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About the Book

When a thaumic experiment goes adrift, the wizards of Unseen University find that they’ve accidently created a new universe. Within it is a planet that they name Roundworld, an extraordinary place where neither magic nor common sense seem to stand a chance against logic.

The universe, of course, is our own. And Roundworld is Earth. As the wizards watch their creation grow, we follow the story of our universe from the primal singularity of the Big Bang to the evolution of life on Earth and beyond.

This original Terry Pratchett story, interwoven with science chapters from Jack Cohen and Ian Stewart, offers a wonderful wizard’s-eye view of our own universe. Once you’ve seen the world from a Discworld perspective, it will never seem the same again…
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        THE STORY STARTS HERE …

        ONCE UPON A
            time, there was Discworld. There still is an adequate supply.

        Discworld is the flat world, carried through space on the back of a
            giant turtle, which has been the source of – so far – twenty-seven novels,
            four maps, an encyclopaedia, two animated series, t-shirts, scarves, models, badges,
            beer, embroidery, pens, posters, and probably, by the time this is published, talcum
            powder and body splash (if not, it can only be a matter of time).

        It has, in short, become immensely popular.

        And Discworld runs on magic.

        Roundworld – our home planet, and by extension the universe in
            which it sits – runs on rules. In fact, it simply runs. But we have watched
            the running, and those observations and the ensuing deductions are the very basis of
            science.

        Magicians and scientists are, on the face of it, poles apart. Certainly,
            a group of people who often dress strangely, live in a world of their own, speak a
            specialized language and frequently make statements that appear to be in flagrant breach
            of common sense have nothing in common with a group of people who often dress
            strangely, speak a specialized language, live in … er …

        Perhaps we should try this another way. Is there a connection between
            magic and science? Can the magic of Discworld, with its eccentric wizards, down-to-Earth
            witches, obstinate trolls, fire-breathing dragons, talking dogs, and personified DEATH, shed any useful light on
            hard, rational, solid, Earthly science?

        We think so.

        We’ll explain why in a moment, but first, let’s make it
            clear what The Science of Discworld is not. There have been several media
            tie-in The Science of … books, such as The Science of the X-Files
            and The Physics of Star Trek. They tell you about areas of today’s science
                that may one day lead to the events or devices that the fiction
            depicts. Did aliens crash-land at Roswell? Could an anti-matter warp drive ever be
            invented? Could we ever have the ultra long-life batteries that Scully and Mulder must
            be using in those torches of theirs?

        We could have taken that approach. We could, for example, have pointed
            out that Darwin’s theory of evolution explains how lower lifeforms can evolve into
            higher ones, which in turn makes it entirely reasonable that a human should evolve into
            an orangutan (while remaining a librarian, since there is no higher life form than a
            librarian). We could have speculated on which DNA sequence might reliably incorporate
            asbestos linings into the insides of dragons. We might even have attempted to explain
            how you could get a turtle ten thousand miles long.

        We decided not to do these things, for a good reason … um, two
            reasons.

        The first is that it would be … er … dumb.

        And this because of the second reason. Discworld does not run on
            scientific lines. Why pretend that it might? Dragons don’t breathe fire because
            they’ve got asbestos lungs – they breathe fire because everyone knows
            that’s what dragons do.

        What runs Discworld is deeper than mere magic and more powerful than
            pallid science. It is narrative imperative, the power of story. It plays a role
            similar to that substance known as phlogiston, once believed to be that principle or
            substance within inflammable things that enabled them to burn. In the Discworld
            universe, then, there is narrativium. It is part of the spin of every atom, the drift of
            every cloud. It is what causes them to be what they are and continue to exist and take
            part in the ongoing story of the world.

        On Roundworld, things happen because the things want to
                    happen.fn1 What people want does not
            greatly figure in the scheme of things, and the universe isn’t there to tell a
            story.

        With magic, you can turn a frog into a prince. With science, you can turn a frog into a Ph.D and you still have the frog you started
            with.

        That’s the conventional view of Roundworld science. It misses a
            lot of what actually makes science tick. Science doesn’t just exist in the
            abstract. You could grind the universe into its component particles without finding a
            single trace of Science. Science is a structure created and maintained by people. And
            people choose what interests them, and what they consider to be significant and, quite
            often, they have thought narratively.

        Narrativium is powerful stuff. We have always had a drive to paint
            stories on to the Universe. When humans first looked at the stars, which are great
            flaming suns an unimaginable distance away, they saw in amongst them giant bulls,
            dragons, and local heroes.

        This human trait doesn’t affect what the rules say –
            not much, anyway – but it does determine which rules we are willing to contemplate
            in the first place. Moreover, the rules of the universe have to be able to produce
            everything that we humans observe, which introduces a kind of narrative imperative into
            science too. Humans think in storiesfn2.
            Classically, at least, science itself has been the discovery of ‘stories’
            – think of all those books that had titles like The Story of Mankind,
                The Descent of Man, and, if it comes to that, A Brief History of
            Time.

        Over and above the stories of science, though, Discworld can play an
            even more important role: What if? We can use Discworld for thought experiments about
            what science might have looked like if the universe had been different, or if the
            history of science had followed a different route. We can look at science from the
            outside.

        To a scientist, a thought experiment is an argument that you can run
            through in your head, after which you understand what’s going on so well that
            there’s no need to do a real experiment, which is of course a great saving in time
            and money and prevents you from getting embarrassingly inconvenient results. Discworld
            takes a more practical view – there, a thought experiment is one that you
            can’t do and which wouldn’t work if you could. But the kind of thought experiment we have in mind is one that scientists carry out all the
            time, usually without realizing it; and you don’t need to do it, because the whole
                point is that it wouldn’t work. Many of the most important questions in
            science, and about our understanding of it, are not about how the universe
            actually is. They are about what would happen if the universe were different.

        Someone asks ‘why do zebras form herds?’ You could answer
            this by an analysis of zebra sociology, psychology, and so on … or you could ask a
            question of a very different kind: ‘What would happen if they didn’t?’
            One fairly obvious answer to that is ‘They’d be much more likely to get
            eaten by lions.’ This immediately suggests that zebras form herds for
            self-protection – and now we’ve got some insight into what zebras actually
            do by contemplating, for a moment, the possibility that they might have done something
            else.

        Another, more serious example is the question ‘Is the solar system
            stable?’, which means ‘Could it change dramatically as a result of some tiny
            disturbance?’ In 1887 King Oscar II of Sweden offered a prize of 2,500 crowns for
            the answer. It took about a century for the world’s mathematicians to come up with
            a definite answer: ‘Maybe’. (It was a good answer, but they didn’t get
            paid. The prize had already been awarded to someone who didn’t get the answer and
            whose prizewinning article had a big mistake right at the most interesting part. But
            when he put it right, at his own expense, he invented Chaos Theory and paved the way for
            the ‘maybe’. Sometimes, the best answer is a more interesting question.) The
            point here is that stability is not about what a system is actually doing: it is about
            how the system would change if you disturbed it. Stability, by definition, deals with
            ‘what if?’.

        Because a lot of science is really about this non-existent world of
            thought experiments, our understanding of science must concern itself with worlds
            of the imagination as well as with worlds of reality. Imagination, rather than mere
            intelligence, is the truly human quality. And what better world of the imagination to
            start from than Discworld? Discworld is a consistent, well-developed universe with its
            own kinds of rules, and convincingly real people live on it despite the substantial
            differences between their universe’s rules and ours. Many of them
            also have a thoroughgoing grounding in ‘common sense’, one of
            science’s natural enemies.

