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Bill Bryson is the internationally bestselling author of The Lost Continent, Mother Tongue, Neither Here Nor There, Made in America, Notes from a Small Island, A Walk in the Woods, Notes from a Big Country, Down Under, The Life and Times of the Thunderbolt Kid and A Short History of Nearly Everything, which was shortlisted for the Samuel Johnson Prize, won the Aventis Prize for Science Books in 2004, and was awarded the Descartes Science Communication Prize in 2005.



I CAN TELL YOU AT ONCE THAT MY FAVOURITE FELLOW OF THE ROYAL SOCIETY WAS THE REVEREND THOMAS BAYES, FROM TUNBRIDGE WELLS IN KENT, WHO LIVED FROM ABOUT 1701 TO 1761. HE WAS BY ALL ACCOUNTS A HOPELESS PREACHER, BUT A BRILLIANT MATHEMATICIAN. AT SOME POINT – IT IS NOT CERTAIN WHEN – HE DEVISED THE COMPLEX MATHEMATICAL EQUATION THAT HAS COME TO BE KNOWN AS THE BAYES THEOREM, WHICH LOOKS LIKE THIS:
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People who understand the formula can use it to work out various probability distributions – or inverse probabilities, as they are sometimes called. It is a way of arriving at statistical likelihoods based on partial information. The remarkable feature of Bayes’ theorem is that it had no practical applications in his own lifetime. Although simple cases yield simple sums, most uses demand serious computational power to do the volume of calculations. So in Bayes day it was simply an interesting but largely pointless exercise.

Bayes evidently thought so little of his theorem that he didnt bother to publish it. It was a friend who sent it to the Royal Society in London in 1763, two years after Bayes death, where it was published in the Societys Philosophical Transactions with the modest title of An Essay Towards Solving a Problem in the Doctrine of Chances. In fact, it was a milestone in the history of mathematics. Today, with the aid of supercomputers, Bayes theorem is used routinely in the modelling of climate change and weather forecasting generally, in interpreting radiocarbon dates, in social policy, astrophysics, stock market analysis, and wherever else probability is a problem. And its discoverer is remembered today simply because nearly 250 years ago someone at the Royal Society decided it was worth preserving his work, just in case.

The Royal Society has been doing interesting and heroic things like this since 1660 when it was founded, one damp weeknight in late November, by a dozen men who had gathered in rooms at Gresham College in London to hear Christopher Wren, twenty-eight years old and not yet generally famous, give a lecture on astronomy. It seemed to them a good idea to form a Society  that is all they called it at first  to assist and promote the accumulation of useful knowledge.

Nobody had ever done anything quite like this before, or would ever do it half as well again. The Royal Society (it became royal with the granting of a charter by Charles II in 1662) invented scientific publishing and peer review. It made English the primary language of scientific discourse, in place of Latin. It systematised experimentation. It promoted  indeed, insisted upon  clarity of expression in place of high-flown rhetoric. It brought together the best thinking from all over the world. It created modern science.

Nothing, it seems, was beneath its attention. Society members took an early interest in microscopy, woodland management, architectural load bearing, the behaviour of gases, the development of the pocket watch, the thermal expansion of glass. Before most people had ever tasted a potato, the Royal Society debated the practicality of making it a staple crop in Ireland (ironically, as a hedge against famine). Two years after its formation, Christopher Merret, one of the founding Fellows, demonstrated a method for fermenting wine twice over, endowing it with a pleasing effervescence. He had, in short, invented champagne. The next year John Aubrey contributed a paper on the ancient stone monuments at Avebury, and so effectively created archaeology. John Locke contributed a paper on the poisonous fish of the Bahamas. And so it went on, decade after productive decade. When Benjamin Franklin flew his kite in a thunderstorm it was for the Royal Society that he very nearly killed himself. When a gas holder in Woolwich exploded with devastating consequences or gunpowder repeatedly failed to ignite or the navy needed a cure for scurvy, the Royal Society was called in to advise.
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Letter from Thomas Bayes to John Canton concerning logarithms, 24 November 1763.

At least three things have always set the Society apart. First, from the outset, it was truly international. In 1665, Henry Oldenburg, himself German born, became editor of the Societys first journal (now one of seven), which was given the full and satisfying name Philosophical Transactions: Giving some Accompt of the Present Undertakings, Studies and Labours of the Ingenious in many Considerable Parts of the World. No words from the Societys early annals have more significance than that phrase many Considerable Parts of the World.

The international aspect was clearly a central part of what made it a success so early, says Stephen Cox, the Societys genial chief executive. Right from the start we were getting papers from people like Marcello Malpighi and Christiaan Huygens, so very early on it had become a place where ideas from all over could be exchanged  a kind of early version of the Internet really. As Cox likes to note, the Royal Society had a foreign secretary a hundred years before the British government did.

In an age when sabres hardly ever ceased rattling, the Society became the least nationalistic of national institutions. The name itself is telling. Royal Society of London describes a location, not an allegiance. Had it been the Royal Society of Great Britain it would have been a very different organisation whether it wished it or not. So throughout its history it has been the most admirably neutral and cosmopolitan of entities. When Benjamin Franklin was a voice of revolution against Great Britain, he was still an esteemed and welcome member of the Society; and when Captain James Cook circumnavigated the globe in British ships in the name of knowledge he did so with perfect assurances that he would not be molested by any American vessels he encountered. During the Napoleonic wars, Humphry Davy was able to travel on scientific business across Europe thanks to a letter of dispensation from Napoleon that he carried in his pocket. The Société Philomathique gave him a dinner in Paris and drank the health of the Royal Society, if not the king. In like spirit, the Society refused to expel Fellows from enemy nations during either of the world wars, and was one of the first bodies to re-establish links after them.
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Engraving of Antoni van Leeuwenhoek by Verkolje.
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A letter from Antoni van Leeuwenhoek to the Royal Society regarding observations of duckweed, its roots and reproduction, 25 December 1702.

Quite as remarkable as its cosmopolitanism was a second distinctive characteristic of the Royal Society  namely, that it wasnt necessary to be well born to be part of it. Having wealth and title didnt hurt, of course, but being scientifically conscientious and experimentally clever were far more important. No one better illustrated this than a retiring linen draper from Delft named Antoni van Leeuwenhoek. Over a period of fifty years  a period that began when he was already past forty  Leeuwenhoek submitted some two hundred papers to the Royal Society, all accompanied by the most excellent and exacting drawings, of the things he found by looking through his hand-wrought microscopes. These were tiny wooden paddles with a little bubble of glass embedded in them. How he managed to work them is something of a wonder even now, but he achieved magnifications of up to 275 times and discovered the most incredible things: protozoa, bacteria and other wriggling life where no life was thought to be. The idea that there were whole worlds in a drop of fluid was a positive astonishment.
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A replica of Leeuwenhoeks microscope.
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Leeuwenhoeks observations of rotifers and their parasitic worms, 4 November 1704.
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Leeuwenhoeks observations of his own facial hair, 22 February 1676.

Leeuwenhoek had practically no education. He filed his reports in Low Dutch because he had no English and no Latin. He didnt even have High Dutch, it appears. But none of that mattered. What mattered was that he had a genius for microscopy and a profound respect for knowledge.

In 350 years, the Royal Society has had a mere 8,200 members, but what a roll call of names. In no very particular order they include Isaac Newton, Christopher Wren, Edmond Halley, Robert Boyle, Robert Hooke, Benjamin Franklin, John Locke, Humphry Davy, Charles Darwin, Ernest Rutherford, Isambard Kingdom Brunel, Joseph Banks, T.H. Huxley, James Watt, Joseph Lister, Henry Cavendish, Michael Faraday, James Clerk Maxwell, Lawrence Bragg, Paul Dirac, Peter Medawar, Alexander Fleming, James Chadwick, Lord Rayleigh, William Ramsey, Lord Kelvin, Kathleen Lonsdale, Dorothy Hodgkin, Miriam Rothschild, Anne McLaren and literally hundreds more who changed the world by changing our understanding of it. To be part of such an establishment is an extraordinary achievement. This isnt just the most venerable learned society in the world, it is the finest club.

Throughout its busy history, the Society has demonstrated an almost uncanny knack for selecting people before they gave any particular hint of the greatness that would make them immortal. Edmond Halley was made a Fellow before he received his degree from Oxford. Charles Darwin, elected in 1839 only three years after his youthful Beagle voyage, was not even known for his work on barnacles, much less on evolution. William Henry Fox Talbot became an FRS a good two years before the first vague notion of photography flitted through his head. And of course there was Thomas Bayes, scribbling a theorem that the world would have to wait nearly 250 years to use.

The Society has also demonstrated a heroic, and indeed endearing, tendency to recognise the unsung. The example that leaps to mind for me here is that of Hermann Sprengel, the forgotten father of electric lighting. Everyone thanks Joseph Swan and Thomas Edison for giving us the homely glow of incandescent lighting, but in fact Sir William Grove (who, it more or less goes without saying, was himself a Fellow) had demonstrated a working incandescent bulb well over thirty years before them  seven years before Edison was even born. Its just that Groves bulb didnt last very long. What was needed was a vacuum that would allow a filament to burn for long periods. Sprengel, a German chemist working in London, invented a pump that could drain the air from a glass chamber down to one-millionth of its normal volume, allowing filaments to burn for hours and making electric lighting a commercial possibility at last. Edison and Swan found the filaments and got the glory. Sprengel was forgotten almost at once by everyone except the Royal Society, which made him a Fellow in 1878, nearly fifteen years before he was recognised by any institution in his native Germany.

The best place I know to get some sense of what the Royal Society is and has achieved is a modest, crowded storeroom in the basement of its headquarters in Carlton House Terrace in London. Here, neatly shelved or tucked into drawers and cabinets, are three and a half centuries of accumulated treasures – Newton’s manuscript copy of the Principia, the Shelton Regulator clock used by Captain Cook to time the transit of Venus on the Endeavour voyage, Joseph Priestley’s folding spectacles, Leeuwenhoek’s precious drawings, the papers of Robert Hooke and Robert Boyle – representing the moments of birth of some of the most enormous ideas human minds have ever had.
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Isaac Newton’s death mask.

Keith Moore, the Society’s librarian, reaches into an anonymous-looking metal cupboard and, with an air of gentleness and care, brings out a white box. Inside it, resting delicately, is an object that automatically provokes an awed hush: the death mask of Isaac Newton. Only by a remarkable chance did the mask come into the Society’s possession. It had been lost for many years when, in 1839, a Mr Christie, a Fellow of the Society, developed a sudden desire to have a bust of Newton on his shelves and called in at a curio shop on Tichborne Street in London, near his place of work, to ask if they had anything. The shopkeeper replied that he had no statues, but they had a curious mask, which his father had bought many years before. After some rooting around, he found it and brought it to Christie to examine. It was Newton’s death mask. It had sat unregarded on a shelf for at least half a century, and in all likelihood would eventually have been lost altogether had Christie not made his lucky enquiry.

