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Preface

Over fifty years ago something strange happened in physical science. Bizarre and stunning new ideas about space and time, mind and matter, erupted among the scientific community. Only now are these ideas beginning to reach the general public. Concepts that have intrigued and inspired physicists themselves for two generations are at last gaining the attention of ordinary people, who never suspected that a major revolution in human thought had occurred. The new physics has come of age.

In the first quarter of this century two momentous theories were proposed: the theory of relativity and the quantum theory. From them sprang most of twentieth-century physics. But the new physics soon revealed more than simply a better model of the physical world. Physicists began to realize that their discoveries demanded a radical reformulation of the most fundamental aspects of reality. They learned to approach their subject in totally unexpected and novel ways that seemed to turn commonsense on its head and find closer accord with mysticism than materialism.

The fruits of this revolution are only now starting to be plucked by philosophers and theologians. Many ordinary people too, searching for a deeper meaning behind their lives, find their beliefs about the world very much in tune with the new physics. The physicist's outlook is even finding sympathy with psychologists and sociologists, especially those who advocate a holistic approach to their subjects.

In giving lectures and talks on modern physics I have discerned a growing feeling that fundamental physics is pointing the way to a new appreciation of man and his place in the universe. Deep questions of existence — How did the universe begin and how will it end? What is matter? What is life? What is mind? — are not new. What is new is that we may at last be on the verge of answering them. This astonishing prospect stems from some spectacular recent advances in physical science — not only the new physics, but its close relative, the new cosmology.

For the first time, a unified description of all creation could be within our grasp. No scientific problem is more fundamental or more daunting than the puzzle of how the universe came into being. Could this have happened without any supernatural input? Quantum physics seems to provide a loophole to the age-old assumption that ‘you can't get something for nothing’. Physicists are now talking about ‘the self-creating universe’: a cosmos that erupts into existence spontaneously, much as a subnuclear particle sometimes pops out of nowhere in certain high energy processes. The question of whether the details of this theory are right or wrong is not so very important. What matters is that it is now possible to conceive of a scientific explanation for all of creation. Has modern physics abolished God altogether?

This is not a book about religion. Rather, it is about the impact of the new physics on what were formerly religious issues. In particular, I make no attempt to discuss religious experiences or questions of morality. Nor is it a science book. It is a book about science and its wider implications. Inevitably, it is necessary here and there to explain some technicalities in careful detail, but I do not claim that the scientific discussions are either systematic or complete. The reader should not be deterred by the thought that he or she is in for some punishing mathematics or strings of specialist terminology. I have tried to avoid technical jargon as much as possible.

The book is primarily intended for the general reader, both aetheist and believer, with no previous knowledge of science. However, I hope that it also contains some material of real scholarly value. In particular, I do not believe that some of the very recent work on cosmology has previously come to the attention of philosophers and theologians.

The central theme of the book concerns what I call the Big Four questions of existence:


Why are the laws of nature what they are?

Why does the universe consist of the things it does?

How did those things arise?

How did the universe achieve its organization?

Towards the end of the book, tentative answers to these questions begin to emerge – answers based on the physicist's conception of nature. The answers may be totally wrong, but I believe that physics is uniquely placed to provide them. It may seem bizarre, but in my opinion science offers a surer path to God than religion. Right or wrong, the fact that science has actually advanced to the point where what were formerly religious questions can be seriously tackled, itself indicates the far-reaching consequences of the new physics.

Although I have endeavoured to exclude my own religious opinions throughout, my presentation of physics is inevitably a personal one. No doubt many of my colleagues would strongly disagree with the conclusions I attempt to draw. I respect their opinions. This is simply one man's perception of the universe; there are many others. My motivation for writing the book is that I am convinced there is more to the world than meets the eye.




NOTE ON TECHNICAL TERMS

The word ‘billion’ is used to mean one thousand million. Occasionally it is convenient to use the shorthand ‘powers of ten’ notation for very large or small numbers. For example, 106 denotes one million, 109 one billion, 10–6 one millionth, 10–9 one billionth.


1. Science and religion in a changing world


‘The wise man regulates his conduct by the theories both of religion and science.’

.B.S. Haldane



‘But because I have been enjoined, by this Holy Office, altogether to abandon the false opinion which maintains that the Sun is the centre and immovable, and forbidden to hold, defend, or teach, the said false doctrine in any manner… I abjure, curse, and detest the said errors and heresies, and generally every other error and sect contrary to the said Holy Church…’

Galileo Galilei



Science and religion represent two great systems of human thought. For the majority of people on our planet, religion is the predominant influence over the conduct of their affairs. When science impinges on their lives, it does so not at the intellectual level, but practically, through technology.

In spite of the power of religious thought in the daily lives of the general public, most of our institutions are organized pragmatically, with religion, insomuch as it is included at all, relegated to a stylized role. Such is the constitutional position of the Church of England for example. There are exceptions: Ireland and Israel remain religious states in the legal sense, while the revival of militant Islam is, if anything, increasing the influence of religion in political and social decision making.

In the industrialized world, where the impact and success of science is most conspicuous, there has been a sharp decline in affiliation to the major traditional religious institutions. In Britain, only a tiny percentage of the population now attend church regularly. It would be a mistake, however, to conclude that declining church attendance can be directly attributed to the raised profile of science and technology. In their personal lives many people still hold deep beliefs about the world that could be classed as religious, even though they may have rejected, or at least ignored, the traditional Christian doctrines. And any scientist will verify that, if religion has been displaced from people's consciousness, it has certainly not been replaced by rational scientific thought. For science, despite its great impact on all our lives at the practical level, is as elusive and inaccessible to the general public as any exclusive religion.

More relevant to the decline of religion is the fact that science, through technology, has altered our lives so radically that the traditional religions may appear to lack the immediacy necessary to provide any real assistance in coping with contemporary personal and social problems. If the Church is largely ignored today it is not because science has finally won its age-old battle with religion, but because it has so radically reoriented our society that the biblical perspective of the world now seems largely irrelevant. As one television cynic recently remarked, few of our neighbours possess an ox or an ass for us to covet.