        Appearing regularly within the Discworld canon are the buildings and
            faculty of Unseen University, the Discworld’s premier college of magic. The
                    wizardsfn3 are a lively bunch,
            always ready to open any door that has ‘This door to be kept shut’ written
            on it or pick up anything that has just started to fizz. It seemed to us that they could
            be useful…

        Clearly, as the wizards of Unseen University believe, this world is a
            parody of the Discworld one. If we, or they, compare Discworld’s magic to
            Roundworld science, the more similarities and parallels we find. And when we
            didn’t discover parallels, we found that the differences were very
            revealing. Science takes on a new character when you stop asking questions like
            ‘What does newt DNA look like?’ and instead ask ‘I wonder how the
            wizards would react to this way of thinking about newts?’

        There is no science as such on Discworld. So we have put some
            there. By magical means, the wizards on Discworld are led to create their own brand of
            science – some kind of ‘pocket universe’ in which magic no longer
            works, but rules do. Then, as the wizards learn to understand how the rules make
            interesting things happen – rocks, bacteria, civilizations – we watch them
            watching … well, us. It’s a sort of recursive thought experiment, or a
            Russian doll wherein the smaller dolls are opened up to find the largest doll
            inside.

        And then we found that … ah, but that is another story.

        TP, IS, & JC, DECEMBER 1998

        PS We have, we are afraid, mentioned in the ensuing pages
            Schrödinger’s Cat, the Twins Paradox, and that bit about shining a torch
            ahead of a spaceship travelling at the speed of light. This is because, under the rules
            of the Guild of Science Writers, they have
            to be included. We have, however, tried to keep them short.

        We’ve managed to be very, very brief about the
            Trousers of Time, as well.

        PPS Sometimes scientists change their minds. New developments
            cause a rethink. If this bothers you, consider how much damage is being done to the
            world by people for whom new developments do not cause a rethink.

        This second edition has been changed to reflect three years of
            scientific progress… forwards or backwards. (You will find both.) And we’ve
            added two completely new chapters: one on the life of dinosaurs, because the existing
            chapter on the death of dinosaurs seemed a bit depressing; and one on cosmic disasters,
            because in many ways the universe is depressing.

        The Discworld story has proved more robust than the science. As should
            be expected. Discworld makes so much more sense than Roundworld does.

        TP, IS, & JC, JANUARY 2002

        fn1 In a manner of speaking. They
            happen because things obey the rules of the universe. A rock has no detectable opinion
            about gravity.

        fn2 It took three years for this
            sentence to sink in. When it did, we wrote The Science of Discworld II: The
                Globe.

        fn3 Like the denizens of any
            Roundworld university, they have unlimited time for research, unlimited funds and no
            worries about tenure. They are also by turns erratic, inventively malicious, resistant
            to new ideas until they’ve become old ideas, highly creative at odd moments and
            perpetually argumentative – in this respect they bear no relation to their
            Roundworld counterparts at all.

    
ONE

SPLITTING THE THAUM
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SOME QUESTIONS SHOULD not be asked. However, someone always does.

‘How does it work?’ said Archchancellor Mustrum Ridcully, the Master of Unseen University.

This was the kind of question that Ponder Stibbons hated almost as much as ‘How much will it cost?’ They were two of the hardest questions a researcher ever had to face. As the university’s de facto head of magical development, he especially tried to avoid questions of finance at all costs.

‘In quite a complex way,’ he ventured at last.

‘Ah.’

‘What I’d like to know,’ said the Senior Wrangler, ‘is when we’re going to get the squash court back.’

‘You never play, Senior Wrangler,’ said Ridcully, looking up at the towering black construction that now occupied the centre of the old university court.fn1

‘I might want to one day. It’ll be damn hard with that thing in the way, that’s my point. We’ll have to completely rewrite the rules.’

Outside, snow piled up against the high windows. This was turning out to be the longest winter in living memory – so long, in fact, that living memory itself was being shortened as some of the older citizens succumbed. The cold had penetrated even the thick and ancient walls of Unseen University itself, to the general concern and annoyance of the faculty. Wizards can put up with any amount of deprivation and discomfort, provided it is not happening to them.

And so, at long last, Ponder Stibbons’s project had been authorized. He’d been waiting three years for it. His plea that splitting the thaum would push back the boundaries of human knowledge had fallen on deaf ears; the wizards considered that pushing back the boundaries of anything was akin to lifting up a very large, damp stone. His assertion that splitting the thaum might significantly increase the sum total of human happiness met with the rejoinder that everyone seemed pretty happy enough already.

Finally he’d ventured that splitting the thaum would produce vast amounts of raw magic that could very easily be converted into cheap heat. That worked. The Faculty were lukewarm on the subject of knowledge for knowledge’s sake, but they were boiling hot on the subject of warm bedrooms.

Now the other senior wizards wandered around the suddenly-cramped court, prodding the new thing. Their Archchancellor took out his pipe and absent-mindedly knocked out the ashes on its matt black side.

‘Um … please don’t do that, sir,’ said Ponder.

‘Why not?’

‘There might be … it might… there’s a chance that…’ Ponder stopped. ‘It will make the place untidy, sir,’ he said.

‘Ah. Good point. So it’s not that the whole thing might explode, then?’

‘Er … no, sir. Haha,’ said Ponder miserably. ‘It’d take a lot more than that, sir –’

There was a whack as a squash ball ricocheted off the wall, rebounded off the casing, and knocked the Archchancellor’s pipe out of his mouth.

‘That was you, Dean,’ said Ridcully accusingly. ‘Honestly, you fellows haven’t taken any notice of this place in years and suddenly you all want to – Mr Stibbons? Mr Stibbons?’

He nudged the small mound that was the hunched figure of the University’s chief research wizard. Ponder Stibbons uncurled slightly and peered between his fingers.

‘I really think it might be a good idea if they stopped playing squash, sir,’ he whispered.

‘Me too. There’s nothing worse than a sweaty wizard. Stop it, you fellows. And gather round. Mr Stibbons is going to do his presentation.’ The Archchancellor gave Ponder Stibbons a rather sharp look. ‘It is going to be very informative and interesting, isn’t it, Mister Stibbons. He’s going to tell us what he spent AM$55,879.45p on.’

‘And why he’s ruined a perfectly good squash court,’ said the Senior Wrangler, tapping the side of the thing with his squash racket.

‘And if this is safe,’ said the Dean. ‘I’m against dabbling in physics.’

Ponder Stibbons winced.

‘I assure you, Dean, that the chances of anyone being killed by the, er, reacting engine are even greater than the chance of being knocked down while crossing the street,’ he said.

‘Really? Oh, well… all right then.’

Ponder reconsidered the impromptu sentence he’d just uttered and decided, in the circumstances, not to correct it. Talking to the senior wizards was like building a house of cards; if you got anything to stay upright, you just breathed out gently and moved on.

Ponder had invented a little system he’d called, in the privacy of his head, Lies-to-Wizards. It was for their own good, he told himself. There was no point in telling your bosses everything; they were busy men, they didn’t want explanations. There was no point in burdening them. What they wanted was little stories that they felt they could understand, and then they’d go away and stop worrying.

He’d got his students to set up a small display at the far end of the squash court. Beside it, with pipes looping away through the wall into the High Energy Magic building next door, was a terminal to HEX, the University’s thinking engine. And beside that was a plinth on which was a very large red lever, around which someone had tied a pink ribbon.