The mask is a transfixing object, not surprisingly, but what is more unexpectedly moving is a small, exquisite piece of apparatus that sits on the shelf alongside it: a reflecting telescope made by Newton himself in 1669. It is only six inches long but beautifully fashioned. Newton ground the glass himself, designed the swivelling socket, turned the wood with his own hand. In its time this was an absolute technological marvel, but it is also a thing of lustrous beauty. Nowhere could you find an item that more vividly demonstrates the beauty as well as the wonder of science.

Keith shows me some papers he has just been cataloguing. They are letters from Thomas Thorpe, an English chemist, written to his wife, Emma, during an 1878 Royal Society expedition to the American west. The purpose of the expedition was to view a solar eclipse, which, among other things, would allow them to confirm or disprove the existence of the planet Vulcan. The papers are irresistibly absorbing, partly because Thorpe brings a scientists curiosity to everything he sees  the quality of US trout, the character of the town of Cheyenne (home of 6,000 of the biggest scoundrels the world contains), the climate, geology, everything  but also because they so vividly and charmingly catalogue the difficulties and discomforts necessary to do science in the field in the nineteenth century (or possibly any time).

When you look along the stacks or peek into the drawers, it is impossible not to be struck with wonder at how much aggregated human effort  how much thought and toil and nights under canvas  is embedded in what we know about the world and universe and how they are put together.
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The reflecting telescope made by Newton in 1669.

This is only a small part of it, Keith tells me. There are eight thousand more boxes in storage in Wiltshire. He smiles. You generate a lot of material in 350 years.

Which brings me to my third remarkable fact about the Royal Society: its still there. More than that, it is still there and it is still important. How many enterprises can you name that are still doing today what they were formed to do 350 years ago?

It has had its moments of faltering, goodness knows. At times its quenchless curiosity has threatened to give way to mere morbidity. In the early days it was particularly fascinated with monstrous births and that kind of thing, and sometimes it engaged in experiments that were patently imprudent.

One such was in November 1667 when a penurious student named Arthur Coga was induced to let two Fellows transfuse sheeps blood into him in return for the payment of a guinea. No one had any idea what would happen  whether it would kill him or fill him with boundless energy  and this degree of uncertainty left some of the more reflective members feeling distinctly uneasy. In the event, the transfusion didnt do much of anything. Before an audience that included the Bishop of Salisbury, 14 ounces of blood were pumped out of the sheep and into Coga. It seemed to do him no harm. Afterwards, one of those present reported, the patient was well and merry, and drank a glass or two of canary, and took a pipe of tobacco. He went home, slept well and reported no ill effects. Just under two weeks later, the operation was repeated for a new audience. Soon afterwards, however, reports began to trickle in from all over Europe that the experiment had been tried several times elsewhere, often with fatal results. The Society, happily, never tried anything like that again.

If the Royal Society had done nothing after Newton, its fame would be secure. In fact, there were times when it looked as if it might not do much. Twenty years after Newtons reign, it had a president, Martin Folkes, who was famous for slumbering through meetings, and financial difficulties that threatened to become insoluble. By 1740, barely half the Fellows could be counted on to pay their dues, and some were so severely in arrears that the Societys accumulated deficit had risen to over £1,800  a worrying sum for a private body of modest size. Partly to restore the balance sheet, it began taking in members who were distinguished but not terribly scientific. By the end of the century, Fellows included Edward Gibbon, Warren Hastings and even Lord Byron. Without actually ceasing to be worthy, it could easily have declined into something more peripheral and much less important.

Clearly that didnt happen. At every critical moment throughout its history there has always been an Isaac Newton, a Joseph Banks, a Humphry Davy, a T.H. Huxley, a Lord Rutherford to give the Society clout and lustre, and to keep it firmly attached to scientific endeavour at the highest level.

Today the Royal Societys interests remain an inspiration to recite. It provides 350 research fellowships and its grants support the work of 3,000 scientists all over the world. It bestows great numbers of medals and prizes, maintains an active programme of lectures and debates, and holds a beloved Summer Science Exhibition, which no one who appreciates science and can get to London should miss. It acts as the scientific conscience of the nation. It publishes seven journals, and an endless stream of papers. It remains emphatically international in its outlook, maintaining close links with ninety-one science academies around the world. If we have an Earth worth living on a hundred years from now, the Royal Society will be one of the organisations our grandchildren will wish to thank.

Poke your head through any door in the Royal Society building and what you are likely to find is people in meetings. They meet endlessly at the Royal Society. My own involvement, like that of most outsiders, has been as a member of committees  in my case a committee to select the winners of the annual books prize and another involved with the 350th anniversary celebrations  and on almost every visit to the building I have opened three or four wrong doors to find other people meeting. For a long time I wondered what they could possibly all be meeting about. Then I was given a copy of an extraordinary volume  a sturdy hardback called the Royal Society Year Book, which in about 500 pages summarises all that the Royal Society does in a year.

Flick through it at random and you find that it is involved in an impossibly varied range of activities. There is a Dorothy Hodgkin Fellowships Committee, a Hooke Committee, a Trans-Antarctic Association UK Advisory Committee, a Darwin Correspondence Project, a Sir Harold Hartley Lecture Committee, a Scientific Unions Committee, a South East Asia Rainforest Research Committee, a Newton International Fellowships Committee, a Rosalind Franklin Award Committee, and dozens and dozens more. There is even an Anatomy, Physiology, Endocrinology and Pharmacology (Except Clinical Aspects) of Animal Systems, Neurosciences, Psychology and Reproductive Biology, and Relevant Agricultural Studies Committee (known informally, and perhaps a bit mercifully, as Panel 8).

Altogether at the Royal Society there are ninety-six committees, all devoted to promoting important research, honouring an achievement, improving education, badgering governments into behaving intelligently, or otherwise effecting an enhancement to what we know or an improvement to how we proceed.

The most important committees of all are the ten devoted to electing new Fellows. Today there are 1,400 Fellows, including 69 Nobel laureates, and it is they who run the Society. It is, Stephen Cox tells me, smiling, like a company with 1,400 non-executive directors. They set policy and identify key areas of concern. Its their society.

Because of all that it has achieved in its time, there is a tendency to equate the Royal Society with things like atoms and gravity and other bits of hard science, but what impresses me is the boundlessness of its range. Consider the contribution of John Lubbock, friend and neighbour of Charles Darwin. Lubbock was a banker by profession, but was in addition a distinguished botanist, astronomer, expert on the social behaviour of insects, politician and antiquarian. Among much else, he coined the terms palaeolithic, mesolithic and neolithic in 1865. But his real contribution to life was to push through Parliament the first Ancient Monuments Protection Act, which became law in 1882. People forget how much of Britains historic fabric was nearly destroyed in the past. Before Lubbocks intervention, half of Avebury was nearly cleared away for housing, and at one point it was even threatened that Stonehenge, then still in private hands, might be dismantled and shipped to America. Without Lubbock, many stone circles, tumuli and other historical features of the landscape would have vanished long ago. Lubbock also, not incidentally, invented the bank holiday. The Royal Society and its Fellows, you see, have long been at the heart of all kinds of things.
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An entry in John Lubbocks diary describing a crab which he intends to name after Charles Darwin, 24 November 1852.

It is impossible to list all the ways that the Royal Society has influenced the world, but you can get some idea by typing in Royal Society as a word search in the electronic version of the Dictionary of National Biography. That produces 218 pages of results  4,355 entries, nearly as many as for the Church of England (at 4,500) and considerably more than for the House of Commons (3,124) or House of Lords (2,503). It is more central to the life and history of Great Britain than most people realise.

And as you are about to see, it not only produces the best science, but also some of the very best science writing.
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AT THE BEGINNING: MORE THINGS IN HEAVEN AND EARTH
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James Gleick last visited the Royal Society when researching his recent biography Isaac Newton. His first book, Chaos, was a National Book Award and Pulitzer Prize finalist and an international bestseller, translated into more than twenty languages. His other books include Genius: The Life and Science of Richard Feynman, Faster: The Acceleration of Just About Everything and What Just Happened: A Chronicle from the Information Frontier.



THE FIRST FORMAL MEETING OF WHAT BECAME THE ROYAL SOCIETY WAS HELD IN LONDON ON 28 NOVEMBER 1660. THE DOZEN MEN PRESENT AGREED TO CONSTITUTE THEMSELVES AS A SOCIETY FOR ‘THE PROMOTING OF EXPERIMENTAL PHILOSOPHY’. EXPERIMENTAL PHILOSOPHY? WHAT COULD THAT MEAN? AS JAMES GLEICK SHOWS FROM THEIR OWN RECORDS, IT MEANT, AMONG OTHER THINGS, A BOUNDLESS CURIOSITY ABOUT NATURAL PHENOMENA OF ALL KINDS, AND SOMETHING ELSE – A KIND OF EXUBERANCE OF INQUIRY WHICH HAS LASTED INTO OUR OWN DAY.

To invent science was a heavy responsibility, which these gentlemen took seriously. Having declared their purpose to be improving knowledge, they gathered it and they made it  two different things. From their beginnings in the winter of 166061, when they met with the Kings approval Wednesday afternoons in Laurence Rookes room at Gresham College, their way of making knowledge was mainly to talk about it.
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A record of the founding of the Royal Society and the first meeting, 28 November 1660.

For accumulating information in the raw, they were well situated in the place that seemed to them the centre of the universe: It has a large Intercourse with all the Earth: . . . a City, where all the Noises and Business in the World do meet: . . . the constant place of Residence for that Knowledge, which is to be made up of the Reports and Intelligence of all Countries. But we who know everything tend to forget how little was known. They were starting from scratch. To the extent that the slate was not blank, it often needed erasure.
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Gresham College, home of the Royal Society, 16601710.

At an initial meeting on 2 January their thoughts turned to the faraway island of Tenerife, where stood the great peak known to mariners on the Atlantic trade routes and sometimes thought to be the tallest in the known world. If questions could be sent there (Ralph Greatorex, a maker of mathematical instruments with a shop in the Strand, proposed to make the voyage), what would the new and experimental philosophers want to ask? The Lord Viscount Brouncker and Robert Boyle, who was performing experiments on that invisible fluid the air, composed a list:


 Try the quicksilver experiment. This involved a glass tube, bent into a U, partly filled with mercury, and closed at one end. Boyle believed that air had weight and spring and that these could be measured. The height of the mercury column fluctuated, which he explained by saying, there may be strange Ebbings and Flowings, as it were, in the Atmosphere  from causes unknown. Christopher Wren (that excellent Mathematician) wondered whether this might correspond to those great Flowings and Ebbs of the Sea, that they call the Spring-Tides, since, after all, Descartes said the tides were caused by pressure made on the air by the Moon and the Intercurrent Ethereal Substance. Boyle, having spent many hours watching the mercury rise and fall unpredictably, somewhat doubted it.

