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For Fliss who arrived just as I started this book and for Connie who waited so long for a little sister.




The essence of science: ask an impertinent question, and you are on the way to a pertinent answer.


Jacob Bronowski, The Ascent of Man (1973)





Introduction



When I was a child there always seemed something perfect about science. It was carried out by brilliant people in immaculate white coats who would invent audacious experiments leading, inevitably, to stunning results. In this way science would take another giant step forward, the scientists would congratulate one another, then clear their benches and start all over again, on a new and even harder problem.


Obviously this wasn’t my personal experience of science, which more often involved not completely understanding the instructions in science classes, messing up the experiment and then fiddling the results to fit in with what I thought was probably being asked.


That was unless the experiment involved explosives. I loved explosives (in a wholly peaceful way, you understand) and in those fondly remembered days of youth you could still buy in our local chemist’s shop all the necessary ingredients for making gunpowder. I didn’t mess up experiments making rockets, not after a batch of gunpowder I was preparing accidentally combusted, removing an eyebrow and leaving a large hole in the carpet. Fortunately, like all good scientists, I’d taken precautions and had been preparing the explosive in my sister’s room, so it was her carpet that bought it.


Making firework rockets was about as close as I ever got to being one of those perfect scientists I imagined, working away silently, diligently and alone, slowly preparing for the key experiment, the moment when the fuse was lit and the great adventure began. In truth it was sometimes a rather disappointing adventure as I made quite a lot of damp squibs. It was also sometimes very alarming as my rudimentary knowledge of aerodynamics often led to my rockets being a touch unstable and they were more likely to shoot off into next door’s hedge than to rise majestically into the air. But sometimes it really, really worked and the rocket whooshed off the little Meccano gantry I’d built and up into the blue skies of childhood. That was magical. That was what it was like to be a real scientist.


And so I studied, and I built rockets, and I peered at the big universe through my telescope and at the small universe through my microscope, and finally I became – an historian. Not really what I had planned. Of course the American chemist Frank Westheimer once observed: ‘Surprisingly, history is much more difficult than chemistry,’ but I think he was fibbing. Today I do my science vicariously, through the pages of New Scientist and Nature and Ben Goldacre’s ‘Bad Science’ column, and I sometimes have the privilege of talking to real scientists through my researches for the BBC series QI.


But if I cannot claim to do real science myself, as a historian I do at least get to spend a lot of time with dead scientists. There are thousands of them in history books and reading the stories of their lives has taught me something about science itself. Real science is not done by the perfect white-coated men and women I imagined as a child. It does have its heroes, of course, but it also has its villains, its disasters, its brilliant ideas that turn suddenly to dust and those handfuls of dust that, quite unexpectedly, lead to moments of genius. There is just more chaos in science than I ever imagined in my youth. It is a field populated by humans, together with all their triumphs and failings, their valiant strivings, their dogged determination, their indomitable spirit and their bitter rivalries, prejudices and tempers. That is what this book is about.


Boffinology is not meant to be encyclopaedic or in any way a ‘history of science’. Rather it is simply a collection of 100 stories found by an historian who nearly became a scientist and who thought they helped to explain, at least to him, what science is, where it has come from and what it’s like to actually do. Science is often seen as not being about scientists; it is about their work, not them. But, in truth, all science comes out of who those people are. I hope here to put some of the characters, good and bad, back into their stories. Perhaps one might inspire you to become a chemist, but I hope none of them inspires you to become a poisoner. Both can be found in these pages, though, for good measure.


I doubt whether every one will be new to you. If you are a physicist you might find the physics stories familiar – they are the kind of thing physicists tell, after all – but perhaps the stories from the other sciences will still surprise you. The same goes for all the disciplines. Each one has also been kept deliberately short, so that you might read one or another here or there, whenever you fancy. They have been presented in the order in which you read them for a reason but you don’t have to keep to it. If you’d like to know more, there are whole books written about each one. I know; I read them.