The world's major religions, founded on received wisdom and dogma, are rooted in the past and do not cope easily with changing times. Hastily discovered flexibility has enabled Christianity to incorporate some new features of modern thought, to the extent that today's Church leaders might well have appeared heretical to a Victorian; yet any comprehensive philosophy based on ancient concepts faces a hard task in adapting to the space age. As a result, many disillusioned believers have turned to ‘fringe’ religions that seem more in tune with the era of Star Wars and microchips. The huge rise in popularity of cults associated with UFOs, ESP, spirit contacts, scientology, transcendental meditation and other technology-based beliefs testifies to the continued persuasiveness of faith and dogma in a superficially rational and scientific society. For although these eccentric ideas have a scientific veneer, they are unashamedly irrational — ‘cults of unreason’, to use Christopher Evans's phrase from his book of the same title (Panther 1974). People turn to them not for intellectual enlightenment but for spiritual comfort in a harsh and uncertain world.

Science, then, has invaded our lives, our language and our religions, but not at the intellectual level. The vast majority of people do not understand scientific principles, nor are they interested. Science remains a sort of witchcraft, its practitioners regarded with a mixture of awe and suspicion. Browse through any bookshop. Books on science are usually catalogued under ‘The Occult’, and modern astronomy textbooks jostle The Bermuda Triangle and Chariots of the Gods for space on the shelves. Lip service may be paid to the importance of science and rational thought for ordering our society, but at the personal level most people still find religious doctrine more persuasive than scientific arguments.

We live in a world that, in spite of appearances, is still fundamentally religious. Ranging from countries like Iran and Saudi Arabia, where Islam remains the dominant social force, to the industrialized West, where religion has fragmented and diversified, occasionally into vague pseudo-scientific superstition, the search for a deeper meaning to life continues. Nor should that search be derided. Scientists also are searching for a meaning: by finding out more about the way the universe is put together and how it works, about the nature of life and consciousness, they can supply the raw material from which religious beliefs may be fashioned. To argue whether the date of the Creation was 4004 B.C. or 10,000 B.C. is irrelevant if scientific measurements reveal a 4½ billion-year-old Earth. No religion that bases its beliefs on demonstrably incorrect assumptions can expect to survive very long.

In this book we shall be looking at some of the very latest discoveries in fundamental science, and exploring their implications for religion. In many cases the old religious ideas are not so much disproved as transcended by modern science. By looking at the world from a different angle, scientists can provide fresh insights and new perspectives of Man and his place in the universe.

Both science and religion have two faces: the intellectual and the social. In both cases the social effects leave a lot to be desired. Science may have alleviated the miseries of disease and drudgery and provided an array of gadgetry for our entertainment and convenience, but it has also spawned horrific weapons of mass destruction and seriously degraded the quality of life. The impact of science on industrial society has been a mixed blessing.

On the other hand, organized religion comes off, if anything, even worse. Nobody denies the many individual cases of selfless devotion by religious community workers all over the world, but religion long ago became institutionalized, often concerning itself more with power and politics than with good and evil. Religious zeal has all too frequently been channelled into violent conflict, perverting man's normal tolerance and unleashing barbaric cruelty. Christian genocide of the South American native populations in the Middle Ages is one of the more dreadful examples, but the history of Europe generally is littered with the corpses of those slain because of minor doctrinal differences. Even in this so-called enlightened age, religious hatred and conflict fester all over the world. It is ironical that although most religions extol the virtues of love, peace and humility, it is all too often hatred, war and arrogance that characterize the history of the world's great religious organizations.

Many scientists are critical of organized religions, not because of their personal spiritual content, but for their perverting influence on otherwise decent human behaviour, especially when they involve themselves in power politics. The physicist Hermann Bondi is a harsh critic of religion, which he regards as a ‘serious and habit-forming evil’. He cites as an example the excesses of the European witch-craze:

In much of Christian Europe the godfearing used to burn old women suspected of being witches, an arduous duty they felt had been clearly put upon them by the Bible. The facts on witch burning are clear enough: First, faith made otherwise decent people commit acts of unspeakable horror, showing how ordinary and everyday feelings of human kindness and revulsion at cruelty can be and have been overruled by religious belief. Secondly, it exposes as utterly hollow the claim that religion sets an absolute and unchanging foundation for morality.1

Bondi claims that the ruthless power wielded by the Church and other religious institutions over the centuries leaves these organizations morally bankrupt.

Few would deny that religion remains, for all its pretentions, one of the most divisive forces in society. Whatever the good intentions of the faithful, the bloodstained history of religious conflict provides little evidence for universal standards of human morality among the major organized religions. Nor is there any reason to believe that love and consideration are lacking in those who do not belong to such organizations, or are even committed aetheists.

Of course, not all religious people are fanatical zealots. The vast majority of Christians today share a revulsion of religious conflict and deplore the Church's past involvement with torture, murder and suppression. But the outbreaks of spectacular violence and brutality in the name of God which still plague society today are not the only manifestations of the antisocial face of religion. Segregation in education and even habitation continues in supposedly civilized countries like Northern Ireland and Cyprus. Even within their own ranks, religious organizations often sanction prejudice, whether against women, racial minorities, homosexuals or whoever their leaders decree to be inferior. The status of women in Catholicism and Islam, or blacks in the South African Church, I find particularly offensive. Although many people would be appalled that their own religion might be described as vicious or intolerant, they will readily agree that the world's other religions have a lot to answer for.

This sad history of bigotry seems inevitably to result once religious organizations become institutionalized and constitutionalized, and has prompted a huge disaffection with established religion in the Western world. Many are turning instead to the so-called ‘fringe’ religions, in an attempt to find a less strident and more gentle route to spiritual fulfilment. There are, of course, a wide variety of new movements, some of which are still more intolerant and sinister than the traditional religions. But many emphasize the importance of mysticism and quiet inner exploration, as opposed to evangelical fervour, and so attract those people who are critical of the social and political impact of the established religions.

So much for the social side of religion. What of its intellectual content?