 Find out whether a pendulum clock runs faster or slower at the mountain top. This was a problem, though: pendulum clocks were themselves the best measures of time. So Brouncker and Boyle suggested using an hourglass.

 Hobble birds with weights and find out whether they fly better above or below.

 Observe the difference of sounds made by a bell, watch, gun, &c. on the top of the hill, in respect to the same below.



And many more: candles, vials of smoky liquor, sheeps bladders filled with air, pieces of iron and copper, and various living creatures, to be carried thither.

A stew of good questions, but to no avail. Greatorex apparently did not go, nor anyone else of use to the virtuosi, for the next half-century. Then, when Mr J. Edens made an expedition to the top of the peak in August 1715, he was less interested in the air than in the volcanic activity: the Sulphur discharg[ing] its self like a Squib or Serpent made of Gun-powder, the Fire running downwards in a Stream, and the Smoak ascending upwards. He did wish he had brought a Barometer  the device having by now been invented and named  but he would have had to send all the way to England, and the expense would have come from his own pocket. Nonetheless he was able to say firmly that there was no truth to the report about the Difficulty of breathing upon the top of the place; for we breathd as well as if we had been below.

[image: img]

Portrait of Robert Boyle by Johann Kerseboom.

No one knew how tall the mountain was anyway, or how to measure it. Sixteenth-century estimates ranged as high as 15 leagues (more than 80,000 metres) and 70 miles (more than 110,000 metres). One method was to measure from a ship at sea; this required a number for the radius of the Earth, which wasnt known itself, though we know that Eratosthenes had got it right. The authoritative Geographia of Bernhardus Varenius, published in Cambridge in 1672 with Isaac Newtons help, computed the height as 8 Italian miles (11,840 metres)  quae incredibilis fere est  and then guessed 4 to 5 miles instead. (An accurate measurement, 3,718 metres, had to wait till the twentieth century.) But interest in Tenerife did not abate  far from it. Curiosity about remote lands was always honoured in Royal Society discourse. It was directed, according to the minutes for 25 March, that inquiry should be made, whether there be such little dwarvish men in the vaults of the Canaries, as was reported. And at the next meeting, It was ordered to inquire, whether the flakes of snow are bigger or less in Teneriffe than in England . . . 

Reports did arrive from all over. The inaugural issue of the Philosophical Transactions featured a report (written by Boyle, at second hand) of a very odd Monstrous Calf born in Hampshire; another of a peculiar Lead-Ore of Germany; and another of an Hungarian Bolus, a sort of clay said to have good effects in physick. From Leyden came news of a man who, by star-gazing nightly in the cold, wet air, obstructed the pores of his skin, which appeared hence, because that the shirt, he had worn five or six weeks, was then as white as if he had worn it but one day. The same correspondent described a young maid, about thirteen years old, who ate salt as other children doe Sugar: whence she was so dried up, and grown so stiff, that she could not stirre her limbs, and was thereby starved to death.

Iceland was the source of especially strange rumours: holes, which, if a stone be thrown into them, throw it back again; fire in the sea, and smoking lakes, and green flames appearing on hillsides; a lake near the middle of the isle that kills the birds, that fly over it; and inhabitants that sell winds and converse with spirits. It was ordered that inquiries be sent regarding all these, as well as what is said there concerning raining mice.

The very existence of these published transactions encouraged witnesses to relay the noteworthy and strange, and who could say what was strange and what was normal? Correspondents were moved to share their Observables. Observables upon a monstrous head. Observables in the body of the Earl of Balcarres (his liver very big; the spleen big also). Observables were as ephemeral as vapour in this camera-less world, and the Societys role was to grant them persistence. Many letters were titled simply, An Account of a remarkable [object, event, appearance]: a remarkable meteor, fossil, halo; monument unearthed, marine insect captured, ice shower endured; Aurora Borealis, Imperfection of Sight, Darkness at Detroit; appearance in the Moon, agitation of the sea; and a host of remarkable cures. An Account of a remarkable Fish began, I herewith take the liberty of sending you a drawing of a very uncommon kind of fish which was lately caught in King-Road . . . 


It fought violently against the fisher-mans boat . . . and was killed with great difficulty. No body here can tell what fish it is . . . I took the drawing on the spot, and do wish I had had my Indian Ink and Pencils . . . 



From Scotland came a careful report by Robert Moray of unusual tides in the Western Isles. Moray, a confidant of the King and an earnest early member of the Society, had spent some time in a tract of islands for which he had no name  called by the Inhabitants, the Long-Island (the Outer Hebrides, we would say now). I observed a very strange Reciprocation of the Flux and Re-flux of the Sea, he wrote, and heard of another, no less remarkable. He described them in painstaking detail: the number of days before the full and quarter moons; the current running sometimes eastward but other times westward; flowing from 9 of the clock to 3; ebbing and flowing orderly for some days, but then making constantly a great and singular variation. Tides were a Royal Society favourite, and they were a problem. Humanity had been watching them for uncounted thousands of years, and observing the coincidence of their timing with the phases of the Moon, without developing an understanding of their nature  Descartes notwithstanding. No global sense of the tides could be possible when all recorded information was local. And even now, Moray emphasised the peculiarity of his observations; and quailed at the idea of generalising.


To penetrate into the Causes of these strange Reciprocations of the Tides, would require exact descriptions of the Situation, Shape, and Extent of every piece of the adjacent Coasts of Eust and Herris; the Rocks, Sands, Shelves, Promontorys, Bays, Lakes, Depths, and other Circumstances, which I cannot now set down with any certainty, or accurateness; seeing, they are to be found in no Map.



He had drawn a map himself some years earlier, but it was gone. Not having copied [it], I cannot adventure to beat it out again.

As often as they could be arranged, experiments were performed for the assembled virtuosi. Brouncker prosecuted his experiment of the recoiling of guns, Wren his experiment of the pendulum, William Croone his experiment with bladders and water. When Robert Hooke took charge of experiments, they came with some regularity. Even so, many more experiments were described, or wished for, than were carried out at meetings. The grist of the meetings was discourse  animated and edifying. They loved to talk, these men.

They talked about magnetical cures and sympathetical cures and the possibility of tormenting a man with the sympathetic powder. They talked about spontaneous equivocal generation: whether all animals, as well vermin and insects as others, are produced by certain seminal principles, determined to bring forth such and no other kinds. Some of the members conceived, that where the animal itself does not immediately furnish the seed, there may be such seeds, or something analogous to them, dispersed through the air, and conveyed to such matter as is fit and disposed to ferment with it, for the production of this or that kind of animal. They talked about minerals discovered under ground, in veins, wondering whether they grew there or had existed since the creation. Some suggested that metals and stones were produced by certain subterraneous juices . . . passing through the veins of the earth.

They talked about why it was hotter in summer than in winter; no one knew, but George Ent had a theory. It was ordered to be registered in a book of theories, which was directed to be provided. George Villiers, the Duke of Buckingham, newly admitted to the Society, produced what he promised was the horn of a unicorn. Legend had it that a circle drawn with such a thing would keep a spider trapped until it died, so they performed the experiment: A circle was made with powder of unicorns horn, and a spider set in the middle of it, but it immediately ran out. The trial being repeated several times, the spider once made some stay on the powder.

Still, the discourse was liberating. Their first purpose, said Thomas Sprat, writing his history of the Society when it was barely fledged, was no more, than onely the satisfaction of breathing a freer air, and of conversing in quiet one with another, without being ingagd in the passions, and madness of that dismal Age. The rules were clear: nothing about God; nothing about politics; nothing about News (other than what concernd our business of Philosophy). And what news was that? John Wallis specified, as Physick, Anatomy, Geometry, Astronomy, Navigation, Statics, Mechanics, and Natural Experiments.

James Long, newly admitted in April 1663, delivered the news, as the amanuensis reported in his minutes, that there were ermines in England. He promised to produce some. He mentioned also, that bay-salt being thrown upon toads would kill them . . . he made mention likewise of a kind of stones with natural screws, and promised to show some of them.

At the next meeting, Long talked about the generation of ants: they come out of pods full of eggs. He added that he had seen a maggot under a stags tongue; that land-newts are more noxious than water newts; and that toads become venomous in hot weather and in hot countries such as Italy. Croone mentioned that he had seen a viper with a young one in its belly, and Long added, The female viper hath four teeth, two above and two below; but the male only two and those above. Hooke showed some new drawings he had made from observations with his microscope, including a spider with six eyes  lately he had been bringing something new to almost every meeting. Moray described a watch with particularly hard steel, which reminded Long that he had once seen a breast-piece so tough that a pistol bullet only dented it.

Long was a military man, having been first a captain and then colonel of horse in a Royalist regiment. John Aubrey describes him as a good swordsman and horseman and a devotee of astrology, witchcraft and natural magic. He does seem to have found him rather voluble  an admirable extempore orator for a harangue. They went hawking together, and what Aubrey recalled was that Long never stopped gabbing. He certainly found his voice at the Royal Society. The minute-taker sometimes sounds weary:


Col. Long having related divers considerable observations of his concerning insects . . .

. . . said, that an iron back in a chimney well heated, useth to make a noise like that of bell-metal.

 . . . observed, that a bean cut into two or three pieces produces good beans.

. . . desired farther time to make his collection of insects for a present to the society.

. . . mentioned, that a lady had . . .

. . . related, that a cornet in Scotland . . .

. . . mentioned, that he had known wheat . . . 



Until finally, having discoursed of his opinion concerning the smut of corn, viz., that it proceeds from the root, and not the mildew, [Long] was desired to give his discourse in writing.

In these first years a great many animals were cut up, poisoned, or suffocated. It is a most acceptable thing to hear their discourse, and see their experiments, wrote Samuel Pepys in his diary, and he seemed particularly drawn to experiments involving cats and dogs.  . . . And so out to Gresham College, and saw a cat killed with the Duke of Florences poyson, and saw it proved that the oyle of tobacco drawn by one of the Society do the same effect . . . I saw also an abortive child preserved in spirits of salt.


 . . . And anon to Gresham College, where, among other discourse, there was tried the great poyson of Maccassa upon a dogg, but it had no effect all the time we sat there.

Then to Gresham College, and there did see a kitling killed almost quite . . . 