Ponder looked at his notes, and then surveyed the faculty.

‘Ahem …’ he began.

‘I’ve got a throat sweet somewhere,’ said the Senior Wrangler, patting his pockets.

Ponder looked at his notes again, and a horrible sense of hopelessness overcame him. He realized that he could explain thaumic fission very well, provided that the person listening already knew all about it. With the senior wizards, though, he’d need to explain the meaning of every word. In some cases this would mean words like ‘the’ and ‘and’.

He glanced down at the water jug on his lectern, and decided to extemporize.

Ponder held up a glass of water.

‘Do you realize, gentlemen,’ he said, ‘that the thaumic potential in this water … that is, I mean to say, the magical field generated by its narrativium content which tells it that it is water and lets it keep on being water instead of, haha, a pigeon or a frog … would, if we could release it, be enough to move this whole university all the way to the moon?’

He beamed at them.

‘Better leave it in there, then,’ said the Chair of Indefinite Studies.

Ponder’s smile froze.

‘Obviously we cannot extract all of it,’ he said, ‘But we –’

‘Enough to get a small part of the university to the moon?’ said the Lecturer in Recent Runes.

‘The Dean could do with a holiday,’ said the Archchancellor.

‘I resent that remark, Archchancellor.’

‘Just trying to lighten the mood, Dean.’

‘But we can release just enough for all kinds of useful work,’ said Ponder, already struggling.

‘Like heating my study,’ said the Lecturer in Recent Runes. ‘My water jug was iced up again this morning.’

‘Exactly!’ said Ponder, striking out madly for a useful Lie-to-Wizards. ‘We can use it to boil a great big kettle! That’s all it is! It’s perfectly harmless! Not dangerous in any way! That’s why the University Council let me build it! You wouldn’t have let me build it if it was dangerous, would you?’

He gulped down the water.

As one man, the assembled wizards took several steps backwards.

‘Let us know what it’s like up there,’ said the Dean.

‘Bring us back some rocks. Or something,’ said the Lecturer in Recent Runes.

‘Wave to us’, said the Senior Wrangler. ‘We’ve got quite a good telescope.’

Ponder stared at the empty glass, and readjusted his mental sights once more.

‘Er, no,’ he said. ‘The fuel has to go inside the reacting engine, you see. And then … and then …’

He gave up.

‘The magic goes round and round and it comes up under the boiler that we have plumbed in and the university will then be lovely and warm,’ he said. ‘Any questions?’

‘Where does the coal go?’ said the Dean. ‘It’s wicked what the dwarfs are charging these days.’

‘No, sir. No coal. The heat is … free,’ said Ponder. A little bead of sweat ran down his face.

‘Really?’ said the Dean. ‘That’ll be a saving, then, eh, Bursar? Eh? Where’s the Bursar?’

‘Ah … er … the Bursar is assisting me today, sir,’ said Ponder. He pointed to the high gallery over the court. The Bursar was standing there, smiling his distant smile, and holding an axe. A rope was tied around the handrail, looped over a beam, and held a long heavy rod suspended over the centre of the reaction engine.

‘It is … er … just possible that the engine may produce too much magic,’ said Ponder. ‘The rod is lead, laminated with rowan wood. Together they naturally damp down any magical reaction, you see. So if things get too … if we want to settle things down, you see, he just chops through the rope and it drops into the very centre of the reacting engine, you see.’

‘What’s that man standing next to him for?’

‘That’s Mr Turnipseed, my assistant. He’s the backup fail-safe device.’

‘What does he do, then?’

‘His job is to shout “For gods’ sakes cut the rope now!” sir.’

The wizard nodded at one another. By the standards of Ankh-Morpork, where the common thumb was used as a temperature measuring device, this was health and safety at work taken to extremes.

‘Well, that all seems safe enough to me,’ said the Senior Wrangler.

‘Where did you get the idea for this, Mister Stibbons?’ said Ridcully.

‘Well, er, a lot of it is from my own research, but I got quite a few leads from a careful reading of the Scrolls of Loko in the Library, sir.’ Ponder reckoned he was safe enough there. The wizards liked ancient wisdom, provided it was ancient enough. They felt wisdom was like wine, and got better the longer it was left alone. Something that hadn’t been known for a few hundred years probably wasn’t worth knowing.

‘Loko … Loko … Loko,’ mused Ridcully. ‘That’s up on Uberwald, isn’t it?’

‘That’s right, sir.’

‘Tryin’ to bring it to mind,’ Ridcully went on, rubbing his beard. ‘Isn’t that where there’s that big deep valley with the ring of mountains round it? Very deep valley indeed, as I recall.’

‘That’s right, sir. According to the library catalogue the scrolls were found in a cave by the Crustley Expedition –’

‘Lots of centaurs and fauns and other curiously shaped magical whatnots are there, I remember reading.’

‘Is there, sir?’

‘Wasn’t Stanmer Crustley the one who died of planets?’

‘I’m not familiar with –’

‘Extremely rare magical disease, I believe.’

‘Indeed, sir, but –’

‘Now I come to think about it, everyone on that expedition contracted something seriously magical within a few months of getting back,’ Ridcully went on.

‘Er, yes, sir. The suggestion was that there was some kind of curse on the place. Ridiculous notion, of course.’

‘I somehow feel I need to ask, Mister Stibbons … what chance is there of this just blowin’ up and destroyin’ the entire university?’

Ponder’s heart sank. He mentally scanned the sentence, and took refuge in truth. ‘None, sir.’

‘Now try honesty, Mister Stibbons.’ And that was the problem with the Archchancellor. He mostly strode around the place shouting at people, but when he did bother to get all his brain cells lined up he could point them straight at the nearest weak spot.

‘Well … in the unlikely event of it going seriously wrong, it … wouldn’t just blow up the university, sir.’

‘What would it blow up, pray?’

‘Er … everything, sir.’

‘Everything there is, you mean?’

‘Within a radius of about fifty thousand miles out into space, sir, yes. According to HEX it’d happen instantaneously. We wouldn’t even know about it.’

‘And the odds of this are …?’

‘About fifty to one, sir.’

The wizards relaxed.

‘That’s pretty safe. I wouldn’t bet on a horse at those odds,’ said the Senior Wrangler. There was half an inch of ice on the inside of his bedroom windows. Things like this give you a very personal view of risk.

fn1 Wizard or ‘Real’ Squash bears very little relationship to the high speed sweat bath played elsewhere. Wizards see no point in moving fast. The ball is lobbed lazily. Certain magical inconsistencies are built into the floor and walls, however, so that the wall a ball hits is not necessarily the wall it rebounds from. This was one of the factors which, Ponder Stibbons realized some time afterwards, he really ought to have taken into consideration. Nothing excites a magical particle like meeting itself coming the other way.


TWO

SQUASH COURT SCIENCE
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A SQUASH COURT can be used to make things go much faster than a small rubber ball…

On 2 December 1942, in a squash court in the basement of Stagg Field at the University of Chicago, a new technological era came into being. It was a technology born of war, yet one of its consequences was to make war so terrible in prospect that, slowly and hesitantly, war on a global scale became less and less likely.fn1 At Stagg Field, the Roman-born physicist Enrico Fermi and his team of scientists achieved the world’s first self-sustaining nuclear chain reaction. From it came the atomic bomb, and later, civilian nuclear power. But there was a far more significant consequence: the dawn of Big Science and a new style of technological change.