For the greater part of human history, men and women have turned to religion not only for moral guidance, but also for answers to the fundamental questions of existence. How was the universe created and how will it end? What is the origin of life and mankind? Only in the last few centuries has science begun to make its own contributions to such issues. The resulting clashes are well documented. From its origin with Galileo, Copernicus and Newton, through Darwin and Einstein, to the age of computers and high technology, modern science has cast a cold and sometimes threatening light on many deep-rooted religious beliefs. Accordingly, there has grown the feeling that science and religion are inherently incompatible and antagonistic. It is a belief encouraged by history. The early attempts by the Church to hold back the flood-gates of scientific advance have left a deep suspicion of religion among the scientific community. For their part, scientists have demolished a lot of cherished religious beliefs and have come to be regarded by many as faith-wreckers.

There is no doubt, however, about the success of the scientific method. Physics, the queen of sciences, has opened up vistas of human understanding that were unsuspected a few centuries ago. From the inner workings of the atom to the weird surrealism of the black hole, physics has enabled us to comprehend some of nature's darkest secrets and to gain control over many physical systems in our environment. The tremendous power of scientific reasoning is demonstrated daily in the many marvels of modern technology. It seems reasonable then, to have some confidence in the scientist's world-view also.

The scientist and the theologian approach the deep questions of existence from utterly different starting points. Science is based on careful observation and experiment enabling theories to be constructed which connect different experiences. Regularities in the workings of nature are sought which hopefully reveal the fundamental laws that govern the behaviour of matter and forces. Central to this approach is the willingness of the scientist to abandon a theory if evidence is produced against it. Although individual scientists may cling tenaciously to some cherished idea, the scientific community as a group is always ready to adopt a new approach. There are no shooting wars over scientific principles.

In contrast, religion is founded on revelation and received wisdom. Religious dogma that claims to contain an unalterable Truth can hardly be modified to fit changing ideas. The true believer must stand by his faith whatever the apparent evidence against it. This ‘Truth’ is said to be communicated directly to the believer, rather than through the filtering and refining process of collective investigation. The trouble about revealed ‘Truth’ is that it is liable to be wrong, and even if it is right other people require a good reason to share the recipients' belief.

Many scientists are derisory about revealed truth. Indeed, some maintain it is a positive evil:

Generally the state of mind of a believer in a revelation is the awful arrogance of saying ‘I know, and those who do not agree with my belief are wrong’. In no other field is such arrogance so widespread, in no other field do people feel so utterly certain of their ‘knowledge’. It is to me quite disgusting that anybody should feel so superior, so selected and chosen against all the many who differ in their beliefs or unbeliefs. This would be bad enough, but so many believers do their best to propagate their faith, at the very least to their children but often also to others (and historically there are of course plenty of examples of doing this by force and ruthless brutality). The fact that stares one in the face is that people of the greatest sincerity and of all levels of intelligence differ and have always differed in their religious beliefs. Since at most one faith can be true, it follows that human beings are extremely liable to believe firmly and honestly in something untrue in the field of revealed religion. One would have expected this obvious fact to lead to some humility, to some thought that however deep one's faith, one may conceivably be mistaken. Nothing is further from the believer, any believer, than this elementary humility. All in his power (which nowadays in a developed country tends to be confined to his children) must have his faith rammed down their throats. In many cases children are indeed indoctrinated with the disgraceful thought that they belong to the one group with superior knowledge who alone have a private wire to the office of the Almighty, all others being less fortunate than they themselves.2

Nevertheless, those who have had religious experiences invariably regard their own personal revelation as a sounder basis for belief than any number of scientific experiments. Indeed, many professional scientists are also deeply religious and apparently have little intellectual difficulty in allowing the two sides of their philosophy to peacefully coexist. The problem is how to translate many disparate religious experiences into a coherent religious world-view. Christian cosmology, for example, has differed radically from Oriental cosmology. At least one must be wrong.

It is a great mistake, however, to infer from the scientist’s suspicion of revealed truth that he is necessarily a cold, hard, calculating soulless individual, interested only in facts and figures. Indeed, the rise of the new physics has been accompanied by a tremendous growth of interest concerning the deeper philosophical implications of science. It is a lesser-known side of scientific endeavour, and it frequently comes as a complete surprise. The pathologist, writer and television producer Kit Pedlar describes his astonishment, while planning a television series on mind and the paranormal, at coming across the concern that modern physicists have for broader issues:

For almost twenty years I occupied my research time as a happy biological reductionist believing that my painstaking research would eventually reveal ultimate truths. Then I began to read the new physics. The experience was shattering.

As a biologist I had imagined the physicists to be cool, clear, unemotional men and women who looked down on nature from a clinical, detached viewpoint — people who reduced a sunset to wavelengths and frequencies, and observers who shredded the complex of the universe into rigid and formal elements.

My error was enormous. I began to study the works of people with legendary names: Einstein, Bohr, Schrödinger and Dirac. I found that here were not clinical and detached men, but poetic and religious ones who imagined such unfamiliar immensities as to make what I have referred to as the ‘paranormal' almost pedestrian by comparison.3

It is ironical that physics, which has led the way for all other sciences, is now moving towards a more accommodating view of mind, while the life sciences, following the path of last century's physics, are trying to abolish mind altogether. The psychologist Harold Morowitz has remarked on this curious reversal:

What has happened is that biologists, who once postulated a privileged role for the human mind in nature's hierarchy, have been moving relentlessly toward the hard-core materialism that characterized nineteenth-century physics. At the same time, physicists, faced with compelling experimental evidence, have been moving away from strictly mechanical models of the universe to a view that sees the mind as playing an integral role in all physical events. It is as if the two disciplines were on fast-moving trains, going in opposite directions and not noticing what is happening across the tracks.4

In the coming chapters we shall see how the new physics has given ‘the observer’ a central role in the nature of physical reality. A growing number of people believe that recent advances in fundamental science are more likely to reveal the deeper meaning of existence than appeal to traditional religion. In any case, religion cannot afford to ignore these advances.


2. Genesis


‘In the beginning God created the heaven and the earth.’

