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Prospectus





You look up at the stars on a calm, clear night, and you’re awed by the tranquil vastness of it all. You turn to a book on cosmology and you find it impossible to take in how much vaster still the universe is than you could ever guess even from that visible skyful of sparkling darkness.


And then, when you think about it quietly, you can’t help being struck by something even more surprising: what a muddle it all is. Nothing’s quite straight, nothing’s quite circular – it’s like an old cottage, built without a plumb line or a spirit level. Stars and galaxies are splashed about all anyhow. Some things are heating up, some things are cooling down. There are things exploding, there are things crashing into other things. And everything is inextricably mixed up with everything else, as if the cottage were lived in by some crazy old eccentric.


Has anyone ever seen a universe like it? Well, no, because this is the first of its many idiosyncrasies: its uniqueness. There aren’t any other universes to compare it with – not ones that anyone has ever seen, at any rate. Of almost everything else there is more than one example of the same kind of thing, so that we can make comparisons and judge how things stand. Of universes we have just the one, so we don’t know whether this is the way you’d expect a universe to be. I can’t help feeling, though, that if someone had asked me before the universe began how it would turn out, I should have guessed something a bit less like an old curiosity shop and a bit more like a formal French garden – an orderly arrangement of straight avenues, circular walks, and geometrically shaped trees and hedges.


Our own particular speck of this universe, the planet we live on, is as irregular as everything else. A sphere, which seems a neat enough idea – but a sphere that isn’t exactly spherical, wobbling a little on its axis, spinning not quite regularly. With a surface as rumpled as an unmade bed, splashed with seas and lakes as haphazard as the spills on a bar, under a shifting blanket of air and water vapour as confused as a drawerful of tangled string.


The oddest feature of this wobbly spheroid, though, is one particular class of things scattered about amidst the rest: a range of entirely anomalous objects that construct themselves out of the material around them, and then replicate themselves – perhaps the only objects of this sort in the entire universe. Among these weird anomalies is a sub-group with a few thousand million members that are even odder, because they also have some inkling of just how odd they are.


And then among these few thousand million is an even smaller, even odder group: you and me. You reading this, and me writing it. What distinguishes us from all the rest is that we are currently communicating with each other. I don’t understand much about you – just enough to know that you see the universe around you in much the same way (but not exactly the same way) as I do. I know this because otherwise you wouldn’t understand a word I’m saying, and you wouldn’t have got this far. And I know for the same reason that you are aware of being a member of an even smaller and stranger class than the two of us make up together: the class of your own self, which has only one member, just as I am the sole member of the class of my own self. Each of us is for himself what cosmologists, when they are talking about black holes and the moment when the universe began (if it did), call a singularity – the only real singularity in our own experience apart from the totality of the universe itself, the Big Bang and black holes not being things of which we have any personal acquaintance.


So you have something in common with the universe as a whole, and so do I. It’s odd, though, how out of scale we both are with our great fellow singularity. Our metre or two of flesh doesn’t occupy much of the distance between the furthest observable galaxies in the universe above our heads and the furthest observable below our feet. The twenty-four hours of our day, and the three score and ten years of our natural span, make only a brief interval in the fourteen billion years lifetime of the universe so far,1 not to mention the more than fourteen billion yet to come.


And yet there’s something odder still about where we’re standing in relation to all this. We have the good luck to be, not on the outside of all this, looking in, but right in the thick of things. We seem to be quite literally in the middle of the universe, with its ever-expanding boundaries marked only because they are receding from us as rapidly as the light from them can travel back to us, at a distance of about fourteen billion light years in every direction.2 We also seem to be somewhere in the middle of the duration of the universe. Somewhere, perhaps, between the start of things and the end of them; or somewhere in the first half of an enormous cycle, before the boundaries stop moving away from us and begin to move in upon us again; or else somewhere infinitely far along the road from no beginning, with infinitely far left to travel to reach no end.


We’re also somewhere in the middle of the scale of things. Small as we are by comparison with the universe as a whole, if we look into the details of the world around us we become giants – more than a billion times as tall as an atom, living perhaps two hundred billion times as long as a relatively long-lived meson. Where exactly are you located inside your moderate couple of metres, for the length of your middling seventy years? Where am I, in mine? Lodged somehow, never mind for the moment how, in a brain whose hundred billion neurons are connected in one million billion ways, a brain which is one sub-system in a body built upon hierarchies of sub-subsystems and cells – of a hundred trillion cells, each built from something like sixty-seven trillion atoms; not to mention the hierarchy of unobservable quarks and strings postulated within each atom.3


Another odd thing about our situation: how handily placed we are to think about all this. Not only are there six billion of us talking away to each other, and exercising the language and conceptual processes we need, but we have inherited the handiwork of another hundred billion or so human beings, spread out over the last fifty thousand years.4 Slowly, slowly, they have shaped our immediate surroundings to our needs, and invented the words and numbers and concepts to represent what we are looking at in a form that enables us to think about it.


Are we in the middle of human history, as of everything else? When we turn away from the faceless hundred billion who preceded us (not to mention the forms of life that preceded them, gradually developing over the previous three or four billion years), and look forward into the future, it’s not just the individuals who are difficult to distinguish, but even the haziest approximation of their numbers. Are we looking at billions, or millions of billions? Or do we see them dwindling away again in the distance, to hundreds, to handfuls, to two, to one? Are we looking at no one at all, from 10.35 tomorrow morning? Are we in the oddest situation of all – of being among the last ones to have all the luck?


The sheer strangeness of our situation, when we look at it in this way, threatens to swamp us. No one could ever have predicted any of this! But then no one could ever have predicted anything. This is what sticks in so many people’s throats about evolution. They look at the sheer idiosyncrasy of the spider and the bower bird, of the lymph gland and the enzymes of the digestive system, and they think, ‘But no one could have seen any of this coming! You can’t start with a few general principles and end up with all this!’ Nor could anyone have predicted, from a study of genetics and child psychology, that you would be you and I should be I.


But then we’re not trying to predict the spider or your identity. We’ve got spiders, we’ve got you. All these things are the given. The starting point of our speculations about the universe and our place in it is not Day Zero of creation, or even Day One – it is the evening of Day Six, after the creation of man; or, more precisely, the situation that has developed out of all this since, including you and me as we now are. And if we and our fellows were not here to ask why things are as they are, if we were not in the situation and endowed with the faculties that enable us to ask the question, then no question would arise. If the question can be asked, the oddity felt, then (paradoxically) there is no question, there is no oddity.5


And if we are the last, likewise, then we are. Does it matter much, in the great scheme of things, if you and I close our eyes, and close them for good? If the particles that comprise us, supporting our tiny sense of being here at the centre of space and time, are scattered to wherever they came from in the first place, among the indifferent particles around? In this vast organisation we’re all nobodies. We shall all of us go in the end – and what will have changed? The number of quarks in the universe will still be the same. A curious little fleck of foam that wind and tide raised for a few moments on a few square centimetres of the great ocean will have vanished back into the waters. The universe will go on as if we had never been. We both know that as surely as we know anything.


But now we come to the oddest thing of all about our relationship with the universe: we both also know that the opposite of that is true. We know that if we go, so will everything.


What is the universe, after all? Vastly big in its totality – and vastly small in its details. What makes it big, what makes it small? You and I do, by standing where we stand, by being 1.80 metres tall, by living for three score years and ten. We have some notion of how vastly bigger it is than ourselves, how vastly smaller, only because we’ve laid our metre-rule against it. Only because we’ve put our stopwatches on it.


It’s big, it’s small, it’s so many billion light years across and so many years old because you and I and some of our friends say it is. If we weren’t here in the audience, comparing and measuring, gasping and applauding, the whole show would have gone for nothing. The universe would not be several billion light years across, or four centimetres, or any other distance. It would not be odd or awe-inspiring – or even banal. It would have no characteristics at all. And if it had no characteristics then in what sense would it be anything? In what sense would it exist?


The lifespan of the omega meson would not be 10 -22 seconds or twelve centuries or any other length of time. Here would not be here. Now would not be now. And if here is not here, nor now now, there is not there, nor then then. There would be no is, no was, no will be. If no is, no was, no will be, then no passage of time.


So we are perhaps not after all such nobodies. We are not for nothing. The middle of things is not an entirely inappropriate place for us to be.


We seem to know two mutually contradictory things to be true. This paradox is something that I have been puzzling about for most of my adult life. So have many other people, in many generations before me. It’s the world’s oldest mystery, and it has taken many different forms. Aret he qualities (physical, moral, aesthetic) that distinguish one thing from another objective realities, or are they our subjective imposition upon things? Can we have anyreal acquaintance with things outside ourselves at all, or does the knowable world consist purely of our experiences? Is the world in one way or another out there, or is it in here? Succeeding schools of philosophers have reached for one horn of the dilemma or the other, but it’s impossible to seize both horns equally securely at the same time. This is one of the reasons why philosophy has never culminated in any generally accepted body of doctrine, or even seemed to be on the road towards it, as science is thought to be by many scientists.


If we go over the ground together once again, can we at any rate get the problems into a clearer perspective? Perhaps we can help each other. The thoughts that one thinks in the privacy of one’s own head tend to be elusive – and often prove nugatory or false when one attempts to bring them into the light of day. The possibility that someone might be listening (and you must have got this far, at any rate!) makes us all more coherent. After all, we learnt all the words we know in the first place only from talking to each other.


I’m not proposing anything that requires specialised knowledge (you may have some but I don’t) – only that we keep our eyes open, like any thoughtful tourists visiting a strange place (and the place we find ourselves in is very strange). We can’t look at everything, but we can choose a few particular sites, a few vantage points with wide views. What I’m proposing is that we should go this way and that, without any particular system, wherever a path seems to offer, to get the lie of the land. It may mean that we find ourselves crossing paths we followed earlier – perhaps even covering the same ground again for a while – or coming by different paths upon the same objective.


Is this excursion yet another attempt at philosophy? Not really. I shouldn’t have the courage to make any such claim, because I can imagine how scornfully it would be dismissed by most professional philosophers. Philosophy these days is a very specialised and technical discipline, comprehensible only to the initiate, and undertaken almost entirely for their benefit. Reading a philosophical journal, I’m sometimes reminded of Dawkins’s Law of the Conservation of Difficulty,6 which states that obscurantism in an academic subject expands to fill the vacuum of its intrinsic simplicity.7


Am I claiming that this proposed joint expedition is something important? I don’t know what to say. Even if we actually manage to resolve the great paradox that has been teasing mankind for the last few thousand years, it won’t help with any of the world’s practical problems, or make us better people. But then nor will the stories we read, or the pictures we look at, or the music we listen to. All these things are as important as you personally happen to find them, no less and no more. A mere diversion, perhaps, if that’s what they seem, or entirely pointless. Or just possibly keys that unlock something in the thoughts and feelings of which our life is composed.


And whether we do in fact get any nearer to resolving the paradox … we shall see.
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1 John Gribbin, in The Birth of Time (London, 1999) suggests fifteen billion years, but in 2003 this was refined as a result of NASA’s Wilkinson microwave probe to 13.7 billion. (Here and throughout the book, ‘billion’ is used in the sense that it is understood in the United States, and increasingly worldwide: to mean a thousand million. ‘Trillion’, correspondingly, is used to mean a million million.)


2 Are we objectively at the centre of the universe? See note 11 to chapter I/4.


3 Murray Gell-Mann, The Quark and the Jaguar (1994); Brian Greene, The Elegant Universe (1999). For the most brilliantly clear and graphic account of the vastness of the universe and the smallness of particles, and of the sheer discrepancy between both and our own dimensions, see the opening chapters of Bill Bryson’s wonderful survey of scientific understanding, A Short History of Nearly Everything (2003).


4 Carl Haub, ‘How Many People Have Ever Lived on Earth?’, posted on the website of the Population Reference Bureau, at http://www.prb.org/ Template.cfm?Section=PRB&template=/ContentManagement/Content Display.cfm&ContentID=7421


5 This is an example of the so-called ‘anthropic principle’, a term coined in 1974 by the cosmologist Brandon Carter for a concept around which a whole philosophical literature has since accumulated. Nick Bostrom, in his book Anthropic Bias: Observation Selection Effects in Science and Philosophy (2002), deprecates the word ‘anthropic’, and relates the principle to a general class of cases where the result of an observation is predetermined by the circumstances in which the observation is made. You can estimate what percentage of the population now use mobile phones by asking a random sample of citizens – but if the way you ask them is by phoning them on their mobiles then this is going to pre-empt the result. Ask what the odds are against your winning the lottery before the draw is made, and the answer may be ten million to one. Ask again from the vantage point of having won, though, and the question is otiose. It no longer has a function.


Bostrom traces the idea back through Kant and Hume to Bacon, whose witty account of the self-validating evidence for miraculous preservation he quotes:


It was a good answer that was made by one who when they showed him hanging in a temple a picture of those who had paid their vows as having escaped shipwreck, and who would have him say whether he did not now acknowledge the power of the gods, – ‘Aye,’ asked he again, ‘but where are they painted that were drowned after their vows?’ And such is the way of all superstition, whether in astrology, dreams, omens, divine judgments, or the like; wherein men, having a delight in such vanities, mark the events where they are fulfilled, but when they fail, though this happens much oftener, neglect and pass them by.


6 Richard Dawkins, A Devil’s Chaplain (2003), p. 6.


7 Whether this is what philosophy really is, or should be, is of course itself a philosophical question, and our conception of it has altered radically over the years. Once upon a time there were philosophers who aspired to construct systems of thought that embraced everything. This changed, at any rate in the Anglo-Saxon world, and philosophy began to be seen as having a more modest aim – as being an attempt to address a series of problems (mostly, it was held, created by philosophers themselves). This was the view of philosophy which had become more or less taken for granted in British universities when I studied the subject.


It’s since been much attacked, and has fallen out of fashion. Although I can’t help remaining sympathetic to the modesty and openness of this approach, I’ve begun to wonder about those ‘problems’ myself. There are plenty of problems, of course, in making sense of the world and our place in it; but is it really the particular problems themselves that drive us to philosophy? Isn’t it more a general feeling of things being problematic? Or something even vaguer and more general than that – sheer ordinary curiosity about the world and our place in it? We want (impossibly) to get behind the scenes, to open up the computer and take a look inside. We know that the colourful display of easily comprehensible symbols on the screen depends upon an unseen complexity, upon a hierarchy of programs written on top of programs – Word upon Windows upon DOS upon Basic upon machine code upon hexadecimal upon binary. We have an uneasy feeling that we are being treated like children – that we ought to be able to track the display back to that fundamental alternation of ones and zeros.


What’s structurally interesting, though, is not the ones and zeros themselves but the fact that from nothing but ones and zeros all the complexity that confronts us on the screen can be developed. This is the story. And this is the real point of philosophy, surely, however you practise it: that it tells a general story about the world, just as science and religions do (even if the story is a modest one of particular problems raised and discussed) – that it sets a tone, casts a certain slant of light upon the world. And if you’re going to tell a story, perhaps there’s a case for telling a long one, in the old-fashioned way, a huge sprawling novel with larger-than-life characters and melodramatic situations that takes on the whole of human experience. Perhaps there’s a case for big metaphysical constructions. Not that this is what I’m proposing here.
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Traffic


Fleeting glimpses of a fleeting world





When you look up at the great stillness of the night sky, one thing seems sure. You can’t help agreeing with Robert Frost, at the same ever-recurring moment of human contemplation: that calm seems certainly safe to last tonight. Whatever the discrepant scale and lopsidednesses of the universe, at least it’s there. Give or take the odd supernova (none visible tonight, at any rate to the naked eye), and perhaps a racing, vanishing meteorite to set off the permanence around it, there is a fundamentally stable array of things out there by which you can set your watch and direct your steps.


