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  Introduction




  In the course of putting this anthology together I kept being reminded of a T-shirt slogan that was popular in the mid-1970s. [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ] [image: ], it read: [image: ] [image: ] [image: ] [image: ] [image: ] [image: ]

  [image: ] [image: ] [image: ]. I still

  recall the troubling sensation of knowing, aged about twelve or thirteen, that the joke was probably funny, but not understanding why. I hadn’t the faintest idea what it meant, but I remember

  liking the way that it looked and sounded, like a coded message from some unfamiliar world in which words and numbers had different applications to those in everyday life. And not only was the

  computer-card script exciting in itself, but the strange word ‘binary’ sounded a lot like ‘bionic’, the coolest word in the English language, as far as I was concerned. So

  it didn’t really matter that I didn’t get the joke – the not knowing was part of the appeal.




  A year or so later, when the binary system came up on the school mathematics curriculum, the penny finally dropped: ‘10’ in binary was ‘2’

  in decimal! ‘There are only 2 types of people in the world . . .’, the joke being predicated on whether or not you could translate the ‘10’, which of course you could

  do only if you were the type who understood binary: QED! Though it was hardly the greatest one-liner in history, it had a powerful impact on my adolescent mind, for I can clearly remember the

  complex pleasure of finally understanding something that I had assumed would always be beyond me. Solving the message had not diminished the appeal of its curious geeky poetry, in fact quite the

  reverse; for though there was a certain kind of pleasure to be had in not understanding the code – and this was true of the actual poetry we were also required to study – there was more

  and better pleasure to be had in grasping its hidden meaning.




  It soon became apparent, however, that mathematics wasn’t for me – binary notation was about as far as my not-very-numerate brain could go – but

  in common with the majority of the unmathematically inclined, I’m a little in awe of its mysterious authority. E = mc2, for example, has a poetic resonance quite

  distinct from whatever explanatory content it might have, and for every person who understands it, who is at ease with its finely tuned symbolic language, there must be hundreds who can recite it,

  who could even write it down correctly, without having a clue what it means. And that’s just the easy stuff: how many visitors to Scientists’ Corner in the nave of Westminster Abbey can

  make head or tail of the inscription carved into Paul Dirac’s memorial stone – just a few feet away from Newton’s great monument – which reads:

  i[image: ] = m[image: ]? By accounting for the spin of the electron, this

  celebrated equation (one of the most beautiful mathematical statements ever made, according to its admirers) reconciled Einstein’s special theory of relativity with Erwin

  Schrödinger’s wave equation, thereby laying the foundations of quantum mechanics, one of the few genuine revolutions in the history of human thought. Yet the Dirac equation – the

  only one in the Abbey: perhaps the only equation in any abbey – remains a closed book to all but a handful of initiates able to translate its compact hieroglyphics into a statement about the

  nature of the universe.1 Everyone else, myself included, irrespective of how well educated we might be, goes through life more or less completely disconnected

  from the world of such recondite ideas. As C. P. Snow observed more than half a century ago, in the course of his famous ‘Two Cultures’ essay, ‘the great edifice of modern physics

  goes up, and the majority of the cleverest people in the western world have about as much insight into it as their neolithic ancestors would have had.’




  True enough, but does it matter? So what if Dirac’s equation can only be appreciated by a few hundred physicists and mathematicians: the rest of us seem to

  get along perfectly well without it, unencumbered by the brain-aching mathematical training that would be the price of possessing such knowledge. In the same way that very few people can read

  ancient Aramaic, or have ever made it all the way through to the end of Finnegans Wake, the constituency for difficult mathematical ideas is bound to be selectively small. Yet the comparison

  is not quite right, for the inability to read an ancient language or an experimental novel rarely leads to a blanket rejection of all other languages or all other literature – apart from the

  really challenging stuff – whereas there is a tendency among non-scientists to characterize the whole of Western science as uniformly reductive and difficult, as though all of it was as

  offputting and apparently inhuman as Dirac’s unpronounceable i[image: ] = m[image: ].




  This outlook has a long history, as a number of pieces in this anthology attest. D. H. Lawrence, for example, writing in the late 1920s, just as Dirac was

  completing his equation, argued that the cold, rational, scientific view of the world was incompatible with the religious and poetical embrace of Life with a capital ‘l’. ‘The

  Universe is dead for us, and how is it to come alive again?’ he asked, now that ‘ “knowledge” has killed the sun, making it a ball of gas, with spots’ (see here). A

  century earlier, William Blake had raised similar objections to the rise of Newtonian mechanics – ‘Art is the Tree of Life. Science is the Tree of Death’, he

  wrote, in a Romantic refashioning of an ancient anti-science theology that is still in the air today, though these days it tends towards more secular frames of reference: ‘I don’t get

  on with scientists because I’m not on the autistic spectrum’, as one of my colleagues once said to me, not entirely facetiously, to which I wish I’d had the wit to reply that if

  it’s a spectrum, sunshine, then everybody’s on it.




  But this is the point at which the cultural disengagement from science does begin to matter: the point at which it shades into hostility. In fact, over the past

  few decades, as John Carey pointed out in his introduction to The Faber Book of Science (a ground-breaking anthology that appeared in 1995), ‘ignorance of science has acquired a degree

  of political correctness’, in the light of which scientists find themselves accused of being, at best, unimaginative, unemotional and laughably precise, and at worst, power-hungry, inhumane

  and oblivious to danger – the familiar caricature popularized by Mary Shelley’s Frankenstein (1818), and which has haunted the cultural landscape ever since.




  One of the aims of this collection is to prove such accusations to be groundless. Science, however one might want to define it, is first and foremost a product of

  the human imagination; it is a cultural endeavour like any other, albeit one with certain unique procedures and conventions that have built up around it over time. Take those conventions out of the

  frame, and ‘the whole of science is nothing more than a refinement of everyday thinking’, as Albert Einstein described it in 1936, and his abiding belief that even the most esoteric

  idea can be explained in ordinary language to anyone has been a guiding principle of this book. Einstein’s own technical writings were, of course, impenetrable to most non-physicists, but in

  popular works such as The Evolution of Physics (an extract from which appears on pp. 342–5), he ensured that his and others’ theoretical achievements became known around the

  world through an insightful mix of imagery and expression that had a shaping influence on the public understanding of science. I can, for example, think of no better introduction to the light

  wave/particle conundrum that so vexed early twentieth-century physics than Einstein’s laconic advice to his readers that ‘it will be helpful in understanding the phenomena which we are

  about to describe, to bear in mind the difference between sea waves and a shower of bullets.’ Such a simple image with which to communicate such a dauntingly complex idea: that is the essence

  of effective science writing, of which there are many other examples gathered in this book, such as Lucretius’s dust-motes dancing in a sunlit room, offered up as an image of atomic motion

  (here), or Marcus Chown’s surreal description of a troop of ants marching across an indented trampoline – a particularly neat illustration of why the

  ‘force’ of gravity is an illusion created by the curvature of space (here).




  My intention in compiling this anthology, however, was not just to showcase some accessible translations of key scientific ideas, but to situate the birth of

  those ideas in their cultural and historical contexts. To this end, I have sought out more than a hundred pieces of writing that either reflect the particular situation in which a moment of

  scientific understanding took place, or that reveal something of the personalities of the scientists involved. James Watson’s account of the events leading up to the discovery of the

  structure of DNA, for example, is inseparable from the character of his written voice, and it is clear both from his own recollections, as well as of those who were there at the time, that the

  egotism and insensitivity that mark every page of The Double Helix were important contributing factors in Watson’s scientific success – typified by the insults he directed at the

  crystallographer Rosalind Franklin, whose results he had purloined at a critical stage of their research:




  

    

      By choice she did not emphasize her feminine qualities. Though her features were strong, she was not unattractive and might have been quite

      stunning had she taken even a mild interest in clothes. This she did not. There was never lipstick to contrast with her straight black hair, while at the age of thirty-one her dresses showed

      all the imagination of English blue-stocking adolescents . . . The thought could not be avoided that the best home for a feminist was in another person’s lab (see here).


    


  




  Watson’s book caused an uproar when it appeared in 1968, although it wasn’t the sexism so much as the cynicism that shocked so many

  of its readers, its breezy portrayal of laboratory research as an all-out race between the winners and the losers breaking the unwritten code of ‘gentlemanly’ conduct that was still an

  integral part of how Science (with a capital ‘s’) presented itself to the world. But in telling the story in the way that he did, by exposing the intrigues and infighting that attended

  one of the greatest achievements in the history of science, Watson transformed the way that scientists were perceived by the wider public, whose preconceptions of Nobel Prize-winning molecular

  biologists are unlikely to have included ‘a pair of loudmouthed young men who devoted more time to talking and drinking than to experiment’, as Crick and Watson were described by a

  contemporary of theirs, who wondered, as many have wondered since, how such an unlikely double-act could have been destined for scientific immortality.




  ‘Put yourself in the story’ is the advice most often given to non-fiction writers, and a glance at the

  extracts assembled here show that scientists throughout history have done exactly that, from Francis Bacon’s exuberant account of his sonic adventures in the world of echoes, to Edward O.

  Wilson’s amiable confession that he feeds bits of coffeecake to the ants on his kitchen floor (‘they also like tuna and whipped cream’, he notes). Science writing has always

  tended towards the first-person narrative voice, partly because, in its earliest days, it was usually communicated via personal correspondence, and partly because the device works to simplify the

  task of describing what was done, what was seen, and what was discovered by an observer. It also enables scientists to reflect upon their immediate thoughts and feelings, a notion that some

  non-scientists might find a little surprising, given the widespread belief that scientific objectivity is incompatible with everyday human emotion, as though scientists somehow disengage their

  intuitive faculties on the way to the laboratory. But one needs only to alight at random on any of the pieces I have collected here to see that there is nothing cold or emotionally detached about

  scientific work. Take Marie Curie’s description of her and her husband’s enchantment at the sight of the radium they had isolated from the tons of muddy pitchblende they had shovelled

  in and out of that stinking shed in Paris:




  

    

      I shall never be able to express the joy of the untroubled quietness of this atmosphere of research and the excitement of actual progress

      with the confident hope of still better results. The feeling of discouragement that sometimes came after some unsuccessful toil did not last long and gave way to renewed activity. We had happy

      moments devoted to a quiet discussion of our work, walking around our shed.