Genesis 1: 1



‘But no one was there to see it.’
Steven Weinberg in The First Three Minutes

Was there a creation? If so, when did it occur and what caused it? Nothing is more profound or more baffling than the riddle of exis-tence. Most religions have something to say about how things got started; so does modern science. In this book I shall address the enigma of genesis in the light of recent cosmological discoveries. This chapter deals with the origin of the universe as a whole. Some people have used the word ‘universe’ to mean the solar system or the Milky Way galaxy. I shall use it in the more conventional sense of ‘every physical thing that exists’, by which I mean all matter distributed among and between all the galaxies, all forms of energy, all non-material things such as black holes and gravity waves, and all of space as well, stretching (if indeed it does) right out to infinity. Sometimes I shall use ‘world’ to mean the same thing.

Any system of thought that claims to provide an understanding of the physical world must make some statement about the origin of the world. At its most basic, the choice is stark. Either the universe has always existed (in one form or another) or it began, more or less abruptly, at some particular moment in the past. Both alternatives have long been a source of perplexity to theologians, philosophers and scientists, and both present obvious difficulties for the layman.

If the universe had no origin in time — if it has always existed — then it is of infinite age. The concept of infinity leaves many people reeling. If there has been an infinite number of events already, why do we find ourselves living now? Did the universe remain quiescent for all of eternity only to spring into action relatively recently, or has there been some activity going on for ever and ever? On the other hand, if the universe began, that means accepting it appeared suddenly out of nothing. This seems to imply that there was a first event. If so, what caused it? Is such a question even meaningful?

Many thinkers baulk at these issues, and turn instead to the scientific evidence. What can science tell us about the origin of the universe?

These days most cosmologists and astronomers back the theory that there was indeed a creation, about eighteen billion years ago, when the physical universe burst into existence in an awesome explosion popularly known as the ‘big bang’. There are many strands of evidence to support this astonishing theory. Whether one accepts all the details or not, the essential hypothesis – that there was some sort of creation – seems, from the scientific point of view, compelling. The reason stems directly from a large body of scientific evidence that is encompassed by the most universal law of physics known – the second law of thermodynamics. In its widest sense this law states that every day the universe becomes more and more disordered. There is a sort of gradual but inexorable descent into chaos. Examples of the second law are found everywhere: buildings fall down, people grow old, mountains and shorelines are eroded, natural resources are depleted.

If all natural activity produces more disorder (measured in some appropriate way) then the world must change irreversibly, for to restore the universe to yesterday's condition would mean somehow reducing the disorder to its previous level, which contradicts the second law. Yet at first sight there seem to be many counter-examples of this law. New buildings are erected. New structures grow. Isn't every new-born baby an example of order arising out of disorder?

In these cases you have to be sure you are looking at the total system, not merely the subject of interest. The concentration of order in one region of the universe is always paid for by increasing disorder somewhere else. Take the construction of a new building, for example. The materials used inevitably deplete the world's resources, while the energy expended in the building process is also lost irretrievably. When a full balance sheet is drawn up, disorder always wins.

Physicists have invented a mathematical quantity called entropy to quantify disorder, and many careful experiments verify that the total entropy in a system never decreases. If the system is isolated from its surroundings, any changes that occur within it will remorselessly drive up the entropy until it can go no higher. After that there will be no further change: the system will have reached a condition of thermodynamic equilibrium. A box containing a mixture of chemicals provides a good example. The chemicals will react, some heat may be produced, the constituent substances will alter their molecular form and so on. All these changes increase the entropy inside the box. Eventually, the contents settle down at a uniform temperature in their final chemical form and nothing further happens. To return the contents to their former state is not impossible, but it would mean opening the box and expending energy and materials to reverse the changes that had occurred. This manipulation would produce more than enough entropy to offset the entropy reduction within the box.

If the universe has a finite stock of order, and is changing irreversibly towards disorder — ultimately to thermodynamic equilibrium — two very deep inferences follow immediately. The first is that the universe will eventually die, wallowing, as it were, in its own entropy. This is known among physicists as the ‘heat death’ of the universe. The second is that the universe cannot have existed for ever, otherwise it would have reached its equilibrium end state an infinite time ago. Conclusion: the universe did not always exist.

We see the second law of thermodynamics at work in all the familiar systems around us. The Earth, for example, cannot have existed for ever, or its core would have cooled down. From radioactivity studies the Earth can be dated to about 4½ billion years, which is similar to the age of the moon and of various meteorites.

As far as the sun is concerned, it clearly cannot continue burning away merrily ad infinitum. Year by year its fuel reserves decline, so that eventually it will cool and dim. By the same token its fires must have been ignited only a finite time ago: it does not have unlimited sources of energy. Estimates place the age of the sun at a little greater than that of the Earth, which accords well with current astronomical theories that the solar system formed together as a single unit. Nevertheless, the solar system is only a minute component of the universe, and it would be rash to draw sweeping conclusions from considerations of the Earth and sun alone. The sun, however, is a typical star, and our galaxy alone contains many billions of other stars whose life cycles can be studied by astronomers. Stars exist that have reached various stages in their evolution, enabling us to build up a detailed picture of stellar birth, life and death.

Stars form, along with planets, as a result of the gradual contraction and fragmentation of huge, tenuous clouds of inter-stellar gas which consist mainly of hydrogen. Today it is easy to find regions of the galaxy where starbirth is taking place. One of these, the Great Nebula in Orion, is visible to the naked eye. The stars were not simply made once and for all. Our sun, for example, at about five billion years old, is at most only half the age of the oldest stars in the galaxy. The formation of the solar system would have been just one further product of a continuing process that has occurred hundreds of billions of times in the Milky Way alone, and will continue in the future. Thus, as far as the formation of stars and planets are concerned, there was no real creation as such at all, merely a sort of cosmic assembly line steadily turning the raw material — hydrogen, helium, and a minute fraction of heavier elements — into stars and planets.

Given that stars are continually burning out while others are being formed to replace them, might this cycle of birth and death have continued endlessly? Alas, no, as the second law of thermodynamics assures us. The material of burnt-out stars can never be fully recycled. The energy needed dissipates away into space in the form of starlight radiated over the aeons. Some of the star stuff is lost irretrievably down black holes.