Chickens were choked and fish were gagged. The members strangled dogs and dissected living cats. Not all had the stomach for these experiments. Robert Boyle did, and he took pride in this. I have been so far from that effeminate squeamishness, that one of the philosophical treatises, for which I have been gathering experiments, is of the nature and use of dungs, he boasted. I have not been so nice, as to decline dissecting dogs, wolves, fishes, and even rats and mice, with my own hands. Nor, when I am in my laboratory, do I scruple with them naked to handle lute and charcoal. The Societys armoury of mechanical instruments was small in these early years, but one that proved endlessly useful was Boyles air pump, or pneumatical engine. Among the items placed in glass vessels, from which the air was then exhausted, were birds, mice, ducks, vipers, frogs, oysters and crawfish. Typical experiments would bring the creatures to Deaths door, whereupon the Society would observe gasping, vomiting and convulsions. Respiration held many mysteries; so did the circulation of the blood. An experiment could last for many hours or could end in seconds: I have this to alledge, wrote Boyle, that, having in the presence of some Virtuosi provided for the nonce a very small Receiver, wherein yet a Mouse could live sometime, if the Air were left in it, we were able to evacuate it in one suck, and by that advantage we were enabled, to the wonder of the Beholders, to kill the Animal in less than half a minute. The experimentation was not, for some time, organised or systematic; sometimes the wonder of the beholders was the chief result. The Philosophical Transactions served as a progenitor of Ripley’s Believe It or Not as well as the Physical Review.

There follow topsy-turvy without any order experiments of all sorts, wrote Goethe more than a century later, news of happenings on earth and in the heavens. Goethe bore the Royal Society no small resentment, which he nursed by devotedly reading its history, as set down by both Thomas Sprat and Thomas Birch. He translated many pages of extracts, and he complained: Everybody communicates what happens to be at hand, phenomena of Naturlehre, objects of Naturgeschichte, technical operations, everything appearing topsy-turvy without order. Many things quite insignificant, others interesting only in outward appearance, others merely curious, are accepted and given a place.

It was not until late in 1671 that the members heard about a young Lincolnshire man, Isaac Newton, who had invented a new kind of telescope at least ten times more powerful, inch for inch, than any in existence. He had not sent it to them. He had made it in 1668 or 1669 in Cambridge, where he had just become the new Professor of Mathematics, but kept it mostly to himself. Cambridge being some distance from London, more than two years passed before the news, and then the telescope, reached the Royal Society. As they could see, it was not just a serious scientific advance but a technology with military application. They studied it and showed it to the King. Henry Oldenburg wrote to the twenty-nine-year-old on their behalf. Sir, he began, Your Ingenuity is the occasion of this addresse by a hand unknown to you . . .  In short order they elected him a member, though none had yet met him.
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Engravings of Boyles air pumps. The top left engraving is from the backpiece to New Experiments: Physico-Mechanical, Touching the Spring of the Air, and its Effects, by Robert Boyle, 1660.

For some time Newton had been reading the Societys reports and taking careful note. News of a fiery mountain: Batavia one afternone was covered with a black dust heavyer than gold which is thought came from an hill on Java Major supposed to burne. Lunar influence: Oysters & Crabs are fat at the new moone & leane at the full. Now he wrote to Oldenburg at the only address he knew  Mr Henry Oldenburge at his house about the middle of the old Palmail in St Jamses Fields in Westminster  and said he had news of his own. He advertised it enthusiastically:  . . . in my Judgment the oddest if not the most considerable detection which hath hitherto been made in the operations of Nature.

The meeting of 8 February 1672 began as usual with the reading out of letters newly arrived. First came a conjecture from John Wallis that the Moons varying distance to the Earth, its perigee and apogee, might much influence the rising and falling of the mercury in the barometer. He hoped that members of the Society who had barometers would investigate. It was another idea destined for the dustbin.

Next, Tommaso Cornelio wrote from Naples, in Italian, to refute common stories told of the odd effects of the bite of the tarantula. His observations suggested that most such stories were fictitious. (Many, he added soon afterward, come from young wanton girles who by some particular indisposition falling into this melancholly madness, perswade themselves according to the vulgar prejudice, to have been stung by a Tarantula.)

The third letter was more complicated: Of Mr Isaac Newton from Cambridge, concerning his discovery of the nature of light, refractions, and colour . . .  Sunlight, according to this letter, is not homogenous, but consists of different rays. These rays come in pure and indivisible colours. The Societys note-taker wrote this down: Some, in their own nature, are disposed to produce red, others green, others blue, others purple, &c. Newton made a further claim, even more counter-intuitive:


The most surprising, and wonderful composition was that of Whiteness. There is no one sort of Rays which alone can exhibit this. Tis ever compounded, and to its composition are requisite all the aforesaid primary Colours, mixed in due proportion. I have often with Admiration beheld, that all the Colours of the Prisme being made to converge, and thereby to be again mixed, . . . reproduced light, intirely and perfectly white.



This was more interesting, if scarcely more believable, than the Odd Monstrous Calf. It was ordered that the author be solemnly thanked; also that Boyle, Hooke and the Bishop of Salisbury peruse and consider it and report back.

What followed is a story told many times. Newtons experiment of sunlight refracted by two prisms  so ingeniously conceived, carefully performed, and exquisitely narrated  came to be seen as a landmark in the history of science. It established a great truth of nature. It created a template for the art of reasoning from observation to theory. It shines as a beacon from the past so brightly as to cast the rest of the Societys contemporaneous activity into relative shadow.

But this is by definition hindsight. That week in February, thinking nothing of history, Hooke dashed off a critique in a matter of hours. He claimed that he, as Curator of Experiments, had already performed such experiments many hundreds of times. He assured the Society that light is a pulse in the ether and that a prism adds colour to whiteness. He infuriated Newton by wielding the word hypothesis as a stiletto. Oldenburg published Newtons entire letter in the Philosophical Transactions, and words of admiration began to come from all across Europe, but Newton was peevish and thin-skinned. He had thought the Royal Society would finally be the audience worthy of him: For beleive me Sir, he had told Oldenburg, I doe not onely esteem it a duty to concurre with them in the promotion of reall knowledg, but a great privelege that instead of exposing discourses to a prejudict & censorious multitude (by which means many truths have been bafled and lost) I may with freedom apply my self to so judicious & impartiall an Assembly. Newtons dispute with Hooke grew into a lifelong enmity. His distaste for wrangling drove him away from the Society for years to come  years spent largely in the secretive study of alchemy and scripture. He did not publish about optics again until he was an old man and Hooke was dead and buried.

It all seemed so innocent at the time. The meeting of 15 February began with a reading of the minutes from the week before. Cornelios claim about tarantulas needed further discussion: some of the members remarking, that it would be hard to accuse of fraud or error Ferdinand Imperato and other good authors, who had delivered from their own experience, so many mischievous effects of the bite of tarantulas. They asked Oldenburg to find out what Cornelio had to say in response to those famous men. Then Hooke said that his own observations contradicted Wallis idea about the closeness of the Moon causing a rise in the mercury of the barometer. Then Hooke presented his comments on Newton. Nay, he said, and even those very experiments, which he alledgeth, do seem to me to prove, that white is nothing but a pulse or motion, propagated through an homogeneous, uniform, and transparent medium: and that colour is nothing but the disturbance of that light . . . 
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Diagrams from letters from Isaac Newton to Henry Oldenburg discussing the doctrine of light and colour, 6 June 1672 (above), and a prism diagram, 13 April 1672 (opposite).

The same phaenomenon, Hooke added, will be solved by my hypothesis, as well as by his, without any manner of difficulty or straining. The next week he brought in a candle, to show that, besides the flame and smoke, a continuous stream rose up from it, distinct from the air. Soon after, he showed another phenomenon in a bubble of soapy water, which had neither reflection nor refraction and yet was diaphanous. He observed it carefully: colours swirling and changing; bubbles blown about by the air. It is pretty hard to imagine, Hooke told them, what curious net or invisible body it is, that should keep the form of the bubble, or what kind of magnetism it is, that should keep the film of water from falling down. Really, it was hard to know anything at all.







MARGARET ATWOOD






OF THE MADNESS OF MAD SCIENTISTS: JONATHAN SWIFT’S GRAND ACADEMY
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THOSE EARLY FELLOWS OF THE ROYAL SOCIETY WERE EARNEST SEEKERS AFTER TRUTH AND PILLARS OF THE COMMUNITY. THEY WERE ALSO, FOR SOME, FIGURES OF FUN AND – AS MARGARET ATWOOD EXPLAINS – THE INSPIRATION FOR A MORE SINISTER ARCHETYPE.

In the late 1950s, when I was a university student, there were still B movies. They were inexpensively made and lurid in nature, and you could see them at cheap matinee double bills as a means of escaping from your studies. Alien invasions, mind-altering potions and scientific experiments gone awry featured largely.

Mad scientists were a staple of the B-film double bill. Presented with a clutch of white-coated men wielding test tubes, we viewers knew at once  being children of our times  that at least one of them would prove to be a cunning megalomaniac bent on taking over the world, all the while subjecting blondes to horrific experiments from which only the male lead could rescue them, though not before the mad scientist had revealed his true nature by gibbering and raving. Occasionally the scientists were lone heroes, fighting epidemics and defying superstitious mobs bent on opposing the truth by pulverising the scientist, but the more usual model was the lunatic. When the scientists werent crazy, they were deluded: their well-meaning inventions were doomed to run out of control, creating havoc, tumult and piles of messy goo, until gunned down or exploded just before the end of the film.

***

Where did the mad scientist stock figure come from? How did the scientist  the imagined kind  become so very deluded and/or demented?

It wasnt always like that. Once upon a time there werent any scientists, as such, in plays or fictions, because there wasnt any science as such, or not science as we know it today. There were alchemists and dabblers in black magic  sometimes one and the same  and they were depicted, not as lunatics, but as charlatans bent on fleecing the unwary by promising to turn lead into gold, or else as wicked pact-makers with the Devil, hoping  like Dr Faustus  to gain worldly wealth, knowledge and power in exchange for their souls. The too-clever-by-half part of their characters may have descended from Platos Atlanteans or the builders of Babel  ambitious exceeders of the boundaries set for human being, usually by some god, and destroyed for their presumption. These alchemists and Faustian magicians certainly form part of the mad scientists ancestral lineage, but they arent crazy or deluded, just daring and immoral.

Its a considerable leap from them to the excesses of the wild-eyed B-movie scientists. There must be a missing link somewhere, like the walking seal discovered just recently  though postulated by Charles Darwin as a link between a walking canid and a swimming seal. For the mad scientist missing link, I propose Jonathan Swift, acting in synergy with the Royal Society. Without the Royal Society, no Gulliver’s Travels, or not one with scientists in it; without Gulliver’s Travels, no mad scientists in books and films. So goes my theory.

***
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Jonathan Swift by Charles Jervas, circa 1718.

I read Jonathan Swifts Gulliver’s Travels as a child, before I knew anything about the B-movie scientists. Nobody told me to read it; on the other hand, nobody told me not to. The edition I had was not a childs version, of the kind that dwells on the cute little people and the funny giant people and the talking horses, but dodges any mention of nipples and urination, and downplays the excrement. These truncated versions also leave out most of Part Three  the floating island of Laputa, the Grand Academy of Lagado with its five hundred scientific experiments, the immortal Struldbrugs of Luggnagg  as being incomprehensible to young minds. My edition was unabridged, and I didnt skip any of it, Part Three included. I read the whole thing.