      One of our joys was to go into our workroom at night; we then perceived on all sides the feebly luminous silhouettes of the bottles or capsules containing our

      products. It was really a lovely sight and one always new to us. The glowing tubes looked like faint, fairy lights.


    


  




  If such candour strikes the reader today as hopelessly ‘unscientific’, that must have something to do with the way in which science

  has been routinely mistaught in schools – particularly in the discouragement of any form of self-expression in favour of some half-baked parody of Olympian objectivity. I can still recall

  being marked down by a chemistry teacher for handing in a piece of descriptive writing that would have earned high praise in an English lesson (though I have often wondered what that same teacher

  would have made of Samuel Taylor Coleridge’s overheated account of one of Humphry Davy’s chemical demonstrations: ‘ether burns bright indeed in the

  atmosphere, but o! how brightly whitely vividly beautiful in Oxygen gas’); and the day that our chemistry classwork headings were changed from ‘What we did’, ‘What we

  saw’, and ‘What we learned’ to ‘Method’, ‘Observations’, and ‘Conclusions’ was the day that my interest in the subject began to wane, hastened

  by the realization that ‘writing up’ was not the same thing as ‘writing’.




  But, of course, it is, or at least, it should be, and what struck me most often in the course of assembling this anthology was the fact that science is an

  inherently narrative enterprise, a heightened encounter with the workings of the world that requires a commensurately heightened language with which to describe and account for it. And when

  elements of that descriptive language turn out to be unavailable, as has often been the case, then they have to be invented there and then: Curie herself came up with the term

  ‘radioactivity’ to describe the stream of particles released by the disintegration of unstable atomic nuclei, and in the pages that follow there are many such examples of the creation

  of an expressive scientific discourse with which to describe and organize the world, from Robert Hooke coining the word ‘cell’ while looking at a piece of magnified cork through his

  home-made compound microscope – the honeycomb structure apparently reminded him of the rows of cells in a monastery – or Richard Owen proposing the name ‘dinosaur’ to

  describe the long-extinct ‘terrible lizards’ that so haunted the Victorian popular imagination, to Wallace Broecker innocently unleashing the phrase ‘global warming’, a term

  coined in response to a sudden reversal of the mid-twentieth-century cooling phase, the ‘climatic surprise’ that served to place environmental science at the heart of an ongoing policy

  dispute that looks likely to simmer on for years. Even the word ‘scientist’ had to be invented, as it was in 1833, only making its first appearance halfway through this book! (See here.)




  So is good science synonymous with good science writing? Well, yes and no: as Samuel Johnson noted in the preface to his Dictionary, ‘language is

  only the instrument of science, and words are but the signs of ideas’, and though arguments about language are as vital to the sciences as they are to the humanities – see, for example,

  John R. Baker’s impassioned essay on the state of scientific English on p. 129 – I have tried to avoid giving valuable space to mere displays of eloquence, preferring to treat this

  anthology as a kind of natural history of ideas, a selective, broadly chronological, overview of the ways in which the world has been rendered explicable through reason and discovery.




  But at the same time the process of selection has been largely determined by the interest and readability of my chosen extracts, there being

  little point, it seems to me, in reproducing reams of technical material that only a few specialists could understand. That is why the likes of Copernicus and Newton are not here in their own words

  – Copernicus may have written in an unintentionally impenetrable style, but Newton apparently made his work deliberately difficult in order to discourage ‘little Smatterers in

  Mathematicks’ from getting in touch with him and wasting his time – so they are represented in the words of others, gifted contemporaries and followers keen to elucidate the new

  materialist philosophies of nature that were beginning to transform the way the world was understood. It is difficult to imagine from today’s perspective the profound cultural shock of

  realizing that the earth is just another planet in orbit around the sun, but we can get at least a glimpse of the strangeness and excitement generated by such novel ideas through reading

  contemporary accounts, such as the one by Thomas Digges that appears on pp. 63–6:




  

    

      But in this our age one rare wit . . . hath by long study, painfull practise, and rare invention delivered a new Theory or model of the

      world, shewing that the Earth resteth not in the Centre of the whole world, but only in the Centre of this our mortall world or Globe of Elements which, environed and enclosed in the

      Moon’s Orb, and together with the whole Globe of mortality is carried yearly round about the Sunne, which like a king in the midst of all reigneth and giveth laws of motion to ye rest,

      spherically dispersing his glorious beams of light through all this sacred Celestiall Temple.


    


  




  This is wonderful writing – literally so, in that it is filled with wonder at the newly revealed patterns of the universe – but it

  also sheds fascinating light on the means by which Copernican ideas began to spread around the world towards the end of the sixteenth century. And most of the other pieces in this collection share

  these same paired qualities of readability and documentary value, twin factors that I soon identified as being my minimum criteria when deciding what to include. For though it went without saying

  that anything badly written would be rejected from the start – this book, after all, is intended to be a pleasure to read – when it came to making more difficult choices about what to

  keep and what to let go, I always gave priority to pieces that revealed some aspect of their immediate historical circumstances. James Lind’s account of his clinical trials on board HMS

  Salisbury in 1746 and 1747 is a case in point, for not only is it a superbly crafted case history, well written and clearly explained, it also affords us a surgeon’s-eye view of

  everyday life on an eighteenth-century warship, complete with barrels of baked biscuits and a scurvy-ridden crew (here). Naturally, such details make for good storytelling as

  well as good science, but at the same time they offer far more than picturesque adornment, for they also serve to illustrate the range of everyday situations – ships, private houses, the back

  rooms of pubs – in which scientific knowledge was created in the days before the rise of industrial laboratories and university science departments.




  This gradual restriction of the spaces of science is one of the many themes that unfold in the background to this collection, which is one reason that I chose to

  arrange it as a chronological sequence, to allow historical fluctuations to reveal themselves as part of the wider narrative. Note, for example, the rise and fall of a generation of early

  nineteenth-century women scientists that included Caroline Herschel (here), Jane Marcet (here) and Mary Somerville (here), who were recognized in their lifetimes

  as being at the forefront of European science. Yet by the end of the nineteenth century the scientific professions had more or less closed their doors to such women, who were barred from graduating

  from most universities (the University of London was a rare exception) and routinely turned down for membership of the top scientific institutions. It was not until later in the following century

  that equality of access to a scientific career became anything like a reality.




  But at the same time I was keen to make connections across the centuries, as though tracing the lineage of certain recurrent preoccupations, so in a number of

  places I have confounded chronology in order to suggest thematic correspondences between, say, Aristotle’s account of the saltness of the sea and that of Rachel Carson more than two thousand

  years later (here), or between Richard Dawkins’s take on the evolution of the eye and Lucretius’s impressive pre-emptive assault on the argument from design (here). Though

  I should stress that such pairings have little value as historical explanations – they are not much more than illuminating echoes – they nevertheless offer a modest corrective to the

  old-fashioned view of the history of science as a steady accumulation of knowledge and certainty, a sort of stately progression from ignorance to enlightenment, rather than a series of ad-hoc

  adventures that may or may not lead to anything. For if there’s one inescapable conclusion to be drawn from the contents of this collection, it’s that science is only sometimes about

  the discovery of laws and patterns in nature, and even less about ‘eureka’ moments of insight and revelation; most of the time it’s about the raw human dramas of politics,

  passion, intrigue and ingenuity, all of which, and much else besides, can be found among the one hundred and one extraordinary stories that follow.




  





  BABYLONIAN AWAKENING




  Science was first pursued in an organized way some four or five thousand years ago in Sumeria and Babylonia, the two most culturally advanced

  regions of ancient Mesopotamia (present-day Iraq). Although such ancient cultures might seem unimaginably remote from us today, we still inhabit a world of Babylonian quantification, in the form of

  the sexagesimal (base-60) numerical system that we’ve incorporated into our modern conventions of time-keeping (60 minutes to the hour) and geometry (360 degrees in a circle). In some ways

  the Babylonian base-60 system was more user-friendly than our modern decimal system, 60 being wholly divisible by 1, 2, 3, 4, 5, 6 and 10; while 10, by contrast, is wholly divisible only by 1, 2

  and 5.




  The Babylonians were much preoccupied with astro-meteorological observations that they recorded on clay tablets, of which several hundred from the period survive,

  containing such gnomic statements as ‘When a dark halo surrounds the moon, the month will bring clouds and rain’, or ‘When a cloud grows dark in heaven, a wind will blow’.

  While a selection of these would have made fascinating reading, I decided to begin this anthology instead with a modern imagining of the Babylonian worldview, written by the Hungarian-born novelist

  Arthur Koestler (1905–83). Though Koestler was something of a mystical thinker, he wrote about the advent of science with insight and empathy, and his attempt, in this extract, to convey the

  strangeness and otherness of a long-vanished mindset is a valuable corrective to our tendency to look for modern parallels in the mists of early human history:




  The world of the Babylonians, Egyptians and Hebrews was an oyster, with water underneath, and more water overhead, supported by the solid firmament. It was of moderate

  dimensions, and as safely closed in on all sides as a cot in the nursery or a babe in the womb. The Babylonians’ oyster was round, the earth was a hollow mountain, placed in its centre,

  floating on the waters of the deep; above it was a solid dome, covered by the upper waters. The upper waters seeped through the dome as rain, and the lower waters rose in fountains and springs.

  Sun, moon and stars progressed in a slow dance across the dome, entering the scene through the doors in the East and vanishing through doors in the West.