There is, however, a more direct reason for believing that the entire cosmic system has not been recycling away for all eternity. Isaac Newton, one of the founders of modern science, established that gravity is a universal force, acting between all material bodies in the cosmos: every star, every galaxy, pulls on every other with a gravitational force. Because astronomical bodies float freely in space there seems to be no reason why they do not fall together as a result of this ubiquitous gravitational attraction. In the solar system, gravitational collapse of the planets on to the sun is avoided by centrifugal effects: the planets are revolving around the sun. Likewise the galaxy is rotating. But there is no evidence that the universe as a whole is rotating. Clearly the galaxies can't just hang there for ever. So the universe cannot always have enjoyed its present arrangement.

Although this cosmic conundrum had been appreciated since the time of Newton, it was not until the 1920s that the resolution was discovered. The American astronomer Edwin Hubble found that the galaxies are not falling together because they are rushing apart instead. Hubble noticed that galactic light is slightly distorted in colour (‘red shifted’ to use the jargon), a circumstance that suggests rapid recession. The reason is that light consists of waves, so a moving light source can stretch or shrink the waves, just as a moving vehicle stretches or shrinks the sound waves it emits. The tone of a car engine, or the whistle of a train, drops dramatically in pitch as it rushes by. In the case of light, read ‘colour’ for ‘pitch’ and you have the Hubble red shift. The speeds involved, however, are vastly greater. Distant galaxies recede at many thousands of miles per second.

Hubble's discovery is sometimes misinterpreted to mean that our galaxy is at the centre of this headlong rush, with all the other galaxies flying directly away from us. That is quite wrong. Because the distant galaxies recede faster than the nearby ones, the gaps between the galaxies also expand, so in fact every galaxy is moving away from every other one. This is the famous ‘expanding universe’. The pattern of galactic dispersal would appear very much the same from wherever in the cosmos you looked.

The expanding universe accords very well with modern thinking on the nature of space, time and motion. Albert Einstein, who carries the same status in the scientific community as St. Paul does among Christians, revolutionized our conception of these matters with his mind-bending theory of relativity. Although it has taken sixty years for Einstein's spacewarps and timewarps to impinge on the popular imagination, physicists have long accepted his ideas of curved space-time as an explanation of gravity.

The force of gravity powers all large-scale cosmic phenomena. In objects of astronomical size, gravity far outweighs all other forces such as magnetism or electricity. It shapes the galaxies and controls the intergalactic motions. When it comes to explaining the expanding universe, gravity is the key.

Einstein argued convincingly that gravity stretches or distorts space and time, and the idea can be checked directly by watching the sun's gravity bend starbeams that graze its surface. The sky behind the sun appears from Earth to be slightly, but distinctly, bent. The elasticity of time can also be demonstrated, most directly by flying clocks in space. Time runs faster in the gravity-free environment up there than it does on the Earth's surface.

If the sun can stretch space so can the galaxy, which is made of many suns. So rather than thinking of the galaxies as moving apart through space, astronomers prefer to think of the space between the galaxies as stretching. If intergalactic space is being ‘inflated’, then each day every galaxy will find itself with more and more elbow room. In that way the universe expands, without having to expand into some external void.

Setting aside for now the concepts of elastic space and time, which many people find hard to understand, it is plainly obvious that a universe which is growing bigger must have been smaller in the past. If the present expansion rate had been maintained throughout history, then twenty or thirty billion years ago the whole observable universe would have been shrivelled up into an unrecognizable blob with no identifiable astronomical bodies at all. In fact, astronomers have discovered that the expansion rate is decellerating somewhat, so this highly compressed condition in fact occurred rather more recently, perhaps fifteen or twenty billion years ago. (Compare the sun's age of five billion years.) Because the expansion rate was much higher then, the early stages of the galactic dispersal resembled an outburst rather than a slow expansion.

It is sometimes said that the universe as we now know it was created by the explosion of a sort of primeval ‘egg’, the galaxies being fragments of the explosion that are still hurtling through space. It is a picture that captures some correct features but it can also be misleading. The thing that exploded was shrunken because space was shrunken. It is wrong to think in terms of an ‘egg’ surrounded by a void. An egg has a surface and a middle. Astronomers believe, however, that there is no edge or surface to the universe, and no privileged centre.

We are tangling here with the delicate subject of infinity. It is a topic full of pitfalls for the unwary. In view of its importance not only for the expanding universe, but for the broader issues of science and religion, it is worth a short digression at this stage.

Scientists have long recognized the need to base all their considerations of infinity on precisely formulated mathematical steps, for measuring the infinite can produce all sorts of paradoxes. Consider, for example the famous ‘hare and tortoise’ paradox due to Zeno of Elea (fifth century B.C.) In a race, the tortoise has a head start, but the hare, running faster, soon overtakes him. Clearly, at every moment of the race the hare is at a place and the tortoise is at a place. As both have been running for the same length of time — for an equal number of moments — then presumably they have passed through an equal number of places. But for the hare to overtake the tortoise he must cover a greater distance in the same time, and so pass through a greater number of places than the tortoise. How then can the hare ever overtake the tortoise?

The resolution of this paradox (one of several due to Zeno) involves a proper formulation of the concept of infinity. If time and space are infinitely divisible then both the hare and the tortoise run for an infinity of moments through an infinity of places. The essential feature of infinity here is that a part of infinity is as big as the whole. Although the tortoise's journey is shorter in distance than the hare's, he still covers as many places as the hare (i.e. infinity) — even though we know the hare passes through all the same places as the tortoise, and more!

Many surprises of this sort emerge from a study of the infinite, and it has taken mathematicians centuries of logical construction to fully comprehend the rules for the proper manipulation of infinity. An odd feature is that there exists more than one sort of infinity. There is the infinity of things that can be labelled by whole numbers (1, 2, 3… without end) and a bigger infinity for which even the whole numbers in their entirety are inadequate.
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1 The irregular perimeter in this figure is constructed by raising equilateral triangles on the sides of larger triangles in a sequence of steps. The third step is shown in the figure. As the number of steps increases, so the perimeter becomes longer and more ‘spikey’. The length of the perimeter grows without limit as the number of steps is increased indefinitely, but the perimeter never protrudes outside the enclosing circle. The area enclosed by the irregular perimeter is therefore finite, even though the length of the perimeter approaches infinity in the limit of an infinite number of steps.
When it comes to geometry, intuition can lead you badly astray. Consider for example the length of a fence that surrounds a field of given area. It is easy to see that a long thin field requires more fence for a given area than a square field. A round field uses the minimum length offence. But just how long can the perimeter of a field become? Figure 1 shows a rather eccentrically shaped perimeter consisting of triangles built upon triangles in a sequence of steps. With each step the perimeter fence gets longer, and the area enclosed increases a bit. But the perimeter will never protrude beyond the enclosing circle, so the area will always remain finite, yet the perimeter can grow without limit as the number of additional triangular wedges is increased. It is thus possible to conceive of an infinitely long fence enclosing a finite area of field (see Fig. 1).