Most of all, I hope these stories are memorable. They have stayed with me for over twenty years of research, beginning not long after I built my last childhood rocket, and they remain with me as I wonder today whether I’ll ever be allowed to build rockets with my own children. On the off chance that I won’t, these 100 tales may have to stand in their stead. At least that way the carpets will be safe.




1
The Great Adventure


(In which we look at the origins and process of science, how one thing leads to another and how the latter is sometimes stolen by someone who had precious little to do with the former.)


The world looks so different after learning science. For example, trees are made of air, primarily. When they are burned, they go back to air, and in the flaming heat is released the flaming heat of the sun which was bound in to convert the air into tree.


Richard Feynman, speech to the fifteenth annual meeting
of the National Science Teachers Association,
New York City (1966)
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Thales of Miletus is often considered the father of modern science and so it’s only fair that we should start with him when this book, after all, deals with the ideas and products of so many of his intellectual descendants. But it must also be said that he provides a rather unusual role model.
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A cautionary tale


There are two problems with Thales. The first is that he never wrote anything down or, if he did, it certainly hasn’t survived. As a result we’re forced to rely on accounts written hundreds of years after his death, which have a nasty habit of not really agreeing with each other at all.


The second problem is that every thought, every science and every philosophy needs a beginning. In the absence of firm evidence, many a scientist and philosopher has laid that origin at Thales’s door, crediting him not just with inventing ‘science’ but with most of Western thought.


So what do we know about this man from whom all the other ideas in this book flow? First, he really did exist, which is a start, and lived roughly from the mid-620s BC to the mid-540s BC. He was probably born in Miletus on the west coast of Asia Minor and may have been somewhere between seventy-eight and ninety when he died, which was a good innings for those days.


After that it gets a shade hazy. Our main source for Thales’s life is the Greek historian Herodotus writing about a hundred years later, the philosopher Aristotle writing another hundred years after that, and the slightly unreliable and wholly unsourced Diogenes Laërtius writing perhaps 600 years after that. All agree that he was one of the ‘Seven Sages of Greece’, a title given to seven statesmen, philosophers and lawmakers later renowned for their wisdom, even though historians don’t agree who the rest of those seven were.


All, however, are keen to flesh out this rather distant story with a few anecdotes. According to Herodotus, one of Thales’s great tricks was to predict a solar eclipse, one of which we now know occurred on 28 May 585 BC. It just so happened that a large battle (the battle of Halys) was happening at the time between the Lydians (under the wealthy King Croesus) and the Medes. Both sides were so impressed with his prediction that they immediately downed swords and declared peace. Croesus then marched on Persia but came to a grinding halt at a river too wide to cross. Quick as a flash, Thales suggested diverting the river upstream so that half of it started to flow behind the army. This shrank the river ahead and made it fordable.


There are many other such tales, including how he bought the option to use all Miletus’s olive presses for one season, having correctly predicted a bumper harvest – making him the first options trader in history. He is also credited with discovering Thales’s Theorem, a rather nifty piece of geometry that states that if A, B and C are points on a circle and the line AC is the diameter, the angle ABC is always a right angle. For this he has been called the first true mathematician and he remains the earliest person to have a mathematical discovery attributed to them.


You’re probably thinking this sounds a bit like hearsay and not very scientific at all. And you’d be right. If we want to learn what was really special about Thales, we need to look at what Aristotle has to say about him.


Aristotle said that Thales thought that the world originates from and returns to water – or, to put it another way, everything is made from water, or is ‘transformed’ from water. This seems unpromising at first, as unpromising as Anaximenes’s contention that everything is made from air, but it hides at its core the foundation of all science. Before Thales, the answer to what everything was made of, where it came from and where it was going to end up was simple: God, or, rather, the gods. Thales’s watery idea may have been, to modern eyes, a touch off beam, but it marks the first time in Western thought that anyone rejected a mystical explanation of phenomena in favour of looking for natural causes. Furthermore he was the first person to attempt to explore this new way of thinking by trying to define general principles in the world around him and to come up with hypotheses to test them. This marks the very beginning of science.