I thought it was pretty good. I didnt yet know that Gulliver’s Travels was satirical, that Mr Swifts tongue had been rammed very firmly into his cheek while writing it, and that even the name Gulliver, so close to gullible, was a tip-off. I believed the letters printed at the beginning  the one from Mr Gulliver himself, complaining about the shoddy way in which his book had been published, and the one from his cousin Mr Sympson, so close to simpleton, I later realised  testifying to the truthfulness of Mr Gulliver. I did understand that someone called Mr Swift had had something to do with this book, but I didnt think hed just made all of it up. In early eighteenth-century terms, the book was a bite  a tall tale presented as the straight-faced truth in order to sucker the listener into believing it  and I got bitten.

Thus I first read this book in a practical and straightforward way, much in the way it is written. For instance, when Mr Gulliver pissed on the fire in the royal Lilliputian palace in order to put it out, I didnt find this either a potentially seditious poke at the pretensions of royalty and the unfairness of courts or a hilarious vulgarism. Rather, having been trained myself in the time-honoured woodsmans ways of putting out campfires, I thought Mr Gulliver had displayed an admirable presence of mind.

The miniature people and the giants did hint to me of fairy tales, but Part Three  the floating island and the scientific establishment  didnt seem to me all that far-fetched. I was then living in what was still the golden or bug-eyed monster age of science fiction  the late forties  so I took spaceships for granted. This was before the disappointing news had come in  No intelligent life on Mars  and also before Id read H.G. Wells The War of the Worlds, in the light of which any life intelligent enough to build spaceships and come to Earth would be so much smarter than us that wed be viewed by them as ambulatory kebabs. So I considered it entirely possible that, once Id grown up, I might fly through space and meet some extraterrestrials, who then as now were considered to be bald, with very large eyes and heads.

Why then couldnt there be a flying island such as Laputa? I thought the method of keeping the thing afloat with magnets was a little cumbersome  hadnt Mr Swift heard of jet propulsion?  but the idea of hovering over a country that was annoying you so theyd be in full shadow and their crops wouldnt grow seemed quite smart. As for dropping stones on to them, it made perfect sense: kids of the immediately post-war generation were well versed in the advisability of air superiority, and knew a lot about bombers.

I didnt understand why these floating-island people had to eat food cut into the shapes of musical instruments, but the flappers who hit them with inflated bladders to snap them out of their thought trances didnt seem out of the question. My father was by that time teaching in the Department of Zoology at the University of Toronto, and growing up among the scientists, and thus being able to observe them at work, I knew they could be like that: the head of the Zoology Department was notorious for setting himself on fire by putting his still-smouldering pipe into his pocket, and could have made excellent use of a flapper.
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Movie poster for The War of the Worlds, based on the novel by H.G. Wells and directed by Byron Haskin, 1953.

When I got as far as the Grand Academy of Lagado I felt right at home. In addition to being the golden age of bug-eyed monsters the late forties was also the golden age of dangerous chemistry sets for children  now prohibited, no doubt wisely  and my brother had one. Turn water to blood and astonish your friends! proclaimed the advertisements, and this was no sooner said than done, with the aid of a desirable crystal named  as I recall  potassium permanganate. There were many other ways in which we could astonish our friends and, short of poisoning them, we did all of them. I doubt that we were the only children to produce hydrogen sulphide (Make the smell of rotten eggs and astonish your friends!) on the day when our mothers bridge club was scheduled to meet. Through these experiments, we learned the rudiments of the scientific method: any procedure done in the same way with the same materials ought to produce the same results. And ours did, until the potassium permanganate ran out.

These were not the only experiments we performed. I will not catalogue our other adventures in science, which had their casualties  the jars of tadpoles dead from being left by mistake in the Sun, the caterpillars that came to sticky ends  but will pause briefly to note the mould experiment, consisting of various foodstuffs placed in jars  our home-preserving household had a useful supply of jars  to see what might grow on them in the way of mould. Many-coloured and whiskery were the results, which I mention now only to explain why the Grand Academy projector who thought it might be a brilliant idea to inflate a dog through its nether orifice in order to cure it of colic raised neither of my eyebrows. It was a shame that the dog exploded, but this was surely a mistake in the method rather than a flaw in the concept; or that was my opinion.

Indeed, this scene stayed with me as a memory trace that was reactivated the first time I had a colonoscopy, and was myself inflated in this way. You had the right idea, Mr Swift, I mused, but the wrong application. Also, you thought you were being ridiculous. Had you known that the dog-enlarging anal bellows you must have found so amusing would actually appear on Earth 250 years later in order to help doctors run a tiny camera through your intestines so they could see what was going on in there, what would you have said?

And so it is with the majority of the experiments described in the Grand Academy chapters of Gulliver’s Travels. Swift thought them up as jokes, but many of them have since been done in earnest, though with a twist. For instance, the first projector Gulliver meets is a man who has run himself into poverty through the pursuit of what Swift devised as a nutty-professor chase-a-moonbeam concept: this man wants to extract sunbeams out of cucumbers so he can bottle them for use in the winter, when the supply of sunbeams is limited. Swift must have laughed into his sleeve, but I, the child reader, found nothing extraordinary in this idea, because every morning I was given a spoonful of cod liver oil, bursting with Vitamin D, the Sunshine Vitamin. The projector had simply used the wrong object  cucumbers instead of cod.

Some of the experiments being done by the projectors interested me less, though they have since contributed to Swifts reputation for prescience. The blind man at the Academy whos teaching other blind people to distinguish colours by touch was doubtless intended by Swift to represent yet more foolishness on the part of would-be geniuses, but now there are ongoing experiments involving something called the BrainPort  a device designed to allow blind people to see with their tongues. The machine with many handles that, when turned, causes an array of oddly Chinese-looking words to arrange themselves into an endless number of sequences  thus writing masterpieces eventually, like the well-known infinitely large mob of monkeys with typewriters  is now thought by some to be a forerunner of the computer.

Predicting the future and suggesting the invention of handy new devices was, however, very far from Swifts intention. His projectors  so called because they are absorbed in their projects  are a combination of experimental scientist and entrepreneur; they exist within Gulliver’s Travels as pearls on his long string of human folly and depravity, midway between the Lilliputians and their tiny fracas and petty intrigues and the brutal, nasty, smelly, ugly and vicious Yahoos of the fourth book, who represent humanity in its bared-to-the-elements Hobbesian basic state.

But Swifts projectors arent wicked, and they arent really demented. Theyre even well meaning: their inventions are intended for the improvement of mankind. All we have to do is give them more money and more time and let them have their way, and everything will get a lot better very soon. Its a likely story, and one weve heard many times since the advent of applied science. Sometimes this story ends well, at least for a while  science did lower the human mortality rate, the automobile did speed up travel, air conditioning did make us cooler in summer, the green revolution did increase the supply of food. But the doctrine of unintended consequences applies quite regularly to the results of scientific improvements: agriculture cant keep up with the population explosion with the result that millions are leading lives of poverty and misery, air conditioning contributes to global warming, the automobile promised freedom until  via long commute distances, clogged roads and increased pollution  it delivered servitude. Swift anticipated us: the projectors promise an idyllic future in which one man shall do the work of ten and all fruits shall be available at all times  pace automation and the supermarket  but The only inconvenience is, that none of these projects are yet brought to perfection, and in the meantime, the whole country lies miserably waste, the houses in ruins, and the people without food or clothes. Under the influence of the projectors the utopian pie is visible in the sky, but it remains there.

As Ive said, the projectors are not intentionally wicked. But they have tunnel vision  much like a present-day scientist quoted recently, who, when asked why hed created a polio virus from scratch, answered that hed done it because the polio virus was a simple one, and that next time hed create a more complex virus. A question most of us would have understood to have meant, Why did you do such a potentially dangerous thing?  a question about ends  was taken by him to be a question about means. Swifts projectors show the same confusion in their understanding of ordinary human desires and fears. Their greatest offence is not against morals: instead they are offenders against common sense  what Swift might have called merely sense. They dont intend to cause harm, but by refusing to admit the adverse consequences of their actions, they cause it anyway.

The Grand Academy of Lagado was recognised by Swifts readers as a satire upon the Royal Society, which even by Swifts time was an august and respected institution. Though English seekers after empirical facts had been meeting since 1640, the group became formalised as the Royal Society under Charles II, and as of 1663 was referred to as The Royal Society of London for Improving Natural Knowledge. The word natural signifies the distinction between such knowledge  based on what you could see and measure, and on the scientific method: some combination of observation, hypothesis, deduction and experiment  from divine knowledge, which was thought to be invisible and immeasurable, and of a higher order.

Though these two orders of knowledge were not supposed to be in conflict, they often were, and both kinds might be brought to bear on the same problem, with opposite results. This was especially true during outbreaks of disease: victims and their families would resort both to prayer and to purging, and who could tell which might be the more efficacious? But in the first fifty years of the Royal Societys existence, natural knowledge gained much ground, and the Royal Society acted increasingly as a peer-review body for experiments, fact-gathering and demonstrations of many kinds.

Swift is thought to have begun Gulliver’s Travels in 1721, which was interestingly enough the year in which a deadly smallpox epidemic broke out, both in London and in Boston, Massachusetts. There had been many such epidemics, but this one saw the eruption of a heated controversy over the practice of inoculation. Divine knowledge had varying views: was inoculation a gift from God, or was smallpox itself a divine visitation and punishment for misbehaviour, with any attempt made to interfere with it being impiety? But practical results rather than theological arguments were being increasingly credited.

In London, inoculation was championed by Lady Mary Wortley Montagu, who had learned of the practice in Turkey when her husband had been Ambassador there; in Boston, its great supporter was, oddly enough, Cotton Mather  he of the Salem witchcraft craze and Wonders of the Invisible World  who had been told of it by an inoculated slave from Africa. Both, though initially vilified, were ultimately successful in their efforts to vindicate the practice. Both acted in concert with medical doctors  Mather with Dr Zabdiel Boylston, who, in 1826, read a paper on the results of his practice-cum-research to the Royal Society, Lady Mary with Dr John Arbuthnot.

You might think Swift would have been opposed to inoculation. After all, the actual practice of inoculation was repulsive and counterintuitive, involving as it did the introduction of pus from festering victims into the tissues of healthy people. This sounds quite a lot like the exploding dog from the Grand Academy of Lagado and such other Lagadan follies. In fact, Swift took the part of the inoculators. He was an old friend of Dr Arbuthnot, a fellow member of the Martinus Scriblerus Club of 1714, a group that had busied itself with satires on the abuses of learning. And, unlike the ridiculous experiments of the projectors  experiments that may have been invented by Swift with the aid of some insider hints from Dr Arbuthnot  inoculation seemed actually to work, most of the time.