Nobody played squash in the basement of Stagg Field, not while the reactor was in place – but a lot of the people working in the squash court had the same attitudes as Ponder Stibbons … mostly insatiable curiosity, coupled with periods of nagging doubt tinged with a flicker of terror. It was curiosity that started it all and terror that concluded it.

In 1934, following a lengthy series of discoveries in physics related to the phenomenon of radioactivity, Fermi discovered that interesting things happen when substances are bombarded with ‘slow neutrons’ – subatomic particles emitted by radioactive beryllium, and passed through paraffin to slow them down. Slow neutrons, Fermi discovered, were just what you needed to persuade other elements to emit their own radioactive particles. That looked interesting, so he squirted streams of slow neutrons at everything he could think of, and eventually he tried the then obscure element uranium, up until then mostly used as a source of yellow pigment. By something apparently like alchemy, the uranium turned into something new when the slow neutrons cannoned into it – but Fermi couldn’t work out what.

Four years later three Germans – Otto Hahn, Lise Meitner, and Fritz Strassmann – repeated Fermi’s experiments, and being better chemists, they worked out what had happened to the uranium. Mysteriously, it had turned into barium, krypton, and a small quantity of other stuff. Meitner realized that this process of ‘nuclear fission’ produced energy, by a remarkable method. Everyone knew that chemistry could turn matter into other kinds of matter, but now some of the matter in uranium was being transformed into energy, something that nobody had seen before. It so happened that Albert Einstein had already predicted this possibility on theoretical grounds, with his famous formula – an equation which the orangutan Librarian of Unseen Universityfn2 would render as ‘Ook’.fn3 Einstein’s formula tells us that the amount of energy ‘contained’ in a given amount of matter is equal to the mass of that matter, multiplied by the speed of light and then multiplied by the speed of light again. As Einstein had immediately noticed, light is so fast it doesn’t even appear to move, so its speed is decidedly big … and the speed multiplied by itself is huge. In other words: you can get an awful lot of energy from a tiny bit of matter, if only you can find a way to do it. Now Meitner had worked out the trick.

A single equation may or may not halve your book sales, but it can change the world completely.

Hahn, Meitner and Strassmann published their discovery in the British scientific journal Nature in January 1939. Nine months later Britain was at war, a war which would be ended by a military application of their discovery. It is ironic that the greatest scientific secret of World War II was given away just before the war began, and it shows how unaware politicians then were of the potential – be it for good or bad – of Big Science. Fermi saw the implications of the Nature article immediately, and he called in another top-ranking physicist, Niels Bohr, who came up with a novel twist: the chain reaction. If a particular, rare form of uranium, called uranium-235, was bombarded with slow neutrons, then not only would it split into other elements and release energy – it would also release more neutrons. Which, in turn, would bombard more uranium-235 … The reaction would become self-sustaining, and the potential release of energy would be gigantic.

Would it work? Could you get ‘something for nothing’ in this way? Finding out was never going to be easy, because uranium-235 is mixed up with ordinary uranium (uranium-238), and getting it out is like looking for a needle in a haystack when the needle is made of straw.

There were other worries too … in particular, might the experiment be too successful, setting off a chain reaction that not only spread through the experiment’s supply of uranium-235, but through everything else on Earth as well? Might the atmosphere catch fire? Calculations suggested: probably not. Besides, the big worry was that if the Allies didn’t get nuclear fission working soon then the Germans would beat them to it. Given the choice between our blowing up the world and the enemy blowing up the world, it was obvious what to do.

That is, on reflection, not a happy sentence.

Loko is remarkably similar to Oklo in southeastern Gabon, where there are deposits of uranium. In the 1970s, French scientists unearthed evidence that some of that uranium had either been undergoing unusually intense nuclear reactions or was much, much older than the rest of the planet.

It could have been an archaeological relic of some ancient civilization whose technology had got as far as atomic power, but a duller if more plausible explanation is that Oklo was a ‘natural reactor’. For some accidental reason, that particular patch of uranium was richer than usual in uranium-235, and a spontaneous chain reaction ran for hundreds of thousands of years. Nature got there well ahead of Science, and without the squash court.

Unless, of course, it was an archaeological relic of some ancient civilization.

Until late in 1998, the natural reactor at Oklo was also the best evidence we could find to show that one of the biggest ‘what if?’ questions in science had an uninteresting answer. This question was ‘What if the natural constants aren’t?’

Our scientific theories are underpinned by a variety of numbers, the ‘fundamental constants’. Examples include the speed of light, Planck’s constant (basic to quantum mechanics), the gravitational constant (basic to gravitational theory), the charge on an electron, and so on. All of the accepted theories assume that these numbers have always been the same, right from the very first moment when the universe burst into being. Our calculations about that early universe rely on those numbers having been the same; if they used to be different, we don’t know what numbers to put into the calculations. It’s like trying to do your income tax when nobody will tell you the tax rates. From time to time maverick scientists advance the odd ‘what if?’ theory, in which they try out the possibility that one or more of the fundamental constants isn’t. The physicist Lee Smolin has even come up with a theory of evolving universes, which bud off baby universes with different fundamental constants. According to this theory, our own universe is particularly good at producing such babies, and is also particularly suited to the development of life. The conjunction of these two features, he argues, is not accidental (the wizards at UU, incidentally, would be quite at home with ideas like this – in fact, sufficiently advanced physics is indistinguishable from magic).

Oklo tells us that the fundamental constants have not changed during the last two billion years – about half the age of the Earth and ten per cent of that of the universe. The key to the argument is a particular combination of fundamental constants, known as the ‘fine structure constant’.fn4 Its value is very close to 1/137 (and a lot of ink was devoted to explanations of that whole number 137, at least until more accurate measurements put its value at 137.036). The advantage of the fine structure constant is that its value does not depend on the chosen units of measurement – unlike say, the speed of light, which gives a different number if you express it in miles per second or kilometres per second. The Russian physicist Alexander Shlyakhter analysed the different chemicals in the Oklo reactor’s ‘nuclear waste’, and worked out what the value of the fine structure constant must have been two billion years ago when the reactor was running. The result was the same as today’s value to within a few parts in ten million.

In late 1998, though, a team of astronomers led by John Webb made a very accurate study of the light emitted by extremely distant, but very bright, bodies called quasars. They found subtle changes in certain features of that light, called spectral lines, which are related to the vibrations of various types of atom. In effect, what they seem to have discovered is that many billion years ago – much further back than the Oklo reactor – atoms didn’t vibrate at quite the same rate as they do today. In very old gas clouds from the early universe, the fine structure constant differs from today’s value by one part in 50,000. That’s a huge amount by the standards of this particular area of physics. As far as anyone can tell, this unexpected result is not due to experimental error. A theory suggested in 1994 by Thibault Damour and Alexander Polyakov does indicate a possible variation in the fine structure constant, but only one-ten thousandth as large as that found by Webb’s team.

In 2001 another team led by John Webb analysed the absorption of light from distant quasars by clouds of interstellar gas, and announced that the fine structure constant has increased by one hundred thousandth since the Big Bang. This result, if true, implies that the gravitational, weak nuclear, and strong nuclear forces have all changed over time. The work is being checked for possible systematic errors, which might produce the same observations.