That is, of course, if Aristotle isn’t making it up, which he may well be. Aristotle, like so many others, was looking for an origin for his own ideas and may simply have put these words into Thales’s mouth. Somewhere, perhaps during Thales’s lifetime, someone – maybe even Thales himself – did have this momentous thought, but Aristotle’s story is, sadly, no more reliable than another told by Diogenes Laërtius. He claims that one evening Thales was led out of his house by an old woman so he could study the stars. It being a dark night and Thales being old, he fell into a ditch but received precious little sympathy. Instead the old woman berated him, saying: ‘Do you, O Thales, who cannot see what is under your feet, think you shall understand what is in heaven?’


And that is a warning any prospective boffin would do well to heed.
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There are a lot of pitfalls in science beside the literal ones that Thales used to fall into. For one thing, science is more often a collaborative effort than a solo performance, but many of those involved seem painfully unaware of this. Ideas have value and precedence in a discovery is everything, as the story of the unravelling of the properties of water shows.
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The water board


This story, which involves three very different characters, is not only tortuous but involves the untimely death of one of its protagonists. After Thales – known as ‘the father of science’ – rather sweepingly suggested that everything was water, there was a 2,200-year gap in progress before someone came along who might discover what water itself was actually made of.


Henry Cavendish was just as absent-minded as Thales (see page 7) but he was also chronically shy, particularly when it came to speaking to women. In fact, he was absolutely terrified of them and would communicate with his female servants only via written notes.


Cavendish was one of a new breed of eighteenth-century ‘gentleman scientists’ – men who dedicated their otherwise easy lives and considerable financial resources to investigating the nature of things. In Cavendish’s case his interests lay mainly in the measuring of electric current and the ‘capturing of fractious airs’. The system he devised for measuring electric current did not catch on, as it involved shocking himself and making a relative estimation of the degree of pain this caused.


When it came to fractious airs, however, Cavendish was a genius. By fractioning off gases from air, in much the same way that petrol is fractioned off from crude oil, he identified the ‘fixed air’. Although this didn’t seem to achieve much by itself, it also isolated (in 1766) a much rarer ‘inflammable’ air, which was a lot more lively. Several aspects of this gas had hooked his interest. First, this strange stuff was lighter than air; second, it had a habit of exploding when you put a match to it; and third, and most interestingly of all, when you did set fire to it in a closed container, the walls became covered with what Cavendish called ‘dew’ – a substance that he thought was probably water.


Cavendish, with his reclusive nature, didn’t take the credit for this impressive discovery. In fact, he took hardly any credit for any of his experiments as he was never bold enough to publish a single book (just twenty short papers). To explain to the world what he had discovered would require the impressive intellect and moral ambivalence of a man who began his scientific career with the statement: ‘I am young and eager for glory.’


The speaker was Antoine-Laurent de Lavoisier, a French contemporary of Cavendish’s who is today described as ‘the father of modern chemistry’ – a title that would have made Cavendish go puce and hide in a corner but which Lavoisier would have loved.


Lavoisier was brilliant and dashing – not only marrying a beautiful thirteen-year-old prodigy but putting her to work translating English scientific papers for him, for the simple reason that, for all his brilliance, he was not averse to a little cheating wherever possible. As his own biographer delicately puts it: ‘This tendency to use the results of others without acknowledgment then draw conclusions was characteristic of Lavoisier.’


Amongst those papers that Madame Lavoisier translated was Cavendish’s report on ‘inflammable air’, which caught the Frenchman’s attention. Repeating his colleague’s experiment on fractioning air, he too isolated the ‘flammable’ fraction but made the key addition of giving this fraction its own name – hydrogen. Lavoisier is credited with the discovery of hydrogen even though he copied the experiment out of a book. Schoolboys have been trying to emulate his success ever since.