It isnt experimentation as such thats the target of Book Three, but experiments that backfire. Moreover, its the obsessive nature of the projectors: no matter how many dogs they explode, they keep at it, certain that the next time they inflate a dog theyll achieve the proposed result. Although they appear to be acting according to the scientific method, theyve got it backwards. They think that because their reasoning tells them the experiment ought to work, theyre on the right path; thus they ignore observed experience. Although they dont display the full-blown madness of the truly mad fictional scientists of the mid-twentieth century, theyre a definitive step along the way: the Lagadan Grand Academy was the literary mutation that led to the crazed white-coats of those B movies.

***

There were many intermediary forms. Foremost among them was, of course, Mary Shelleys Dr Frankenstein, he of the man-made monster  a good example of an obsessive scientist blind to all else as he seeks to prove his theories by creating a perfect man out of dead bodies. The first to suffer from his blindness and single-mindedness is his fiancée, murdered by the creature on Dr Frankensteins wedding night in revenge for Frankensteins refusal to love and acknowledge the living being he himself has created. Next came Hawthornes various obsessed experimenters. Theres Dr Rappacini, who feeds poison in small amounts to his daughter, thus making her immune to it though she is poisonous to others, and is thus cut off from life and love. Theres also the man of science in The Birthmark, who becomes fixated on the blood-coloured, hand-shaped birthmark of his beautiful wife. In an attempt to remove it through his science  thus rendering her perfect  he takes her to his mysterious laboratory and administers a potion that undoes the bonds holding spirit and flesh together, which kills her.

[image: img]

Mary Wollstonecraft Shelley by Richard Rothwell, exhibited 1840.
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Frontispiece engraved for the 1831 edition of Frankenstein.

Both of these men  like Dr Frankenstein  prefer their own arcane knowledge and the demonstration of their power to the safety and happiness of those whom they ought to love and cherish. In this way they are selfish and cold, much like the Lagadan projectors who stick to their theories no matter how much destruction and misery they may cause. And both, like Dr Frankenstein, cross the boundaries set for human beings, and dabble in matters that are either a) better left to God, or b) none of their business.

The Lagadan projectors were both ridiculous and destructive, but in the middle of the nineteenth century the mad scientist line splits in two, with the ridiculous branch culminating in the Jerry Lewis nutty professor comic version, and the other leading in a more tragic direction. Even in alchemist tales like the Faustus story, the comic potential was there  Faustus on the stage was a great practical joker  but in darker sagas like Frankenstein this vein is not exploited.

In modern times the nutty professor trope can probably trace its origins to Thomas Hughes extraordinarily popular 1857 novel, Tom Brown’s School Days. There we meet a boy called Martin, whose nickname is Madman. Madman would rather do chemical experiments and explore biology than parse Latin sentences  a bent the author rather approves than not, as he sees in Madman the coming age:


If we knew how to use our boys, Martin would have been seized upon and educated as a natural philosopher. He had a passion for birds, beasts, and insects, and knew more of them and their habits than any one in Rugby . . . He was also an experimental chemist on a small scale, and had made unto himself an electric machine, from which it was his greatest pleasure and glory to administer small shocks to any small boys who were rash enough to venture into his study. And this was by no means an adventure free from excitement; for besides the probability of a snake dropping on to your head or twining lovingly up your leg, or a rat getting into your breeches-pocket in search of food, there was the animal and chemical odour to be faced, which always hung about the den, and the chance of being blown up in some of the many experiments which Martin was always trying, with the most wondrous results in the shape of explosions and smells that mortal boy ever heard of.



Despite the indulgent tone, the Lagadan comic aspects are in evidence: the chemical experiments that blow up, the stinky substances, the mess, the animal excrement, the obsession.

The tragic or sinister mad scientist evolutionary line runs through R.L. Stevensons 1886 novel, Dr Jekyll and Mr Hyde, in which Dr Jekyll  another of those cross-the-forbidden-liners, with another of those mysterious laboratories  stumbles upon, or possibly inherits from Hawthorne, another of those potions that dissolve the bonds holding spirit and flesh together. But this time the potion doesnt kill the drinker, or not at first. It does dissolve his flesh, but then it alters and re-forms both body and soul. There are now two selves, which share memory, but nothing else except the house keys. Jekylls potion-induced second self, Hyde, is morally worse but physically stronger, with more pronounced instincts. As this is a post-Darwinian fable, he is also hairier.

Dr Jekyll is then betrayed by the very scientific method he has relied upon. Time after time, the mixing up of the potion and the drinking of it produce the same results; so far, so good-and-bad. But then the original supply of chemicals runs out, and the new batch doesnt work. The boundary-dissolving element is missing, and Dr Jekyll is fatally trapped inside his furry, low-browed, murderous double. There were earlier sinister double stories, but this one  to my knowledge  is the first in which the doubling is produced by a scientific chemical catalyst. As with much else, this kind of transmutation has become a much-used comic book and filmic device. (The Hulk, for instance  the raging, berserk alter ego of reserved physicist Bruce Banner  came by his greenness and bulkiness through exposure to the rays from a gamma bomb trial supervised by Dr Banner himself.)

[image: img]

The features seemed to melt and alter. The transformation from Dr Jekyll to Mr Hyde. Image taken from The Strange Case of Dr Jekyll and Mr Hyde, illustrated by S.G. Hulme Beaman. Originally published in 1930.

Next in the line comes H.G. Wells 1896 Dr Moreau  he of the Island, upon which he attempts, through cruel vivisection experiments, to sculpt animals into people, with appalling and eventually lethal results. Moreau has lost the well-meaning but misguided quality of the projectors: hes possessed by a passion for research that exists for its own sake, simply to satisfy Moreaus own desire to explore the secrets of physiology. Like Frankenstein, he plays God  creating new beings  but like Frankenstein, the results are monstrous. And like so many of the sinister scientists who come after him, he is irresponsible, so utterly careless! His curiosity, his mad, aimless investigations, drove him on . . . 

From Moreau, its a short step to the Golden Age of mad scientists, who became so numerous in both fiction and film by the mid-twentieth century that everyone recognised the stereotype as soon as it made its appearance.

Its lowest point is reached, quite possibly, in the B-movie called variously The Head That Wouldn’t Die or The Brain That Wouldn’t Die. The scientist in it is even more seriously depraved than usual. The head in question is that of his girlfriend; it comes off in a car accident, after which incident most men might have cried. But the mad scientist is building a Frankenstein monster out of body parts filched from a hospital, underestimating as usual the monsters clothing size  why do those monsters sleeves always end halfway down their arms?  so he wraps the girls head in his coat and scampers off with it across the fields. Once under a glass bell with wires attached to its neck and its hair in a Bride of Frankenstein frizzle, the head gives itself to thoughts of revenge while the scientist himself haunts strip clubs in search of the perfect body to attach to it.

***

Theres another element in Book Three of Gulliver’s Travels that bears mention here because it so often gets mixed into the alchemist/mad scientist sorts of tales: the theme of immortality. On the island of Luggnagg, the third in Swifts trio of capital-L islands, Gulliver encounters the immortals  children born with a spot on their foreheads that means they will never die. At first, Gulliver longs to meet these Struldbrugs, whom he pictures as blessed: surely they will be repositories of knowledge and wisdom. But he soon finds that they are on the contrary cursed, because, like their mythological forebears Tithonus and the Sibyl of Cumae, they do not receive eternal youth along with their eternal life. They simply live on and on, becoming older and older, and also opinionated, peevish, covetous, morose, vain . . . and dead to all natural affection. Far from being envied, they are despised and hated; they long for death, but cannot achieve it.

Immortality has been one of the constant desires of humanity. The means to it differ  one may receive it through natural means, as in Luggnagg, or from a god, or by drinking an elixir of life, or by passing through a mysterious fire, as in Rider Haggards novel She, or by drinking the blood of a vampire; but theres always a dark side to it.

Luggnagg is Gullivers last noteworthy Book Three stop. Through his encounter with the Struldbrugs, hes drawing close to the heart of Swifts matter: what it is to be human. In Book Four he plunges all the way in: his final voyage takes him to the land of the rational and moral talking-horse Houyhnhnms, and brings him face to face with an astonishingly Darwinian view of humanitys essence. The filthy apelike beasts called Yahoos he encounters there are viewed by the Houyhnhnms as beasts, and treated as such; and, much to Gullivers dismay, he is at last forced to recognise that, apart from a few superficial differences such as clothing and language, he too is a Yahoo.

As Swifts friend Alexander Pope wrote shortly after the publication of Gulliver’s Travels, The proper study of Mankind is Man. In our own age, that study is not only proper, its more necessary than ever. The botched experiments of Swifts projectors and our own exponentially successful scientific discoveries and inventions are both driven by the same forces: human curiosity and human fears and desires. Since, increasingly, whatever we can imagine we can also enact, its crucial that we understand what impels us. The mad scientist figure is  to paraphrase Oscar Wilde  our own Calibans face in the mirror. Are we merely very smart Yahoos, and, if so, will we ultimately destroy ourselves and much else through our own inventions?

Science was just coming into being in the age of Swift. Now its fully formed, but were still afraid of it. Partly we fear its Moreau-like coldness, a coldness that is in fact real, for science as such does not have emotions or a system of morality built into it, any more than a toaster does. Its a tool  a tool for actualising what we desire and defending against what we fear  and like any other tool, it can be used for good or ill. You can build a house with a hammer, and you can use the same hammer to murder your neighbour.

Human tool-makers always make tools that will help us get what we want, and what we want hasnt changed for thousands of years, because as far as we can tell the human template hasnt changed either. We still want the purse that will always be filled with gold, and the Fountain of Youth. We want the table that will cover itself with delicious food whenever we say the word, and that will be cleaned up afterwards by invisible servants. We want the Seven-League Boots so we can travel very quickly, and the Hat of Darkness so we can snoop on other people without being seen. We want the weapon that will never miss, and the castle that will keep us safe. We want excitement and adventure; we want routine and security. We want to have a large number of sexually attractive partners, and we also want those we love to love us in return, and to be utterly faithful to us. We want cute, smart children who will treat us with the respect we deserve. We want to be surrounded by music, and by ravishing scents and attractive visual objects. We dont want to be too hot or too cold. We want to dance. We want to speak with the animals. We want to be envied. We want to be immortal. We want to be as gods.

But in addition, we want wisdom and justice. We want hope. We want to be good. Therefore we tell ourselves warning stories that deal with the shadow side of our other wants. Swifts Grand Academy and its projectors, and their descendants the mad scientists, are among those shadows.