And yet we know that the whole display is stirring. Not only is the Earth moving round the Sun at thirty kilometres per second, but the Sun is moving round in the Milky Way at 250 km per second – and the whole of the Milky Way is moving at some 600 km per second towards the Virgo cluster, which is itself in motion.1 Take a photograph of it, and the whole universe is revealed to be a blur of movement. However high you make the shutter speed, and however sharp the photograph looks at first sight, if you enlarge it sufficiently you’ll see that the subject has changed during the time that the shutter was open. If you go close enough to the object to see its sub-atomic structure, you know that the movements of its parts are so fast and so ambiguous that no shutter speed could ever be fast enough to resolve them.


Everything is relative, even permanence. We are struck by the permanence of the sand in comparison with the transience and insubstantiality of the footprints we have left in it. They weren’t there before we walked across the beach – they won’t be there tomorrow. The sand in which they are pressed, however, was and will be. When we look more closely even at the sand, though, its persistence and solidity begin to fade a little as well. The footprints will vanish by tomorrow because the grains of sand in which they’re written are rolled away every day by the incoming tide and replaced with fresh grains. The eternal ocean that shifts the sand is even less enduring. It evaporates and falls as rain that scours the ancient rocks of the land to the shifting sand of the beach. The sun that heats the sea that grinds the rocks that make the sand was born, grows old, and dies. The world, as we have all understood since Heraclitus, is a process, in which the persistent shape and identity of oceans and rivers are maintained by the endless flux of the particles that arrange themselves to compose them.


We look closer, and see that each particle is in itself a world in flux, a hierarchy of still smaller particles – of particles that are not precisely particles, but additionally and alternatively wave formations, fluctuations in probability, whose precise state can never be fully expressed. One of the implications of indeterminacy is that there are no things – no fixed, fully specifiable entities. These gritty grains of sand, so eminently and geometrically and tangibly there, are analysable into constituents whose defining characteristics can never be completely and precisely determined.2


The persistence of the sand and the stars is a quality with which we have endowed them, to distinguish them from the meteorites and the footprints, and to enable us to enter into practical relationships with them. It arises from our traffic with them. And traffic involves action and change. Without perpetual change we could not see the world in front of our eyes – the stars and the sand any more than anything else. Just as the passenger in a car notices the speed only when it goes faster or slower, so we notice the static world only when something changes in it, or when we shift the focus of our attention. Our eyes, and all the neurological software that supports them, are evolved to see movement. Even if the subject doesn’t move, the eye does – continuously. The image on the retina fades almost immediately if it is not perpetually refreshed, and to keep it there at all the eye moves as restlessly as the electron around the nucleus, scanning and re-scanning the scene hundreds of times a second.


This isn’t simply a limitation of the human apparatus – it is a limitation that applies to all relations between objects. A rock lies inertly upon a rock. But the pressure that it exerts is the manifestation of a continuous stream of events – the gravitational force which one mass exerts upon another, whether by some as yet undetected particles or by some as yet undetected waves (or both). Even the most static aspects of the world, as we now understand from digitalised information technology, can be represented as a stream of events, a flow of fragments of information (as when a stream of electrons lights one by one the pixels that compose a television image). Actually Locke proposed a prototype of this idea three hundred years ago, in relation to the most elusive and controversial entities of all – human beings. What differentiated one person from another, he suggested, was simply the differing memories they had, just as what differentiates one CD from another is the information encoded on it; and to be realised as actual rather than potential memories this information would have to be recalled, by way of a series of experiences extended in time. I once proposed using this radical and modern perception to solve all the problems created by commuter traffic, overcrowded air lanes, decaying rail networks, limited fuel resources, etc. If Locke is right everyone could stay exactly where they are. What would be moved from place to place – cleanly, safely, electronically – would be all the information in their memory, to be unloaded onto the people blanks waiting like blank discs at their destination. Our personality, our self, is the virtual reality that is stored in our physical body. If we could find some way to transfer that reality to another machine, we could be immortal.


This proposal seems to be a little nearer to being adopted. At any rate biologists can now envisage the possibility of producing identical blanks, clones, which would truly be differentiated only by the information they carried. But let’s be more radical. After all, the roads are jammed with lorries as well as cars. So let’s send all our freight the same way. Everything, from frozen pizza to the blank human beings who will be stacked up for imprinting, is an arrangement of electrons around the nucleus, of protons and neutrons inside it. So why not keep the particles where they are, and merely email the arrangement of them, to be imposed upon the supply of particles waiting at the receiving end?


And yet we feel somehow cheated by the idea. It wouldn’t be quite the same, that longed-for visit from the one we love, if we knew that she was physically just a blank from the stack in the post office, however well she recalled every kiss and caress from our last meeting. I remember the indignant disappointment expressed by my five-year old grandsons when their father was away in America and they faxed off the loving drawings they had made for him only to see the pages emerging from the back of the machine – not in America at all, but in the same room at home where they started. My grandsons are clones themselves, as it happens – identical twins – though the information that characterises them seems to be remarkably different. The unease that we feel about clones – that some people are said to feel about identical twins – is our version of the anxiety that some remote societies are said to feel about photographs and images in mirrors. The essence of the individual is his uniqueness, which is given expression by its embodiment in one particular piece of flesh, at one single physical location.


But even in the purely physical world, even in the world of sand and rocks and frozen pizzas, in spite of all our understanding of Heraclitus and indeterminacy, we are reluctant to dispense with the thinginess of things. Philosophers, worried by the ontological implications of all those nouns – ‘sand’, ‘footprint’ – once made great efforts to analyse propositions about them in a way that separated out the nature of the object from the question of whether it in fact existed, so that we could talk meaningfully (as we do) even about sand and footprints that don’t exist. (So that ‘I can’t see a footprint’ becomes something like ‘There is no x such that x is a footprint and x is seen by me.’) This reduces the solid thereness that seems to be attributed to the footprint (even the footprint that isn’t there). It reduces its status as a noun to something more modestly adjectival – the quality of being footprintish that something might have, or that nothing in the world might have. But still that weasly x (the existential quantifier, as it is called) lurks in the background like the ghost of a noun, an uncharacterised something that somehow … yes, exists (even if the footprint doesn’t) to serve as a repository for the sandishness or the footprintishness. Could we, as a more modern alternative, try analysing things not adjectivally but adverbially – into modalities of action: ‘At this point in time and space things are going on sandishly; at that point footprintishly’? Or as a series of verbs: ‘It sands, it footprints.’ But even into these formulations nouns and pronouns have crept back, those faceless but substantive things, that shifty it that’s also sometimes raining, or warm for the time of year, or going well, or Wednesday, or five o’clock.


Not surprising, though, that we should cling to a world of things. Instability and transience are relative, and what we see as things are indeed slower to change, and harder to analyse into movement, than the more short-lived phenomena we classify as events. They offer us a way of locating ourselves. It’s hard to specify our situation in a world of shifting cloud – impossible, in fact, in the most literal sense, even for the most experienced pilots flying in cloud, to construct a stable framework of reference without the help of instruments. We feel a similar sense of vertigo when we see the world of things becoming fluid around us in a time-lapse film, or in some projection of ourselves in our imagination on to a more cosmic scale. We need a relatively stable framework against which the flux of what we experience as relatively changeable can be measured.


We need, for example, to find objects in the world stable enough for us to be able to enter into the relationship of possession with them. We need to set our mark on the world by owning pieces of it. Not clouds, not actions or events, but clothes and furniture, cars and crockery and books. Real estate, bricks and mortar, to be, as the contract assures us, enjoyed in perpetuity.


And yet the whole notion of possession begins to evaporate the closer we look at it. Think of the most mundane material objects – the food in your refrigerator, the car outside your house. The only way in which your possession of a loaf of bread or a pound of butter can be expressed in practice is to consume it – or to exchange it – after which you possess it no more. The only way in which your possession of your car can be expressed in practice is to drive it; or to look at it, or to wash it; or to let it out or to sell it; all activities which begin in time and end in time just as surely as any other experience.


Even these temporal events which in practice constitute ownership are highly restricted. The bread and butter can be eaten only until our appetite is sated. The events making up our ownership of the refrigerator in which the food is stored are limited to keeping the food cool. When we collect our new car from the showroom we seem to be taking possession of the freedom of the kingdom, of a world of summer days, of a lifetime of shared experience with the people who will ride with us. We discover slowly that we are buying only the right to move along certain narrow strips of land, in certain directions, at certain speeds, to stop only in certain designated places, to do either only in the increasingly limited spaces not occupied by other cars at the time. Yet when we look out of the window and see our new car sitting there at the kerb, how solid and continuous a thing it appears to be. And when we look again and find only a small pool of broken safety glass where it had been, how substantial and total seems the loss.


Not all possession is as hedged about by such narrow constraints. Think of ancient estates, possessed, and possessed absolutely, by proprietors unhindered by modern legal or moral inhibitions … Even so, what the great lord’s possession comes down to in practice is hunting over the land when he feels like it, taking a share of the crop, humiliating and tormenting its inhabitants. However often he hunts, each hunt starts now, continues through the day, and finishes at dusk. His share of the harvest can be taken only when the harvest has been gathered to take it from. The satisfactory grovellings are made, and then the grovellers back out of the door. The floggings pall. The tenants are summarily evicted, and in being so pass beyond eviction’s range.


Of course, the possession of your car and your house means more to you than picking up a renter and driving to your holiday villa. The loaf of bread and the packet of butter in your refrigerator have a different character from the loaf of bread and the dish of butter that your host puts in front of you, with instructions to help yourself. What they offer is the reassurance that you can, at any time you choose, drive, eat, occupy, enjoy. In practice, the essence of the relationship is almost always, almost entirely, this sense of possibility, and not the realisation of it. Indeed, one of the possibilities that possession offers us, and very much a part of its richness, is precisely the possibility of not realising it. So many other things we could do with our possessions! Sell them, donate them to charity, lend them to a friend, leave them to our children. Perhaps best of all, we know that we can do nothing with them. We can hoard them – leave the car sitting in front of the house undriven, shut up the house for six months of the year while we winter abroad. After all, if we do actually eat the bread and butter it’s gone. If we do actually drive the car it becomes merely a dull and frustrating way of getting from one place where we don’t want to be to another where we are soon going to discover, if we haven’t already, that we don’t want to be either.


We know all this, and yet still our passion to possess consumes us. We become collectors. We assemble unusual objects which locate us and no one else as their proprietors. We gather around us curiosities and freaks, fine wines and rare malts. We prize even more highly the unique – the autograph manuscript, the one known misprint of the stamp, the left testicle of the saint. The uniqueness of a painting we see as an integral element in its artistic identity. However many times the subject has been painted, however many times this particular artist painted it, he painted it exactly like this only the once. This is what painting is – the one single particular set of marks, by the one single particular author on the one single particular occasion. And when that uniqueness appears to be threatened by some process of reproduction that offers the possibility of copies which are for all practical purposes indistinguishable, and which would therefore surely embody all the qualities of the original except its uniqueness, we protect that uniqueness by declaration – by simply ruling that the original remains the one and only true example of itself.


We want to possess the patently unpossessable – our fellow possessors, other people. We want to possess them as slaves, and if not as slaves then as indentured labour, and if not as indentured labour then as our social and emotional dependants. Men want to possess women, women men. And here they have much more in mind than passive acquiescence. They want to command emotions and loyalties, to grasp some inmost essence of the other, to hold every inch of their lover’s flesh in their hands at once, to surround that flesh, to be within it.


And of course we aspire to fix the flux of experience itself, to solidify the endlessly evanescent present into a graspable past, by recording it in our diaries, by shaping it into the stories we tell about it and the memories we run and re-run in our heads, by capturing it in snapshots, on film and videotape; to prolong the sudden flare of passion into an eternal flame. But the myths and memories take shape by acquiring an internal structure of their own, whose relationship to the events they are supposed to immortalise vanishes as surely as the events themselves. Those snapshots that we carry around in our wallets, and look at over and over again, notoriously come to replace the memories they are supposed to embody. We stop the video wherever we choose, and yes, now, with the help of this magical device, we hold time fixed in our hand … But we know that even as the frame freezes it becomes just another snapshot like all the others – that the life in it has died before our eyes. The eternal flame burns on inside the monument, noticed only on the appointed annual day of remembrance.


Look at the rows of books and records gathering dust along our shelves. Of course, it’s useful to have them to hand when we need them, but our feelings about them go well beyond mere handiness. Art again, but no question of uniqueness here – these things have been published, issued in multiple copies. What we aspire to own here is not the object but its contents. A moment’s reflection, of course, and we see that literature and music are as unpossessable as the light of heaven. Music exists as a performance in time. Possessing a recording of it means that we can command that performance at will; but however often we do so command it, the performance still begins, occurs, passes, and ceases. Even a book has to be read; and however many times we repeat the experience, on each occasion the reading begins, occurs, passes, and ceases. We can read extracts, and reread them, remind ourselves of paragraphs, sentences, particular words. But each extract exists in time as we read it and reread it – each paragraph and sentence, each word.


And yet, when we look at the rows of books and records on our shelves, they don’t seem to need reading or playing. They seem almost to need not playing. We know that if we play the record, even of the music that means so much to us, it will pass before we can fully grasp it; just as it did the last time we played it, it will elude us once again. The mere possession of the record seems to be not just a time-saving alternative but a purer one, like the passion of the lovers on the Grecian vase, forever warm and still to be enjoyed, forever panting, and forever young.


We abandon the idea of possession and more modestly resign ourselves to contemplation. Even contemplation, though, is a process, a dynamic traffic between the contemplator and the contemplated. However calmly we gaze at the scene before us, or the picture that portrays it, the eye has to keep moving, ceaselessly moving, to bring the whole of the visual field before the fovea, the tiny pit no bigger than a pinhead at the centre of the retina where the packed receptors are closest to the surface – the only part that is capable of intense vision, the only part that is capable of actually seeing, in the sense of clearly distinguishing. And if we could somehow limit our ambitions yet further, to looking at a single fragment of the world that was small enough to accommodate in its entirety on the fovea, the eye would still have to keep moving fifty times or so a second, because if it stopped the mind would become almost instantly accommodated to the signal, and the image would cease to register on the consciousness. Even the stillest observation involves continuous change. We close our eyes and turn to inward contemplation. To keep even the simplest idea before our mind, however, requires a continuous effort, a continuous shift of perspective and emphasis, a continuous exploration of ramifications, consequences, and antecedents.


Do those who learn to meditate upon abstractions and religious entities escape from the endless shifts and changes of process? I wonder. Does the flying spot of light that forms a television image rest when the camera pans to darkness?


Our cities are ruined by traffic, we all agree. Not only in the specialised sense of vehicular road transport, but by traffickings of every sort. Our high streets are disfigured by supermarkets and fast-food outlets, by chain stores selling electronic goods and the current fashions in clothes. All this is something new, which has grown up since we were young, or since our parents were. If only we could get rid of all the cars and crowds, suppress the smell of frying onions, replace the supermarkets and electronics shops with honest self-employed saddlers and silversmiths, we could get back to the real city, the city as it once was.


So we set to work. We pedestrianise the streets. We ban fast food. We restore the old shopfronts and reserve them for small tradesmen and craftworkers.


Now we have quiet, salubrious streets lined with shops selling handmade jewellery, little pots of home-made honey, glass paperweights, and picture postcards. The people wandering where the cars used to be are not hurrying blindly from place to place. They have time on their hands. They are all from other cities and other countries, and have hours to kill before they can reasonably sit down again for the next meal of the day.


Is this the city as it once was? Look at the old photographs. The shopkeepers stand in front of row upon row of dead animals and cheap dresses. The unregulated chaos of carts and cabs and omnibuses, with the horses that pull them, is gridlocked at every major crossroads until the end of time. Read Pepys on the subject of pedestrians forced off the pavement by others who ‘took the wall’, of impassible traffic jams of twitching horseflesh. Think of Jo in Bleak House, and all the other crossing-sweepers who laboured to maintain corridors of dry land through the swamps of churned mud and horse-shit. You think they didn’t fry onions at Bartholomew Fair, you think they didn’t play loud pop music?