It’s all a bit of a puzzle, and most theorists sensibly prefer to hedge their bets and wait for further research. But it could be a straw in the wind: perhaps we will soon have to accept that the laws of physics were subtly different in the distant reaches of time and space. Not turtle-shaped, perhaps, but… different.

fn1 Or at least, less radioactive. We can but hope.

fn2 He was the victim of a magical accident, which he rather enjoyed. But you know this.

fn3 They say that every formula halves the sales of a popular science book. This is rubbish – if it was true, then The Emperor’s New Mind by Roger Penrose would have sold one-eighth of a copy, whereas its actual sales were in the hundreds of thousands. However, just in case there is some truth to the myth, we have adopted this way of describing the formula to double our potential sales. You all know which formula we mean. You can find it written out in symbols on page 118 of Stephen Hawking’s A Brief History of Time – so if the myth is right, he could have sold twice as many copies, which is a mindboggling thought.

fn4 The fine structure constant is defined to be the square of the charge of an electron, divided by 2 times Planck’s constant times the speed of light times the permittivity of the vacuum (as a handy lie, the last term might be thought as ‘the way it reacts to an electric charge’). Thank you.


THREE

I KNOW MY WIZARDS
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IT DID NOT take long for the faculty to put its collective finger on the philosophical nub of the problem, vis-à-vis the complete destruction of everything.

‘If no one will know if it happens, then in a very real sense it wouldn’t have happened,’ said the Lecturer in Recent Runes. His bedroom was on one of the colder sides of the university.

‘Certainly we wouldn’t get the blame,’ said the Dean, ‘even if it did.’

‘As a matter of fact,’ Ponder went on, emboldened by the wizards’ relaxed approach, ‘there is some theoretical evidence to suggest that it could not possibly happen, due to the non-temporal nature of the thaumic component.’

‘Say again?’ said Ridcully.

‘A malfunction would not result in an explosion exactly, sir,’ said Ponder. ‘Nor, as far as I can work out, would it result in things ceasing to exist from the present onwards. They would cease to have existed at all, because of the multidirectional collapse of the thaumic field. But since we are here, sir, we must be living in a universe where things did not go wrong.’

‘Ah, I know this one,’ said Ridcully. ‘This is because of quantum, isn’t it? And there’s some usses in some universe next door where it did go wrong, and the poor devils got blown up?’

‘Yes, sir. Or, rather, no. They didn’t get blown up because the device the other Ponder Stibbons would have built would have gone wrong, and so … he didn’t exist not to build it. That’s the theory, anyway.’

‘I’m glad that’s sorted out, then,’ said the Senior Wrangler briskly. ‘We’re here because we’re here. And since we’re here, we might as well be warm.’

‘Then we seem to be in agreement,’ said Ridcully. ‘Mr Stibbons, you may start this infernal engine.’ He nodded towards the red lever on the plinth.

‘I was rather assuming you would do the honours, Archchancellor,’ said Ponder, bowing. ‘All you need to do is pull the lever. That will, ahem, release the interlock, allowing the flux to enter the exchanger, where a simple octiron reaction will turn the magic into heat and warm up the water in the boiler.’

‘So it really is just a big kettle?’ said the Dean.

‘In a manner of speaking, yes,’ said Ponder, trying to keep his face straight.

Ridcully grasped the lever.

‘Perhaps you would care to say a few words, sir?’ said Ponder.

‘Yes.’ Ridcully looked thoughtful for a moment, and then brightened up. ‘Let’s get this over quickly, and have lunch.’

There was a smattering of applause. He pulled the lever. The hand on a dial on the wall moved off zero.

‘Well, we’re not blown up after all,’ said the Senior Wrangler. ‘What are the numbers on the wall for, Stibbons?’

‘Oh, er … they’re … they’re to tell you what number it’s got to,’ said Ponder.

‘Oh. I see.‘ The Senior Wrangler grasped the lapels of his robe. ‘Duck with green peas today, gentlemen, I believe,’ he said, in a far more interested tone of voice. ‘Well done, Mr Stibbons.’

The wizards ambled off in the apparently slow yet deceptively fast way of wizards heading towards food.

Ponder breathed a sigh of relief, which turned into a gulp when he realized that the Archchancellor had not, in fact, left but was inspecting the engine quite closely.

‘Er … is there anything else I can tell you, sir?’ he said, hurriedly.

‘When did you really start it, Mister Stibbons?’

‘Sir?’

‘Every single word in the sentence was quite short and easy to understand. Was there something wrong about the way I assembled them?’

‘I … we … it was started just after breakfast, sir,’ said Ponder meekly. ‘The needle on the dial was just turned by Mr Tumipseed by means of a string, sir.’

‘Did it blow up at all when you started it up?’

‘No sir! You’d … well, you’d have known, sir!’

‘I thought you said back there that we wouldn’t have known, Stibbons.’

‘Well, no, I mean –’

‘I know you, Stibbons,’ said Ridcully. ‘And you would never test something out publicly before trying it to see if it worked. No one wants egg all over their face, do they?’

Ponder reflected that egg on the face is only of minor concern when the face is part of a cloud of particles expanding outwards at an appreciable fraction of the speed of dark.fn1

Ridcully slammed his hand against the black panels of the engine, causing Ponder visibly to leave the ground.

‘Warm already,’ he said. ‘You all right up there, Bursar?’

The Bursar nodded happily.

‘Good man. Well done, Mister Stibbons. Let’s have lunch.’

After a while, when the footsteps had died away, it dawned on the Bursar that he was, as it were, holding the short end of the string.

The Bursar was not, as many thought, insane. On the contrary, he was a man with both feet firmly on the ground, the only difficulty being that the ground in question was on some other planet, the one with the fluffy pink clouds and the happy little bunnies. He did not mind because he much preferred it to the real one, where people shouted too much, and he spent as little time there as possible. Unfortunately this had to include mealtimes. The meal service on Planet Nice was unreliable.

Smiling his faint little smile, he put down his axe and ambled off. After all, he reasoned, the point was that the wretched thing stayed out of the … whatever it was, and it could certainly do a simple job like that without his watching it.

Unfortunately Mr Stibbons was too worried to be very observant, and none of the other wizards bothered much about the fact that everything which stood between them and thaumic devastation was blowing bubbles into his glass of milk.

fn1 As yet unmeasured, but believed to be faster than light owing to its ability to move so quickly out of light’s way.


FOUR

SCIENCE AND MAGIC
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IF WE WANTED to, we could comment on several features of Ponder Stibbons’s experiment, describing the associated science. For example, there is a hint of the ‘many worlds’ interpretation of quantum mechanics, in which billions of universes branch off from ours every time a decision might go more than one way. And there is the unofficial standard procedure of public opening ceremonies, in which A Royal Personage or The President pulls a big lever or pushes a big button to ‘start’ some vast monument to technology – which has been running for days behind the scenes. When Queen Elizabeth II opened Calder Hall, the first British nuclear power station, this is just what went on – big meter and all.

However, it’s a bit early for Quantum, and most of us have forgotten Calder Hall completely. In any case there’s a more urgent matter to dispose of. This is the relation between science and magic. Let’s start with science.

Human interest in the nature of the universe, and our place within it, goes back a long, long way. Early humanoids living on the African savannahs, for instance, can hardly have failed to notice that at night the sky was full of bright spots of light. At what stage in their evolution they first began to wonder what those lights were is a mystery, but by the time they had evolved enough intelligence to poke sticks into edible animals and to use fire, it is unlikely that they could stare at the night sky without wondering what the devil it was for (and, given humanity’s traditional obsessions, whether it involved sex in some way). The Moon was certainly impressive – it was big, bright, and changed shape.