What has all this got to do with the creation of the universe? First, it illustrates that ideas like ‘infinity’ should not be used sloppily or they are likely to produce nonsense. Secondly, it demonstrates that the results obtained often run counter to common sense and intuition. This is one of the great lessons of science. It is often necessary to resort to the abstract — to formal mathematical manipulations — to make sense of the world. Ordinary experience alone can be an unreliable guide.

Is the universe infinite in size? If space has an infinite volume we can envisage an infinity of galaxies populating it with roughly uniform density. Many people then worry about how something that is infinite can expand. What is there for it to expand into? There is no problem: infinity can be boosted in magnitude and still remain the same size. (Remember what the ‘tortoise taught us’.) But visualization problems set in when we wind this model backwards to the ‘cosmic egg’ phase. If the galaxies are everywhere, there could never have been a finite egg, with a surface beyond which there was no matter. So eggs are out.

Imagine, in such an infinite universe, a huge sphere enclosing an enormous volume of space containing many galaxies. Now picture space everywhere rapidly shrinking, like Alice in Wonderland after eating the magic cake. The sphere contracts to a smaller and smaller radius; but however shrunken it becomes there is still unending space and an infinity of galaxies outside it. If the sphere shrinks to literally nothing, then we have the mathematically delicate problem of an infinite universe which is infinitely shrunken. There is still no centre or edge, but the contents of any sphere, however large it started out, would be crushed together into a single point. Astronomers believe that it was from such an infinitely shrunken, yet unbounded, state that the universe exploded.
There is, in fact, another possible model for the universe that avoids the competition of infinities; it was proposed by Einstein himself in 1917. Based on the fact that space can bend, Einstein argued that space can connect up to itself in a variety of unexpected ways. The curved surface of the Earth can be used as an analogy. The Earth's surface is finite in area, but unbounded: nowhere does a traveller meet an edge or boundary. Similarly space could be finite in volume, but without any edge or boundary. Few people can really envisage such a monstrosity, but mathematics can take care of the details for us. The shape is called a hypersphere. If the universe is a hypersphere an astronaut could, in principle, circumnavigate it like a cosmic Magellan by always pointing his rocket in the same direction until he returned to his starting point.

Although it is finite, Einstein's hyperspherical cosmos still has no centre or edge (just as the surface of the Earth has no centre or edge), so when shrunken it does not resemble a cosmic egg either. One can imagine the hypersphere shrivelling away to nothing, its volume vanishing, analogous to the surface of a sphere being shrunk to zero radius (see Fig. 2).
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2 If three-dimensional space is represented by a two-dimensional surface, then one model of the expanding universe is reminiscent of a balloon that inflates from nothing. In this model space is finite, but unbounded: an observer in the space could travel freely all around the universe. The dots represent galaxies (or clusters of galaxies). As the universe expands, space stretches, so all the dots move farther apart from all their neighbours. An observer on any one of the dots would see the other dots receding in a systematic pattern, and would seem to be at the centre of this outward migration.

The study of elastic space has led cosmologists to propose a theory of the creation which differs greatly in detail from the biblical version. The most startling feature of the scientific theory is the suggestion that space itself was created in the big bang, and not merely matter. If the ‘shrivelling balloon’ model is envisaged instead as an expanding balloon – expanding out of nothing – then you obtain a rough idea of the story of Genesis as told by modern physics. The important point is that continuation of the concept of space back through the infinitely shrunken phase is impossible, and this is true whether or not the universe resembles Einstein's hypersphere (balloon model) or is infinite in size. The first instant of the big bang, where space was infinitely shrunken, represents a boundary or edge in time at which space ceases to exist. Physicists call such a boundacy a singularity.

The idea of space being created out of nothing is a subtle one that many people find hard to understand, especially if they are used to thinking of space as already being ‘nothing’. The physicist, however, regards space as more like an elastic medium than as emptiness. Indeed, we shall see in later chapters that, because of quantum effects, even the purest vacuum is a ferment of activity and is crowded with evanescent structures. To the physicist ‘nothing’ means ‘no space’ as well as no matter.

More peculiarities lie in wait. Space is inextricably linked to time, and as space stretches and shrinks, so does time. Just as the big bang represents the creation of space, so it represents the creation of time. Neither space nor time can be extended back through the initial singularity. Crudely speaking, time itself began at the big bang.

These bizarre ideas can only be fully grasped by appeal to mathematics. Human intuition is an inadequate guide — which illustrates one of the principal reasons for the success of the scientific method. By employing mathematics as a language, science can describe situations which which are completely beyond the power of human beings to imagine. Indeed, most of modern physics falls into this category. Without the abstract description provided by mathematics, physics would never have progressed beyond simple mechanics. Of course, physicists, like everybody else, carry around mental models of atoms, light waves, the expanding universe, electrons, and so on, but the images are often wildly inaccurate or misleading. In fact, it may be logically impossible for anyone to be able to correctly visualize certain physical systems, such as atoms, because they contain features that simply do not exist in the world of our experience (as we shall see when we come on to look at the quantum theory in Chapter 8).

Failure of the human imagination to grasp certain crucial features of reality is a warning that we cannot expect to base great religious truths (such as the nature of the creation) on simple-minded ideas of space, time and matter, gleaned from daily experience.

Intellectual difficulties over the origin of time are not new. Aristotle in the third century B C rejected the idea of time being created, for that would imply there was a first event. What caused the first event? Nothing, for there was no prior event.