Whether the council’s labours with the cobbles and wrought iron have really restored the past is in any case a somewhat academic question for you and me, who live in the place, because we don’t go to these quiet streets any longer. We don’t go there because, whatever we want to buy when we go shopping, it’s not handmade jewellery, little pots of home-made honey, glass paperweights, or picture postcards. The life of the city, the life that we who live in it are actually a part of, has moved elsewhere, round the back of the set, to the approach roads where the lorries are unloading, to the suburban shopping malls where they now sell lavatory paper and thirteen-amp plugs and insect powder, to the car parks where the boot sales are held.


Am I against pedestrianisation, then? Am I against restoration and zoning and controls? Of course I’m not, any more than I’m against owning books and recordings. But it’s difficult to have the quiet and also keep the city, because the city isn’t a collection of buildings among which the traffic moves; the city is the traffic. That endless stream of cars and buses represents the movement of people to and from the encounters that constitute the fabric of their lives. The jams and gridlocks are the tangles that all movement and interchange involve, the choking exhaust gases the emanations from the consumption of energy necessary for all activity.


Some small part of that endless movement from place to place is no doubt being undertaken for its own sake, for the pleasure of movement, to soothe the baby to sleep, to try out the new car. Most of it, though, is for practical purposes, to enable people to stop being at the place they are leaving and to start being at the place they are going to, and what happens between those two points is merely the time that has to be lived through to achieve this. And yet that time, and the movement that occupies it, are also parts of the travellers’ lives. The act of travel develops its own interest, its own hugely complex technology, its own scale of satisfaction and frustration.


This is true not only of motorists and cyclists and pedestrians, who are active participants; it goes for the most passive and numbed of commuters. For the best part of forty years a friend of mine left his home in Cambridge each morning and sat on a train for three quarters of an hour to get to his work in London, then left his work in London each evening and sat on a train for three quarters of an hour to get to his home in Cambridge. His conscious life was lived at home in Cambridge and at work in London. What happened on the train each way? He didn’t work, he once told me, he didn’t read, he didn’t think – he sat there in a daze. That ninety-minute daze of transit, though, that dim background of the pressure of the seat on the buttocks, of acceleration and deceleration, of sway and clatter, of the passing flicker of fields and suburban houses, that ancient litany of unread station names, that drifting daydream of half-formed thoughts and half-felt feelings, were as much part of his life as all the other hours before, between, and after.


In any case, the movement of people from place to place is only the most visible aspect of the city’s traffic. The bulk of it is out of sight – the business for which all those journeys are undertaken: the confrontations between buyers and sellers in the shops, the exhortations of the sellers, the alternating caution and recklessness of the buyers, the contracts, the phone calls, the money in the cash dispensers, the hooting, the rage, the tiredness, the crime. The streets and the buildings they lead to are merely the conduits of all this. They are the tidemarks left by the current – and the current that flowed here yesterday, because by the time a street or a building has been projected, discussed, drawn, financed, and built, the purpose it was intended to serve has already changed. The numbers of people it was designed for have grown, or the business has declined. The standards of comfort demanded have risen, the cost of the fuel to heat it has soared, income has fallen, the building materials have been found to be poisonous, the belief has grown faint, the rite has been reformed, the aesthetic has fallen out of favour. Buildings are like snail-shells – the residue of last year’s growth, the record of last year’s traffic.


Think of a tree in its essential form, and you think of a trunk and branches. The roots are out of sight and forgotten, the leaves dismissed as frivolous optional extras that come and go with the seasons. We fail to see the trees for the wood, because in truth it is precisely the leaves and the roots that are the essential tree. They are carrying out the process that constitutes it. The branches and trunk are merely the connections between the two – the streets that guide the traffic, the spoil heaps left behind as the leaves reach towards the sunlight. If there were no other trees around competing for light then the tree would function perfectly well with the leaves springing directly out of the roots.


This is one of the reasons that young people seem more interesting than older ones. They are more leaf than trunk, whereas older people are mostly the trunks of their lives. History, art, literature are also trunks – the no-longer-essential remains of the vital part of the process. So, too, of course, is philosophy. The Oxford philosopher Gilbert Ryle memorably suggests the parallel between a finished theory and a farmer’s path, and between the complex and untidy struggles involved in building each of them.3


Divert the traffic, certainly. God preserve us from the weather, for that matter, and keep us in the shelter of our homes. But if there were no rain and no sun out there we’d have no wood to build the home, nor fuel to warm it. If there were no traffic there’d be no street to divert it from nor frontages to reveal.


All life is process, traffic, trade. But some processes are slower than others, some trades less rough, some traffic less noisy. The building is built, is lived in; is repaired, is restructured; is abandoned, is pulled down. The flower becomes the fruit becomes the seed becomes the flower.


And these cast-off shells, these solidified traces of process, these things, have their place in our traffickings, just as cowrie shells and dead timber do. The cars crawling along the street have all been bought, and will all be sold – sold on until they are crushed and melted down and used as the raw material for further cars. What are we doing inside the buildings? Buying and selling, certainly – and among the things we are buying and selling are the buildings that we are doing it in. The cars and buildings are the currency we use to purchase our mobility, our safety, a survivable climate. We buy other evanescent qualities with them as well: a sense of physical well-being and mental equilibrium; self-esteem; the expression of our place in the social hierarchy.


Everything we touch is a token; it has a value in the commerce of our lives. Not all values have things in which to inhere. Values can be – often are – expressed in entirely disembodied symbols, as numbers written in books, as minute traces of magnetism. But what has made the objects of the natural world separable from their backgrounds and identifiable to us was in the first place the value that they carried. An apple is an apple because it has a certain value in the fuel market. We bring the apple into being because it is good to eat. Its utility to us charges the particles, makes them cohere thus and so, separates its sphericality from the shapes around it, its green from the surrounding colours, its blush from its green. We can exchange it for euros as well as for dollars – not only for nutrition but in the aesthetic market, for instance, or for its nostalgic references to simplicity, purity, childhood, summer days; or, conversely, for its sly allusion to sexual temptation, to rebellion against divine command.


Just as special relativity makes it possible to see the world not as things but as energy, and general relativity suggests a view of force as a part of the world of things (as a distortion of space-time), so you could dissolve out things in another way, and see the world as a sign system like language. This is the world as form, in which things are discriminable in the way that signs are, because of their differentiability from other things and signs.


Even when we recognise the transience and mutability of things we think of them as concrete and continuous entities during their trajectory through time. But their transience is more radical than this. They are like the particles in a cloud chamber, which leave what appears to be a continuous track. This track, though, we know to be composed of a series of discrete objects – separate droplets condensed out from the vapour through which the particle is passing. Each droplet has condensed around a separate discrete event – a collision between the particle and a molecule of vapour. In the same way even the most stable physical objects – the pyramids, the Parthenon – are given reality only through their involvement with us at different times and in different ways: through our seeing them, our thinking about them. Buying and selling them, for that matter. Building them and destroying them. They are series of interactions with the creatures who come into contact with them. Events, therefore. Or, at any rate, complexes of potential events. Even this, though, is to see them as indelibly marked with our fingerprints, because an event is an event only once it has been distinguished as such.


Empty space is the same. Every centimetre of it resonates electromagnetically on infinitely many different frequencies at the same time, waiting to be read as the radiation from each of the perhaps ten billion stars in each of the perhaps ten billion galaxies. You could see the universe as one single, complex, infinitely interconnected potential event.4


Waiting only for you and me to touch it here and there in passing.


Our most fundamental traffic with the world around us is our perception of it. In our understanding of perception we move between two extreme views. We think of it first as our passively receiving the world at large, like tireless hosts who are always At Home to anyone who calls. Then we become more sophisticated and believe we are the sole authors of the game, as if our great At Home were a novel where we made all the guests up inside our heads. We say, easily, that we come to see certain sorts of landscape because they have been seen for us by painters. This may be so, but it pushes the real question one stage further back: how do the painters ‘see’ this new landscape in the first place?


The truth is that the situation is a complicated one. We are neither giving a party nor writing a story. It’s more as if we were casting a play, and trying to persuade actors to play the parts we have written for them. We are employers, trying to staff our great enterprise with the more or less suitable candidates sent round by the employment agency. We are in a kind of dialogue with the world.5


You might argue that a dialogue is precisely what it isn’t. In a dialogue two parties speak. In our supposed dialogue with the world only we on our side are speaking (also writing the lines, announcing the stage directions, explaining how the machinery works and when the coffee breaks are due). But our potential employees are doing something. They are indicating acceptance or recalcitrance by their body language. They are somehow suggesting to us, by their very shape and and their manner of carrying themselves, the jobs they might do for us, the ways in which their role could be developed. The world is gesturing silently to us. Our mutual dialogue is like that familiar party game that the Victorians used to call dumb crambo; the world, forbidden by the rules to speak, desperately waves its arms and pulls frantic faces, while we attempt to guess the phrase that fits them. ‘Wind, wind! Something to do with wind … Wind in the Willows …! No, because it’s a film! Gone with the Wind …!’ And what helps us is that most of the time, as in dumb crambo, the expression for which we are searching already exists – what we have to do is not to invent it from scratch, but to find it. In other words, we are attempting to identify something already given an identity by its maker’s specification, already categorised by its origins.


In dumb crambo, of course, the performer is on our side, as desperate to communicate to the rest of us in his team the expression he has been set as we are to understand it. In our game with the world the raw material we are presented with has no interest in whether we understand it or not. It’s going through its performance regardless of its audience. Forget dumb crambo – we’re like fond adults watching a baby and interpreting its random actions for it. ‘Oh, look at him! He’s trying to get out of his cot and go off into the world to make his fortune! Now he’s thinking, “I wish everyone would go away and leave me to get on with my thinking in peace!”’ And even the most whimsical construction that we place upon an action might serve to identify it, might name it, if the action is repeated often enough to, well, take on a character. ‘Oh, that’s his I’m-going-to-be-a-big-film-star face! Now he’s going to start banging with his gavel again to bring the meeting to order!’


The balance of this dialogue between the partners is delicate. The limiting case at one end of the scale is the exclamation. Someone jabs a pair of dividers into us and we scream. The jab sets the tone of the exchange; the exclamation is our helpless response. At the other end of the scale are hallucinations in the dark, where there is no external given at all, and everything has been supplied from our end. In between come a range of possible conversations, which seem as difficult to examine, as vanishingly elusive, as all the other conversations we have – as beyond examination or description as a row or a reconciliation with someone we love.6


A man’s cock may rise to the touch as helplessly as his lower leg to the doctor’s hammer, but most sexual arousal begins long before there is any physical contact. It may be beyond our conscious control, but it isn’t merely mechanical; it involves the same complexities as any other sort of perception. Even if we learn to become sexually aroused as a conditioned reflex to certain set erotic images, like dogs salivating at the sound of the bell which they have learnt to associate with the serving of lunch, we still have to see that the pole-dancer is a pole-dancer, that the pole is a pole, and that the one is twined around the other. We have to understand what we are seeing!


In any case, a great deal of sexual arousal isn’t like this at all. It involves much more subtle perception and much more complex imagination. You have to respond to physical characteristics that you have never come across before in precisely this form, to a situation and behaviour which allure precisely because they are terra incognita, and you have to project forward, through a chess game of intervening moves, to the possibilities they suggest. Even the apparently spontaneous reaction to danger demands the exercise of the same faculties. Most dangers don’t arrive painted red, with the word DANGER stencilled on them. We have to perceive them and understand them, and project the possible scenarios that arise from them.


You might argue that there are some things so simple and self-declaratory as to need no interpretation at all. The blueness of a cloudless blue sky, for example. You look at it and you see pure blue. You don’t have to construct the blue, or use any powers of recognition or imagination. No other reading of it is possible.


Well, look at the sky again, and this time pay closer attention to the actual instant-by-instant visual experience you’re having. Slowly, as you force yourself to observe and not to take for granted what seems so familiar, everything becomes much more complicated, and much less determinate. A black spot drifts across the blue, and then a small, faint, tangled haze. You know that these are floaters – events on the surface of the eye, and you have automatically discounted them. But now even the blue field itself beyond these local disturbances begins to look far from simple. It’s not smooth at all. There’s something patchy about it. The blue is uneven. It seems to evade you as you search for it – to be always just out of reach among a surface which is mottled with unblue. That simple blueness that you imagined yourself seeing turns out to have been interpreted, like everything else, from the shifting, uncertain material on offer. Even with pure blue you have taken in something far from pure, and by no means blue. The pure blue you have dreamed.


One of the difficulties in understanding these conversations we have with our surroundings is that the subjects of them are so various. Some of them are unfamiliar, some nebulous. An event we hadn’t expected to see suddenly occurs in front of us – an accident, a crime – and we find it very difficult to offer any coherent account of it. Stare for as long as we like at some scenes – the shifting whites and greys that surround you when the mist comes down in the mountains, for instance – and you still can’t respond. Even the most familiar things seen from an unfamiliar viewpoint – the back of your hand, if you put your eye close to it – can appear so complex, so irregular, so devoid of graspable and nameable features, that you wonder how we can ever establish communication with anything.


But then most of the conversations we have with the world are not like this at all, any more than most of the conversations we have with other people are about infinity or indeterminacy. Most of the time we talk about familiar, well-worn subjects; we see a world of objects we have seen before. And even when we are seeing them for the first time, they have for the most part a reassuring graspability and a reassuring similarity to objects that we have seen before. So much so that we take it for granted. Things have sharp edges that differentiate them from their backgrounds,7 and we see these edges as part of the world’s fixtures and fittings, as clear and definite as national frontiers – lines on maps dividing pink land from yellow, turnpikes across roads where passports have to be shown, barbed-wire fences and free-fire zones separating freedom from tyranny. A moment’s thought, of course, and we realise that all these things are merely the markers of something else – agreements established by negotiation or usage, which have meaning only in so far as they are enforced by continuous guarding and patrolling. They have significance only in so far as there are differences between what lies on either side. They are the limits up to which certain laws and languages and practices run.


The physicist is in no better a position than the rest of us. He has no exact knowledge of the qualities of any object, or of the initial conditions on which any projection of its state or behaviour is based. There is always some imprecision in measurement,8 and in any case the measurements are not of the individual particles that compose the object, but of broad averages of their behaviour.9


I said that the world has no interest in whether we understand it or not. This is a first approximation. A lot of the objects in the world have been designed, by man or nature, to signal to us. The redness of the apple has been selected by nature because it makes the fruit conspicuous and fruit-like to birds, and further selected by growers and supermarkets because it makes the fruit conspicuous and fruit-like to us. A principal function of the design of a can of beans or a pack of margarine is precisely to enable us to identify it from the surrounding noise on the supermarket shelf as a can of beans or a pack of margarine. Even when the market is not so clamorous, manufacturers know how much we value recognisability. Why do all cars look so car-like – so much like each other? Partly because they all have four wheels to balance on, an engine to house, and certain equipment required by the car’s function and the law. Partly, though, because manufacturers know that we wish our car not only to be a car, but to announce itself as a car.


In our urban environment, almost every single thing we can see, except the sky, has been designed or adapted by man, has been launched into the world already organised, already specified and named. As we withdraw ever deeper into our cocoon of artefacts, so the world becomes more and more pre-accommodated to perception. Now we are beginning to move to a deeper layer still, the cyberworld, a world of meta-artefacts, where everything is a representation of an artefact. Just as human beings learned to vary raw food with cooked, so, in the old age of the race, we are moving on from the cooked to the pre-digested.


We look around at our fellow men, who built this environment. They all have heads and a similar selection of limbs, shaped by the inherent repetitiveness of genetic reproduction (and differentiated by the marginal randomness built into it).