  The universe of the Egyptians was a more rectangular oyster or box; the earth was its floor, the sky was either a cow whose feet rested on the four corners of the earth, or a

  woman supporting herself on her elbows and knees; later, a vaulted metal lid. Around the inner walls of the box, on a kind of elevated gallery, flowed a river on which the sun and moon gods sailed

  their barques, entering and vanishing through various stage doors. The fixed stars were lamps, suspended from the vault, or carried by other gods. The planets sailed their own boats along canals

  originating in the Milky Way, the celestial twin of the Nile. Towards the fifteenth of each month, the moon god was attacked by a ferocious sow, and devoured in a fortnight of agony; then he was

  re-born again. Sometimes the sow swallowed him whole, causing a lunar eclipse. But these tragedies were, like those in a dream, both real and not; inside his box or womb, the dreamer felt fairly

  safe.




  This feeling of safety was derived from the discovery that, in spite of the tumultuous private lives of the sun and moon gods, their appearances and movements remained utterly dependable and

  predictable. They brought night and day, the seasons and the rain, harvest and sowing time, in regular cycles. The mother leaning over the cradle is an unpredictable goddess; but her feeding breast

  can be depended on to appear when needed. The dreaming mind may go through wild adventures, it may travel through Olympus and Tartarus, but the pulse of the dreamer has a regular beat that can be

  counted. The first to learn counting the pulse of the stars were the Babylonians.




  Some six thousand years ago, when the human mind was still half asleep, Chaldean priests were standing on watch-towers, scanning the stars, making maps and time-tables of their motions. Clay

  tablets dating from the reign of Sargon of Akkad, around 3800 BC, show an already old-established astronomical tradition. The time-tables became calendars which regulated

  organized activity, from the growing of crops to religious ceremonies. Their observations became amazingly precise: they computed the length of the year with a deviation of less than 0.001 per cent

  from the correct value, and their figures relating to the motions of sun and moon have only three times the margin of error of nineteenth-century astronomers armed with mammoth telescopes. In this

  respect, theirs was an Exact Science; their observations were verifiable, and enabled them to make precise predictions of astronomical events; though based on mythological assumptions, theory ‘worked’. Thus at the very beginning of this long journey, Science emerges in the shape of Janus, the double-faced god, guardian of doors and gates: the

  face in front alert and observant, while the other, dreamy and glassy-eyed, stares in the opposite direction.




  The most fascinating objects in the sky – from both points of view – were the planets, or vagabond stars. Only seven of these existed among the thousands of lights suspended from the

  firmament. They were the Sun, the Moon, Nebo – Mercury, Ishtar – Venus, Nergal – Mars, Marduk – Jupiter, and Ninib – Saturn. All other stars remained stationary, fixed

  in the pattern of the firmament, revolving once a day round the earth-mountain, but never changing their places in the pattern. The seven vagabond stars revolved with them, but at the same time

  they had a motion of their own, like flies wandering over the surface of a spinning globe. Yet they did not wander all across the sky: their movements were confined to a narrow lane, or belt, which

  was looped around the firmament at an angle of about twenty-three degrees to the equator. This belt – the Zodiac – was divided into twelve sections, and each section was named after a

  constellation of fixed stars in the neighbourhood. The Zodiac was the lovers’ lane in the skies, along which the planets ambled. The passing of a planet through one of the sections had a

  double significance: it yielded figures for the observer’s time-table, and symbolic messages of the mythological drama played out behind the scenes. Astrology and Astronomy remain to this day

  complementary fields of vision of Janus sapiens.




  Source: Arthur Koestler, The Sleepwalkers (London: Hutchinson, 1959), pp. 19–21.




  





  ANCIENT EGYPTIAN MATHEMATICS




  Like the Babylonians, the ancient Egyptians were impressive mathematicians who passed on their knowledge through prototype

  ‘textbooks’ such as the Rhind Mathematical Papyrus of c. 1650 BC (here). The papyrus, which is named after the Scottish Egyptologist Alexander Henry

  Rhind (1833-63), who bought it in Luxor in 1858, contains eighty-seven mathematical problems, the majority of which apply to practical matters such as dividing a bushel of barley among ten farmers

  so that each farmer gets 1/8 of a bushel more than the one before, or working out the area of a circular field with a particular diameter. Some of the problems have a slightly more theoretical

  bias, and seem designed to enhance the student’s ability to manipulate the number system. The first six problems, for example, ask how to divide n loaves between ten men, where

  n = 1 in the first problem, n = 2 in the second, n = 6 in the third, and so on up to n = 9 in the sixth.




  The following gently irreverent account of the Egyptian mathematical context is by the celebrated Egyptologist Thomas Eric Peet (1882-1934), who taught for many

  years at the University of Liverpool:




  The outstanding feature of Egyptian mathematics is its intensely practical character. This is not peculiar to mathematics, for it is typical of all the sciences in Egypt. As

  Plato alone of the Greeks seems to have realized, the Egyptians were essentially a ‘nation of shopkeepers,’ and interest in or speculation concerning a subject for its own sake was

  totally foreign to their minds.




  To realize this we have only to take a glance through the problems of the Rhind Papyrus. Here everything is expressed in concrete terms. The Egyptian does not speak or think of 8 as an abstract

  number, he thinks of 8 loaves or 8 sheep. He does not work out the slope of the sides of a pyramid because it interests him to know it, but because he needs a practical working rule to give to the

  mason who is to dress the stones. If he resolves 2/13 into 1/8 + 1/52 + 1/104 it is not because this fact in itself appeals in any way to his curiosity, but simply because sooner or later he will

  come across the fraction 2/13 in a sum, and since he has no machinery for dealing with fractions whose numerators are greater than unity he will then urgently need the resolution above stated.




  

    [image: ]


  




  1. Problem no. 28 from the Rhind Mathematical Papyrus, c. 1650 BC. In ancient Egyptian notation, a pair of legs walking left

  symbolized addition (+), while legs walking right symbolized subtraction (–). According to Peet, this problem ‘is incomplete and elliptically worded. Written in full it would run as

  follows: A number: two-thirds of it is added to itself and one-third of the total is subtracted. The result is 10. Find the number. Answer: 9.’ N.B., while the Babylonians wrote from left to

  right, the Egyptians wrote from right to left.




  

    Perhaps it is in keeping with this attitude that there is in our papyrus practically no instance of the use of a general formula, each case being worked out on its own merits, and cases which

    to us seem analogous being sometimes dealt with by totally different methods.


  




  In these facts we may see the cause why Egyptian mathematics stagnated, as they undoubtedly did. By the XIIth Dynasty the mathematician was already able to work out any problem which he was

  liable to meet in ordinary life. He could measure a field or a granary, and divide wages or booty in fixed proportions, and after all what more was needed? For further progress one of two

  conditions must be realized. Either altered conditions of civilization must present fresh problems for solution, or a genius must arise thirsting for knowledge for its own sake. Egypt could never

  produce such a genius, and it remained for Greece to do it . . .




  System of Notation




  The Egyptian system as we find it at the beginning of the Dynastic Period, and as it continued throughout history, was decimal. A unit was represented by a vertical stroke

  [image: ], two by two strokes, and so on up to 9. Ten was represented by [image: ], 20 by two

  such signs, and so on up to 90. For 100 a new unit [image: ] appears, and this repeated the requisite number of times served from 200 up to 900.

  For 1,000 [image: ] was used, for 10,000 [image: ], for 100,000 [image: ], and for 1,000,000 [image: ]. Thus 143,257 would be written




  

    [image: ]


  




  In the cursive ink-written script known as hieratic many of these numbers took on ligatured and contracted forms, the four strokes, for example, being shortened into a horizontal line. Hieratic

  forms for the numerals already existed as early as the First Dynasty, and ran through Egyptian history until replaced by the demotic in the Persian period.




  Despite the fact that in historical times the system is definitely decimal it contains faint traces of having originally been quinary. The evidence for this is too intricate to be discussed

  here, but the main points of the latest pronouncement on the subject, that of Jéquier, are as follows. The numbers from 1 to 5 have names resembling the African (Hamitic) names, and are part

  of the African inheritance of the Egyptians. The numbers from 6–10 have names offering some analogies with the Semitic names and are a later acquisition. The tens from 10 to 40 have special

  names which correspond neither to those of the Egyptian 1–5 nor to those of the tens in either Hamitic or Semitic languages. The tens from 50 to 90 are formed from the numbers 5–9, of

  which they are perhaps plural forms. These results must not be regarded as final, and will doubtless meet with considerable criticism. What would appear almost certain, however, is that there are

  remnants in the Egyptian system of a primitive quinary system based on finger numbering (the number 5 was represented by the figure of a hand), complicated by a later extension to a decimal system

  formed by the addition of the second hand. Exactly what portions of this system are due to African and Semitic origins respectively is still a matter of almost complete conjecture.




  The defects of this system are obvious. In the first place it was cumbrous, for in order to write such a number as 879 no fewer than 24 signs had to be made. This was to a

  certain extent neutralized in hieratic, where almost every unit, ten, hundred, and thousand developed a contracted form. The other defect of the system was the absence of anything in the nature of

  value by position, a disadvantage which it shared with the Greek notation and which was only circumvented by the Arab mathematicians, who are said to have derived positional notation from the

  Hindus and passed it on to us.




  As against these defects the system had one virtue which the Greek could not claim: it lent itself admirably to multiplication and division by 10, for in order to multiply 98 by 10 it was only

  necessary to turn the 8 units into ten-signs and the 9 ten-signs into hundred-signs. The result of this was that multiplication and division by 10 played a large role in the elementary processes of

  Egyptian reckoning.




  Source: T. Eric Peet, The Rhind Mathematical Papyrus, British Museum 10057 and 10058: Introduction, Transcription, Translation and Commentary (London: Hodder &

  Stoughton/Liverpool University Press, 1923), pp. 10–11.




  





  ZENO’S PARADOX AND OTHER PRESOCRATIC FRAGMENTS




  Though the Presocratic philosophers were never a cohesive group or school, and their active dates span several centuries, the term is

  nevertheless useful for referring to those early Mediterranean thinkers, such as Thales and Democritus, who (perhaps under the influence of the Babylonians and Egyptians) began to enquire into the

  processes of nature. Their thoughts survive mostly in fragment form, buried in the works of later Greek and Roman scholars, but there is enough material with which to form of a picture of a series

  of restless minds attempting to grapple with the questions that would go on to form the future disciplines of science. So here is Anaximander attempting to explain lunar eclipses and peals of

  thunder; Xenophanes describing fossilized fish; Empedocles proposing a theory of chemical affinity; and Diogenes asserting that the roundness of the earth is the result of its own rotation.