Of course hydrogen is only half the story of the properties of water, but Lavoisier was not averse to ‘borrowing’ his way to victory with the other half. Back in England around this time another gentleman scientist, one Joseph Priestley (see page 147) was also investigating air. Priestley was a great experimenter, but like Cavendish he wasn’t good with names. During his experiments he’d isolated carbon dioxide, which he rather drily called ‘fixed air’. As a byproduct he realised that he could dissolve this in water to make it fizzy, so he should be credited as the father of all soda drinks. It may not be as good as being the ‘father of science’, or even the ‘father of chemistry’, but it’s a start.


He also identified what he called ‘phlogisticated nitrous air’, which was particularly difficult to say after you’d sniffed it, as it’s more commonly known as laughing gas. Most importantly, he discovered ‘dephlogisticated air’, a name that failed to catch on, allowing the ever-watchful Lavoisier to copy Priestley’s experiment, just as he had done with Cavendish’s, to name the resulting gas (which he called ‘oxygen’) and claim to be its discoverer.


Both Cavendish and Priestley had noticed that burning ‘inflammable air’ created ‘dew’ but it was Lavoisier who now had the evidence and the names to describe it properly for the first time. This he did, declaring that water must be made of a combination of his two newly discovered gases, hydrogen and oxygen, which it is.


The last laugh in this story of chemical espionage goes, appropriately enough, to the nitrous-oxide-sniffing Englishman. Priestley was a devout Unitarian preacher and a strong supporter of the French Revolution. Indeed, so keen was he that, having done his best to whip up discontent amongst the French (and the English) peasantry, he felt it wise to emigrate with his family to the USA. Lavoisier, the aristocratic father of modern chemistry and the first man to deconstruct water, failed to make such a tactical withdrawal. He was guillotined.
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Water would, of course, go on to become the power behind the Industrial Revolution but the story behind the inventions that exploited science’s discoveries is often no clearer than the story of the discovery itself. Witness the steam engine . . .
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Who invented the steam engine?


There was a time, not that long ago, when every British schoolchild knew the answer to this simple question. The steam engine, as school books proudly told, was invented by the Scotsman James Watt. Or was it Thomas Newcomen? But even putting aside for the moment the claim of Hero of Alexandria (see page 294) to have invented the steam engine in the first century ad, we need to do more than narrow it down to these two in order to tell the whole story.


The saga of the modern steam engine should perhaps begin with Blasco de Garay, a naval officer in Charles V’s Spain. By 1543, Charles V had every reason to fear water in its liquid form. Only the previous year when his fleet was off Algiers a fierce storm had wrecked fifteen of his warships and 140 transports, drowning 8,000 men and nearly drowning Charles himself. Now when he heard of Garay’s proposal for a ship that could move against tide and wind at will, he commissioned a test with his own vessel Trinity. According to the surviving account this was fitted with a steam boiler and promptly motored up and down, much to the delight of Charles.


As with everything to do with steam, however, nothing is what it seems. First, the ‘authentic account’ of this impressive trial wasn’t written down until 1825 and may well be forged. Second, and rather handily for all concerned, it states that Blasco refused to explain how his machine worked; as soon as the trial was over, he packed it all up and took it away, never to be seen again. Thanks to his own secrecy, we’ll never know whether or not he was the true inventor of the steam engine.


The British, who were considerably less bashful, maintain that it was their Thomas Newcomen who invented the steam engine. Well, not quite. By the end of the seventeenth century the British did at least have a good reason for needing to invent some form of engine. Mining – for iron, coal and tin – was really taking off and mines had an unpleasant habit of filling with groundwater, which happens to make up 99 per cent of all the fresh water available on earth. At this time the donkey work of pumping it out involved real donkeys and buckets, and this was an age when donkeys and buckets were expensive, so Thomas Newcomen addressed himself to finding a solution.