We go out into the countryside, into the natural world. The fields have been cleared and shaped and planted by man. They are recognisably fields because they were made to be fields. The woods are woods because the underbrush has been cleared – because they have been left standing as woods in contradistinction to the fields. We move on to the uncultivated high moors. They are moors because they have been stripped by the flocks men graze upon them. They are moors because they are not fields or woods, because they are not covered by tarmac, not scored out by passing feet, like the road or the path from which we are admiring them.


We hack our way into the depths of the jungle, where no human being has ever ventured. Even before we look around, we have one conceptual hold upon our surroundings: we are in a place where, unlike almost all the other places we are acquainted with, no human being has set his mark. We gaze at the dense curtain of unfamiliar vegetation around us. The leaves on this tree – they’re all alike! There is a pattern! In fact they are recognisably similar to the leaves on that tree. They are even not totally unlike the leaves on the trees in Hyde Park. There is a good reason for this. They are alike for the same reason that cars and electric toasters are – because they have been produced to serve specific purposes. And, like cars and electric toasters, they have been shaped by standardised processes of mass production which are more or less the same from Detroit to Singapore, from Hyde Park to the Matto Grosso. We can talk, and think, about the world in standardised, and standardising, formulae, because we live in a world – a natural world as well as a man-made one – of standardised objects.


We leave the teeming warehouse of the jungle, and trek on into the middle of the desert. Not only has no man ever set his mark here, but no plant grows. The great leaf factories of the forests, the great blade-of-grass factories of the plains, have found no foothold in this market, or else have been driven out of it. What do we see? What can we say? Quite a lot, even before we have begun to organise this unfamiliar new world to our purposes. For a start we can see the familiar sky, and its familiar division from the earth. And when we come to look at the earth, certain regularities begin to emerge. The dust consists of rather even grains. It has been smoothed into level surfaces. We have seen level surfaces before. The surfaces have been everywhere cut into channels and valleys. We have seen channels and valleys. There are regularities because the landscape has been organised by certain standard forces. The weather has broken down the irregular rocks; the rivers have ground them to powder; the wind has smoothed the powder and heaped it into waves and dunes; the rain has cut pathways through it. We recognise these regularities quite easily, because we have seen them before, and we have seen them before because, wherever we have been, the same standard forces of nature have been at work.


Even out of sight of land, on all the oceans of the world, the same shifting winds – no two alike, but all of them winds – raise the same familiar patterns of crest and trough: no two waves alike, but all of them following the same determinate general structure. Sea and sky are separated into the same universal disk and bowl by the same universal gravity. Even the chaotic individualism of the clouds is sorted into general classifiability by the constants of wind and height and temperature. We look closer, and see drops of water which are one much like another, because they have been formed by the same forces acting on them, the same surface tension. We see the endlessly different shapes produced when the droplets freeze – but which remain identifiable as snowflakes because their differences are within a range produced by a certain set of variables. On the outermost fringe of what we might want to call things, we find particles cloned by the innermost processes of the world.


And when we look up into the clear night sky we are saved by the apparent constancy that reassured Frost. We are looking into chaos, a vague cloud of solidified droplets, arranged in patterns that have no discernible regularity. But the relationships within this cloud, however irregular, however incomprehensible, seem to remain unchanged night after night, year after year, century after century, millennium after millennium; and gradually our skill at metaphor, our ability to see shapes where no shape is offered, enable us to map even this final wilderness. We slowly learn to read into them similarities to the regular objects of the terrestrial world. A saucepan–aW – a rectangle collapsing to one side just so. Even if we get no further than the Plough, Cassiopeia, and Orion, their gratifying discernibility gives us a hold upon the rest of the universe. Lurking in that sea of other stars, we know, however undifferentiated to our eyes now, are shapes which one day, when we have a little more time, we will learn to see with edges just as sharp, just as clearly differentiated from the ocean of stars around.


There is in any case a circularity here. The only evidence we have for the existence of these general laws and rules is the classifiability of the particular cases that they must have generated. But then the laws and rules transcend the particular cases we are familiar with. They take on a life of their own, just as the possibility of identifying constellations does; we see them as prescribing by analogy patterns and regularities lurking within the denser parts of the jungle, where we can perceive none.


If all the world were stars, with no saucepans or nebulous mythical hunters to serve as models, we should find things much harder. If the stars visibly shifted in relation to each other all the time, like the water droplets in a cloud, we should have no relationship with the world at all. Even if our visual field were entirely filled by the back of our hand we should be in severe difficulties.


Not completely at a loss, though. Internal relationships would begin to emerge. Some of the shifting stars would be larger, some smaller; some brighter, some less bright. This part of our hand would be pinker and rougher; that part whiter and smoother. Our attention would fix upon a largest and brightest star. We should locate ourselves by a particular prominence in the flesh over a bone or a vein. And we should impose another set of defining relationships on the scene by our own presence. We should locate up and down, left and right, near and far. These relationships, too, would have an orienting universality, because we are universally present in our world. We bring them with us, impose them upon the world in front of us by the fact of our presence. Soon we should begin to feel some grateful attraction to the identifiability of that brightest star, that highlight in the flesh. We should have begun to locate better and worse.


*


One last whiff of the arbitrary lingers about all these otherwise sharply distinguished products of genetic reproduction and unvarying natural laws, even about the artefacts that we have so carefully crafted to fit our hand and to announce themselves to our eye. One last set of boundaries often remains curiously fuzzy – their boundaries in time.


What, for example, could have more gratifyingly distinct spatial frontiers than a car? What could be more specifically designed to fit our purposes and fantasies, to sell itself to us? What could be simpler for us to engage in practical and imaginative dialogue with? But now follow it through time, from its beginnings in vague discussions between designers and sales directors; as it finds some changing symbolic shape in sketches, plans, models, and production drawings; as it acquires a physical existence part by part on the assembly line; stands motionless but gleamingly desirable in the saleroom; achieves fulfilment in the daily trips to work and the family picnics; suffers damage and repair, sale and resale; declines into old banger; is reborn as handcrafted streeter; subsides into inert and cannibalised hulk; undergoes compression, meltdown, absorption into the fabric of other cars, into tin cans and bicycles. When did it start being a car in any normal sense of the word? Somewhere this side of the preliminary discussions, certainly. When did it cease? Somewhere before its transmutation into cans of baked beans.


When something important turns upon it we often make great efforts to be definite about these temporal boundaries – and almost as often definiteness eludes us. When does a human being begin and end? Important questions, on which all manner of ethical and practical decisions depend. A great many people are perfectly clear about when it begins – at the moment of conception. They are as clear about it as if they were watching a light being switched on – so clear about it that they are prepared to use it as a criterion for condemning others to prison and damnation.


Well, this is an identifiable stage in the human process, certainly, just as putting the first part of the chassis on to the assembly line is an identifiable stage in the process of the car. But the process was going on for a long time before that, as the spermatozoa closed in beyond recall upon the ovum, and earlier still as the ovum ripened and the hotel room was booked, as phone numbers were exchanged, as eyes met. Even when fertilisation occurs it is a complex process, extended in time like every other process. Once it is complete, though, the new human being has unambiguously begun. Though perhaps only to cease to be a human being again, and to be flushed away with a tampon in its first weeks of life even before its presence has registered upon the world, unmourned and indeed totally disregarded even by those most definite about the absoluteness of change from non-existence to existence.


There is a strange contrast here with the boundary at the further end of life, once our human being has emerged into the world, and taken on all the familiar spatial characteristics of the breed. The breathing stops, the line on the electroencephalograph becomes flat. The cooling construction of flesh is no longer a human being – certainly not for those who believe that some defining spiritual entity entered it at conception and departed it with its last breath. And yet we treat it, all of us, religious and non-religious alike, with more reverence than we did in life – certainly more than we have ever shown to discarded tampons. It still looks like a human being. It hasn’t quite ceased to be a human being for us, even as we screw the lid of the coffin down, and despatch it into the flames or the cold earth. There remains just a last touch of horror for the faint shadow of murder we are committing.


How reassuringly solid and autonomous the world once was! God saw all. Saw it all in one go, continuously and eternally. And since God was everywhere, he saw it not in perspective, not from some particular viewpoint, but from every possible viewpoint. From all sides of a cube simultaneously, for example. From an angle of ninety degrees to each of those sides – from an angle of one degree, eighty-nine degrees, seventeen degrees. From a millimetre off and a mile off. From every point inside the cube looking out. He could see up your trouser-leg and down your trouser-leg. See your vest through your shirt and your chest through your vest.


But then human beings, too, had a considerable capacity to see things from several places at once, to judge from the pictures they painted. We were standing as close to people in the background as we were to people in the foreground. We could see inside buildings at the same time as we saw the outside of them, the end of the story alongside the beginning of it. Was it a gain or was it a loss when Brunelleschi and Alberti invented perspective, and reduced the visible world to what I and I alone can see of it from the particular place I am standing, at the particular period I am standing there?10 In any case it must have cut two ways. Just as the painters found a way to adapt their representation of the world to correspond more closely with their actual experience, so the sight of a world represented in perspective must have modified our experience of it. Humanism humanised all things, and made man the measure of them; it also humanised the man who was its measure.


Science held out for longer than art. It survived the Renaissance with its panoptic view of the universe intact. All things, in classical science, were seen from everywhere and nowhere, just as God had always seen them, so that the world became a great palace into which the public was admitted only on sufferance, only to gaze at in respectful wonder from certain restricted positions. It was not until the first quarter of the twentieth century that perspective invaded science. First relativity and then quantum mechanics reduced all those loftily impersonal measurements, those authorless statements of fact, to personal observations, actual or potential, made by me, made precisely now, precisely here, or made by you, made precisely there, precisely then. Philosophers at the same time, for rather different reasons, began to analyse statements about the external world into statements about our experiences, and to see the world through a foreground consisting of our own corporeal envelope and the internal sensations it generated.


It’s difficult not to think that most of these changes were for the better – that they gave us a truer picture of the universe, and of our position in it. But if we follow their logic to its conclusion, and try to reduce the world still further, so as to correspond more precisely with the reality of our traffic with it, then problems arise.


When we see the arcade in a Renaissance Annunciation dwindling away into the distance, even though we find ourselves restricted to one particular spot at one particular time, we are, at that spot at that time, presented with a scene which seems to have a solid and continuous reality throughout the period of our observation. When we travel aboard our imaginary spacecraft at something close to the speed of light, and look at the clock to compare the passage of time with the passage of time experienced by the people we have left behind us, we do imagine ourselves presented with a clock which continues to be a clock throughout our experiment. Even when we look through the microscope to examine the light scattered by a particle moving without fully determinate position and velocity, we do seem to have an apparently determinate microscope.


You seem no less definite, for that matter, no less solid and continuous, as we sit across the table from each other talking. When I stop to think about it, though, in terms of what I actually experience, I realise what a very erratic and flickering creature you are, a mere will o’ the wisp. For a start you’re a half person, because whether you have any lower half behind the table-top to go with the top half I’m looking at I have no idea. Only quarter of a person, in fact, because the back of you is missing as well. I glance out of the window at the weather as you speak. The weather’s fine, but you aren’t – you’ve become a voice without a body. I look back – you reappear, and the world is weather-less. But as you drone on about phenomenalism I cease to listen because I’m thinking about the prospect of dinner. Your mouth opens and closes but you’ve become dumb, a silent movie. I politely keep my gaze fixed on you, but so vivid does the prospect of dinner become that now it’s not you that I have in front of my mind’s eye but a plate of risotto, each grain separate, swollen and gleaming with rich juices … So where are you? Dead and gone to heaven, for all I know.


I make a great effort, and refocus my attention on you. You’re resurrected, as good as new – until I blink, and you’ve gone again!


Wherever we turn, all the partners in our great dialogue with the world sputter into life and gutter out again like this at every instant. And when you think about it more closely still you realise that the world around us has almost no continuous existence at all. What the human eye sees at any one moment, sees clearly enough to distinguish (as we noted earlier), is the narrow slice of the scene in front of us which sends rays to the fovea. Even when I’m looking at you most intently across the table only a few square inches of you ever come into existence. I look you in the eye, and you’re a quadruple amputee, a trunkless head. You’re mouthless, earless, noseless. You’re one-eyed.


And yet you’re not. However much I blink, however much my gaze or my mind wanders, the life in you goes on burning as strongly as ever. I’ve stored you away in my memory, accumulated you bit by bit. In fact I think I’ve gone further. I’ve formed some idea of you inside my imagination, and this idea of you has, in some way very difficult to describe, two eyes and even two feet, a back as well as a front, a past and future as well as a present, a character, an identity. An idea that will persist even as I see you to the door, and watch your figure dwindling down the lines of my perspective until it becomes a dot, and vanishes over the horizon. An idea that will remain even after you are in another hemisphere, even after you are dead. I shall be able to think about you and talk about you in your absence in much the same way as I could see you and think about you in your presence. Your availability to me is something continuous. It has extended seamlessly from the expectations I had before I first met you, through the period of your intermittent presence, and on to your absence again. I am not, in practice, affected by metaphysical anxiety that the world ceases to exist as soon as I look away. Perception and memory have imperceptibly merged. Like an accomplished hostess we have kept the conversation going with a roomful of the most uncommunicative guests.


Do I mean, then, by my awkward locution about your ‘availability to me’, what I suppose a phenomenalist would mean – that I could see you if I opened my eyes, or if I travelled to wherever you now are? Not at all. Things we can’t see, people who are absent, are not merely conditional objects of our perception. They are independent of us; they have an asserted life of their own. They are like children who have grown up and passed outside our jurisdiction and control. If I imagine you, then yes, I remember you as I saw you when you were here, I visualise you as you would be if you were here now, I imagine you as you are now; I see you from a selection of the single viewpoints I have or should have. But I don’t have to imagine you to talk about you, or to keep you in mind. The way I think about you when you’re away is a bit like the way a physicist thinks about particles. He can’t have in mind what he would see if he looked, and he can’t imagine it, because the particle has no definite state – and in any case would change its state if it were looked at. That doesn’t stop him talking and thinking about the particle, though.


There is something rather familiar about this version I have of you, which is not conceived from one single particular viewpoint at one single particular time, not even really from a combination of different viewpoints, but which is an idea allowing me to see you from close to and from far off, from the back as well as the front, from the inside, looking at me, as well as from the outside. It is not a portrait of you. It is an icon of you.


It’s like the icon for a program on a computer, which can be maximised and worked on, then minimised and kept at the edge of the screen, hidden altogether, and recovered. In form an icon is like a common noun, which signifies any member of a whole class of objects, while a portrait is like a proper noun, which refers to only one specific thing or person. But a common noun may of course be used with a qualifier which limits it to naming only one member of the class that the noun itself designates, and which in effect turns it into a proper expression. There are many computers in the world, for example, but only one which is named by the phrase ‘My Computer’ in the lists of files at the corner of my screen. The phrase is attached to an image, a generalised picture of a computer which in itself is to be read as representing my computer, your computer, or any other computer in the world, but which in this context, with ‘My’ in front of it, in the corner of my screen, is used in a proper sense. It refers to the one machine in my possession just as surely as the phrase beneath it does. I should understand the icon, in this context, in exactly the same way even if I couldn’t read English, just as the generalised picture of a man’s face in a Byzantine church might well be understood to represent a particular saint – St Zenobius, say, if it said ‘St Zenobius’ underneath it, or if it hung in the church of St Zenobius, or if there was a tradition to that effect.


Exactly the same picture, hung in the church of St Zephaniah, would be understood to portray St Zephaniah. The same words, ‘My Computer’, and the same icon, when they appear on your screen, likewise name a different machine – yours, not mine. You might personalise the icon by replacing Microsoft’s generic image with a photograph of your very own computer, showing the snaps of your family that you keep stuck round the screen.


