get started, how did it end without great turbulence (the graceful exit problem), and how did it produce irregularities neither too little nor too large for the later formation of galaxies? And if then some Grand Unified Theory were cunningly formulated to construct laws offering the necessary explanation, is that not re-introducing the fine-tuning which inflation was designed to avoid?

  The key point in assessing the importance of fine-tuning to near-incredible precision is that even the tiniest changes in the fundamental constants would have meant that no nuclei, atoms, stars or galaxies would have been created, and hence of course no life. If there were a change even as tiny as one part in 10100 (a change smaller than a trillionth trillionth trillionth trillionth trillionth trillionth trillionth trillionth) in the adjustment of gravity to the weak nuclear force, the cosmos would suffer either swift collapse or explosion. Equally, changing by as little as one part in 1040 (a change of less than a billionth billionth billionth billionth) in the balance between gravity and electromagnetism would have catastrophic effects on stars. If electromagnetism were ever so slightly stronger, stars would burn too slowly and be unable to produce the supernovae explosions needed to spread heavy elements as the source of life (our solar system for example being triggered, it seems very likely, by such a supernova explosion). On the other hand, if electromagnetism were only very slightly weaker, stars would burn too fast to support the evolution of life on their planets.

  Similar considerations apply to particle masses. John Barrow and Frank Tipler have shown that if the electromagnetic fine structure constant were not as small as it is – about 1/137 – the difference between material things and waves could not be maintained11. If the fraction had been much larger, atoms and molecules would be rendered very unstable. Again, it has been indicated that if space did not have its present topology (the way its points are connected) and metrical properties, long-lasting material particles could not exist. Thus space need not be threedimensional; current theory suggests that space-time has at least ten dimensions, though only four can now be detected because the others became ‘compactified’ or very tightly rolled up in the process of Big Bang. But Ehrenfest long ago argued12 that such crucial conditions as the stability of atoms and planetary orbits, the complexity of living organisms, and the ability of waves to propagate without distortion (vital for example in nervous systems) are only available in three dimensions.

  The list of elaborate checks and balances that have kept the material universe developing smoothly over billions of years is a long one (and no doubt many further discoveries remain to be made). As further additions to the evidence, the nuclear strong force repels at extremely short ranges and thus prevents the protons and neutrons in a complex atom from collapsing into each other, but at slightly longer ranges it attracts and thus holds them tightly together, giving the atom a very accurately located centre; otherwise all matter would be fluid. At ranges somewhat longer (though still very short) the nuclear strong force falls to zero; if it did not and acted at long range, it would rapidly collapse the universe. Then there are principles like ‘baryon conservation’ which, though mediated by no force field, prevents the entire material contents of the universe from being consumed in a fireball of gamma radiation, as protons decayed to positrons and annihilated all the electrons. And, to give one final example, as Rozenthal has commented, if particles had no spin (measured as the angular momentum of a rotating system), there would be neither electromagnetism nor gravity; and equally, if hadrons (particles which feel the strong nuclear force) did not have isotopic spin, complex stable nuclei could not exist.
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