Newcomen was an inventor in the days when, unless you were an aristocrat with a lot of time on your hands, being a ‘scientist’ wasn’t considered to be a good job. Coming from rather humble Devonport stock, he was of a class known as ‘schemers’ and was generally referred to as a ‘blacksmith’, although he preferred the term ‘ironmonger’, displaying an early case of ‘status anxiety’. Newcomen went to the mines of Cornwall to study the problem of pumping water out of deep diggings. Despite his being described as the ‘father of the steam engine’, one of the first things he came across there was . . . a steam engine.


It had been built by Thomas Savery, who describes it in his book An Engine to Raise Water by Fire. Savery, who was much posher than Newcomen, basked in the grand title of ‘military engineer’, although that didn’t stop the aristocracy, who were running the show, from snubbing him. When he suggested to the Admiralty a novel little idea he’d had for propelling a ship using paddle wheels, they replied loftily that they couldn’t see why they should ‘have interloping people, that have no concern with us, to pretend to contrive or invent things for us’.


Savery built his ship anyway and paddled it up and down the Thames. Unfortunately for him, no one important seems to have been watching on this occasion, so he turned his skills to inventing an engine for pumping out mines. Well that depends to some degree on your definition of ‘inventing’. There are rumours that Savery based his work on the writings of Edward Somerset, 2nd Marquess of Worcester, who a century earlier had been pondering the knotty problem of perpetual motion. Another possible ‘inventor’ of the steam engine, Jean Théophile Desaguliers (who, despite his name, was English), claimed that Savery had not only read Worcester’s book but had bought up all the copies available and burnt them in order to claim to have invented the engine himself. Furthermore, there was the fact that Savery had certainly based his boiler on the Frenchman Denis Papin’s ‘Digester’ or ‘pressure cooker’ of 1679.


Even if Savery did borrow and improve other people’s ideas, he can still be credited with first building in practice what Worcester called his ‘semi-omnipotent and water commanding engine’. Having perfected his model, he proudly displayed it in 1689 to King William III at Hampton Court who immediately granted him a patent.


That was the start of his difficulties. First, he decided to call his invention a ‘fire engine’, which confused everybody, although he later changed this to ‘The Miner’s Friend’. His real problem, however, was that his engines were underpowered and used a huge amount of fuel to lift a small quantity of water. In short, donkeys and buckets were better. Mine owners were also frightened that his great hissing boilers might explode – which of course they did. Even after they had been fitted with pressure valves (invented by Desaguliers), they could still go wrong because operators were in the habit of putting weights on the valves to create more steam pressure and get their job done more quickly. This was usually the last bright idea they ever had.


It was Thomas Newcomen who realised that Savery had gone about the whole business back to front. Savery had used steam pressure to push a plunger up a piston. This meant you needed high steam pressure in boilers, which tended to lead to explosions, as welding was still in its infancy. Newcomen turned this idea on its head by inventing the ‘atmospheric engine’, which gained its power not from steam pressure but from the huge pressure of the atmosphere all around us. Newcomen filled a piston with steam and then suddenly cooled it, using water, making the steam condense out and creating a partial vacuum in the piston tube, which in turn led to the external atmospheric pressure pushing the piston back down again. Atmospheric pressure is enormous compared to the pressure in a ‘Papin Pressure Cooker’, so his engine was much more powerful as well as much safer.


And was the world impressed? No. Desaguliers grudgingly admitted that Newcomen and his partner John Calley had found a good solution but added: ‘not being either philosophers to understand the reason, or mathematicians enough to calculate the powers and proportions of the parts, they very luckily, by accident, found what they sought for’.


The celebrated ‘Lunatick’ Robert Hooke (see page 19) – father of the modern microscope and inventor of the biological term ‘cell’ – who had been told of the project early on by Newcomen, was even more dismissive and told them they should never have proceeded with the idea in the first place. Perhaps Hooke was trying to buy time for his friend, the Dutch astronomer Christian Huygens, who had designed an engine driven by gunpowder instead of steam. Then again perhaps Hooke was just experiencing a moment of madness. He was, after all, the designer of the notorious Bethlehem hospital lunatic asylum, better known as ‘Bedlam’.