And perhaps the representation of me that you work with when you talk or think about me, and the representation of you that I work with, are rather like what you’ve now just created on your computer – iconic functions, with personal portraits stuck on the front of them to limit them to a particular reference.


The purely iconic aspects of this symbol, like the purely iconic aspects of the symbol on your computer, could probably be replaced without much loss by words, and by common nouns at that. The hidden legs and the unseen back of your head, for instance, I probably don’t particularise – they are a standard pair of legs off the shelf, a back of the head out of stock, unless you have most strikingly idiosyncratic fittings in these departments. Even the portrait of you on the front begins to look pretty small and generalised by the time you’ve been in Australia for a year, and I’ve first minimised it, then shifted it off the bottom of the screen to some menu I rarely open. (Though when I do maximise it, back it comes at once in all its particularity.)


If I try to portray to you someone you don’t know (in a biography or a novel, for example) I can’t rely on a proper noun, a name, to do the job. I have to resort to a series of common nouns. And once again I find myself assembling something from stock parts. I try to get beyond the baldly iconic outlines, of course – the two eyes, the nose and the mouth that differentiate my subject from a frozen pizza but not from anyone else on earth – by specifying particular sub-classes of feature. I order up not just a face from the face drawer, but a brooding, shrewd face, from the brooding, shrewd section of the drawer. In it I put not just a couple of standard eyes, but wistful brown eyes; not just any old nose and mouth, but a twisted nose and a mouth like a sour raspberry. The storeman might have found himself despatching the wistful brown eyes in another face altogether, a small heart-shaped one, and packaging the twisted nose with a sensuous mouth, in the middle of a face like a pickled walnut. The sour-raspberry mouth would have remained in stock for another occasion – perhaps never to be brought out at all before the world ends.


Not that any of this stops you reading the result in some way that I never intended. I describe to you the Chairman of the West Midlands Regional Hospital Board, and you at once identify him as Jesus Christ, as the Devil, as yourself. Or you see him as someone completely generalised – suffering humanity at large. But then if I copied the portrait of your computer with which you’ve replaced the ‘My Computer’ icon on your machine, and used it to serve the same purpose on my machine, I should see it now as signifying my computer, or all computers in general, however many snaps of your family were stuck around the screen.


So the world around us is irregular and confused. Its most enduring and solid features turn out to be transient and deliquescent to the touch. Its fabric is a series of events, fleshed out in our minds from an even sketchier set of events – the highly restricted and fleeting contacts that we have with it. Understanding this is where any inquiry into the nature of things has to begin.


But not to end. Because none of this confusion and mutability is arbitrary. We know that, underlying everything we see, the source of both its regularities and irregularities, are certain principles. These principles are expressed in intangible and invisible entities with a very different character from the objects of the visible world: scientific laws, together with the conceptual framework on which those laws are constructed – the procedures of mathematics and logic, and the forms of space and time. This is what we need to look at, in order to find things that we can be confident are the way they are quite independently of our presence – things with which our relationship is a little more modest, a little more adaptable to some kind of reasonable synthesis. Not at the fabric of the material world itself, but at the principles underlying it.


First, obviously, the scientific laws – the laws of nature – themselves.










Notes


I/1 Traffic




1 John C. Taylor, Hidden Unity in Nature’s Laws (2001), p. 141.


2 The grounds of indeterminacy are themselves curiously indeterminate. You can read quite different accounts of it in different sources – so different that it’s difficult to see that the same principle is under discussion. Even Werner Heisenberg and Niels Bohr offered radically different versions of it when Heisenberg first postulated it and his former mentor took it up. Here’s my own amateur derivation of a version of it (as related to position/ velocity) that seems to me to apply even in classical mechanics. The velocity of an object is a function of (at least) two positions in space and two in time. But its position in space can be precisely determined only at a point where there is no change in its position in time, and its position in time can be precisely determined only at a moment when there is no change in its position in space. In other words, either position can be precisely determined only if the velocity of the object is zero. But this is impossible to specify, because to measure its velocity as zero means having determined two positions in space (even though in this case they are the same position), and two in time; and these four positions can be determined, as we have seen, only when its velocity has been measured (as zero).


Of course, we can specify two mathematical points in time and two mathematical points in space. But now we are talking about a theoretical world, a constructed world of abstractions, not the real world of real measurements.


3 If a farmer has made a path, he is able to saunter easily up and down it. That is what the path was made for. But the work of making the path was not a process of sauntering easily, but one of marking the ground, digging, fetching loads of gravel, rolling, and draining. He dug and rolled where there was yet no path, so that he might in the end have a path on which he could saunter without any more digging or rolling. Similarly a person who has a theory can, among other things, expound to himself, or the world, the whole theory, or any part of it; he can, so to speak, saunter in prose from any part to any other part of it. But the work of building the theory was a job of making paths where as yet there were none.


Gilbert Ryle, The Concept of Mind (1949; Penguin, 1990), p. 272.


4 And in modern quantum theory the level of complexity in the universe is dramatically raised yet again by entanglement – the continuing communion of particles in a joint quantum state even when they are physically separated:




Take a detector that has detected a particle that was in an entangled state. Suppose it is struck by an air molecule or a photon from the cosmic microwave background. The molecule (or photon) may bounce off, leaving the detector in a different quantum state. Then the detector and the receding molecule (or photon) are in an even more complicated entangled state. Very quickly, a sort of web of entanglement is spreading out into space.


Taylor, op. cit., p. 252.





5 Another way of putting it: ‘Human experience is the construction of reality, not a property of a physical world that imparts the same experience to everyone who encounters it.’ Sandra Scarr, psychologist and researcher in twin studies, quoted in Lawrence Wright, Twins (1997), p. 121.


6 This dialogue that I detect us maintaining with the world sounds suspiciously Kantian. Could the elusive things that offer themselves in the traffic be the strangely reticent Dinge an sich, the things-in-themselves that Kant sees as somehow underlying the phenomenal world of our perceptions, yet as having no causal connection with it? Not at all. The things I’m talking about are physical objects, as fully located in the physical world as anything ever can be, if that world exists (as in one sense it plainly does) independently of us. The question at issue is how we grasp that world.


The hypothesis of things-in-themselves merely compounds the problems of phenomenalism. If the attempt to dissolve the world into elements of our experience is unreal, as I am suggesting, then the predication of an unreachable world out there beyond the appearances doesn’t restore the objectivity of the world – it simply renders it incomprehensible.


I can’t help feeling that any plausibility that things-in-themselves ever had depended, like the plausibility of sense-data, on an artificially simplified picture of the world we are dealing with. The perceptual experiences analysed by phenomenalists always seemed to be restricted to seeing pennies – large, old pennies, at that period – which were neatly resolved into elliptical brown sense-data. Any superficial charm that this procedure has fades when you consider some of the other objects there are to be analysed, such as the formless muddle of putty and tangled string at the back of that conceptually challenging drawer in the kitchen. No handy adjectives like ‘brown’ or ‘elliptical’ come to mind to characterise the sense-data we are experiencing when we look at this, only depressingly circular expressions such as ‘oldputty-like’, or ostensive hand-wavings such as ‘coloured like this and like this and like this …’, all of which seem to require the existence of some external object whose shape and colour can be indicated to others before the internal experience into which that object is supposed to be dissolved can be named. (The same is true of brown ellipses, of course, but their geometrical regularity and smoothness makes them slip past our conceptual guard more easily.) You can’t help suspecting that the perceptual thing that Kant had in mind when he believed he could imagine a thing-in-itself lurking behind it was also something reassuringly simple in colour and shape. A pfennig, in all probability. And if a pfennig can be related to a pfennig-in-itself, then I suppose there’s no theoretical reason why that indescribable mess at the back of the drawer shouldn’t have an indescribable-mess-at-the-back-of-the-drawer an sich to keep it company. All the same, there’s something about the idea that would surely make even Kant’s heart sink a little.


Since things-in-themselves exist in a world beyond space and time then old Mrs Tompkins across the street is supported by a Mrs Tompkins who is not old at all (or young, either), and there are spaceless Spice Girls who remain forever unheard-of, forever famous, and forever forgotten again.


Or do old Spice-Girls-CDs-in-themselves eventually go to a muncipal-incinerator-in-itself, and turn into a little heap of ash-in-itself, a puff of carbon-dioxide-in-itself? Does this lofty realm beyond causality, while remaining completely unaffected by the succession of cause and effect in the phenomenal world, somehow causelessly reflect it?


Then again, how is old/young Mrs-Tompkins-in-herself to be discriminated, even notionally, from a pot-of-tangerine-yoghurt-in-itself? The identities of their physical counterparts are part of the perceptual world just as surely as the space that they occupy, or the time through which they occupy it, or the causality that fills the pot with yoghurt and empties it again, that puts the wrinkles in Mrs Tompkins’s face and in the end stops the breath in her lungs. Mrs Tompkins and the yoghurt bring us their discriminability in the physical world; we, as our contribution, seize hold of that discriminability and do discriminate them. The deal is struck in our world. So, just as things-inthemselves are not extended in time and space, so (if one may make so bold as to say anything about them at all) they remain an undifferentiated, solid, fused, homogenous mass, a single all-embracing Ding an sich.


Schopenhauer raises a similar objection to Kant – and accepts the homogeneous mass as the solution to the problem. Plurality, he says, is an attribute, and since only the phenomenal world can have attributes, plurality is possible only in the phenomenal, not the noumenal. So the noumenal is indeed one single undifferentiated and undifferentiatable thing-in-itself. The great inaccessible junkyard postulated by Kant has in Schopenhauer undergone meltdown. It’s difficult enough to think what’s happening in Kant’s noumenal world, when with our phenomenal teeth we crack a phenomenal nut – whether we are to suppose teeth-in-themselves cracking a nut-in-itself into various piecesof-nut-in-themselves, with various traces-of-dental-enamel-in-themselves attached? But if teeth and walnut are somehow the phenomenal manifestations not of various teeth-in-themselves and of a walnut-in-itself, but of one single teeth-and-walnut complex, what’s happening in the noumenal world when our little piece of phenomenal cracking and tooth damage occur? Nothing, even more plainly than in the Kantian world. Nothing is getting cracked into pieces. Nothing is flaking off. Nothing is happening. The noumenal world is plainly unchanging from the beginning of time to the end of it.


A peaceful world. A rather dull one, though, perhaps.


7 E.g. M. Merleau-Ponty, Phenomenology of Perception (1945, 1958), p. 18: ‘Our perceptual field is made up of “things” and “spaces between things”.’


8 More on this in Chapter I/4.


9 Taylor, op. cit., p. 290: ‘We are always ignorant about the detailed microscopic state of a macroscopic lump of matter. What we know about it is generally of a statistical nature. Statements about its temperature, pressure, magnetism and so on, are statements about average properties …’


Taylor says there is one exception to this. ‘If we could get the lump of matter to the absolute zero of temperature, it would (in principle) be in a single quantum state: the state of minimum energy.’


The astrophysicist Subrahmanyan Chandrasekhar suggests another exception: a black hole (an object so dense, and consequently with such an intense gravitational field, that no light or other signal can escape from it). Unlike ordinary physical objects, which ‘are governed by a variety of forces, derived from a variety of approximations to a variety of physical theories … the only elements in the construction of black holes are our basic concepts of space and time. They are thus, almost by definition, the most perfect macroscopic objects there are in the universe.’ (Quoted from Chandrasekhar, Truth and Beauty, in op. cit., p. 359.)


10 It might be noted that perspective involves not one single viewpoint but two – one located in each of our two eyes. Any real knowledge of the world in fact involves a great many more than two viewpoints – it requires an indefinite series of them extending over time. Our information about the depth and development of the world is stored in the differences between these viewpoints (rather as electrical energy is an expression of the difference in potential between two poles).
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The Laws of Nature …


… And the nature of laws





Scientific laws must be on a different logical level from the tangible world, and a logically superior one. They govern that world; and they govern it successfully – more successfully than any other laws have ever governed anything. They are obeyed by it – and obeyed absolutely. They are not part of the traffic – they are the codes that make the traffic possible. Unlike anything in the realm that they order so well, they are themselves changeless. And the more thoroughly scientists come to understand them (as many books now struggle to make clear in terms that the lay reader can understand), the more universal, elegant, and rational they seem. Scientific laws are the lurking spirit of the French garden that we might have expected the universe to resemble.


Or are even these transcendent entities not quite what they seem?


We take them so much for granted now that we forget how late in the history of the universe they first appeared – how late even in the history of mankind. It was only late in the seventeenth century (more than a hundred years after the discovery of the Americas) that the first of them were set forth: Newton’s laws of motion and gravitation.1 Like the Americas, they had surely been there long before they were found. Since the beginning of the universe, in fact, waiting only to be put into words and figures, like seeds waiting for the spring. It was the laws that had shaped the universe, long before the tiny disturbance of its fabric caused by the emergence of life and consciousness, and they would continue, immutable and eternal, until long after that disturbance had passed away.


And yet it was only life and consciousness that had revealed them.


Slowly but irresistibly, over the course of the next quarter of a millennium, Newton’s laws and the laws that were derived from them, or modelled on them, replaced divine revelation as the foundations upon which our understanding of the universe was based. They assumed a picture of things that was too obvious ever to be remarked upon, of a world in which you could say precisely where everything was and when events happened, and precisely how each thing would be affected by each event.2 The reassuring solidity, certainty, and universality of the religious universe were preserved under the new dispensation.


And then, just over two hundred years later, rather as doubts had first surfaced about divine revelation, complications began to appear, as complications sooner or later always do in even the most perfect schemes.


The first sign of trouble was an anomaly that seemed very abstract, and peripheral enough at first to be swept under the carpet (even by some of the physicists who first discovered it). The problem was this: Newton’s laws require a smooth continuum, which is what our world seemed to be. In the early years of the twentieth century, though, it became apparent that heat energy, at any rate, was not like this. Heat, it turned out, is composed of indivisible minimum packets, rather in the way that every currency has a smallest coin. No cash transaction can be conducted in any units smaller than farthings or cents, or whatever, so every sale and purchase has to be in wholenumber multiples of this minimum value. The problem spread from heat energy to light, since heat and light radiate in the same way, and from light to matter, because atoms change their state when energy is taken in or given out, and if the energy comes in farthings, then the atoms change in farthing jumps.3 The physicists who thought that this was merely a passing procedural difficulty, and that a way would eventually be found to circumvent it, were soon to be disappointed. When the transactions were between very small entities – atoms and the particles that compose them – the implications of this limitation turned out to change everything.


There was another problem emerging at the same time. The failure of classical physics to describe the sub-atomic world was discovered by the classical method – observation. Now the act of observation itself came into question.


It had always been assumed to be external to the universe that was being observed. The particular standpoint from which the experimenter observed it was of no significance. The universe was seen not from here or from there, but panoptically, in the way that God, who is present everywhere simultaneously, had presumably always seen it; the scientists had simply inherited his magisterial indifference to time and place. Einstein realised that these observations and measurements are not external to the natural world. They are events within it. They have to be made by an observer – and they have to be made from that observer’s particular viewpoint. Any observer, even a purely notional one in situations where no real observer could imaginably be, has to be situated at some particular place, and the measurements he makes depend entirely on his position and on the way in which he is moving (or not moving) in relation to what he is looking at. All time, Einstein realised, is local – and so, therefore, are all other measurements.