  Though most of these thinkers are now largely forgotten, some of their ideas remain familiar today, such as Leucippus’s and Democritus’s atomist

  theory, which states that everything in the universe, including us, is made up of tiny indivisible particles in a state of continual random motion; or Zeno’s famous paradox of Achilles and

  the tortoise, which claims that the faster of two runners could never overtake the slower if the slower is given a head start. Although Zeno’s paradoxes were not meant to be taken literally,

  they were designed to show that the ways in which we imagine that we understand the world are not as straightforward as we think. As Aristotle pointed out, Zeno was clearly wrong – Achilles

  will naturally overtake the tortoise – but his arguments nevertheless ‘give trouble to those who try to solve the problems they raise’:




  Thales of Miletus (c. 624–547 BC)




  Thales is traditionally the first to have revealed the investigation of nature to the Greeks: he had many predecessors, as Theophrastus thinks, but so far surpassed them as to

  blot out all who came before him. He is said to have left nothing in the form of writings except the so-called ‘Nautical Star-Guide’.




  (Simplicius, Commentary on the Physics)




  A witty and attractive Thracian servant-girl is said to have mocked Thales for falling into a well while he was observing the stars and gazing upwards;

  declaring that he was eager to know the things in the sky, but that what was behind him and just by his feet escaped his notice.




  (Plato, Theaetetus, 174A)




  Water is, according to Thales, the most powerful of the elements. He thinks it was the first of them, and that all the others sprang from it. We Stoics, too, are also of the

  same opinion.




  (Seneca, Quaestiones Naturales, Bk. III)




  Thales said that the sun is eclipsed when the moon is in front of it, and he indicated the day on which it is eclipsed, which some call the thirtieth and others the new

  moon.




  (Anon., Commentary on the Odyssey,




  Oxyrhynchus Papyrus 3710)




  We are indebted to old Thales for many discoveries and for this theorem in particular: he is said to have been the first to have recognized and stated that in every isosceles

  triangle the angles at the base are equal, and to have called the equal angles ‘similar’ in the archaic style.




  (Proclus, Commentary on Euclid)




  Anaximander of Miletus (c. 610–540 BC)




  Anaximander was a pupil of Thales . . . He said that a certain nature, the limitless, is the principle of the things which exist. From it come the heavens and the worlds in

  them. It is eternal and ageless, and it contains all the worlds. He also calls it time, since the generation and the destruction of the things which exist are determinate.




  The earth is aloft, not supported by anything but resting where it is because of its equal distance from everything. Its shape is rounded, circular, like a stone pillar. Of its surfaces, we

  stand on one while the other is opposite. The heavenly bodies are a circle of fire, separated off from the fire in the world and enclosed by air. There are vents – tubular channels – at

  which the heavenly bodies appear; hence eclipses occur when the vents are blocked, and the moon appears now waxing and now waning according to the blocking or opening of the

  channels. The circle of the sun is twenty-seven times greater than the earth and the circle of the moon eighteen times greater. The sun is highest, the circles of the fixed stars lowest.




  (Hippolytus, Refutation of All Heresies I)




  Anaximander refers all the phenomena of thunder to air. Peals of thunder are, he says, the sounds of blows on a cloud. He explains the inequality of the peals by the inequality

  of the blows. To the question, why it thunders in a clear sky also, he answers that even in absence of cloud the atmosphere is shaken and rent by the bursting forth of air. But why is there thunder

  sometimes and yet no lightning? The rarity and feebleness of the air render it incapable of producing flame, while yet sufficient to produce sound. Lightning, according to him, then, is really a

  disturbance where the atmosphere is merely parted and rushes thither and thither, displaying a faint fire that will not issue from its place. As for the thunderbolt, it is the career of the more

  active and denser air.




  (Seneca, Quaestiones Naturales, Bk. II)




  Xenophanes of Colophon (c. 570–475 BC)




  He said that the sea is salty because of the many mixtures flowing along in it. But Metrodorus says that it is on account of its filtering through the earth that it becomes

  salty. Further, Xenophanes thinks that a mixture of the land with the sea comes about, but that in time the land becomes freed from the moisture, and he asserts that there are proofs for these

  ideas: that shells are found inland and in mountains, and he says that in quarries in Syracuse imprints of fish and seals were found; and in Paros the imprint of coral in the deep of the marble and

  on Malta slabs of rock containing all sorts of sea creatures. He says that these things came about when long ago everything was covered with mud, and then the imprint dried in the clay . . . And he

  says that all men are destroyed when the earth is carried down into the sea and turns into mud; then they begin to be born again. And this is how all the worlds begin.




  (Hippolytus, Refutation of All Heresies I)




  Zeno’s Paradox




  The infamous paradoxes devised by Zeno of Elea (fl. 450 BC) offer a neat illustration of Einstein’s observation that ‘all the

  essential ideas in science were born in a dramatic conflict between reality and our attempts at understanding.’ They are pure thought experiments, an impertinent challenge to the logicians to

  prove them false: because merely knowing the paradoxes to be false was easy – proving them to be so was next to impossible:




  Zeno’s reasoning, however, is fallacious, when he says that if everything when it occupies an equal space is at rest, and if that which is in locomotion is always

  occupying such a space at any moment, the flying arrow is therefore motionless. This is false, for time is not composed of indivisible moments any more than any other magnitude is composed of

  indivisibles.




  Zeno’s arguments about motion, which cause so much disquietude to those who try to solve the problems that they present, are four in number. The first asserts the non-existence of motion

  on the ground that that which is in locomotion must arrive at the half-way stage before it arrives at the goal. This we have discussed above.




  The second is the so-called ‘Achilles’, and it amounts to this, that in a race the quickest runner can never overtake the slowest, since the pursuer must first reach the point whence

  the pursued started, so that the slower must always hold a lead. This argument is the same in principle as that which depends on bisection, though it differs from it in that the spaces with which

  we successively have to deal are not divided into halves. The result of the argument is that the slower is not overtaken: but it proceeds along the same lines as the bisection-argument (for in both

  a division of the space in a certain way leads to the result that the goal is not reached, though the ‘Achilles’ goes further in that it affirms that even the quickest runner in

  legendary tradition must fail in his pursuit of the slowest), so that the solution must be the same. And the axiom that that which holds a lead is never overtaken is false: it is not overtaken, it

  is true, while it holds a lead: but it is overtaken nevertheless if it is granted that it traverses the finite distance prescribed. These then are two of his arguments.




  The third is that already given above, to the effect that the flying arrow is at rest, which result follows from the assumption that time is composed of ‘moments’: if this assumption

  is not granted, the conclusion will not follow.




  (Aristotle, Physics Bk. VI)




  Empedocles of Acragas (c. 495–435 BC)




  Empedocles said – as Aristotle stated in On Generation and Corruption – that in all sublunary things (water, oil, etc.) channels and solid parts are mingled.

  He called the channels hollow and the solid parts dense. Where the solid parts and the channels, i.e. the hollow and the dense parts, are commensurate in such a way as to pass through one another,

  he said that mixing and blending take place (for example water and wine), but where they are incommensurate, he said they do not mix (for example oil and water); for he says that water ‘has

  an affinity with wine, but with oil it will not . . .’ Applying this to all bodies, he attempted to explain the sterility of mules.




  (Michael of Ephesus, Commentary on the Generation of Animals)




  Anaxagoras of Clazomenae (c. 500–428 BC)




  Pericles gained much from his association with Anaxagoras, and in particular he is thought to have risen above that superstition which amazement at the celestial phenomena

  produces in those who are ignorant of their causes and who, because of their inexperience, are fascinated and confused about things divine – a state of mind which is changed by a scientific

  account, which creates a sure piety based on good hopes in place of a fearful and feverish superstition.




  (Plutarch, Pericles)




  Anaxagoras says all the phenomena correspond to the descent of some force from there to the lower regions. So when the fire encounters cold clouds it emits a sound; when it

  cleaves them there is a flash; less violence in the fires produces lightning; greater, thunderbolts.




  (Seneca, Quaestiones Naturales, Bk. II)




  Leucippus (fl. early 5th century BC)




  Leucippus of Elea or Miletus (he is variously said to be from both cities), although he was committed to Parmenides’ theory, did not pursue the same path about existing

  things as Parmenides and Xenophanes, but the opposite, as it were. For whereas they held that the totality was one, motionless, ungenerated, and limited, and rules out seeking

  what-is-not, he theorized that the elements were atoms innumerable and in motion, and that there was unceasing coming to be and change in existing things. Moreover, what-is exists no more than

  what-is-not, and they are both equally causes of generated things . . .




  For, supposing that the substance of the atoms is solid and full, he said that it exists and that it is carried about in what is empty, which he called non-existent and which he says exists no

  less than does what is existent.




  (Simplicius, Commentary on Aristotle’s Physics)




  Democritus of Abdera (c. 460–370 BC)




  Democritus thinks that the nature of eternal things consists in small substances, limitless in quantity, and for them he posits a place, distinct from them, and limitless in

  extent. He calls places by the names ‘empty’, ‘nothing’ and ‘limitless’; and each of the substances he calls ‘thing’, ‘solid’ and

  ‘existent’. He thinks that the substances are so small that they escape our senses, and that they possess all sorts of forms and all sorts of shapes and differences in size. From them,

  as from elements, he produces and compounds the visible and perceptible masses. The atoms struggle and are carried about in the empty because of their dissimilarities and the other differences

  mentioned, and as they are carried about they collide and intertwine in a way which makes them touch and be near one another but which does not produce any truly single nature whatever from them;

  for it is utterly foolish to think that two or more things might ever become one. He explains that the substances remain together for a certain time because the bodies entangle with and grasp hold

  of one another; for some of them are scalene, some hooked, some concave, some convex, and others have innumerable other differences. So he thinks that they hold on to one another and remain

  together up to the time when some stronger necessity reaches them from their surroundings and shakes them and scatters them apart . . .