Creatures lower on the evolutionary ladder were certainly aware of the Moon. Take the turtle, for instance – about as Discwordly a beast as you can get. When today’s turtles crawl up the beach to lay their eggs and bury them in the sand, they somehow choose their timing so that when the eggs hatch, the baby turtles can scramble towards the sea by aiming at the Moon. We know this because the lights of modern buildings confuse them. This behaviour is remarkable, and it’s not at all satisfactory to put it down to ‘instinct’ and pretend that’s an answer. What is instinct? How does it work? How did it arise? A scientist wants plausible answers to such questions, not just an excuse to stop thinking about them. Presumably the baby turtles’ moonseeking tendencies, and their mothers’ uncanny sense of timing, evolved together. Turtles that just happened, by accident, to lay their eggs at just the right time for them to hatch when the Moon would be to seawards of their burial site, and whose babies just happened to head towards the bright lights, got more of the next generation back to sea than those that didn’t. All that was needed to establish these tendencies as a universal feature of turtle-hood was some way to pass them on to the next generation, which is where genes come in. Those turtles that stumbled on a workable navigational strategy, and could pass that strategy on to their offspring by way of their genes, did better than the others. And so they prospered, and outcompeted the others, so that soon the only turtles around were the ones that could navigate by the Moon.

Does Great A’Tuin, the turtle that holds up the elephants that hold up the Disc, swim through the depths of space in search of a distant light? Perhaps. According to The Light Fantastic, ‘Philosophers have debated for years about where Great A’Tuin might be going, and have often said how worried they are that they might never find out. They’re due to find out in about two months. And then they’re really going to worry …’ For, like its earthbound counterpart, Great A’Tuin is in reproductive mode, in this case going to its own hatching ground to watch the emergence. That story ends with it swimming off into the cool depths of space, orbited by eight baby turtles (who appear to have gone off on their own, and perhaps even now support very small Discworlds) …

The interesting thing about the terrestrial turtlish trickery is that at no stage is it necessary for the animals to be conscious that their timing is geared to the Moon’s motion, or even that the Moon exists. However, the trick won’t work unless the baby turtles notice the Moon, so we deduce that they did. But we can’t deduce the existence of some turtle astronomer who wondered about the Moon’s puzzling changes of shape.

When a particular bunch of social-climbing monkeys arrived on the scene, however, they began to ask such questions. The better the monkeys got at answering those questions, the more baffling the universe became; knowledge increases ignorance. The message they got was: Up There is very different from Down Here.

They didn’t know that Down Here was a pretty good place for creatures like them to live. There was air to breathe, animals and plants to eat, water to drink, land to stand on, and caves to get out of the rain and the lions. They did know that it was changeable, chaotic, unpredictable …

They didn’t know that Up There – the rest of the universe – isn’t like that. Most of it is empty space, a vacuum. You can’t breathe vacuum. Most of what isn’t vacuum is huge balls of overheated plasma. You can’t stand on a ball of flame. And most of what isn’t vacuum and isn’t burning is lifeless rock. You can’t eat rock.fn1 They were going to learn this later on. What they did know was that Up There was, in human timescales, calm, ordered, regular. And predictable, too – you could set your stone circle by it.

All this gave rise to a general feeling that Up There was different from Down Here for a reason. Down Here was clearly designed for us. Equally clearly, Up There wasn’t. Therefore it must be designed for somebody else. And the new humanity was already speculating about some suitable tenants, and had been ever since they’d hidden in the caves from the thunder. The gods! They were Up There, looking Down! And they were clearly in charge, because humanity certainly wasn’t. As a bonus, that explained all of the things Down Here that were a lot more complicated than anything visible Up There, like thunderstorms and earthquakes and bees. Those were under the control of the gods.

It was a neat package. It made us feel important. It certainly made the priests important. And since priests were the sort of people who could have your tongue torn out or banish you into Lion Country for disagreeing with them, it rapidly became an enormously popular theory, if only because those who had other ones either couldn’t speak or were up a tree somewhere.

And yet … every so often some lunatic with no sense of self-preservation was born who found the whole story unsatisfying, and risked the wrath of the priesthood to say so. Such folk were already around by the time of the Babylonians, whose civilization flourished between and around the Tigris and Euphrates rivers from 4000 BC to 300 BC. The Babylonians – a term that covers a whole slew of semi-independent peoples living in separate cities such as Babylon, Ur, Nippur, Uruk, Lagash, and so on – certainly worshipped the gods like everyone else. One of their stories about gods is the basis of the Biblical tale of Noah and his ark, for instance. But they also took a keen interest in what those lights in the sky did. They knew that the Moon was round – a sphere rather than a flat disc. They probably knew that the Earth was round, too, because it cast a rounded shadow on the Moon during lunar eclipses. They knew that the year was about 365¼ days long. They even knew about the ‘precession of the equinoxes’, a cyclic variation that completes one cycle every 26,000 years. They made these discoveries by keeping careful records of how the Moon and the planets moved across the sky. Babylonian astronomical records from 500 BC survive to this day.

From such beginnings, an alternative explanation of the universe came into being. It didn’t involve gods, at least directly, so it didn’t find much favour with the priestly class. Some of their descendants are still trying to stamp it out, even today. The traditional priesthoods (who then and now often included some very intelligent people) eventually worked out an accommodation with this godless way of thinking, but it’s still not popular with postmodernists, creationists, tabloid astrologers and others who prefer the answers you can make up for yourself at home.

The current name for what has variously been called ‘heresy’ and ‘natural philosophy’ is, of course, ‘science’.

Science has developed a very strange view of the universe. It thinks that the universe runs on rules. Rules that never get broken. Rules that leave little room for the whims of gods.

This emphasis on rules presents science with a daunting task. It has to explain how a lot of flaming gas and rocks Up There, obeying simple rules like ‘big things attract small things, and while small things also attract big things they don’t do it strongly enough so as you’d notice’, can have any chance whatsoever of giving rise to Down Here. Down Here, rigid obedience to rules seems notably absent. One day you go out hunting and catch a dozen gazelles; next day a lion catches you. Down Here the most evident rule seems to be ‘There are no rules’, apart perhaps from the one that could be expressed scientifically as ‘Excreta Occurs’. As the Harvard Law of Animal Behaviour puts it: ‘Experimental animals, under carefully controlled laboratory conditions, do what they damned well please. ‘Not only animals: every golfer knows that something as simple as a hard, bouncy sphere with a pattern of tiny dots on it never does what it’s supposed to do. And as for the weather …

Science has now divided into two big areas: the life sciences, which tell us about living creatures, and the physical sciences, which tell us about everything else. Historically, ‘divides’ is definitely the word – the scientific styles of these two big divisions have about as much in common as chalk and cheese. Indeed, chalk is a rock and so clearly belongs to the geological sciences, whereas cheese, formed by bacterial action on the bodily fluids of cows, belongs to the biological sciences. Both divisions are definitely science, with the same emphasis on the role of experiments in testing theories, but their habitual thought patterns run along different lines.

At least, until now.

As the third millennium approaches, more and more aspects of science are straddling the disciplines. Chalk, for instance, is more than just a rock: it is the remains of shells and skeletons of millions of tiny ocean-living creatures. And making cheese relies on chemistry and sensor technology as much as it does on the biology of grass and cows.

The original reason for this major bifurcation in science was a strong perception that life and non-life are extremely different. Non-life is simple and follows mathematical rules; life is complex and follows no rules whatsoever. As we said, Down Here looks very different from Up There.