***

Last week I came across a project thats a blend of art object and scientific experiment. Suspended in a glass bubble with wires attached to it  something straight out of a fifties B-movie, youd think  is a strangely eighteenth-century Lilliputian coat. Its made of Victimless Leather  leather made of animal cells growing on a matrix. This leather is victimless because it has never been part of a living animals skin. Yet the tiny coat is alive  or is it? What do we mean by alive? Can the experiment be terminated without causing death? Heated debates on this subject proliferate on the Internet.

The debate would have been right at home in Swifts Grand Academy: a clever but absurd object thats presented straight but is also a joke; yet not quite a joke, for it forces us to examine our preconceptions about the nature of biological life. Above all, like Swifts exploding dog and the proposal to extract sunshine out of cucumbers, the Victimless Leather garment is a complex creative exercise. If What is it to be human? is the central question of Gulliver’s Travels, the ability to write such a book is itself part of the answer. We are not only what we do, we are also what we imagine. Perhaps, by imagining mad scientists and then letting them do their worst within the boundaries of our fictions, we hope to keep the real ones sane.








End of sample




    To search for additional titles please go to 

    
    http://search.overdrive.com.   


OEBPS/images/ch13_003.png
SPECIMENS COLLECTED BY DARWIN
OVAGE OF THE BEAGLE

R






OEBPS/images/ch13_002.png





OEBPS/images/ch13_005.png





OEBPS/images/ch13_004.png





OEBPS/images/ch05_003.png





OEBPS/images/ch05_004.png
D.ISAACVS NEWTON
* REG.SOCIETATIS S





OEBPS/images/ch05_005.png





OEBPS/images/ch13_001.png





OEBPS/images/ch05_006.png





OEBPS/images/ch05_001.png





OEBPS/images/ch05_002.png
j‘g Nentrre.





OEBPS/images/ch15_001.png





OEBPS/images/ch15_003.png
F‘/‘%Jb a5 77,” PR e

u7 A /w, 50 35 M0, o M Yo e //,W 7 LensDernble 27 ]
nihide . 7// S il 298 omack. mised /,,// o

//fw inia bl fo Mo Lower /y«mw
dap o L 5 A ery ik ik of lirge /{m all Vs

/j‘, np) /Z,;« 7 /.z 37" Rl S
//u//{eJ/f//// (mm‘/ﬁaz/q",./

5’75/,’; fan 17. 37, A vty /( c/«/ / )
la /w m//m,m_/ e ﬂa‘l ‘L/(

,2119-7 J/? « /4 e // 35 5’2}4." ' 25
542
o0 Ja, Tbh, 1793, ;/w7 '{:ZA cloeihor i/ 7//4#
very A/ém e e v /»1 a5
Connersle. Ses fomps  Jiip 750 o2 698 Sos. Jlm 1% 1787,

215 /4+?i 2% rﬁ/m‘ B e ﬁ/,f//..t

Chis G |
Mive. CAT27. W, 7 fock Reflichon.» Jouhl 77 o~ ,/,4,,¢« wnk
/20, 4 Ly ik ok /a//
Reo. .»9.:.‘3,,97 2 ";g/ S Gt ”f,,/,,,, a7 |
7107*/[7{ 2 /.u—.;a
Rew oo P28, 1508 Lucge 1o et rifflccte A ¢ lioFer /,,.4.,.1 g(

large Hars &f cusivns mma .//, an Grregiclar
i /.,.4,;((/ 7 i ve |

W& ur W //, way

ﬁ.

&.

]
1
1
|
|
|
]






OEBPS/images/ch15_002.png





OEBPS/images/ch15_005.png
+
Electrodes

H;0, CH,, NH,, H,, CO Gases (primitive atmosphere)

To vacuum pump

«—
Cold water ——p|

Direction of water vapour circulation

Condenser

Water (ocean)

Heat source

(containing
organic
compounds)

Trap





OEBPS/images/ch15_004.png
Grandenr o Ftole

Gt B,






OEBPS/images/ch15_006.png





OEBPS/images/ch17_007.png





OEBPS/images/ch17_006.png
Ons1 = (é) O,





OEBPS/images/ch17_009.png





OEBPS/images/cover.jpg
RNATIONAL

EADETEED BBV

New York Times Bestselling Author of A Short History of Nearly Everything

THE STORY OF SCIENCE, DISCOVERY,
& THE GENIUS OF THE ROYAL SOCIETY





OEBPS/images/ch17_008.png
10

National telephone
system

systom
Cray supercomputer

power (bits/second)

Porsonal

computer

@:‘.‘.‘:‘&
sactra Human Oxord nglan
vewona “baa"BuA"  oitons sy
! 3006 PP 000 d~E

1 10° pr) o v A L

Memory capacity (bits)





OEBPS/images/ch03_001.png
FRANKENS TE LN, R

s ghmmer, of g Soalf axhngusly
fan- the o gy of e
i )
ulsniier molion g/;(tm‘y/ué Ao,
P ccohodsioudsf e oo





OEBPS/images/ch17_003.png





OEBPS/images/ch03_002.png





OEBPS/images/ch17_002.png
‘Quantum
electrodynamics

227 Theory of Everything|
M - theory





OEBPS/images/ch03_003.png
coror s TECHNICOLOR

PRODICED BY DRECTED BY SUREEN PLAY BY

_ GEORGE PAL-BYRON HASKIN - BARRE LYNDON - A PARAMOUNT PICTURE ,






OEBPS/images/ch17_005.png
Tiors1v: TARVM NSIONES, ET DISTA e
Trovia T ons i T e PN BT IS e @l

TLLVSTRISS: PRINCIPL, AC DNO, DNO FRIDERICO. DVCI WIR:
Ea AN

VAR RGIGO, FT TECCIO' COMITL MONTIS BELGABVAL






OEBPS/images/ch03_004.png





OEBPS/images/ch17_004.png





OEBPS/images/ch03_005.png





OEBPS/images/ch21_007.png





OEBPS/images/ch03_006.png





OEBPS/images/ch17_001.png





OEBPS/images/ch21_005.png





OEBPS/images/ch21_006.png





OEBPS/images/ch21_003.png





OEBPS/images/ch21_004.png





OEBPS/images/ch21_001.png





OEBPS/images/ch21_002.png





OEBPS/images/ch19_008.png





OEBPS/images/ch01_003.png
Rl ¢St e W it A0 el e TR o, Gl fniton 10 R
. G o AT
g 25 ot 3,

e s o s Foge bt oo i, S
o mitfC e b

Silbers el

e

irint Matlamabiannt s o

i b i o ; "

I T e

e LA Ls (b by e o =
Tihe 4 O

av ik

2tia e
le e vadin o ety AXE
the cicnmfonenic o o i fogiaal

e = L e e S

b i the ¢ term the
ooy b any guanti 8b oh; becams oltr e 3% fiom WL
Ceulfimsnn Segin 0 10 st imiriasy ab & 97

g mareber ol

e

e e e of b i o
\ X i oo g ot V& erdink
L et i o n g, B T
i tuteming mamter in ik
iy ey Vi fonid Take avg; Fbza 7ew
Hin tdavach 13fminradbod irgessaguiberds. bvem
éhin akefihoa Baib! Calaxsiae Dasrssarsnéd
(AXSc 67T & sy & A, B,C,D,E, K b

be the

Ea
Coufficients of the forsgoing swicis foam whenie i casnly follows
Fiak if ang b in the fimes afte Ehe 3 forst be called y

s dbante from the 1% birm 7,

ekt Feom mmediniily
Jeigs s e atloaie s

Lt th suoguint Bt of o 052 T ham the prces
ding mus b aincsts i infinihi” & hncfrs e G5 tem N mE
s
i A R e e e, it
e g R e e e
Vit Do e S e (e |
AR ek T 2 s N e % A
S T e UL RO T
o e e s et
BTN vie. e S
] Cotpe ot st Ty asbbrabecd






OEBPS/images/ch19_001.png





OEBPS/images/ch01_004.png





OEBPS/images/ch01_005.png
.,‘4@'““0" Raaisrd,
e
Dk """’“’,,,,‘/;, ,.,,_?Zéiw‘e
: P fr.l, O f.
Ay .‘wa.,k..x}’::—s— ot qptametie
‘&WML,MM./’ Byt
masltel lrorens A ,..471 Loffon .
Hie futi g Homy .A,v«.«_m;g:
Wﬁ« s






OEBPS/images/ch19_003.png





OEBPS/images/ch01_006.png





OEBPS/images/ch19_002.png





OEBPS/images/ch19_005.png





OEBPS/images/ch19_004.png
MARK LYNAS





OEBPS/images/ch01_001.png
- the nambi

Lefouncd by the sonith

U ey misrly approm
Large, 8 you take in only & P
ving verits: bub the whel
antity ab all; because aflr the
care, & they aftiwand i
pineatndd By the ine

e 2

2x3xg¢ D

1y 2O20 1 )
by '?:.:lulr(ulvlfn y

s vuppert

/ the pouphergy I
e X






OEBPS/images/ch19_007.png
THE ROVAL
SOCIETY

Sustainable biofuels:
prospects and challenges

re—

o el





OEBPS/images/ch01_002.png
2®)p(19)

0|y = 202010
POl = T





OEBPS/images/ch19_006.png





OEBPS/images/ch10_004.png
19UUN 1926
ox

ERVATION OF PAVOURED RACES IN THll STRUGGLE
FOR LIFE.

S e

o SocRwAL o AR DRI . 5. WAGLE' VOTAGE

$ LONDON:
MURRAY, ALBEMARLE STREET.






OEBPS/images/ch10_003.png





OEBPS/images/ch10_002.png





OEBPS/images/ch10_001.png
IE ORIGIN OF SPECIES






OEBPS/images/ch01_007.png





OEBPS/images/ch01_008.png





OEBPS/images/ch01_009.png





OEBPS/images/ch10_006.png





OEBPS/images/ch10_005.png





OEBPS/images/ch08_009.png





OEBPS/images/ch08_008.png





OEBPS/images/ch12_006.png





OEBPS/images/ch12_005.png





OEBPS/images/ch12_004.png





OEBPS/images/ch12_003.png





OEBPS/images/ch12_002.png





OEBPS/images/ch12_001.png





OEBPS/images/ch08_007.png
A %L/A A, lesplonic ai it

B ;«7’%%1:/'»-—»4/*4 S Mtz

iy SRR |
ot . He G 0L R g
oo AR o o

o Jrsnnz

o 7

S '-‘:—Z“:D Footfor o
/





OEBPS/images/ch08_006.png
A e fo
plly ff Hsnnen L g B G N D A

B ool bfn K 22530 S Tl T Feloe
Kby oy S Fmibiic in .,J)WKJM

oy s e cpn fid
;ZTA// (A
boir 7 Oy ﬁ»r s oS

/}T/vaf\

b,t/t fmm/mq ALY S AT ;WA
1,,4,7 oot liormry Hoctsent

e oo By

1 (‘Qc—/ Ruyl ool b A S 2G e
e O ) .ﬂﬁmw Love SO,






OEBPS/images/ch08_005.png





OEBPS/images/ch08_004.png
b

it 1






OEBPS/images/ch08_003.png





OEBPS/images/ch08_002.png





OEBPS/images/ch08_001.png





OEBPS/images/ch12_008.png





OEBPS/images/ch12_007.png
The Bakerian Lecture, 1972






OEBPS/images/ch22_004.png





OEBPS/images/ch22_005.png





OEBPS/images/ch22_006.png





OEBPS/images/ch22_007.png





OEBPS/images/ch22_001.png





OEBPS/images/ch22_002.png
Frscecstr et plovs thoriiret=
e Ll S Gt

Uber die spezielle und die

allgemeine Relativitatstheorie

(Gemeinverstandlich)

Von
A. EINSTEIN
St Fewiphe A
et iRy
Arusligicims wrlocas (k.