  (Simplicius, Commentary on the Heavens)




  Diogenes of Apollonia (fl. 450 BC)




  Air is the element. There are unlimited worlds and unlimited void. The air by being condensed and rarefied is generative of the worlds. Nothing comes to be from or perishes into

  what is not. The earth is round and is supported in the center (of the cosmos) and has undergone its process of formation through the rotation resulting from the hot and the solidification caused

  by the cold.




  (Diogenes Laertius, Lives of the Philosophers IX)




  This is the beginning of his book: ‘It is my opinion that the author, at the beginning of any account, should make his principle or starting-point indisputable, and his

  explanation simple and dignified’.




  (Diogenes Laertius, Lives of the Philosophers IX)




  Sources: I have made fair use of a range of sources for the fragments, including: Aristotle, Physica, trans. R. P. Hardie and R. K. Gaye (Oxford: Clarendon Press, 1908); John

  Clarke, Physical Science in the Time of Nero: Being a Translation of the Quaestiones Naturales of Seneca (London: Macmillan, 1910); G. S. Kirk, J. E. Raven and M. Schofield (eds), The

  Presocratic Philosophers: A Critical History with a Selection of Texts, 2nd edn (Cambridge: Cambridge University Press, 1983); Xenophanes of Colophon: Fragments, trans. J. H. Lesher

  (Toronto: University of Toronto Press, 1992); Patricia Curd and Richard D. McKirahan, Jr (eds), A Presocratics Reader: Selected Fragments and Testimonia (Indianapolis: Hackett, 1995);

  Jonathan Barnes (ed.), Early Greek Philosophy, 2nd edn (London: Penguin, 2001); Daniel W. Graham (ed.), The Texts of Early Greek Philosophy: The Complete Fragments and Selected

  Testimonies of the Major Presocratics (Cambridge: Cambridge University Press, 2010).




  





  THE SALTNESS OF THE SEA




  ‘Why is the sea salty?’ was a simple question that nevertheless puzzled ancient philosophers, who offered a variety of competing

  answers, from Democritus’s suggestion that the oceans have shrunk and thereby become more concentrated, to Empedocles’s crude bodily analogy of the sea as the sweat of the earth.




  Aristotle




  In this survey of the subject from his Meteorologica (c. 340 BC), the influential Greek philosopher and naturalist Aristotle

  (c. 384–322 BC) set out the parameters of the debate so far, offering some salty observations of his own on the Presocratics’ use of metaphorical language

  in connection with their search for natural knowledge. As will be seen in later episodes (on p. 127, for example), efforts to constrain the style of scientific communication have regularly been

  made over the centuries:




  We must now explain why the sea is salt, and ask whether it eternally exists as identically the same body, or whether it did not exist at all once and some day will exist no

  longer, but will dry up as some people think.




  Every one admits this, that if the whole world originated the sea did too; for they make them come into being at the same time. It follows that if the universe is eternal the same must be true

  of the sea. Any one who thinks like Democritus that the sea is diminishing and will disappear in the end reminds us of Aesop’s tales. His story was that Charybdis had twice sucked in the sea:

  the first time she made the mountains visible; the second time the islands; and when she sucks it in for the last time she will dry it up entirely. Such a tale is appropriate enough to Aesop in a

  rage with the ferryman, but not to serious inquirers . . .




  To return to the saltness of the sea: those who create the sea once for all, or indeed generate it at all, cannot account for its saltness. It makes no difference whether the sea is the residue

  of all the moisture that is about the earth and has been drawn up by the sun, or whether all the flavour existing in the whole mass of sweet water is due to the admixture of a

  certain kind of earth. Since the total volume of the sea is the same once the water that evaporated has returned, it follows that it must either have been salt at first too, or, if not at first,

  then not now either. If it was salt from the very beginning, then we want to know why that was so; and why, if salt water was drawn up then, that is not the case now.




  Again, if it is maintained that an admixture of earth makes the sea salt (for they say that earth has many flavours and is washed down by the rivers and so makes the sea salt by its admixture),

  it is strange that rivers should not be salt too. How can the admixture of this earth have such a striking effect in a great quantity of water and not in each river singly? For the sea, differing

  in nothing from rivers but in being salt, is evidently simply the totality of river water, and the rivers are the vehicle in which that earth is carried to their common destination.




  It is equally absurd to suppose that anything has been explained by calling the sea ‘the sweat of the earth’, like Empedocles. Metaphors are poetical and so that expression of his

  may satisfy the requirements of a poem, but as a scientific theory it is unsatisfactory. Even in the case of the body it is a question how the sweet liquid drunk becomes salt sweat whether it is

  merely by the departure of some element in it which is sweetest, or by the admixture of something, as when water is strained through ashes. Actually the saltness seems to be due to the same cause

  as in the case of the residual liquid that gathers in the bladder. That, too, becomes bitter and salt though the liquid we drink and that contained in our food is sweet. If then the bitterness is

  due in these cases (as with the water strained through lye) to the presence of a certain sort of stuff that is carried along by the urine (as indeed we actually find a salt deposit settling in

  chamber-pots) and is secreted from the flesh in sweat (as if the departing moisture were washing the stuff out of the body), then no doubt the admixture of something earthy with the water is what

  makes the sea salt.




  Rachel Carson




  Although best known today as the author of Silent Spring (1962), her influential polemic against the use of chemical pesticides, Rachel Carson (1907–64)

  worked for many years as a marine biologist, and began her writing career with a trilogy of beautifully crafted books about the sea. The following extract, in which Carson

  outlines the mineral content of the oceans, is from the second in the series, The Sea Around Us, that appeared in 1951:




  The ocean is the earth’s greatest storehouse of minerals. In a single cubic mile of sea water there are, on the average, 166 million tons of dissolved salts, and in all

  the ocean waters of the earth there are about 50 quadrillion tons. And it is in the nature of things for this quantity to be gradually increasing over the millennia, for although the earth is

  constantly shifting her component materials from place to place, the heaviest movements are forever seaward.




  It has been assumed that the first seas were only faintly saline and that their saltiness has been growing over the eons of time. For the primary source of the ocean’s salt is the rocky

  mantle of the continents. When those first rains came – the centuries-long rains that fell from the heavy clouds enveloping the young earth – they began the processes of wearing away

  the rocks and carrying their contained minerals to the sea. The annual flow of water seaward is believed to be about 6500 cubic miles, this inflow of river water adding to the ocean several billion

  tons of salts.




  It is a curious fact that there is little similarity between the chemical composition of river water and that of sea water. The various elements are present in entirely different proportions.

  The rivers bring in four times as much calcium as chloride, for example, yet in the ocean the proportions are strongly reversed – 46 times as much chloride as calcium. An important reason for

  the difference is that immense amounts of calcium salts are constantly being withdrawn from the sea water by marine animals and are used for building shells and skeletons – for the

  microscopic shells that house the foraminifera, for the massive structures of the coral reefs, and for the shells of oysters and clams and other mollusks. Another reason is the precipitation of

  calcium from sea water. There is a striking difference, too, in the silicon content of river and sea water – about 500 per cent greater in rivers than in the sea. The silica is required by

  diatoms to make their shells, and so the immense quantities brought in by rivers are largely utilized by these ubiquitous plants of the sea. Often there are exceptionally heavy growths of diatoms

  off the mouths of rivers. Because of the enormous total chemical requirements of all the fauna and flora of the sea, only a small part of the salts annually brought in by rivers

  goes to increasing the quantity of dissolved minerals in the water. The inequalities of chemical make-up are further reduced by reactions that are set in motion immediately the fresh water is

  discharged into the sea, and by the enormous disparities of volume between the incoming fresh water and the ocean.




  There are other agencies by which minerals are added to the sea – from obscure sources buried deep within the earth. From every volcano chlorine and other gases escape into the atmosphere

  and are carried down in rain onto the surface of land and sea. Volcanic ash and rock bring up other materials. And all the submarine volcanoes, discharging through unseen craters directly into the

  sea, pour in boron, chlorine, sulphur, and iodine.




  All this is a one-way flow of minerals to the sea. Only to a very limited extent is there any return of salts to the land. We attempt to recover some of them directly by chemical extraction and

  mining, and indirectly by harvesting the sea’s plants and animals. There is another way, in the long, recurring cycles of the earth, by which the sea itself gives back to the land what it has

  received. This happens when the ocean waters rise over the lands, deposit their sediments, and at last withdraw, leaving over the continent another layer of sedimentary rocks. These contain some of

  the water and salts of the sea. But it is only a temporary loan of minerals to the land and the return payment begins at once by way of the old, familiar channels – rain, erosion, run-off to

  the rivers, transport to the sea.




  Sources: Aristotle, Meteorologica, trans. E. W. Webster (Oxford: Clarendon Press, 1931), 356a–357b [Bk. II, III]; Rachel Carson, The Sea Around

  Us (New York: Oxford University Press, 1951), pp. 188–90.




  





  ATOMS AND INFINITY




  As was seen earlier (here), the ancient Greek materialist philosophers Leucippus, Democritus and Epicurus (c. 341–270 BC) argued that everything in the world, including us, was made of minute, indivisible particles called atoms (from the Greek atomos, meaning ‘that which cannot be

  divided’). But it was a Roman poet, Titus Lucretius Carus (c. 100–55 BC), who first popularized Greek atomist theory in an extraordinary 7,400-line

  didactic poem known as De rerum natura (‘On the Nature of Things’), from the first English translation of which I have chosen two representative extracts. The translator, Lucy

  Hutchinson (1620–81), was the author of Order and Disorder (1679), the first epic poem to be written by an Englishwoman, and as the following selections show, her poetic gifts were

  given full reign in this exuberant scholarly rendition of Lucretius’s great work.