However, miners – as well as borough councils that needed fresh water for their burgeoning urban populations – did take note and the Newcomen engine, after various tinkerings, became the first great workhorse of the Industrial Revolution – that is, until James Watt (see page 20) came along.


A mathematical instrument maker, Watt is often credited with inventing the steam engine, which, as we’ve just seen, he can’t possibly have done. What he did do was invent the separate condenser, which allowed the steam to be cooled outside the piston, making the whole operation far more efficient. He also invented the ‘flyball governor’, which controls the speed of a steam engine and whose positive feedback principle represents the first piece of true ‘automation’ in any modern machine. Not content with all this, he also had a unit of electricity named after him and, perhaps most importantly of all, coined the term by which the Industrial Revolution was measured: horsepower.


It was at this point that Richard Trevithick came on the scene. Now that the basic operation of the Newcomen engine, as improved by Watt, had been established, Trevithick applied himself to making it go faster and harder – the beginnings of the endless industrial quest for horsepower – a term he could thankfully now use. Newcomen had invented the atmospheric engine to avoid the need for the high-pressure steam that had powered Savery’s engine but Trevithick turned this notion on its head by introducing a high-pressure, Newcomen-style engine. Watt had considered doing this himself but was still unsure about how far welding technology had progressed.


With his new high-pressure engine, Trevithick set about freeing the steam engine from its pithead moorings and in 1802 built what is claimed to be the world’s first automobile – a steam-operated car that was rather unfortunately known as ‘The Puffing Devil’. In fact Nicolas-Joseph Cugnot probably invented the automobile in 1769 when his ‘steam wagon’ first ran. In 1771 it ran straight into a brick wall, making Cugnot also the first man ever to have a car accident. Regardless of who invented the car, everyone thought it a stupid invention that would never take off, so Trevithick turned his attention to another type of locomotion – the train.


Horse-drawn trains had been pulling wagons on rails out of mine workings since before Savery had been pumping water out of them, but no one had thought of replacing the flesh-and-blood horse with an iron horse. Trevithick did, and thanks to his high-pressure engine he succeeded in building the world’s first locomotive, which he forgot to name. Had he done so, he might have remained as famous as a certain George Stephenson who, inspired by his work, built a locomotive with the dashing name of Rocket.
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Of course, not all scientists have worked in bitter opposition. The wiser amongst them have formed clubs for mutual support, the free exchange of ideas and the odd good dinner. Such a sensible idea could only come from a bunch of Lunaticks.
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The Lunaticks


Modern learned societies owe their origins to the development, in the sixteenth century, of networks of European astronomers, natural philosophers and mathematicians who, though never formally members of the same educational institution, formed a sort of ad hoc college, bound together by the notes and treatises they passed amongst themselves. Just a century later this had been formalised in Britain into a group of corresponding scientists including Robert Hooke (see page 201), John Evelyn, Christopher Wren and Robert Boyle (see page 75), who referred to themselves as ‘The Invisible College’.


In time the Invisible College itself transmogrified into the first learned scientific society to receive a royal charter – the Royal Society of London for the Improvement of Natural Knowledge, which rapidly became so famous that it was soon known simply as ‘The Royal Society’. From this seed grew a plethora of other scientific societies, many less formal or more specialised, some for those gentlemen scientists in the provinces or abroad, and others for those who might not quite ‘suit’ the grander institutions.


Amongst this latter group in the eighteenth century there emerged one of the strangest and yet most influential groups of all. The Lunar Society was far less formal than its royal counter-part; indeed, it was so informal that it had no constitution and no real method of either electing or deselecting members; it never published anything, and never kept minutes of meetings or a list of members. Some historians have struggled with the idea that it even existed or, if it did, who actually belonged to it.