5 anirke i
fintre Bof Covartlss prgnclihs ooty ant

o b oyl S,
YA

s rias o By,

i Hewest Wi

Bt [p. Faid
Fonk . Al iz

Braunschweig
Druck und Verlag von Friedr. Vieweg & Sohn
1917





OEBPS/images/ch20_001.png





OEBPS/images/ch22_003.png





OEBPS/images/ch06_004.png





OEBPS/images/ch06_005.png
) /:z' g ,f,»// frﬁﬁia
m?’ 7/ 4 — :

Y7y 77, SIS I —— T
//////& /i/z‘/i/f*(:zjgm s
b5 o 77 tensom St

/,.,‘Va) A 167 4&
_{,,JIM?‘;V”‘ 5}"""’“‘5“’9’"& ““
Secrint i s fo Ha. Lo |

20 ”’”y 1//// %fi
/ﬂ/lﬁ/d!/f i Hin a rM/ d{'rﬂ’

2 Fo I Powsr and Gpiratiks //7(
a //Wy L R Qﬂ,
/// #75 »1///) p 7t m(/,,,z({@
Tuds {27 o fir ‘/7/// 16/3 27 4 ﬂ. 3

iy, //7;/ R sf/é e 5209, ;
a7 }I// ‘ /1//&/ 1/// 27/ // /j/,/f

/f«;m ot Y- ‘Mﬂ
wiid s 148 oy bt
1hsr. wioph?. 7{%’»4 ///ﬂ%/zz ;94
;z{m; ym fh 187y whtiil of
A7 x/,‘m ///7 %/47/”/,@ /yv &

/4/////6/ ,Zr/ o whin s dirs,
wonet] 4//1% ,c/fé/mz/ 27 Lgge

24
;ur






OEBPS/images/ch06_002.png





OEBPS/images/ch06_003.png





OEBPS/images/ch14_004.png





OEBPS/images/ch14_003.png





OEBPS/images/ch06_006.png
TG wend st ,-m;.wv“ /}y(.,m{zry‘r-
PHILOSOPHIA

NATURALIS

PRINCIPIA
MATHEMATICA.

Autore 7. NEIWTON, Trin. Coll. Cantab. Soc. Mathefeos
Profeffoce Lucafian, & Societatis Regalis Sodali.

IMPRIMA TUR-

S PEPYS, RgSc PRAESES.

— b=l
L()NDINI

Jullu Sccicttis Regie ac Typis Fofephi Streater. Profiat apud
plures Bibliopolas. Alma MDCLXXXVIL






OEBPS/images/ch14_002.png
THE
I NovVum

ORGANVM

s« FRANCISBACON:
|  BARON of VERULAM,
| Vitcount St. Albans.

EPTTOMEZ:D:

Fora e sndrtading o iy

NATURAL HISTORY.

Il Traofluced and taken out of the Latine
by M. D. B.D.

LoNDON,

Printed for Thomss Lee at the Tirkehead
in Eleefiret, 1676.






OEBPS/images/ch14_001.png





OEBPS/images/ch14_008.png
NEW

ATLANTIS

A Work unfisifhed.

i Wienby e RighcHonoubi.

HERR AN N GRS

LordVersdam, Vifcount St. Albans.






OEBPS/images/ch14_007.png





OEBPS/images/ch14_006.png
ARG

e
el S e e

s for
7 v

e "‘/ i G

//» «
e I8
S i N
e /iy/' AN ) ’MG\
i g gt L T & A\S

P P

- %’;'7‘*“”;" S

e i By

i, Sz Mae
CE =

cept F at e

ppee

o

T Ay

Al S asgee AR e





OEBPS/images/ch14_005.png





OEBPS/images/ch06_001.png





OEBPS/images/ch14_009.png





OEBPS/images/ch02_001.png





OEBPS/images/ch16_007.png





OEBPS/images/ch02_004.png
i;, UL g ww
AT

o
|

I o

i ) =

GresaaM  COLLEGE.





OEBPS/images/ch16_006.png





OEBPS/images/ch02_005.png
NOB. ROBERTVS.
REGIA SOCIET)

“2 Vi
S
St ¥ Y






OEBPS/images/ch16_005.png
AX INVESTIGATION

THE LAWS OF THOUGHT,

THE MATHEMATIOAL THEORIES OF LOGIC
AND PROBABILITIES.

GEORGE BOOLE LL.D

LOXDON
WALTON AND MABER
comnge: o






OEBPS/images/ch02_002.png
C : s
ez )//v)z had ‘JE: ”

i . 2 2 ¥ g g e M
YA 4 At < o ax ek (50

@ 0 cattion -

&
Lo Kl e o Ky

A 246 PRt ing D Qollins s apoinidD
LB o 4

D A ey mighd AL Ltin & S
el e






OEBPS/images/ch16_004.png





OEBPS/images/ch02_003.png
g
’
{
!
%

ot ol S o S5

" Smidl
T bkl
U Wby
T Mhon
A O

o ”“’(2”?/“;
- Fo ke
" Dl
T ey
PTG Be
D H.D
gl
D fopem
V2, 07999






OEBPS/images/ch16_003.png





OEBPS/images/ch02_008.png
& antiror rimate vefcle, fujicl fpogif per u,f;u.;ﬂ-}/,’m.,.

g S /.
PAREP 0 Prisma ,u./f 0 Vs «y(jm[«', Foini Prigoiein ;

- J 7
pod BRI Ay T R e N s e e L R





OEBPS/images/ch16_002.png





OEBPS/images/ch16_001.png





OEBPS/images/ch02_006.png





OEBPS/images/ch02_007.png
Rt

T R en i;;zm, & Dwnpa pourk (Prisnty
antinm e PIE apunly At cim fmin f2 B 1 copominial
L o el D rpsineinty e wgeslis Dfm%f;; 4
Gikla prefte et b S g ABC Trsneti sedie, @ anem
2 M»’JMM‘ sk KE oy Juo i x (i f.,.m;.‘,')

ity P i il Adenty D4 4 Sty rvim

“f:““{‘ GH # X7
e sefct . S
G o mifomchins D N
LA AC, ,,/,uta e -
w,iuéqu D ey
BC guanpronind Sppeseinim; £ AC &
e /ﬂ"ﬁf-f(»: agunlin, simily b i
G o MR A harn DAY i lonobl's gy g G
e L e e fff':f:{f,;‘f
-

y






OEBPS/images/ch20_002.png
0507 1 2 3 4567810 20

100

%

Eoe g s

£ 05 s_

% 04 e

1 gﬂ,

303 e

§§ - g »

20

£ 01 10

0 0
0507 1 2 3 4567810 20 0507 1 2 34567810 20

AT ('C) AT, (*C)





OEBPS/images/ch20_003.png
—

THE SCIENCE OF CLIMATE CHANGE

A joint statement issued by the Australian Academy of Sciences, Royal Flemish Academy of Beigium for
Sciences and the Arts, Brazilan Academy of Sciences, Royal Sodiety of Canada, Caribbean Academy of
Sciences, Chinese Academy of Sciences, french Academy of Sciences, German Academy of Natural Scentists
Leopoldina, Indian National Scence Academy, Indonesian Academy of Sciences, Royal Irsh Academy,
Accademia Nazionale dei Lincei (taly), Academy of Sciences Malaysia, Academy Council o the Royal Society
of New Zealand, Royal Swedish Academy of Sciences, and Royal Society (UK).

The work of the Intergovemmental Panel on Ciimate Change (PCC) represents the consensus of the
intemational sientific community on dimate change sdence. We recognise PCC as the world's most
reliable source of information on dimate change and its causes, and we endorse its method of achieving this
consensus. Despite increasing consensus on the science underpinning predictions of global climate change,
doubts have been expressed recently about the need to mitigate the risks posed by global dimate change.
We donot consider such doubts justified.

There will aways be some uncertainty surrounding the prediction of changes in such a complex system as
the world's cimate. Nevertheless, we support the IPCC's condusion that it is at least 0% certain that
temperatures will continue to rise, with average global surface temperature projected to increase by
between 1.4 and 5.8°C above 1990 levels by 2100". This increase will be accompanied by rising sea levels,
more intense precipitation events in some countries, increased risk of drought in others, and adverse effects
on agricuture, health and water resources.

In May 2000, at the InterAcademy Panel (AP) meeting in Tokyo, 63 academmies of science from all parts of
the word issued a statement on sustainabilty in which they noted that *global trends in cimate change ...
are growing concerns” and pledged themselves to work for sustainabilty ~ meeting current human needs
while presenving the environment and natural resources needed by future generations’. It is now evident
that human actites are already contributing adversely to global dimate change. Business as usual is no
longer aviable option.

We urge everyone - indviduals, businesses and goverments - to take prompt acton to reduce emissions of
greenhouse gases. One hundred and eighty-one governments are Parties to the 1992 UN Framework
Convention on Climate Change, demonstrating a global commitmant to ‘stabilising ~atmospheric
concentrations of greenhouse gases at safe levels. Eighty-four countries have signed the subsequent 1997
Kyoto Protocol, committing developed countries to reducing their annual aggregate emissions by 5.2% from
1990 level by 2008-2012.

The ratification of this Protocol represents a small but essental first step towards stabilising atmospheric
concentrations of greenhouse gases. It will help create a base on which to build an equitable agreement
between all countries in the developed and developing worlds for the more substantial reductions that will
be necessary by the middie of the century.

There is much that can be done now to reduce the emissions of greenhouse gases without excessive cost
We beleve that there s also aneed for a mejor co-ordinated research effort focusing on the science and
technology that underpin mitigation and adaptaton strategies related to cimate change. This effort should
be funded principally by the developed countries and shouid involve scientss from throughout the world.

‘The balance of the scientific evidence demands effective steps now to avert damaging changes to
‘the earth's dimate.
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