  The first passage is concerned with demonstrating the infinity of the universe, and asks the reader to conduct a curiously modern thought experiment: imagine the

  edge of the universe, and then imagine a spear or dart thrown past that edge – into what? Into yet more universe, of course:




  

    

      

        We’ have proovd materiall bodies solid be,




        And uncorrupted moove eternally,




        Now letts enquire, whither they have a bound,




        Or are unlimited; Againe we ’ave found




        Vacuitie an open empty space,




        Where each thing mooves, and hath its proper place;




        Let’s then consider too, whither this be




        An universall vast profunditie,




        Or else enclosd with bounds; the world hath none;




        For whatere yeilds to circumscription,




        It selfe hath an extreame, that must admitt




        Or something else beyond, that limitts it.




        And when our sence arrives at that extreame,




        Which doth the utmost terme of allthings seeme,




        It matters not, where we that region site,




        Which must unbounded be, and infinite;




        Since nothing can those utmost limitts passe,




        Soe that though parts may be assignd to place,




        Th’immense universe yet must we leave




        Unlimited, and free; but now conceive




        All space could be comprizd in bounds, and soe




        Some man might to those uttmost regions goe,




        Should he there hurl his dart, with nimble force,




        Would it flie on, in the designed course,




        Or opposition find? One of these two




        Must be confest; and granting either, you




        Barre all retreate, and both ways are compelld,




        To allow the world, within no limitt held;




        For whither aniething the shaft oppose




        Or stop its flight, and it with bounds enclose,




        Or whither it be carried forth, it will




        Not finde an utmost terme, for we shall still




        Persue it wheresoere it flies, and when




        Tis brought to the extreamest region, then




        Enquire where you at length the shaft will place,




        Which wheresoere it flies, will still find space.


      


    


  




  This second extract contains one of Lucretius’s most celebrated images, of dust-motes dancing in a sunlit room, just as atoms dance through the immensity of space and time:




  

    

      

        Now that in this vast deepe it seeme not strange




        Materiall bodies ceaselessly should range,




        Thinke ’tis a place, which hath it selfe no bounde,




        Where no fixt seat can be for bodies found;




        Whose fathomlesse unlimited extent




        Allreadie proov’d, needs not new argument.




        And since tis soe, in this unbounded space,




        The principles rest not in any space:




        But dayly chang’d in motion still abide;




        Some in loose order joynd, extending wide;




        Some that touch neere, with stricter unions closd,




        Into a narrower compasse are disposd;




        And interwoven soe, they cannot spread.




        By these are the more solid bodies bred,




        As stones, hard iron, and some few more. But they




        Which from each others touch doe start away,




        And in a wider scope themselves dilate,




        They the transparent ayre and light create.




        Besides all these, many loose bodies be




        Which nere receiv’d into societie,




        Alone still wander through this vast extent,




        Whose image dayly objects represent.




        For if you marke, when the high sun conveys




        Into an obscure roome his piercing rayes,




        Even where the light flowes in with glorious streames,




        Armies of attoms sport in those bright beames,




        And meeting in perpetuall skirmishies,




        Here joyne, there part, their motions never cease;




        From whose vicissitudes we may comprize,




        What motions the first bodies exercise,




        In the unbounded world; thus small things may




        Illustrate greate, and guide us in the way




        Which to cleare knowledge leads; Againe when we




        Those mooving attoms in the sunbeames see,




        The perplext agitations in there declare,




        Such secret tumults in the matter are;




        For these troopes smitten with undiscerned force




        Are oft driv’n back, and often change their course,




        Here mount, there sinke, on every side reverst,




        All by th’ impulsive matter thus disperst.




        For principles first moove themselves, then those




        Whose bodies fewest substances compose,




        Who next them plac’d, their mooving power provokes,




        By the impulsion of its secret strokes.




        These moovd by them, moove the next rank, from whence




        Motion proceeds, untill it meete our sence;




        Which sees the attoms in the sunbeams strive,




        But not the force, whence they that power derive.


      


    


  




  J. J. Thomson




  The British physicist Joseph John (‘J. J.’) Thomson (1856–1940) won the 1906 Nobel Prize in Physics for his discovery of the electron, an elementary

  sub-atomic particle whose existence had first been postulated in the mid-nineteenth century. He attempted to name these particles ‘corpuscles’, but later physicists

  preferred to use the more classical term ‘electron’. In this extract from a public lecture given in Oxford in 1914, Thomson looks back at the early Greek atomists, before making a

  quietly brilliant insight about ‘physical facts’: that facts are not the dull, pedantic part of science, but the fun part, the impulsive part that gives the greatest kick to scientific

  creativity. For ‘nature is far more wonderful and unconventional than anything we can evolve from our inner consciousness’:




  The theory that matter in spite of its apparent continuity is in reality made up of a great number of very small particles, is as old as the science of Physics itself, and was

  enunciated almost as soon as men began to reason about physical phenomena. It would, however, be misleading to suppose that there is any very close connexion between the modern Atomic Theory and

  the views of Democritus and Lucretius. The old theory was in intention and effect metaphysical rather than physical, theological rather than scientific. The physics of two thousand years ago was

  far too scanty and uncertain to afford any support or test for such a theory; indeed, if I were called upon to prove to you that Democritus was right when he held that matter was discontinuous, and

  Aristotle wrong when he said it was not so, I should have to appeal to facts not one of which was known either to Democritus or Aristotle. The great and invaluable service which the Greek atomists

  have rendered to science is that they were the first to attempt on mechanical principles to explain complicated physical phenomena as the result of combinations of simpler ones; they pointed out

  the goal which science is still struggling to reach. For two thousand years the Atomic Theory itself made no progress, because, though in form a physical theory, it had no real connexion with

  physical phenomena, no facts were known by which it could be tested, and it was too vague to suggest for itself effects which could be put to the text of experiment. It was sterile because it was

  divorced from experience. It affords a striking proof that a theory can only grow by the co-operation of thought and facts, and that all that is valuable in a physical theory is not only tested,

  but in most cases suggested, by the study of physical phenomena. In the interplay between mind and matter in scientific discovery, the parts played by the two are, I think, widely different from

  those usually assigned to them in popular estimation. There is a widespread belief that the mind itself is desperately speculative, that it is only kept from wild imaginings by

  the control of its stolid and prosaic partner, the physical facts. The true state of affairs is, I think, that it is the mind which acts as the brake in this combination, that the impulsive partner

  is the facts, and that these spur on the mind to take leaps which it would shudder at when not under the influence of this stimulus. Nature is far more wonderful and unconventional than anything we

  can evolve from our inner consciousness. The most far-reaching generalizations which may influence philosophy as well as revolutionize physics, may be suggested, nay, forced on the mind by the

  discovery of some trivial phenomenon. To take an example, an improvement in the method of exhausting air from closed vessels enabled experimenters to send an electric discharge through gas more

  highly rarefied than had previously been possible. When they did this they observed that the glass of the vessel shone with a peculiar phosphorescent light: the study of this light led to the

  discovery of cathode rays, cathode rays led on to Rontgen rays, and the study of those rays started ideas which have entirely changed our conceptions of matter.




  Sources: Lucretius, De rerum natura, trans. Lucy Hutchinson (British Library Add. MS 19333, ff. 23v–24v [Bk. I, 955–90]; ff.

  29v–30v [Bk. II, 90–137]); J. J. Thomson, The Atomic Theory: The Romanes Lecture 1914 (Oxford: Clarendon, 1914), pp. 3–4.




  





  WHIRLWINDS




  A whirlwind is a mini-tornado that forms in an updraught of air as it passes over discontinuously heated ground. If the moving air is funnelled

  through some kind of constriction it can begin to rotate, picking up dust as it does so, growing upwards into a sometimes quite vigorous twister. True tornadoes, on the other hand, form below the

  base of a supercell stormcloud when powerful downdraughts drag the cloud’s rotating heart (its mesocyclone) towards the ground, creating a visible funnel that begins to throw up soil and

  debris as soon as it makes contact. As the following two extracts show, the causes of such phenomena have been known for centuries.




  Seneca




  Lucius Annaeus Seneca (c. 4 BC – AD 65) was a Roman statesman and philosopher, who based his last book,

  Natural Questions, on a lifetime of reading about the natural sciences. Seneca evidently understood that air and water are subject to similar kinds of turbulent flow, and knew that the most

  powerful storms were driven by the rotation of the earth. In the following extract, on the phenomenon of the whirlwind (Latin: turbo), he employs a deft analogy with the way water swirls

  around an obstruction to create a vortex, as well as what appears to be an accurate description of the collapse of a tornadic stormcloud’s rain-free base.




  At this point, if you have no objection, one may raise the question why a whirlwind occurs. In rivers, when their course has been without any obstacle for a long distance, the

  channel is a straight, uniform one. But when they meet some boulder that juts from the bank, the stream is driven back and whirls the waters in a circle without a way of escape, so that in their

  revolution they are constantly sucked in toward the centre to form a whirlpool. In like manner the wind pours out in full force as long as no obstacle stands in the way. But when it is reflected

  from some jutting projection, or is massed in a quarter which combines to form a thin downward channel, then it revolves upon its own axis, and produces an eddy similar to that in which, as we have

  just said, the water revolves. This revolving wind, which always traverses the same spot and is roused to fury by the mere giddy whirling, is a whirlwind. If it is a very fierce

  one, and revolves longer than ordinary, it ignites and causes what the Greeks call a fire-wind (prester), which is just a fiery whirlwind. The bursting of such winds from the clouds produces

  almost all the disasters by which herds are carried off and ships lifted, bodily, right out of the water. Further, some winds produce different ones by dispersing the air and driving it before them

  in other directions than that toward which they themselves have bent their course.




  It occurs to me at the moment to mention a parallel to wind that may be drawn from drops of moisture. The single drops may begin to incline downwards and be on the verge of giving way, but yet

  do not manage to fall. When, however, several have united and the mass has imparted strength, then they are said to flow and to move. So, as long as there are slight movements of the atmosphere

  disturbed at several points, they do not produce wind. The latter begins only when all those movements are united and concentrated in a single effort. Air differs from wind in degree alone. A more

  violent air is a wind; air in turn is gently flowing atmosphere.