The finitude of time, in fact, need not imply that there was a first event. Imagine events labelled by numbers, with zero corresponding to the singularity. The singularity is not an event, it is a state of infinite density, or something like it, where spacetime has ceased. If one now asks, ‘What is the first event after the singularity?’, this is the same as the question, ‘What is the smallest number greater than zero?’ There is no such number, for every fraction, however small, can always be halved. Likewise, there is no first event.

The trouble is that infinite time is equally perplexing, as Immanuel Kant later emphasized:


If we assume the world has no beginning in time, then up to every given moment an eternity has elapsed, and there has passed away in the world an infinite series of successive states of things. Now the infinity of the series consists of the fact that it can never be completed through successive synthesis. It thus follows that it is impossible for an infinite world series to have passed away, and that a beginning of the world is therefore a necessary condition of the world's existence.1

Remembering Zeno, however, we must be wary of manipulating infinity. According to Kant's reasoning, the hare could never complete the infinite series of steps ‘through successive synthesis’ necessary for him to overtake the tortoise. Yet we all know that he will. Nor is it a valid objection to point out that in the Zeno case the elapsed time is finite, while Kant refers to the passage of an infinite duration. In both cases there is an infinity of moments involved. Any mathematician can demonstrate that there are no more moments in all of eternity than there are in, say, one minute. In both cases there is an infinite number, and this infinity can be made no bigger by ‘infinite stretching’.

Another objection to Kant's reasoning is the assumption that time ‘elapses’, which implies a flowing or moving time. Few physicists would concede that time does flow or move. It is simply there, like space (a topic that we shall return to in Chapter 9).

In conclusion, there seems to be nothing terribly wrong with either an eternal universe, or one that is of a finite age, bounded in the past by a singularity. Assuming the latter to be correct, does this mean that science supports the biblical version of the creation?

There is no agreement among Christians on the weight to be placed on the biblical narrative of Genesis. In 1951, Pope Pius XII, addressing the Pontifical Academy of Sciences in Rome on the implications of modern scientific cosmology, 2 alluded to the big bang theory, and the fact that ‘everything seems to indicate that the universe has in finite times a mighty beginning’. His remarks provoked a fierce reaction (not least among scientists), and contemporary theologians are still divided over whether the big bang is the creation event supposedly revealed to the Bible writers. Thus, Ernan McMullin of Notre Dame University in the United States, writing recently under the title, ‘How should cosmology relate to theology?’, concludes that: ‘What one cannot say is, first, that the Christian doctrine of creation “supports” the Big Bang model, or second, that the Big Bang model “supports” the doctrine of creation.’3 Nevertheless, many laymen, compelled these days to dismiss so much of the Old Testament as fiction, find comfort in the apparent support that modern scientific cosmology brings to the Genesis story.

If we accept that space and time really did erupt out of nothing in the big bang, then clearly there was a creation and the universe has a finite age. The paradox of the second law of thermodynamics is therefore immediately solved. The universe has not reached thermodynamic equilibrium yet because it has only been disordering itself for eighteen billion years or so, and that is nowhere near long enough to complete the process. Moreover, we can now understand why all the galaxies have not fallen together. The explosive violence has flung them apart, and even though their rate of separation is slowing, there has not yet been enough time for them to fall back on themselves.

If the big bang theory rested on the work of Hubble and Einstein alone, it would not command the widespread support that it does. Fortunately, there is some persuasive confirmatory evidence.

The searing violence which accompanied the birth of the cosmos must have left many imprints on the structure of the universe, and we might expect some relics of the primeval phase to survive today. Searching for relics from the creation is now one of the most popular scientific enterprises and, incredible though it may seem, there are good financial reasons for this. The primeval universe provided an ideal natural laboratory in which physical conditions of such extremity were realized that they cannot be simulated on Earth with even the most elaborate scientific equipment. To test their theories about the behaviour of matter under these extreme conditions physicists must appeal to the cosmology of the newly-created universe. The hope is that the universe today may contain traces or clues about the physical processes that occurred during that first brief flash of existence. Calculations may then be used to see if those processes accord with what the theorists expect for the behaviour of matter under extreme conditions.

By far the most important relic of the primeval universe was discovered by accident in the mid-1960s. Two physicists working for the Bell Telephone Company stumbled across some mysterious radiation coming from space. A careful analysis has revealed that this radiation, which bathes the whole universe, is a relic of the primeval heat, the last fading glow of the fiery birth of the universe. The big bang, like any explosion, generated huge quantities of heat. Indeed, it took 100,000 years for the cosmic gases to cool to the sort of temperatures found at the surface of the sun. Now, eighteen billion years on, the temperature has dropped to the very depths, a mere three degrees above absolute zero (–273°C). Nevertheless there is still a vast amount of energy locked up in the heat radiation.

Knowing the present temperature of the relic heat radiation, it is a simple matter of scaling to compute its value at all epochs. Every time a typical region of the universe doubles in size, the temperature falls by fifty per cent. Working backwards, it is readily deduced that, for example, at one second after the creation, the temperature was ten billion degrees. This may seem pretty hot, but it is well within the range of laboratory experience. Indeed, using modern particle accelerators to generate high energy collisions, it is possible to simulate for a fleeting instant the conditions in the primeval explosion at a mere million-millionth of a second after the beginning, when the temperature was a staggering million billion degrees. It is therefore with some confidence that astrophysicists can model many of the physical processes that must have occurred after that first searing instant.

Using such models it is possible to compute the form of the cosmic material at each epoch as the universe erupted into existence. For example, between about one second and five minutes conditions would have been suitable for nuclear reactions to have occurred. The major process would have been the fusion of hydrogen nuclei to form helium and some deuterium. Calculations predict that the final ratio of helium to hydrogen should be about twenty-five per cent by mass, which is very close to what is observed to be the relative cosmic abundances of these two elements today. (Hydrogen and helium together constitute over ninety-nine per cent of the material in the universe.) Such remarkable agreement gives us confidence that the basic ideas of the hot big bang theory are correct.

The epochs before one second, being so hot, involved some very high energy physics. At these temperatures matter is broken completely apart, and its primary constituents (to be discussed in Chapter 11) would have been exposed. This very early phase – the first one second of existence – is now the subject of intense study by theoretical physicists, some of whom believe that many of the features of the universe can be explained by processes that occurred then. In the next chapter some of these more recent developments will be described.