And then, as quantum theory developed, a rather similar situation appeared. It seemed that here, too, you needed a possible observer to make the mechanics interpretable. The behaviour of physical objects could never, even in theory, be completely specified. The limitation was insignificant in the case of everyday objects moving at everyday speeds, but became critical in the case of fast-moving particles. A choice always had to be made about the relative accuracy with which different aspects of an object’s behaviour were to be established – and choices make themselves no more than measurements do.4 So objectivity is gone, and also any possibility of precise prediction, because if we can’t know both how fast something is moving and where it is there is no way of knowing when and where it’s going to be.5


In fact the implications of quantum mechanics went even further: the very nature of the physical world, at the sub-atomic level, seemed to be dependent upon the act of observation. An unobserved particle turned out to be able to follow more than one different trajectory simultaneously, and its behaviour could be accommodated only by interpreting it not as a particle, a thing, but as a wave function, a mathematical abstraction representing the relative likelihood of its being in any particular place at any particular time, where its ambiguity is given expression in purely mathematical form, rather as some numbers (such as the square root of a negative number) can be understood to have two definite but different values simultaneously. As soon as an observation is made of the particle to resolve the ambiguity, however – which can be done only by intercepting it in some kind of way, and therefore disturbing it – the ambiguities allowed by its mathematical expression vanish, and it becomes an object in a world that is subject to the laws of classical mechanics.6


Classical objectivity continues to work in practice most of the time because most of the time we are concerned with a relatively stable, relatively slow-moving world.7 Throughout the sub-atomic world, though, a completely new mechanics had to be constructed to replace the Newtonian system. This mechanics was based not upon absolute connections between individual causes and individual effects, but upon averages and probabilities. The laws that had seemed self-evidently absolute had proved to be approximations, and what had seemed self-evidently universal didn’t hold if you looked into matter closely enough.


The effects reached out far beyond the practical. They destroyed the whole picture of a clear, definite, and objective world. All relation of one object to another turns out to be from a specified viewpoint, and any expression of it is dependent upon the use we want to make of it. No description of the world is possible without the theoretical presence of an observer.8


If this is true then its implications become more and more paradoxical. It means that the huge events at the beginning and end of time which are described by cosmologists, and the tiny ambiguous events of quantum electrodynamics, all of them remote from any possible human eye, are events only in so far as they are nominated as events, only in so far as they lie at the end of chains of reasoning that lead back to a human mind. Not only did the supposedly immutable laws need amendment, but it seemed as if the presence and participation, even if only notionally, of organisms which are part of the world that those laws supposedly have brought into being, and which have arrived only in the last few moments of cosmological time, were essential to make them work.


So where does all this leave the status of scientific laws? Are they the independent entities that they were once assumed to be? When they are called into question, is it simply because of changes in our understanding and expression of them? Or are they human artefacts that have no real existence outside our statement of them?


A non-scientist (like myself) is a fool to trespass in this great palace of thought, which is surely among the most glorious of man’s creations. Modern science, particularly physics, is a structure of the most amazing complexity and elusiveness. Venturing anywhere near it without mathematics, for a start, is like trying to fly without wings. The only way I can begin to approach it is through the supposedly ‘accessible’ books that some scientists write for laymen, and I can’t honestly claim to understand more than a fraction even of these. There are many warnings from scientists of the futility of the enterprise. Even Richard Feynman, the American physicist who devoted so much time and ingenuity to explaining physics with amazing informality and clarity both to beginners in the subject and to those who know nothing at all about it, is very sceptical about how much can be achieved. ‘All the intellectual arguments that you can make will not communicate to deaf ears what the experience of music really is. In the same way all the intellectual arguments in the world will not convey an understanding of nature to those of “the other culture”.’9 And he insists that, however simply he attempts to translate physical laws into plain language, he can’t really make you understand the beauty and force of them if you can’t understand their mathematical expression.10


Fools though we non-scientists may be to try to understand the thinking that has shaped the world we live in, we’re even bigger fools if we don’t. We can at any rate begin by looking at what scientists themselves say – at least some of those who have expressed their views (in so far as they can) for the general public. The result might give us a little encouragement, because it turns out that they are deeply divided about what science and its laws are. In the course of the last hundred years, since the beginnings of relativity and quantum theory, some of the scientists most closely involved, and some of the most observant philosophers of science, have taken the view that the laws of nature were:




invented by man (Einstein, Bohr, Popper);


not invented by man (Planck);


expressions of a real underlying order in the world (Einstein);


working models justified only by their utility (von Neumann, Feynman);


potentially deterministic (Einstein);


inherently probabilistic (Heisenberg, Prigogine);


a dialogue between man and the world (Prigogine);


a dialogue between the possible and the actual (Medawar);


steps on the road towards complete understanding (Feynman, Deutsch);


steps on a road that has no end (Born, Popper, Kuhn);


forced upon us by the world (Planck);


forced by us upon the world (Popper);


potentially all-embracing (Feynman, Deutsch);


inherently piecemeal (Cartwright);


likely in the end to be not only comprehensive but simple (Feynman);


accounting for less the simpler they are (Cartwright).





My categorisation of these differing views is very broad and generalised. (There is a fuller account of what these various authorities actually said, which is usually more nuanced, sometimes more self-contradictory, and always more interesting, in the notes for this chapter.11) It makes reasonably clear, though, that the one phenomenon for which scientists have most notably failed to provide any generally agreed account is science itself.


Most of them seem to concur, more or less, about one thing: that the laws are some kind of construct arrived at through the interaction of the physical world and the scientists who observe it. Curiously, though, one of the points that divides them most sharply is precisely the role of the observer in quantum theory. The majority of them are prepared to accept the probabilism of the Copenhagen Interpretation,12 which after all can be given well-established mathematical expression. What sticks in the throats of so many of them is the ‘anthropocentricity’ of the interpretation – its insistence that what we can observe is necessarily modified by the act of observation, and that the world cannot be understood without the idea of an observer.


Each of the dissenters in his turn kicks the importunate intruder unceremoniously down the steps. Feynman, for example, briskly attributes the ability of ‘some people’ to imagine that the centre of the universe is man to the unscientific limitation of their horizons.13 Popper, who says he wishes to preserve ‘the objective character of physics’,14 finds it likely ‘that the world would be just as indeterministic as it is even if there were no observing subjects to experiment with it, and to interfere with it’.15 Murray Gell-Mann (the physicist who helped instigate another revolution in elementary particle theory as co-discoverer of the quark) is very definite:




When first formulated by its discoverers, quantum mechanics was often presented in a curiously restrictive and anthropocentric fashion, and it is frequently so presented to this day … This original interpretation … is not wrong, but it is applicable only to the situations it was developed to describe … The universe presumably couldn’t care less whether human beings have evolved on some obscure planet to study its history; it goes on obeying the quantum-mechanical laws of physics irrespective of observation by physicists.16





Prigogine, likewise, insists on ‘the need to eliminate the subjective element associated with the observer’.17 To his way of thinking, he says,




Through his measurements the observer no longer plays some extravagant role in the evolution of nature – at least no more so than in classical physics. We all transform information received from the outside world into actions on a human scale, but we are far from being the demiurge, as postulated by quantum physics, who would be responsible for the transition from nature’s potentiality to actuality. In this sense, our approach restores sanity. It eliminates the anthropocentric features implicit in the traditional formulation of quantum theory.18





But, having thrown the wretched observer out of the front door, most of the dissenters seem obliged to let him slip in again round the back to do the lawmaking itself. Feynman explains that physicists are always having to change the laws because they have been ‘guessed’ or are ‘extrapolations’.19 Well, whatever nature does or doesn’t do, it certainly doesn’t guess at its own constitution or extrapolate itself. That’s a job that can only be carried out by the guesser or extrapolator, the human observer who has been discreetly rehired for the purpose. ‘Every theoretical physicist who is any good’, says Feynman, ‘knows six or seven different theoretical representations for exactly the same physics. He knows that they are all equivalent, and that nobody is ever going to be able to decide which one is right at that level, but he keeps them in his head, hoping that they will give him different ideas for guessing.’20 If this is so then we can’t do without the theoretical physicist in question, because nature doesn’t have six or seven different theoretical representations of itself, or even one. Whatever ‘the same physics’ is, it remains unrepresented until someone invents a way or ways of representing it.


If scientific laws are ‘dialogues with nature’, as Prigogine holds, who or what must be maintaining the other side of the dialogue? It can surely only be some member of the human race – once again, presumably, our illegal immigrant from the local theoretical physics department. The laws and theories of Popper’s objective physics have an entirely subjective basis. He will ‘admit a system as empirical or scientific only if it is capable of being tested by experience … it must be possible for an empirical scientific system to be refuted by experience.’21 What experience is this, if it is not that of our unacknowledged observer? Indeed, all of us are roped in to service. ‘We’ are the arbiters of what constitutes a valid law, and our judgement is final:




Every test of a theory, whether resulting in its corroboration or falsification, must stop at some basic statement or other [i. e., one about a particular observed state of affairs] which we decide to accept.22


From a logical point of view, the testing of a theory depends upon basic statements whose acceptance or rejection, in its turn, depends upon our decisions. Thus it is decisions that settle the fate of theories.23





The result of this Popper expresses in a brilliant sustained metaphor that sorts oddly with his defence of ‘objective physics’:24




The empirical basis of objective science has thus nothing ‘absolute’ about it. Science does not rest upon a solid bedrock. The bold structure of its theories rises, as it were, above a swamp. It is like a building erected on piles. The piles are driven down from above into the swamp, but not down to any natural or ‘given’ base; and if we stop driving the piles deeper, it is not because we have reached firm ground. We simply stop when we are satisfied that the piles are firm enough to carry the structure, at least for the time being.25





Even though the universe, in Gell-Mann’s view, couldn’t care less about the existence of us human beings, Gell-Mann himself sees no objection to treating quantum superpositions as alternative ‘histories’ or ‘narratives’:




The quantum state of the universe is like a book that contains the answers to an infinite variety of questions … The questions always relate ultimately to alternative histories of the universe. (By ‘history’ we do not mean to emphasise the past at the expense of the future; nor do we refer mainly to written records as in human history. A history is merely a narrative of a time sequence of events – past, present, or future.) … Completely fine-grained histories of the universe are histories that give as complete a description as possible of the entire universe at every moment of time.26





So the universe is writing histories now? It’s telling stories? The shameful truth about the universe, though, is that it’s illiterate. It couldn’t write so much as ‘wish you were here’ on the back of a picture postcard, let alone a history. It can’t even open its mouth to speak. It couldn’t tell a ‘doctor, doctor’ joke, never mind a narrative about all the bosons and fermions in the world. If any histories are getting written or stories told, we can be sure that the author must be the same overworked jack-of-all-trades who makes the measurements and maintains the dialogues and does all the representing and guessing and extrapolating and deciding – the human observer in whose existence the ungrateful universe takes so little interest.


You want to say, ‘But there are histories out there waiting to be recorded! There are jokes waiting to be told!’ No, there aren’t. There is the material for jokes, once you’ve decided what’s funny. There is the evidence from which histories can be written, once you’ve decided what’s relevant to a particular interest. Until then there’s just a great undifferentiated, overlapping tangle, without sense or even sequence, waiting for someone to discover a few loose ends and pull out a few usable threads, then to weave them together into a usable fabric.


Feynman’s version of quantum theory also involves the notions of the ‘summing over’ of ‘all histories’ of a quantum event. The physicist John C. Taylor agrees that giving a proper definition of this is a difficult mathematical problem:




What Feynman did was to replace continuous space and time by a fine mesh of a large but finite number of points at a large but finite number of times. Then the notion of ‘all histories’ is perfectly clear: it just means hopping from point to point at successive times in all possible ways. This procedure gives some approximation to what is required. It is assumed that this approximation can be made better and better by making the mesh of points and times finer and finer (that is, having more and more points and times).27





But there is no ‘fine mesh of points’ out there – certainly not a finite number of them – until somebody says there is. Elsewhere, talking about the problem of ‘summing over’ in the case of space-times, which can also be varied continuously, Taylor asks: ‘How do we enumerate them all? What would one mean by enumerating all possible shapes of a cup. What do we mean by sum in such circumstances? In practice, we must approximate the sum by a discrete set of “representative” space-times.’28 Once again, though, there is no approximation and no improving of it without an approximator and an improver, no selecting of a representative set of anything without a selector.


Schemes have been proposed for avoiding the staffing problem, and for getting the physics supported by its own bootstraps. Gell-Mann gives the credit for pioneering what he calls the modern approach to quantum mechanics to Hugh Everett III, who developed an alternative to the Copenhagen Interpretation that explains superposition in terms of a multiplicity of parallel worlds. Or at least, this is how Gell-Mann says that Everett’s interpretation is often described. Gell-Mann himself, however, insists that there is no need to become ‘queasy’ trying to conceive of this, because he believes that what Everett really means is not ‘many worlds’ but ‘many alternative histories of the universe’29 – once again we have had to send for the historians. Gell-Mann’s queasiness at the idea of many parallel worlds or universes, all equally real, is evidently not shared by David Deutsch, another follower of Everett, who has produced an extreme version of the theory, one that gets round the difficulties of superposition by postulating trillions and trillions of co-existent universes in which every possible version of events has actually occurred, is occurring now, and will continue to occur.30


Part of the difficulty in giving any consistent and generally agreed account of science is that, as the philosopher of science Thomas Kuhn makes clear, it is not a single kind of activity. Indeed it is surely more heterogeneous than even Kuhn implies – not just a single discipline alternating between stasis and revolution, but a whole family of loosely related disciplines, as various in their procedures and strategies as the activities of politics or art. Not all science is concerned with the establishment, confirmation, or rewriting of underlying laws, or with the construction of models and explanations. A great deal of the work in some – in geology and botany, for example (even in particle theory) – is taxonomic. Geologists go on looking at the rock strata in new sites, botanists go on looking for new species of orchid, not necessarily to test a theory, but simply to explore the possibilities of the world, to extend the range of their material. Some of the greatest psychologists and neuropsychologists (William James, Aleksandr Luria, Oliver Sacks) practise what Luria calls ‘romantic science’, directed not at the reduction of complexity to simpler underlying forms but at grasping the richness, idiosyncrasy, and subjectivity of experience. At least one of the recognised cornerstones of science, heliocentricity, doesn’t relate to a class of phenomena at all (or didn’t when it was first introduced, before other stars were observed more closely), but to one single phenomenon, our own Sun and its planetary system.


There are plainly quite different goals being pursued even within the same branch of the same discipline. Everyone knows the story of the gold-rush scramble to identify the three-dimensional shape that threw up the baffling patterns caused by the diffraction of X-rays in DNA crystals. This von Neumann would have recognised as fundamentally a search for a model (even though the goal seems to have been not the model itself but the glory that finding it would bring). But I once asked Max Perutz how he had solved a similar problem – the structure of haemoglobin, one of the first two proteins to yield – and the explanation he gave was the simplest, most down-to-earth, and (I suspect) the most universal of all. He had no theory that he was testing, he said, no model he was looking for; he simply wanted to find out what was the case.


The majestic simplicity suggested by the concept of ‘the laws of science’, like the majestic simplicity of a distant mountain range, breaks up into a more complex landscape when you approach more closely. Some laws are supposed (even if not by Popper) to be inductive generalisations from the observation of particular cases, and of these, some are supposed to determine individual cases, some to indicate only probabilities. Other laws are not inductive at all, but purely deductive. The inverse square law of the propagation of light, for instance, is a geometrical theorem; given that light travels in straight lines outward from its source in every direction, its intensity at every point follows diagramatically. (There is also an implicit contingent assertion that the diagram does represent the behaviour of light in the physical world, but if our practical experiments to test the law began to find contrary instances – because of the gravitational bending of light rays, for instance – the geometrical model would nonetheless remain intact.)