  . . . I said a moment ago that the whirlwind’s eddy could not long endure, nor could it mount higher than the moon, or as far as the place of stars. Of course, the

  whirlwind is caused by the mutual struggle of several winds, and the contest cannot be kept up for any long time. When the wandering uncertain air assumes a rotatory form, in the last instance the

  force of all the winds yields to the single strongest one. No hurricane lasts long. The more strength squalls have, the shorter their duration. When winds reach their maximum, they quickly abate

  all their violence. By that headlong speed they must needs hasten to their own destruction. So no one has ever seen a whirlwind last a whole day, or even an hour. Its velocity is astonishing, its

  brevity no less astonishing. Moreover, on the earth and near it, its rotation is swifter and more violent; the higher it is, the less condensed and compact is it, and that is the reason of its more

  rapid dissipation. Add the fact, too, that even if it reached the highest region where the stars’ path lies, it would most certainly be broken up by the motion which causes the universe to

  revolve. For what can compare in rapidity with the revolution of the world? Thereby the strength of all the winds combined in one would be shattered, aye, and the strong solid

  chain that binds the earth, not to say a wisp of whirling air.




  John P. Finley




  The first book devoted to a meteorological treatment of full-scale Midwest tornadoes appeared in 1887, written in a heightened ‘frontier’ style by John Park

  Finley (1854–1943), a lieutenant in the US Army Signal Corps:




  The populous region of the United States is forever doomed to the devastation of the tornado. As certain as that night follows day is the coming of the funnel-shaped cloud. So

  long as the sun shines upon the vast regions in the Mississippi and Missouri valleys, there will forever occur those atmospheric conditions which terminate in the destructive violence of the

  tornado. Nature’s laws are unerring in their certainty of procedure, the earth must travel in its orbit about the sun and the seasons must recur in regular sequence as the result of this

  wonderful periodicity of movement. The earth must revolve upon its axis, and daylight and darkness, heat and cold, must succeed each other with infallible precision. Without these great and regular

  mutations dependent upon the solar system, atmospheric phenomena would cease altogether. Granting that the solar system must continue intact, we have but to watch and protect ourselves as best we

  may against the fury of the elements. Ignorance of our surroundings is a most unfortunate plea for those who stubbornly fail to heed the warnings of science . . .




  What is a tornado? In defining this storm it would seem almost a necessity to rehearse its long line of striking characteristics, but this in the common acceptation of the term would not

  strictly be a definition. For the sake of brevity, we will state that the tornado is that form of atmospheric disturbance which takes the outward, visible fashion or figure of a funnel-shaped

  cloud, revolving about a vertical axis from right to left with an inconceivably rapid movement and an immensity of power almost beyond calculation.




  Conditions of Formation. – These may be divided into classes. First, those within the reach of and which may be known or investigated by an isolated observer. Second, those conditions only

  to be witnessed and analyzed by the intelligent and practiced eye of the student of the weather map. To the single observer, located mayhap at his farm home, the workshop, or the store, there are

  important atmospheric conditions which he may carefully watch and study with profit, viz.: the gradual setting in and prolonged movement of the air from the north and south points; the gradual but

  continued fall of the thermometer with a prevalence of the northerly currents, or a rise with the predominance of the southerly. If the northerly currents are the prevailing

  air-movements at your place of observation, the atmospheric disturbance is forming to the southward, but if the prevailing air-currents are from the south the storm is forming to the northward of

  your location. Carefully study cloud development, color as well as form, also manner and direction of approach. The approach of the cirrus cloud (perhaps at a height of six to eight miles) from the

  southwest is very significant, and is the first evidence of the gradual but certain advance of the upper southwest current, which eventually plays so important a part in the development of the

  tornado-cloud. Clouds are but the embodiment of air-currents, yet they are full of meaning. A study of the upper currents of the atmosphere would be impossible without their manifestations, and

  that, too, in a variety of forms. Without cloud formation, the face of the sky would become a blank, and intelligent reasoning thereof a superhuman task.




  

    [image: ]


  




  2. A dramatic engraving of an 1883 tornado from the first book devoted to the subject, John P. Finley’s Tornadoes: What they are and how to observe

  them (1887).




  

    Wind direction, temperature, and clouds are the proper subjects of observation and thought by the isolated observer. The barometer is of little if any importance in this

    line of inquiry. If you cannot compare your barometric observations with those taken at near or distant points and at the same moment of actual time, they are of no practical moment, even though

    your instrument is a standard one and your corrections for temperature and elevation carefully applied. The storm you are watching for (the tornado) is an extremely local affair, whereas the

    barometer indicates general changes, affecting a large extent of country. Your instrument, if a standard, does not lack possession of the delicate sensitiveness requisite for all the purposes of

    its construction, but if it were placed in the immediate track of the tornado-cloud, it would not indicate its presence until the crash of the storm was upon the instrument, when of course it

    would be too late . . .


  




  As these conditions continue to prevail there is a growing contrast of temperature to the north and south of the major axis, owing to the long-continued movement of the atmosphere from opposite

  directions, such movement eventually affecting the disposition of air in the warmer regions of the extreme south and likewise the colder regions of the extreme north. The contrast of temperature

  now naturally increases with marked rapidity, and the formation of clouds commences in earnest. Huge masses of dark and portentous appearance bank up in the northwest and southwest with amazing

  rapidity, and soon the scene becomes one of awful grandeur. The struggle for mastery in the opposing currents is thus indicated by the gathering cloud formations. The condensation of vapor from the

  extremely humid southerly currents by contact with the augmenting cold of their struggling opponents continues. It increases rapidly. Finally, when resistance to the unstable equilibrium can no

  longer be maintained (controlled by the rate of temperature change and rapidity of condensation), the opposing forces are, as it were, broken asunder, followed by the upward rush of huge volumes of

  air. The outward indication of this event is first shown in the whirling, dashing clouds over the broken surface of the heavy bank of condensed vapor, forming the background. A scene not easily

  depicted or realized by one who has not witnessed it, but never to be effaced from the memory of the actual observer. There is an awful terror in the majesty of the power here represented, and in

  the unnatural movement of the clouds, which affects animals as well as human beings. The next stage in the further development of this atmospheric disturbance is the gradual

  descent of the funnel-shaped cloud from a point apparently just beneath the position of the enactment of the first scene. The tornado is now before us, not fully developed, but soon to acquire that

  condition when the terrible violence of its power will make the earth tremble, animals terror-stricken, and men’s hearts quake with fear.




  Sources: Physical Science in the Time of Nero: Being a Translation of the Quaestiones Naturales of Seneca (London: Macmillan, 1910), pp. 204–5; 280–81 (Bk. V,

  13.1–4; Bk. VII, 9.2–4); John P. Finley, Tornadoes: What they are and how to observe them; with practical suggestions for the protection of life and property (New York: The

  Insurance Monitor, 1887), pp. 8–25.




  





  THE PENALTY OF RUST




  The Roman naturalist Pliny the Elder (c. AD 23–79) completed his multi-volume Natural History in

  AD 77, two years before he met his death during the great eruption of Vesuvius – the terms Plinian and ultra-Plinian are still used by volcanologists to describe the

  more violent kinds of eruption. The following extract from book thirty-four of his vast compendium offers an insight into the advanced state of Roman metallurgy, in which the understanding of the

  effects of rust and verdigris (copper carbonate) extended to their deliberate use as decorative sculptural devices; it also features an early expression of disquiet at the military exploitation of

  science and technology in the shape of the ‘winged missile’, a sentiment that anticipates the later unease that was felt by scientists such as Erwin Chargaff in the wake of the bombings

  of Japan (see here):




  Verdigris is also applied to many purposes, and is prepared in numerous ways. Sometimes it is detached already formed, from the mineral from which copper is smelted: and

  sometimes it is made by piercing holes in white copper, and suspending it over strong vinegar in casks, which are closed with covers; it being much superior if scales of copper are used for the

  purpose. Some persons plunge vessels themselves, made of white copper, into earthen pots filled with vinegar, and scrape them at the end of ten days. Others, again, cover the vessels with husks of

  grapes, and scrape them in the same way, at the end of ten days. Others sprinkle vinegar upon copper filings, and stir them frequently with a spatula in the course of the day, until they are

  completely dissolved. Others prefer triturating these filings with vinegar in a brazen mortar: but the most expeditious method of all is to add to the vinegar shavings of coronet copper. Rhodian

  verdigris, more particularly, is adulterated with pounded marble; some persons use pumice-stone or gum.




  The adulteration, however, which is the most difficult to detect, is made with copperas; the other sophistications being detected by the crackling of the substance when bitten with the teeth.

  The best mode of testing it is by using an iron fire-shovel; for when thus subjected to the fire, if pure, the verdigris retains its colour, but if mixed with copperas, it becomes red. The fraud

  may also be detected by using a leaf of papyrus, which has been steeped in an infusion of nut-galls; for it becomes black immediately upon the genuine verdigris being applied.

  It may also be detected by the eye; the green colour being unpleasant to the sight. But whether it is pure or adulterated, the best method is first to wash and dry it, and then to burn it in a new

  earthen vessel, turning it over until it is reduced to an ash; after which it is pounded and put by for use. Some persons calcine it in raw earthen vessels, until the earthenware becomes thoroughly

  baked: others again add to it male frankincense. Verdigris is washed, too, in the same manner as cadmia.




  It affords a most useful ingredient for eye-salves, and from its mordent action is highly beneficial for watery humours of the eyes. It is necessary, however, to wash the part with warm water,

  applied with a fine sponge, until its mordency is no longer felt . . .




  Next to copper we must give an account of the metal known as iron, at the same time the most useful and the most fatal instrument in the hand of mankind. For by the aid of iron we lay open the

  ground, we plant trees, we prepare our vineyard-trees, and we force our vines each year to resume their youthful state, by cutting away their decayed branches. It is by the aid of iron that we

  construct houses, cleave rocks, and perform so many other useful offices of life. But it is with iron also that wars, murders, and robberies are effected, and this, not only hand to hand, but from

  a distance even, by the aid of missiles and winged weapons, now launched from engines, now hurled by the human arm, and now furnished with feathery wings. This last I regard as the most criminal

  artifice that has been devised by the human mind; for, as if to bring death upon man with still greater rapidity, we have given wings to iron and taught it to fly. Let us therefore acquit Nature of

  a charge that here belongs to man himself.