However, the more we pursue the implications of mathematical rules, the more flexible a rule-based universe begins to seem. Conversely, the more we understand biology, the more important its physical aspects become – because life isn’t a special kind of matter, so it too must obey the rules of physics. What looked like a vast, unbridgeable gulf between the life sciences and the physical sciences is shrinking so fast that it’s turning out to be little more than a thin line scratched in the sand of the scientific desert.

If we are to step across that line, though, we need to revise the way we think. It’s all too easy to fall back on old – and inappropriate – habits. To illustrate the point, and to set up a running theme for this book, let’s see what the engineering problems of getting to the Moon tell us about how living creatures work.

The main obstacle to getting a human being on to the Moon is not distance, but gravity. You could walk to the Moon in about thirty years – given a path, air, and the usual appurtenances of the experienced traveller – were it not for the fact that it’s uphill most of the way. It takes energy to lift a person from the surface of the planet to the neutral point where the Moon’s pull cancels out the Earth’s. Physics provides a definite lower limit for the energy you must expend – it’s the difference between the ‘potential energy’ of a mass placed at the neutral point and the potential energy of the same mass placed on the ground. The Law of Conservation of Energy says that you can’t do the job with less energy, however clever you are.

You can’t beat physics.

This is what makes space exploration so expensive. It takes a lot of fuel to lift one person into space by rocket, and to make matters worse, you need more fuel to lift the rocket… and more fuel to lift the fuel… and … At any rate, it seems that we’re stuck at the bottom of the Earth’s gravity well, and the ticket out has to cost a fortune.

Are we, though?

At various times, similar calculations have been applied to living creatures, with bizarre results. It has been ‘proved’ that kangaroos can’t jump, bees can’t fly, and birds can’t get enough energy from their food to power their search for the food in the first place. It has even been ‘proved’ that life is impossible because living systems become more and more ordered, whereas physics implies that all systems become more and more disordered. The main message that biologists have derived from these exercises has been a deep scepticism about the relevance of physics to biology, and a comfortable feeling of superiority, because life is clearly much more interesting than physics.

The correct message is very different: be careful what tacit assumptions you make when you do that kind of calculation. Take that kangaroo, for instance. You can work out how much energy a kangaroo uses when it makes a jump, count how many jumps it makes in a day, and deduce a lower limit on its daily energy requirements. During a jump, the kangaroo leaves the ground, rises, and drops back down again, so the calculation is just like that for a space rocket. Do the sums, and you find that the kangaroo’s daily energy requirement is about ten times as big as anything it can get from its food. Conclusion: kangaroos can’t jump. Since they can’t jump, they can’t find food, so they’re all dead.

Strangely, Australia is positively teeming with kangaroos, who fortunately cannot do physics.

What’s the mistake? The calculation models a kangaroo as if it were a sack of potatoes. Instead of a thousand kangaroo leaps per day (say), it works out the energy required to lift a sack of potatoes off the ground and drop it back down, 1000 times. But if you look at a slow-motion film of a kangaroo bounding across the Australian outback, it doesn’t look like a sack of potatoes. A kangaroo bounces, lolloping along like a huge rubber spring. As its legs go up, its head and tail go down, storing energy in its muscles. Then, as the feet hit the ground, that energy is released to trigger the next leap. Because most of the energy is borrowed and paid back, the energy cost per leap is tiny.

Here’s an association test for you. ‘Sack of potatoes’ is to ‘kangaroo’ as ‘rocket’ is to – what? One possible answer is a space elevator. In the October 1945 issue of Wireless World the science-fiction writer Arthur C. Clarke invented the concept of a geostationary orbit, now the basis of virtually all communications satellites. At a particular height – about 22,000 miles (35,000 km) above the ground – a satellite will go round the Earth exactly in synchrony with the Earth’s rotation. So from the ground it will look as though the satellite isn’t moving. This is useful for communications: you can point your satellite dish in a fixed direction and always get coherent, intelligent signals or, failing that, MTV.

Nearly thirty years later Clarke popularized a concept with far greater potential for technological change. Put up a satellite in geostationary orbit and drop a long cable down to the ground. It has to be an amazingly strong cable: we don’t yet have the technology but ‘carbon nanotubes’ now being created in the laboratory come close. If you get the engineering right, you can build an elevator 22,000 miles high. The cost would be enormous, but you could then haul stuff into space just by pulling on the cable from above.

Ah, but you can’t beat physics. The energy required would be exactly the same as if you used a rocket.

Of course. Just as the energy required to lift a kangaroo is exactly the same as that required to lift a sack of potatoes.

The trick is to find a way to borrow energy and pay it back. The point is that once the space elevator is in place, after a while there’s just as much stuff coming down it as there is going up. Indeed, if you’re mining the Moon or the asteroids for metals, there will soon be more stuff coming down than goes up. The materials going down provide the lifting energy for those going up. Unlike a rocket, which gets used up every time you fire it, a space elevator is self-sustaining.

Life is like a space elevator. What life self-sustains is not energy, but organization. Once you have a system that is so highly organized that it can reliably make copies of itself, that degree of organization is no longer ‘expensive’. The initial investment may have been huge, as for a space elevator, but once the investment has been made, everything else is free.

If you want to understand biology, it is the physics of space elevators that you need, not the physics of rockets.

How can Discworld’s magic illuminate Roundworld’s science? Just as the gulf between the physical and biological sciences is turning out to be far narrower than we used to think, so the gulf between science and magic is also becoming smaller. The more advanced our technologies become, the less possible it is for the everyday user to have any idea of how they work. As a result, they look more and more like magic. As Clarke realized, this tendency is inevitable; Gregory Benford went further and declared it desirable.

Technology works because whoever built it in the first place figured out enough of the rules of the universe to make the technology do what was required of it. You don’t need to get the rules right to do this, just right enough – space rockets work fine even though their orbits are computed using Newton’s stab at the rules of gravity, which aren’t as accurate as Einstein’s. But what you can accomplish is severely constrained by what the universe will permit. With magic, in contrast, things work because people want them to. You still have to find the right spell, but what drives the development is human wishes (and, of course, the knowledge, skill and experience of the practitioner). This is one reason why science often seems inhuman, because it looks at how the universe drives us, rather than the other way round.

Magic, however, is only one aspect of Discworld. There’s a lot of science on Discworld, too – or at least rational engineering. Balls get thrown and caught, the biology of the river Ankh resembles that of a typical terrestrial swamp or sewage farm, and light goes in more or less straight lines. Very slowly, though. As we read in The Light Fantastic: ‘Another Disc day dawned, but very gradually, and this is why. When light encounters a strong magical field it loses all sense of urgency. It slows right down. And on the Discworld the magic was embarrassingly strong, which meant that the soft yellow light of dawn flowed over the sleeping landscape like the caress of a gentle lover or, as some, would have it, like golden syrup.’ The same quote tells us that as well as rational engineering there’s a lot of magic in Discworld: overt magic which slows light down; magic that allows the sun to orbit the world provided that occasionally one of the elephants lifts its leg to let the sun pass. The sun is small, nearby, and travels faster than its own light. This appears to cause no major problems.