Lumped in with the laws are various ‘theories’ and ‘principles’, such as relativity, uncertainty, and natural selection, which are not really law-like in character at all, but conceptual clarifications of an almost philosophical generality, and difficult to categorise. Is the principle of natural selection (one of the most richly explanatory concepts ever introduced into human thought) deductive or inductive, necessary or contingent? Darwin derived it from observation, without any understanding of the genetic mechanism involved. But couldn’t it have been derived by a modern geneticist without any voyage to the Galapagos Islands, purely from a consideration of the concepts of reproduction, random mutation, and competition for resources? Relativity was experimentally corroborated by the success of its predictions about the precession in the perihelion of Mercury and the gravitational bending of light. But it was derived by Einstein from first principles – and would have remained unassailable even if the predictions had not been fulfilled; what would have been open to challenge would have been the applicability of the principle to those particular situations. The uncertainty principle, conversely, was first put forward to help explain the anomalies in experimental results; but, like relativity, it derives from first principles, and could have been hit upon before it was necessary to explain anything, simply from an abstract analysis of wave/particle duality.


In amongst these heterogeneous entities is what seems to be a sub-class usually referred to by scientists and other writers on the subject as the ‘fundamental laws of physics’, or the ‘laws of nature’. The terms suggest a kind of scientific gold standard – a set of unchanging, unchallengeable commandments, graven on tablets of stone, from which all else is derived and against which all else is measured.


Which precisely, though, are the laws that qualify as ‘fundamental’? The writers who so often refer to them rarely trouble to specify, and when they do their lists vary widely. If one tried to piece together a catalogue from the references it would seem to include the various conservation laws,31 the laws of motion and gravitation, the laws of thermodynamics, and perhaps the principle of least action. A modern scientist would probably include the concepts of symmetry and invariance.


This is once again a very mixed bag. It’s no clearer than with the general list quite what their logical status is: whether they are all generalisations of what has been observed, or whether some of them, at any rate, are more like rational principles around which our observations can be organised; or whether they are perhaps some combination of the two. Symmetry and invariance (never in my experience clearly differentiated in the literature) are really not laws but meta-laws – declarations that the laws to which they relate apply uniformly, without regard to any particular frame of reference, change of orientation, or other transformation.32


Are these ‘laws of nature’, first of all, really quite as fundamental as the term suggests? They can’t all be fundamental, or at any rate not equally so, because some of them can be derived from each other. The principle of least action is said to be derivable from the laws of motion,33 and two of the conservation laws (of energy and momentum) from Einstein’s formulation of the law of gravitation.34 The first law of thermodynamics is one of the conservation laws. Are the laws as a group to be regarded holistically, as supporting each other like the axioms of geometry, where more or less any theorem, once accepted, can be regarded as the source from which the rest of the system can be generated?


They have also changed (like the other laws), both in number and character, as physics has developed. Gravitation, presented by Newton as an unexplained remote force, was reinterpreted by Einstein as a geometrical concept. The law of conservation of mass became otiose when mass was subsumed under energy. Some forms of symmetry and invariance have turned out to be broken by the so-called ‘weak’ (short-range) force involved in radioactive decay.35 The weak force, once an idiosyncratic outsider with its own code of laws, has been aligned with electromagnetism under the common umbrella of electroweak theory. One day, it is hoped, a Grand Unified Theory will be constructed which finds the common ground between electroweak forces and the so-called ‘strong’ forces that hold quarks together.


Changes like these to the codex are not superficial – they are themselves fundamental, because one of the goals to which science is directed is the discovery of the underlying patterns beneath apparently diverse phenomena. ‘Few, if any, scientific theories are final,’ warns Taylor; ‘each one is destined to be subsumed into some more complete theory.’ (This mutability, as he says, makes it dangerous to draw philosophical conclusions from science – ‘grand deductions may be premature.’) Does this suggest that the ‘fundamental laws’, even if not in a self-evidently fundamental form at the moment, are becoming ever more fundamental – perhaps approaching asymptotically ever closer to some irreducible perfection, even if never finally reaching it?


Scientific laws seem to obey a kind of conservation law of their own, however – the conservation of complexity. Reducing their multiplicity usually comes at the expense of making each of them more elaborate in itself. Einstein’s reinterpretation of gravity as curvature of space may make it theoretically simpler than Newton’s unexplained force, but it also makes it much harder to understand in non-technical terms. Energy has changed from a quality familiar to all of us in our everyday lives into an abstract one which is uninterpretable in any ordinary non-mathematical sense.36 The catalogue of elementary particles, already as long and complex as an ironmonger’s stocklist, will be extended still further in one of the proposed Grand Unified Theories by the introduction of a dozen extra varieties. String theory, which proposes a common underlying structure for all these multifarious entities, both established and conjectured, will do it only at the cost of an extra seven (or in some versions eight) spatial dimensions. Grand deductions may pass straight from being premature, as Taylor warns, to being too ponderous ever to be deliverable.


The status and origin of even the earliest of the fundamental laws, Newton’s laws of motion, were cloudy from the very beginning. In the ‘General Scholium’, the remarks that conclude the Principia, Newton says that in ‘experimental philosophy’, as he calls science, ‘propositions are deduced from the phenomena and are made general by induction’ (precisely the account of scientific laws rejected by Popper). But is this how he arrived at the laws of motion? They are often said to be generalisations of the laws of planetary motion established by Kepler. For Newton’s Third Law (‘To any action there is always an opposite and equal reaction; in other words, the actions of two bodies upon each other are always equal and always opposite in direction’37) he gives some credit to Kepler, who certainly derived his laws from the ‘phenomena’ – the astronomical observations laboriously collected by his predecessor Tycho Brahe. For the first two, however (‘Every body perseveres in its state of being at rest of moving uniformly straight forward, except in so far as it is compelled to change its state by forces impressed,’ and ‘A change in motion is proportional to the motive force impressed and takes place along the straight line in which that force is impressed’) he offers no derivation. Each of the laws, as it is introduced in the Principia, is accompanied by a few homely instances of it – what happens when you throw a ball, spin a top, or press your thumb against a stone. Are these supposed to be the phenomena from which the laws are deduced, or are they simply practical illustrations to make the abstract principles more readily comprehensible? Much later in the Principia Newton describes various practical experiments he has conducted to test air and water resistance, but first he works out the consequences of his laws by pure geometry. As in geometry, everything is hypothetical. ‘If … ‘, ‘Suppose that … ‘, ‘Let such-and-such be the case …’ And in Book 3 he says that up to this point, ‘I have presented principles of philosophy [i. e., natural philosophy – science] that are not, however, philosophical but strictly mathematical.’


So what is the basis for the first two laws? It is now accepted38 that they are derived not from Kepler but from the first two of the three ‘laws of nature’ put forward forty years earlier by Descartes in his own Principia (‘Every body, so far as it is altogether unaffected by extraneous causes, always perseveres in the same state of motion or of rest,’ and ‘Simple or elementary motion is always in a straight line.’39) What Newton’s laws have in common with their Cartesian predecessors is not just their form and style but the novelty of their content. Before Descartes all motion, at any rate of heavenly bodies, had been regarded as inherently curvilinear. This was not unreasonable. All bodies freely moving in space travel in curves of one sort or another, because (as we now think of it, since Newton) they are necessarily deflected by the gravitational attraction of another body or bodies. Universal curvilinear motion became unreasonable in earlier astronomy only because it was carried to ideological extremes, so that, purely for aesthetic and metaphysical reasons, the orbits of planets had to be analysed into perfect circles, or combinations of them, which turned out to be impossible. Once Kepler had discovered that orbits were elliptical, the unreasonableness vanished.


What Descartes did, and what Newton seems to have adopted, was to analyse curvilinear movement into two (or more) separate rectilinear movements. Descartes, at any rate, certainly hit upon this scheme by the power of thought alone. The justification for it is the conceptual and pragmatic advantage it offers, because it makes it possible to construct an explanation for the tendency to move in curves, which had seemed to be simply an inherent primary quality of the world, and to make it an emergent feature with quantifiable origins. This is not, however, a discovery in the sense that the finding of Tristan da Cunha or the planet Neptune was a discovery. It is an invention. The straight line in which it is now said that a body would move if it were not acted on by other forces is not an actual constituent of the physical world. It is a fiction, just as Einstein said, an intellectual construct, the notional product of a definition, and it was borrowed from Euclid, not the world of phenomena. It is as artificial an idealisation as the perfect circles into which the earlier astronomers were trying to reduce the more complex curves of the real world. It just happens to be a suggestive and calculable one in a way that they were not.


So how did Descartes think his way to this model? How did Newton think his way to improving it (or reinventing it)? If they had never observed something in the real world – a ball being thrown, or a top spun – what could either of them have exercised their powers of pure conceptualisation upon?40


The conservation laws are also of mixed parentage, and also often difficult to characterise precisely. The first of them (of matter) was derived by Lavoisier from exact measurements of the ingredients going into chemical reactions and of the products emerging from them. This seems also to have been the source from which Carnot derived the conservation of energy, because he wrongly assumed that heat was a gas – a form of matter. And yet a prototype of the first (and perhaps also of the second) was formulated by Democritus some four hundred years before Christ without any experiment at all.41


The laws of thermodynamics are another conceptually cloudy area. They were effectively derived from the conservation laws. According to Clausius,42 who made the original formulations of the first two laws, he came upon the Second Law purely by examining Carnot’s earlier law that motive power cannot be created out of nothing.43 But the Second Law can also be derived deductively from the concepts of order, disorder, and random change. (See, for instance, Gell-Mann: ‘To the extent that chance is operating, it is likely that a closed system that has some order will move toward disorder, which offers so many more possibilities.’44)


Why do we call all these strange entities ‘laws’? The earliest use of the term in English in this sense dates only from the seventeenth century, when systematic science began to take off. The first two examples traced by the Oxford English Dictionary are dated 1665 – one from the Transactions of the Royal Society and one from Boyle – and they relate to a universe set and maintained in motion by the command of God. The ‘laws of nature’, notes the Dictionary, were viewed by those who first used the term in this sense as ‘commands imposed by the Deity upon matter’,45 and ‘even writers who do not accept this view often speak of them as “obeyed” by the phenomena, or as agents by which the phenomena are produced.’


Edgar Zilsel46 identifies Descartes as the author of the usage, in A Discourse on Method, published some thirty years earlier. Descartes says at the beginning of his account of natural philosophy that he has ‘observed certain laws established in nature by God in such a manner, and of which he has impressed on our minds such notions, that after we have reflected sufficiently upon these, we cannot doubt that they are accurately observed in all that exists or takes place in the world.’47 And the three laws of motion that Descartes presents in the Principia Philosophiae, published seven years later in 1644, he calls ‘Regulae quaedam sive Leges Naturae’ – certain rules or laws of nature.


Zilsel claims that the concept of physical law was virtually unknown to classical philosophy (which saw the universe as determined by reason rather than by law), scarcely hinted at in the Bible, and unconsidered in the Middle Ages, which ‘perceived the reign of God much more in miracles than in the ordinary course of nature’, so that comets and monsters were more worthy of examination than the daily sunrise and normal offspring. There is no mention of laws in Copernicus, or even in Galileo,48 while Kepler makes no use of the term himself in introducing what are often described as the first truly scientific laws – his three laws of planetary motion. (The first two he expounds without characterising, the third he calls a theorem.49)


Zilsel suggests that Descartes synthesised the concept from two sources: on the one hand the working practices of craftsmen, which were also the inspiration for Galileo, and which involved acquaintance with physical regularities and quantitative rules of operation; and on the other the biblical notion of God’s eternal law, as developed by St Augustine and Aquinas. Descartes derived his laws not from experiment, but ‘with no other principle upon which to found my reasonings except the infinite perfection of God’.50 He held that the necessity of logical and mathematical truth was the product of God’s will, but he somewhat diluted the explanatory function of the divine origin by suggesting that even God might himself be constrained by his own perfection. He has endeavoured, he says, ‘to prove that … even if God had created more worlds, there could have been none in which these laws were not observed’51 – i.e., that lawfulness reflected divine perfection in a way that the arbitrary exercise of will would not have done.


From Descartes the expression was taken up by Hooke and others in their contributions to the Royal Society.52 It first became general in the scientific vocabulary, however, when it was used by Newton in the Principia, where his three laws of motion were set forth under the general heading ‘Axiomata, sive Leges Motus’, and where he also refers to ‘the law of gravity’. It is difficult to believe, say Newton’s editors, ‘that he was not (even if unconsciously) making a direct improvement on the laws announced by Descartes’.


Newton, according to Zilsel, never says that the laws he has formulated have a divine origin. God remains in the background, however, even though his relationship to the laws is never fully stated. ‘This most elegant system of the sun, planets, and comets’, says Newton in the General Scholium, ‘could not have arisen without the design and dominion of an intelligent and powerful being.’ God is also responsible for the ‘diversity of created things’, which ‘could only have arisen from the ideas and the will of a necessarily existing being’. This appears to be an answer to the puzzle still facing cosmologists of how the vast irregularities of the observable universe arose, if it developed in accordance with uniform laws. As Zilsel comments, ‘Altogether in the Principia theology has retreated from the laws to (as the modern physicist would put it) the initial conditions.’ The corollary of this, however, once those conditions have been established, seems to be that the laws take over God’s sovereignty. ‘No variation in things’, says Newton, ‘arises from blind metaphysical necessity, which must be the same always and everywhere.’ A blind necessity, uniform in space and time … This may be the point, in spite of Newton’s intense piety, where religion and science finally begin to part company.


So the notion of ‘laws of nature’ was in the first place adapted from the notion of laws laid down by some kind of central authority. I’m uncertain about the theology here. God’s laws relating to human behaviour are always being ‘flouted’ by the wicked creatures who have been given free will (as I understand it) precisely to allow them this option. But if God also wrote laws specifying the form and functioning of the material world, which does not have the benefit of free will, it presumably has no choice but to conform. In both cases, the idea that the laws ‘govern’ their subject matter, which in turn ‘obeys’, seems appropriate (even if, in the case of human beings, they can choose not to be so governed, and to disobey). The monarch who imposed the laws has now been deposed by scientists, but the legal usages remain. Phenomena still ‘obey’ the laws; the laws still ‘govern’ the phenomena. So now a much odder analogy lingers: with the laws written by human beings themselves – the ordinary citizens to whom the laws apply.


Whether the analogy is with laws made by an absolute ruler or by a democratic assembly, though, is a secondary question. What exactly does the legal metaphor imply in either case? Juridical laws, whoever writes them, may be constitutive or regulatory. They may bring the institutions of state and government into being and establish their functions, or they may attempt to regulate existing institutions, and to control conduct that is already seen to be occurring.53 So which sort are the laws of nature – constitutive or regulatory? Is the suggestion that there would be no material world – no rocks, no stars, no dust beneath our feet – if there had been no laws first to call them into being, just as there would be no National Radiological Protection Board or right to maternity leave? Or is the suggestion that electric charge and angular momentum, for example, would get up to all kinds of strange tricks – would start getting themselves lost or even created, perhaps – if there were not laws to stop them?


The idea that the laws of nature are regulatory seems on the face of it to be the more ridiculous interpretation. The law forbidding housebreaking has a function because people do in fact break into houses. What would be the point of a law requiring entropy to increase if it always increased anyway?54 Popper suggests something a bit like this, however, when he talks about scientific laws ‘prohibiting’ certain possibilities: ‘Not for nothing do we call the laws of nature “laws”: the more they prohibit the more they say.’55 This is a dramatically back-to-front way of expressing his idea of falsifiability. What he means is that if we discover behaviour not allowed for in the law – and the more precise the law the greater its significance if it remains unfalsified – then the law has to be abandoned. It would be a curious sort of criminal law, though, that was abandoned as soon as it failed to prohibit what it was enacted to prohibit. And the implications of falsifiability makes the analogy with juridical law even odder. If a law can in theory always be falsified, then it can never be stated in any definitive form – or can never be known to have been finally stated; as if the current Finance Act had to remain a bill forever in draft in case some unforeseen loophole relating to offshore investment cast doubt on the enforceability of all its other provisions.