  Indeed there have been some instances in which it has been proved that iron might be solely used for innocent purposes. In the treaty which Porsena granted to the Roman people, after the

  expulsion of the kings, we find it expressly stipulated, that iron shall be only employed for the cultivation of the fields; and our oldest authors inform us, that in those days it was considered

  unsafe to write with an iron pen. There is an edict extant, published in the third consulship of Pompeius Magnus, during the tumults that ensued upon the death of Clodius,

  prohibiting any weapon from being retained in the City.




  Still, however, human industry has not failed to employ iron for perpetuating the honours of more civilized life. The artist Aristonidas, wishing to express the fury of Athamas subsiding into

  repentance, after he had thrown his son Learchus from the rock, blended copper and iron, in order that the blush of shame might be more exactly expressed, by the rust of the iron making its

  appearance through the shining substance of the copper; a statue which still exists at Rhodes. There is also, in the same city, a Hercules of iron, executed by Alcon, the endurance displayed in his

  labours by the god having suggested the idea. We see too, at Rome, cups of iron consecrated in the Temple of Mars the Avenger. Nature, in conformity with her usual benevolence, has limited the

  power of iron, by inflicting upon it the penalty of rust; and has thus displayed her usual foresight in rendering nothing in existence more perishable, than the substance which brings the greatest

  dangers upon perishable mortality . . . Human blood revenges itself upon iron; for if the metal has been once touched by this blood it is much more apt to become rusty.




  As Pliny’s words imply, corrosion was one of nature’s conundrums, especially when the advent of precision balances in the

  mid-eighteenth century revealed that a rusted piece of iron weighs more than it did in its pristine state. This is because the metal has oxidized – it has taken on oxygen molecules from the

  air – though there is more to corrosion than the simple appearance of rust. Firstly, a corroded metal surface has been attacked by certain gases in the atmosphere, as well as by moisture, and

  these two agents interact in chemically complicated ways. In fact a piece of corroding metal behaves a little like a battery, with small localized electric currents running around the surface.

  Corrosion is almost a form of electrolysis, as William Alexander and Arthur Street pointed out in their near-definitive survey Metals in the Service of Man (a book that first appeared in

  1944, and was regularly updated in new editions over the course of the following four decades). ‘In a battery an electric current is produced by suspending two metals in a chemical

  solution’, they wrote. ‘When the circuit is completed one metal, known as the anode, dissolves, while an electric current flows through the solution from this corroding metal to the

  other, called the cathode.’ This, they argued, is closely analogous to the situation of a piece of metal in contact with moisture in the air: ‘the presence of

  particles of an impurity, or contact with some other metal, allows a difference of voltage to be set up, thus causing a minute electric current to flow. The moisture, containing air or some

  dissolved chemical substance, conducts the electricity and local attack is begun.’




  Source: The Natural History of Pliny, trans. John Bostock and H.T. Riley, 6 vols (London: Henry G. Bohn, 1855), VI, pp. 195–7; 205–9 (Bk. XXXIV).




  





  THE FERRIS WHEEL UNIVERSE




  Aristotle had maintained that the planets move in stately circles at a uniform speed around the earth, but by the beginning of the Christian era

  this view could no longer be reconciled with astronomical observations. The dilemma was seemingly solved by the Greek-Egyptian mathematician Claudius Ptolemy (c. AD

  100–178), who argued that the planets move at variable speeds, performing small looping circles, known as epicycles, within their wider circular orbits of the earth. As new observations

  served to complicate the picture, the epicycles – and the mathematics needed to describe them – became ever more complex and ingenious. Ptolemy’s calculations were collected in a

  thirteen-volume compendium entitled the Syntaxis mathematica, better known by its Arabic name, the Almagest (‘the greatest’), much of which is dense, difficult and

  obscurely expressed, though I am fond of Ptolemy’s assertion, from the beginning of Book I, that the earth does not rotate, otherwise objects would fling off its surface like mud from a

  spinning wheel, and ‘the animals and other weights would be left hanging in the air, and the Earth would very quickly fall out of the heavens.’




  The Ptolemaic universe, in which the earth remained fixed at the centre while the stars and planets performed ever more elaborate quadrilles around it, dominated

  cosmology for more than 1,400 years, and remained the orthodox view of the heavens even after Nicholas Copernicus published his De Revolutionibus Orbium Coelestium in 1543 (see here). It

  was not until Johannes Kepler devised his laws of planetary motion in the early decades of the seventeenth century that Ptolemy’s infamous epicycles were finally abandoned. Arthur Koestler

  – whose grand evocation of the Babylonian worldview opened this anthology – seemed perturbed by the hold that Ptolemy’s work seemed to have over centuries of astronomical thought,

  describing it as ‘the work of a pedant with much patience and little originality, doggedly piling “orb in orb” ’. No wonder he called it ‘the Ferris Wheel

  universe’, a clockwork artefact in which vast numbers of invisible wheels revolved in intricate sympathy, turning independently from the main structure like the cabins on a Ferris wheel,

  describing a series of epicycles that draw an amazing variety of ‘curves, garlands, ovals, and even straight lines!’ As Alphonso X of Castile (1221–84) apparently said, when he

  was taught the fundamentals of the Ptolemaic system,‘If the Lord Almighty had consulted me before embarking upon the Creation, I should have recommended something simpler.’




  What follows is my own experimental attempt at translating a short passage from Book I of the Almagest, cribbed partly from the Latin

  edition, partly from a nineteenth-century French edition (with heavy use of a pile of dictionaries!), and partly from the available English translations. My aim has been to capture the strange,

  iridescent poetry of the Ptolemaic scheme in all its (literally) eccentric glory. In this passage, Ptolemy outlines the case for believing that the earth is at the centre of the universe, and that

  it does not move from its fixed position:
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  3. Ptolemy’s Earth-centred cosmology dominated Western astronomy for 1,400 years until displaced by the calculations of Copernicus and Kepler.

  This page from a fifteenth-century Latin translation of Ptolemy’s Almagest shows how epicycles were used to explain Saturn’s apparent retrograde motions during its orbit of the

  Earth.




  We know that the earth is spherical for the following obvious reasons: we can see that the sun, moon and other stars do not rise or set at the

  same time for everyone on earth, but always do so earlier for those who live in the east, and later for those who live in the west. And we also find that an eclipse, especially a lunar eclipse,

  which takes place at a particular hour, will be recorded as occurring at a variety of times, which is always later in the east than in the west (relative to our noon). So it is reasonable to

  conclude that the earth is spherical, because its curving surface cuts off the view of the heavens for every set of observers in turn . . . the same thing also happens at sea, when mountains seem

  to rise from the waters as we approach them, due to the curvature of the water’s surface . . .




  With that settled, let us turn to the position of the earth, where we find that these and other appearances can only be accounted for by its being in the middle of the universe, as though

  at the centre of a vast sphere. For if it wasn’t, the earth would have to be either off its axis but equidistant from the poles, on its axis but nearer one of the poles, or else neither on

  its axis nor equidistant from the poles.




  None of these alternatives stand up to scrutiny; for if you succeeded in relocating the earth along its axis, you would never see another equinox again, since the horizon would always bisect the

  heavens unequally . . .




  So, if the earth was not at the centre of the universe, all the heavenly phenomena that we see, such as the seasonal lengthening and shortening of the days, would be thrown into complete

  disarray. Moreover, lunar eclipses would no longer occur only when the moon is diametrically opposite the sun, since the earth would often come between them even when they were not diametrically

  opposed, at intervals of less than a semi-circle . . .




  Following on from these objections, it can be shown that the earth cannot move in any of these alternative directions, nor alter its place at the centre of the universe, because the implied

  outcomes would be the same. So it’s a waste of time to look for explanations of the apparent motion of objects towards the centre, since it is it obvious from actual observations that the

  earth occupies the centre, and that all massive objects are naturally carried towards it. You need only consider the following fact: in all parts of the earth, which has already been shown to be

  spherical and in the centre of the universe, the direction and path of the movement of all massive bodies is always at right angles to the tangent plane (as drawn through the

  falling body’s point of collision with the earth). It is clear that, if such objects were not stopped at the earth’s surface, they would go all the way to the very centre, since the

  line to the centre is always perpendicular to the plane tangent of the sphere’s surface at the point of intersection.




  Anyone who thinks it a paradox that a body as heavy as the earth appears not to be supported by anything and yet stays where it is, is falling into the trap of judging on the basis of their own

  small experience instead of taking into account the nature of the wider universe. Because I don’t believe they would still find it strange if they bore in mind that the mass of the earth,

  when compared with the magnitude of all that surrounds it, is but a tiny dot in comparison. Looked at in those terms, it is clear that a smaller object will always be overwhelmed and pressed in

  from all directions by a vast and uniform medium such as space. For there is no such thing as ‘above’ or ‘below’ in the great expanse of the universe, just as there is no

  ‘up’ and ‘down’ inside a sphere. Instead, light and airy bodies are scattered towards the outer circumference – in the overhead direction which we call

  ‘up’ – while dense and weighty bodies, by contrast, are carried towards the centre, in the direction we call ‘down’, that is, towards our feet and beyond, towards the

  centre of the earth. Naturally, these heavy bodies gravitate towards the centre due to the uniform pressure and resistance that is present throughout the universe. Since the earth’s mass is

  great compared to that of the smaller bodies that fall towards it, it stays motionless even when struck from all sides. If the earth had even one motion in common with other massive objects, it is

  obvious that, because of its size, it would fall through the universe faster than any of them: animals and other weights would be left hanging in the air, and the earth would very soon fall out of

  the heavens. But you only have to think about it to see how nonsensical that is.
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