The big bang theory is now taken very much for granted by astrophysicists, and the helium abundance calculations have long become part of standard cosmology. It is therefore easy to overlook the remarkable nature of these early successes. Had a nineteenth-century archaeologist claimed to have discovered the Garden of Eden and produced a relic showing unmistakable evidence of God's handiwork during the first day, the claim would have produced a sensation. Helium may not be very familiar to most people, but it can readily be purchased from industry. It is an extraordinary thought that this commonplace laboratory substance was fashioned in the primeval furnace, not just during the first day, but in the first few minutes of existence.

Though present scientific opinion lends strong support to the creation theory, it is important to realize that there is no logical reason why the universe cannot be infinitely old. The chief physical difficulty is, as we have seen, the second law of thermodynamics. However, from time to time mechanisms have been proposed to overcome this difficulty. One of these is the steady-state theory, due to Hermann Bondi, Thomas Gold and Fred Hoyle. In all versions of this theory the universe is infinite in age, but the thermodynamic heat death is avoided by postulating that new low-entropy matter is continually being created. Thus, rather than matter appearing all in one go in a primeval explosion, it arises gradually, or perhaps sporadically in mini-bangs, over the aeons. The average rate of appearance of new matter is adjusted (perhaps by a feedback mechanism) so that, as the universe expands and the density of existing matter is diluted, the newly-created matter fills in the gaps and maintains a roughly constant density. The dispersal of the galaxies is thereby compensated by the creation of new galaxies in the widening void in such a way that the overall aspect of the universe remains much the same from epoch to epoch. Globally, nothing changes (see Fig. 3). In contrast, in the big bang model, the density of galaxies steadily declines, and the universe
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3 The figure contrasts three successive ‘snapshots’ of a region of expanding space in the big bang and steady-state models of the universe. In the big bang case (upper) the number of galaxies (dots) remain unchanged in a given volume of space. Thus, the density of dots declines as the expansion proceeds. In the steady-state case (lower) the density of galaxies remains unchanged from epoch to epoch, so that new galaxies must be continuously created to fill in the gaps made by the expanding space.
evolves in structure and arrangement.

Hoyle attempted to explain the continual creation of matter by inventing a new type of field that carries negative energy. The steady enhancement of this field pays for the positive energy necessary to create the matter. (The creation of matter from energy will be described in the next chapter.) Thus, God is abolished from the steady-state model altogether. First, the primary energy necessary to create matter need not be created; it is simply paid for by depositing negative energy into some other system. Secondly, space and time are not created, but have always existed.
The steady-state model had great philosophical appeal for many scientists, who were attracted by its elegance and simplicity. However, advances in astronomy put paid to any simple version of the theory, and the discovery of the cosmic background heat radiation in 1965 was really the last nail in its coffin. It remains an important idea, though, for it demonstrates the logical possibility of a universe with neither abrupt creation nor heat death, in which all processes, including the appearance of matter, are attributed to natural mechanisms.

The fact that modern cosmology has provided hard physical evidence for the creation is a matter of great satisfaction to religious thinkers. However, it is not enough that a creation simply occurred. The Bible tells us that God created the universe. Can science throw any light at all on what caused the big bang? This will form the subject of the next chapter.



End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   


GODANDTHENEWPHYSICS/images/9780140134629_002.jpg





GODANDTHENEWPHYSICS/images/9780140134629_001.jpg





GODANDTHENEWPHYSICS/images/9780140134629_004.jpg





GODANDTHENEWPHYSICS/images/9780140134629_003.jpg






GODANDTHENEWPHYSICS/images/9780140134629_006.jpg





GODANDTHENEWPHYSICS/styles/page-template.xpgt
 

   

     
       
    

     
	 
    

     
	 
	 
    

     
	 
    

     
	 
	 
    

     
         
             
             
             
             
             
        
    

  

   
     
  





GODANDTHENEWPHYSICS/images/9780140134629_005.jpg
-





GODANDTHENEWPHYSICS/images/9780140134629_008.jpg
L L L
G—...>E>E—>E—>E





GODANDTHENEWPHYSICS/images/9780140134629_007.jpg
L L L

BB R-+>E





GODANDTHENEWPHYSICS/images/9780140134629_009.jpg





GODANDTHENEWPHYSICS/images/9780140134629_011.jpg





GODANDTHENEWPHYSICS/images/9780140134629_010.jpg





GODANDTHENEWPHYSICS/images/9780140134629_013.jpg





GODANDTHENEWPHYSICS/images/9780140134629_012.jpg





GODANDTHENEWPHYSICS/images/9780140134629_015.jpg





GODANDTHENEWPHYSICS/images/9780140134629_014.jpg





GODANDTHENEWPHYSICS/images/9780140134629_017.jpg
N





GODANDTHENEWPHYSICS/images/9780140134629_016.jpg





GODANDTHENEWPHYSICS/images/9780140134629_019.jpg
30






GODANDTHENEWPHYSICS/images/9780140134629_018.jpg





GODANDTHENEWPHYSICS/images/9780140134629_020.jpg





GODANDTHENEWPHYSICS/images/9780140134629_022.jpg





GODANDTHENEWPHYSICS/images/9780140134629_021.jpg
rrrrrr






GODANDTHENEWPHYSICS/images/9780140134629_024.jpg





GODANDTHENEWPHYSICS/images/9780140134629_023.jpg





GODANDTHENEWPHYSICS/images/9780140134629_026.jpg
Another mans
‘present’

1l

'One man's
‘present’

Time

Space





GODANDTHENEWPHYSICS/images/9780140134629_025.jpg





GODANDTHENEWPHYSICS/images/9780140134629_028.jpg





GODANDTHENEWPHYSICS/images/9780140134629_027.jpg





GODANDTHENEWPHYSICS/images/9780140134629_029.jpg





GODANDTHENEWPHYSICS/page-map.xml
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





GODANDTHENEWPHYSICS/images/9780140134629_031.jpg





GODANDTHENEWPHYSICS/images/9780140134629_030.jpg