There is magic in our world, too, but of a different, less obvious kind. It happens around everybody all the time, in all those little causalities which we don’t understand but just accept. When we turn the switch and the light comes on. When we get into the car and start the engine. When we do all those improbable and ridiculous things that, thanks to biological causality, make babies. Certainly many people understand, often to quite a detailed degree, what is going on in particular areas – but sooner or later we all reach our Magical Event Horizon. Clarke’s Law states that any sufficiently advanced technology looks like magic. ‘Advanced’ here is usually taken to mean ‘shown to us by advanced aliens or people from the future’, like television shown to Neanderthals. But we should realize that television is magic to nearly everyone that uses it now – to those behind the camera as well as to those sitting on the couch in front of the moving picture in the funny box. At some point in the process, in the words of cartoonist S. Harris, ‘a miracle occurs’.

Science takes on the aura of magic because the design of a civilization proceeds by a type of narrative imperative – it makes a coherent story. In about 1970, Jack gave a lecture to a school audience on ‘The Possibility of Life on Other Planets’fn2. He talked about evolution, what planets were made of – all the things that you’d expect in such a lecture. The first question was from a girl of about 15, who asked ‘You believe in evolution, don’t you, sir?‘ The teacher went on about it not being a ‘proper’ question, but Jack answered it anyway, saying – rather pretentiously –‘No, I don’t believe in evolution, like people believe in God … Science and technology are not advanced by people who believe, but by people who don’t know but are doing their best to find out … steam engine … spinning jenny … television …’At that, she was on her feet again: ‘No, that ain’t how television was invented!’ The teacher tried to calm the discussion by asking her to explain how she thought television was invented. ‘My father works for Fisher Ludlow making pressed steel for car bodies. He gets paid and he gives some of the money to the government to give him things. So he tells the government he wants to watch television, and they pay someone to invent television, and they do!’

It’s very easy to make this mistake, because technology progresses by pursuing goals. We get the feeling that if we pour in enough resources, we can achieve anything. Not so. Pour in enough resources, and we can achieve anything that is within reach of current know-how, or possibly just a bit beyond if we’re lucky. But nobody tells us about the inventions that fail. Nobody tries to raise funding for a project that they know can’t possibly work. No funding body will pay for research projects in which we have no idea where to start. We could pour as much money as we liked into developing antigravity or faster-than-light travel, and we’d get nowhere.

When you can take a machine to bits and see how it works, you get a clear feeling for the constraints within which it has to operate. In such cases, you’re not going to confuse science and magic. The first cars required an extremely hands-on starting system – you stuck a big handle into the engine and literally ‘turned it over’. Whatever the engine did when it started, you knew it wasn’t magic. However, as technology develops it usually doesn’t remain transparent to the user. As more people began to use cars, more and more of the obvious technology was replaced by symbols. You worked switches with labels to get things to happen. That’s our version of the magic spell: you pull a knob called Cold Start and the engine does all the cold start things for itself. When Granny wants to drive she does not have to do much more than push the accelerator for ‘Go’. Little imps do the rest, by magic.

This process is the core of the relation between science and magic in our own world. The universe into which we were born, and in which our species evolved, runs by rules – and science is our way of trying to work out what the rules are. But the universe that we are now constructing for ourselves is one that, to anyone other than a member of the design team and very possibly even to them, works by magic.

A special kind of magic is one of the many things that have made humans what they are. It’s called education. It’s how we pass on ideas from one generation to the next. If we were like computers, we’d be able to copy our minds into our children, so that they would grow up agreeing with every opinion that we hold dear. Well, actually they wouldn’t, though they might start out that way. There is an aspect of education that we want to draw to your attention. We call it ‘lies-to-children’. We’re aware that some readers may object to the word ‘lie’ – it got Ian and Jack into terrible trouble with some literally-minded Swedes at a scientific conference who took it all terribly seriously and spent several days protesting that ‘It’s not a lie!’ It is. It is for the best possible reasons, but it is still a lie. A lie-to-children is a statement that is false, but which nevertheless leads the child’s mind towards a more accurate explanation, one that the child will only be able to appreciate if it has been primed with the lie.

The early stages of education have to include a lot of lies-to-children, because early explanations have to be simple. However, we live in a complex world, and lies-to-children must eventually be replaced by more complex stories if they are not to become delayed-action genuine lies. Unfortunately, what most of us know about science consists of vaguely remembered lies-to-children. For example, the rainbow. We all remember being told at school that glass and water split light into its constituent colours – there’s even a nice experiment where you can see them – and we were told that this is how rainbows form, from light passing through raindrops. When we were children, it never occurred to us that while this explains the colours of the rainbow it doesn’t explain its shape. Neither does it explain how the light from the many different raindrops in a thundershower somehow combines to create a bright arc. Why doesn’t it all smudge out? This is not the place to tell you about the elegant geometry of the rainbow – but you can see why ‘lie’ is not such a strong word after all. The school explanation diverts our attention from the real marvel of the rainbow, the cooperative effects of all the raindrops, by trying to pretend that once you’ve explained the colours, that’s it.

Other examples of lies-to-children are the idea that the Earth’s magnetic field is like a huge bar magnet with N and S marked on it, the picture of an atom as a miniature solar system, the idea that a living amoeba is a billion-year-old ‘primitive’ organism, the image of DNA as the blueprint for a living creature, and the connection between relativity and Einstein’s hairstyle (it’s the sort of crazy idea that only people with hair like that can come up with). Quantum mechanics lacks a public ‘icon’ of this kind – it doesn’t tell a simple story that a non-specialist can grab and hang on to – so we feel uncomfortable about it.

When you live in a complex world, you have to simplify it in order to understand it. Indeed, that’s what ‘understand’ means. At different stages of education, different levels of simplification are appropriate. Liar-to-children is an honourable and vital profession, otherwise known as ‘teacher’. But what teaching does not do – although many politicians think it does, which is one of the problems – is erect a timeless edifice of ‘facts’.fn3 Every so often, you have to unlearn what you thought you already knew, and replace it by something more subtle. This process is what science is all about, and it never stops. It means that you shouldn’t take everything we say as gospel, either, for we belong to another, equally honourable profession: Liar-to-readers.

On Discworld, one of Ponder Stibbons’s lies-to-wizards is about to come seriously unstuck.

fn1 Actually you can eat salt. But nobody outside Discworld goes to a restaurant to order a basalt balti.

fn2 Now turned into a book: Evolving the Alien by Jack Cohen and Ian Stewart.

fn3 As humans, we have invented lots of useful kinds of lie. As well as lies-to-children (‘as much as they can understand’) there are lies-to-bosses (‘as much as they need to know’) lies-to-patients (‘they won’t worry about what they don’t know’) and, for all sorts of reasons, lies-to-ourselves. Lies-to-children is simply a prevalent and necessary kind of lie. Universities are very familiar with bright, qualified school-leavers who arrive and then go into shock on finding that biology or physics isn’t quite what they’ve been taught so far. ‘Yes, but you needed to understand that,’ they are told, ‘so that now we can tell you why it isn’t exactly true.’ Discworld teachers know this, and use it to demonstrate why universities are truly storehouses of knowledge: students arrive from school confident that they know very nearly everything, and they leave years later certain that they know practically nothing. Where did the knowledge go in the meantime? Into the university, of course, where it is carefully dried and stored.

OEBPS/images/title.jpg
SéEENCE
DI1SCwORLD

TERRU PRATCHETT

TAN STEWART ¢ JACK COHEN

PRESS





OEBPS/images/MyCoverImage.jpg
TERRY
PRATCHETT

IAN STEWART & ]ACK COHEN






OEBPS/images/logo1.jpg





OEBPS/images/logo2.jpg