So are we to think of the laws as being constitutive? If so, then they must surely have been in existence before the phenomena that they brought into being (or at the very least have come into existence in the same moment as the phenomena, and in such a way as instantaneously to determine their nature). What could this mean? What form could they have taken without the material to manifest themselves in?56


What kind of existence do they have, for that matter, except in so far as they are stated? The laws of God and man are expressed in language. The laws of God are written in part on slabs of stone and in ancient manuscripts, presumably extracted from a complete codex stored inside his head – no doubt including as yet unknown ones in the regulatory section waiting only to be revealed by the evil ingenuity of man in contravening them – or guessed at by latter-day exegetes. The laws of man, likewise, are written in statute books, in the decisions of judges and the commentaries on them, or at least (like God’s) in someone’s memory. The laws exist only in so far as they are expressed. Their expression is an enactment. They become laws by virtue of being laid down.


When scientists state a scientific law, however, we don’t see this as an enactment, as the instrument of its author’s will. We regard it as an attempt at embodying a pre-existent truth. The expressions of the same law are often very different one from another – think of the varying accounts you have read of the Second Law of Thermodynamics.57 Feynman (who believes, as we have seen, that ‘every theoretical physicist who is any good knows six or seven different theoretical representations for exactly the same physics’) offers three radically different ways of stating the Law of Gravitation: Newton’s causal formulation; through changes of potential within a field; and as a minimum principle, according to which an object follows the curve for which the difference between kinetic and potential energy is least.58


So what is it that these different ‘representations’ are representing? What is this pre-existent truth? If Bohr is right in insisting that our physics (and our chemistry and history, too) is what we can say about the world, the question arises as to why we can say it. For Einstein (even though the laws themselves are ‘fictions’), the objective correlative (if his biographer Abraham Pais is right) is some kind of underlying harmony. For Popper it is certain ‘genuine regularities in nature’.59 Popper sees that this is a metaphysical problem, and it is surely the same one that recurs over and over again in relation to the interactions between human beings and the world. What is the ineffable ‘fact’ expressed by a proposition, without whose existence the proposition itself is held to be false or meaningless? What, for that matter, is the ‘proposition’ that lurks behind all the different sentences (in English, French, sign, etc.) that embody it? What, again, is the physical object that I see as golden, blazing, and high in the heavens, and that you, from where you are standing, see as red, pale, and low above the horizon? How can we come at the fact except through the proposition that it validates? At the proposition except through the sentence that it gives meaning to? At the sun except through what you see and what I see? And at the laws of nature except through the particular forms we find to express them?


Is this a ‘a dialogue between mankind and nature’, as Prigogine says? Well, yes, in the same weird kind of way as in all our representations of the world. A dialogue between the silent performer in dumb crambo and his team, as I suggested before. Or between a ventriloquist and his doll, perhaps, where the doll has a mind of its own and feels free to mock the ventriloquist – but can do it only in so far as the ventriloquist puts the words in its mouth. Between Hamlet and the Ghost, where the incorporeal figment of Hamlet’s uneasy imagination tells him things he didn’t know – but can do it only in the words that Hamlet imagines for him.60


And in the case of dialogues that result in the ‘laws of nature’, what existence can this elusive partner have apart from the particular cases that instantiate it? Feynman’s philosophical casualness is revealing, when he refers to the law of the conservation of energy as ‘a fact, or if you wish, a law’.61 So, if we don’t wish, it’s not a law at all? But in any ordinary usage laws and facts are very different things! There is a law forbidding housebreaking – and there is a fact that houses are broken into. The law and the fact are not in any way contradictory. Laws don’t attempt to state what happens to be the case; facts don’t attempt to ‘govern’ anything. But Feynman has surely let slip the truth. Facts are what ‘the laws of nature’ actually are – broad generalisations of the way things do happen to behave (or would, if we could separate out this particular aspect of their behaviour from all the other aspects, and from the behaviour of all the other things around them).


You are stirred to protest. The laws of nature aren’t just inert records of past and present practice – they’re predictive! Well, the predictiveness is something that we supply. We have confident expectations that what has proved to be generally true in the past will turn out to be true in similar cases in the future; and this confidence is buttressed (psychologically, not deductively) by our having in the past had similar expectations that have proved (also now in the past) to be in general fulfilled. There’s nothing specially scientific about this. Isn’t it much what happens in any kind of factual generalisation? When we say that the natives are friendly, or that daffodils come before the swallow dares, doesn’t this imply that we expect the natives to be friendly on our next visit as well, and the daffodils to bloom early next spring? Wouldn’t these statements be falsified, just as a scientific ‘law’ would be, if next time the natives threw bottles at us and daffodils didn’t flower until July? Do we need to see these statements as laws, of a rather specialised sort, to explain this?


For that matter, don’t even statements not about general classes but about individual cases arouse similar expectations? You tell me that – I don’t know – your father is senile, or that your house is too small for you. Isn’t there an unstated implication that your father is likely (though not of course certain) to go on forgetting who you are? That the problem with the house will persist until you extend it or move? Does this say anything very profound about the world? Only that the mental deterioration of old people tends not to go into reverse (though sometimes it does), that houses don’t suddenly sprout loft extensions and conservatories of their own accord.


But the laws of nature are universal! – so is the reluctance of houses to throw out playrooms and granny flats spontaneously. This is as true of my house as it is of yours. It is true of all the houses in the world. Why is its truth so wide-ranging? Because a house is a house is a house! We might generalise it further, and say that this kind of reluctance is true of inanimate objects as a whole. We could write even a law to this effect, along the lines of Newton’s First Law of Motion: ‘Every body perseveres in its state of extension or of dilapidation, except in so far as it is compelled to change its state by the efforts of some home handyman or builder.’


This universal universality – this propensity of a house to be like a house, and of a hydrogen atom to be like a hydrogen atom, with all that this implies – we shall return to later in this part of the book. In the mean time, as a sobering reminder that universality has a downside as well as the strange metaphysical glory that has dazzled so many observers, we should bear in mind the judgement of Nancy Cartwright, a practical physicist as well as a philosopher of science: the more fundamental and general the law, the less true it is of any actual situation in the real world.


What goes for ‘the laws of nature’ goes also for the general scientific principles (entropy, relativity, etc.) which are not exactly statements of fact, but clarifications of our concepts. They have no existence independent of the concepts to which they relate. Our taste for ontology, which is yet another expression of our yearning to locate enduring landmarks in the restless flow of the traffic, raises our hopes of the laws and principles of nature; but they, too, are emergent. They, too, are aspects of the traffic.


Even von Neumann’s down-to-earth account of science as the construction of models isn’t quite as simple as it appears.


You think of a model and what comes to mind first of all is perhaps something like a model train. What intrigues us here is the precise mapping of the original in miniature. The shape, the colour, every little detail – they are all reproduced, only smaller. And it moves! It moves out of a miniature station hauling miniature carriages full of miniature travellers carrying miniature suitcases. We scarcely notice the real trains that we travel on each day. We put our eye down to the level of the miniature platform as our miniature locomotive pulls in, however, and we have an impression of size, weight, and power that we rarely have, dulled as we are by familiarity, from the vastly greater size, weight, and power of an actual train. We have a sense of reality more real than reality itself. We feel that we are looking at something which is at last graspable. Literally so. We could grasp it in the palm of our hand and for once actually take hold of the world that so persistently eludes us.


The kind of model that von Neumann has in mind – a mathematical construct with verbal interpretations attached – seems on the face of it to be very different. It doesn’t have the same shape and colour as what it represents, nor the authentic logo on the side, nor the little driver in the cab. It doesn’t map the world in that literal one-to-one manner. What it does have in common with the model train, though, is surely that same graspability. It renders down the grimy confusion of the world into something clean and neat. It turns its gross physicality into a series of symbols, and of operations on these symbols that can be done in the head, or written out on paper, with clarity and elegance. It makes the ineffable effable.


Graspability is achieved not only by a change of scale or the use of symbolism. Anything, smaller or larger, simpler or more complicated, natural or confected, might serve as a model if it brings out some salient feature in the original. A chocolate Easter egg can serve as a model of a hen’s egg because it echoes its shape, in spite of its failure to share the most important functional feature of the hen’s egg – the capacity to protect and nurture the chick that will burst out of it. A jack-in-the-box, on the other hand, might serve as the functional model of an egg, even though it has a completely different shape. Indeed, you might think that the chocolate emptiness of the Easter egg on the one hand and the pregnant cubicality of the jack-in-the-box on the other contribute to their effectiveness as models by throwing the differing common features of each into a more striking contrast.


There is no limit to what might serve as a model of something, for one purpose or another. You might model a hen’s egg in – I don’t know – a flash of lightning, say, which would dramatise the brevity of its existence, and the elegance of its solution of the equations expressing various physical forces. Even with the apparently simple one-to-one scale model of the train we have to choose which features it is to display. The gleaming paintwork of the original, yes – but probably not the griminess of every surface to the touch. The numbers on the dials in the cab, certainly – but not the graffiti sprayed on the carriages. The curtains at the windows of the Pullman coaches – but perhaps not the curtain of dried vomit outside some of the other windows.


Suppose the model was really one-to-one – a hen’s egg as the model of a hen’s egg, a jack-in-the-box of a jack-in-the-box, a full-size train of a full-size train … What would be the point, except to establish the limiting case where meaning is extinguished in tautology? Not so fast, though. An egg is the model of an egg, and a very useful one, in the sense that what enables us to see an egg as an egg in the first place is its similarity in appearance and function to another egg, or eggs; and this primitive modelling is no more vitiated by differences in colour and speckling, or by the fact that some eggs have chicks in them and some don’t, than the more usual sort of modelling is by even the most radical variances. In the case of the egg’s function a simple description might serve as a kind of model, in something like von Neumann’s sense. (And of course you could model its shape mathematically, in precisely von Neumann’s sense, which might bring out more clearly than another egg its kinship not just with fellow eggs but also with drops of water and the orbits of the planets.)


With the idea of a language model we come close to the alternative description of science as explanation. In explanation, as in modelling, we seek to bring out salient features by expressing them in a different mode. This seems entirely straightforward – explanation isn’t a concept that itself needs explanation. Or is it? The more you think about it, the more different kinds of procedure you can think of that count as explanations, and the more different ways there are in which explanations function in different contexts.


We explain the unfamiliar in terms of the familiar. The unfamiliar to you in terms of the familiar to me: ‘How do you tie a clove hitch? Like this – just watch me.’ The unfamiliar to you in one context in terms of the familiar to you in another: how could such a nice woman beat her husband to death with his own niblick? Well, remember when you were so angry with your own husband …


We explain the less tangible, the less graphic, by comparison with the visible, the concrete: you know about the world going round the sun? – well, that’s what the inside of an atom is like. No, hold on. You’ve seen waves on the sea? It’s more like that. (Now try to see it both ways at once!)


We explain the particular in terms of the general. The failure of this particular firm is just one case of a trade depression affecting the whole region. The depression affecting this region is an example of the depression affecting similar regions in other parts of the world. This worldwide pattern of depression is part of a more general trade cycle … But we also explain the general in terms of the particular. If you want to understand the world trade cycle, look at what’s happened to this particular firm.


We explain departures from the regular and expected – why the train is late, why the summer is colder than usual. But there is another sort of explanation – and this is what scientific explanations are mostly like – not of the unfamiliar or the unusual but of the familiar and the normal. Not of why things sometimes fail to function as they should but why they ever function right. Explanations of this sort locate the unfamiliarity lurking beneath the surface of the familiar. This is the real insight in the discovery of gravity; it makes noticeable for the first time what people had always had in front of their eyes but never seen. Lifting a sack of apples plainly required an effort – it was a reversal of the natural order of things. The fall of the ripe apple, however, seemed natural, effortless, not in need of explanation.62 What the notion of gravity did was to turn the second picture upside down, and hold it alongside the first. Now we see the parallel; we feel the strain in the earth’s biceps.


The first difficulty in this sort of explanation is to isolate the one feature of the scene that needs explanation. The apple falls in the orchard, and if anything needs explanation then everything does: the gradual increase in the apple’s weight as it grows, the movement of the breeze among the leaves, the weakening of the stem as the apple swings; and for that matter the displacement of air as it falls, the thud as it hits the ground; then again, the planting of the tree, the ownership of the orchard, the development of fruit-growing; and, yet again, the transmission of the image to our eyes and the sound to our ears; the movement of the signal to the brain; its processing in the brain; the question of consciousness …


Open your eyes at random and you are looking at more than could be described in a thousand years, and more than could be explained in a million. Lift your gaze to the complex, shifting irregularities of the clouds above your head. What sort of description could you ever give that would exhaust their possibilities? And what sort of explanation? Well, you certainly feel that it’s possible to give a general explanation, just as it is to give a general description. A meteorologist could identify all the forces involved – winds, updrafts, temperature, moisture content, etc. A physicist could name all the optical effects governing the appearance that this particular distribution of water droplets has for us – the angle of the incident light, its reflection or absorption by the droplets, etc.63 And very useful this might be for all kinds of purposes. But you mean more than this. You want an explanation of how these general forces have produced, not this general effect, but precisely this particular array of phenomena that you see in front of your eyes now.


Well, we can ask the meteorologist to quantify all the variables. He’ll have to quantify them not in the way that he does in a weather report, as average values over broad areas and extended periods of time, but at each of a series of arbitrarily close points in the visible heavens, at each of a series of arbitrarily close moments in an arbitrarily long approach to the present. It’s difficult to imagine what any complete statement of these quantities – or any model that represents them – would be like. The only thing we can be certain of, though, is that it will have to be at least as complicated as the cloudscape it is explaining. What point could such an explanation serve? What would it tell you that you can’t see more graphically and immediately just by lifting your eyes and looking at the sky?


Close your eyes, and even what you’re seeing now defies your powers of description or explanation just as comprehensively. Limit your consideration to one small, isolated, and relatively defined element of the scene behind your closed eyelid – to that floater which is drifting slowly upwards, now turning and drifting down again. What would constitute a complete explanation of it? Of its provenance and position, its shape and colour, its speed and trajectory? The more you think about it the longer your explanation goes on – and the longer your explanation goes on the more it merges into the universal sea of explanation, in which all things are lost.


Answers can be offered, if at all, only to particular questions. Why does the floater move upwards at that particular speed? Why is it here and not there in the visual field? And we pull back from the specific to the general, from the behaviour of this floater to the behaviour of floaters in general, to the force of gravity balanced against the viscosity of the fluid in which the floater is moving. Why does the earth draw apples towards itself? And we pull out to the behaviour of other planets, of stars and atoms – and of apples themselves. You feel that if you can pull back this far you can pull back for ever, and ask: why is everything the way it is? But the further you’ve pulled back already, the less room there is to pull back further; the more general the question, the less there is to take in as explanation. You can’t pull back to show more of a scene that includes everything already.


This is why Popper, like Einstein, rejects the traditional view of science as proceeding from the observation of phenomena to the construction of theories that explain the phenomena. How do we select what we observe without first having a theory that determines what’s relevant and what isn’t? As illustration of the absurdity of the approach he is attacking (‘still so widely and so firmly held that my denial of it is often met with incredulity’) he tells the story of ‘the man who dedicated his life to natural science, wrote down everything he could observe, and bequeathed his priceless collection of observations to the Royal Society to be used as inductive evidence’.64 He says he made the same point to a group of physics students in Vienna by instructing them:




‘Take pencil and paper; carefully observe, and write down what you have observed!’ They asked, of course, what I wanted them to observe. Clearly the instruction, ‘Observe!’ is absurd … Observation is always selective. It needs a chosen object, a definite task, an interest, a point of view, a problem. And its description presupposes a descriptive language, with property words; it presupposes similarity and classification, which in their turn presuppose interest, points of view, and problems. ‘A hungry animal’, writes Katz, ‘divides the environment into edible and inedible things. An animal in flight sees roads to escape and hiding places. Generally speaking, objects change … according to the needs of the animal.’ We may add that objects can be classified, and can become similar or dissimilar, only in this way – by being related to needs and interests.
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