The Lunar Society, whose members originally referred to themselves simply as ‘fellow-schemers’, was a very different beast to the Royal Society, being based around a group of intellectuals who eventually found a home in the new industrial heartland of England – Birmingham. These men were practical scientists and manufacturers rather than the gentlemen scientists of other societies, although some did later gain admission to those more illustrious bodies. Their informal group was founded as a dining society and got its name from their habit of meeting from 2 p.m. to 8 p.m. on days when there was a full moon, whose light would make for a safer journey home after the meeting.


The great strength of the group was that they were not all of the same profession. In the latter part of the eighteenth century, the sciences and the individual disciplines within them had not yet been separated out. As a result the Lunar Society was a wide cross-section of people who might have professional interests in one area and amateur hobbies in another.


Amongst its members was the potter Josiah Wedgwood, one of the first men to turn ceramic production into a modern industry. He might find himself at a Lunar dinner sitting next to Thomas Jefferson’s old teacher William Small, steam pioneer James Watt (see page 13) or his business partner Matthew Boulton at whose house the meetings often took place. Samuel Galton Jnr, who, unusually for a pacifist Quaker, was a gun manufacturer, might find himself talking politics with slavery abolitionist James Day, whilst chemist and inventor of the fizzy drink Joseph Priestley (see page 12) could be found in discussion with William Withering, the discoverer of the heart drug digitalis. Erasmus Darwin, Charles’s grandfather and a man who had turned down George III’s offer to become royal physician, might also be found reading letters from corresponding members who included the discoverer of Uranus, William Herschel, the botanist and member of Captain Cook’s first expedition Joseph Banks, the chemist Antoine-Laurent de Lavoisier (see page 11) and amateur electrician Benjamin Franklin (see page 28).


Of course no group bound largely by the ties of friendship could last for ever. As the members grew older and died, the Lunar Society ceased to be very active in the 1790s and was closed down altogether around 1813 although, typically, no one can quite determine the exact date. Most former members had died by 1820, which certainly reduced their activity.


It is also a matter for debate whether a group that never issued a society publication would be capable of leaving a legacy of any kind. However, what mattered for the Lunar Society members was not the publication record but the opportunity to mix with others whose interests varied greatly from their own and from whose input their own studies might be improved. Did Erasmus Darwin’s discussions with the early geologists later influence his grandson Charles? It is hard to be certain, but this most eclectic of clubs formed the crucible in which a sizeable part of modern Britain was formed. That being the case, it is perhaps not surprising that the members referred to themselves, informally at least, as ‘Lunaticks’.
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Whether the scientist is a Lunatick or a loner, some science requires a degree of bravery. When cartoonists draw scientists they rarely have bulging muscles and a knife clenched in their teeth, but not all science can be done in the comfort of the laboratory. Sometimes it can be very dangerous indeed.
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The hardest metre


The metre is one of the foundations of modern science – the unit of length that marks the fixed point from which other measurements are derived. But discovering its precise measurement proved no picnic.


For the French Academy of Sciences the measurement was simple – they defined the metre as one ten-millionth of the distance from the North Pole to the Equator along the Paris meridian. The difficulty was that the Bureau des Longitudes needed to know how far that actually was, and with astonishing accuracy.


The work of surveying this distance had been begun in 1792 but had ground to a halt in 1804 following the death of one of the main protagonists. Now, in 1806, two new men were chosen to complete the task – Jean-Baptiste Biot and Dominique François Jean Arago. Their job was to survey their way down France and through Spain to find the precise latitudes of a number of places, including Formentera in the Balearic Islands, and hence measure a known section of the meridian arc. This involved triangulating their position from the tops of mountains and hills.


Thus in 1806 they found themselves on top of a hill on the Mediterranean coast near Denia in Spain, from which they needed to take measurements across to the Balearic Islands, which lie near by. As making observations across the water to misty mountaintops proved tricky, they decided the best method might be to send one of the party across to the islands who would ascend the mountaintop to be measured and light a bonfire at the summit at night. This single, clear light could then easily be seen from their current position.


With this ingenious solution, the surveying progressed rather well. Biot and Arago leapfrogged from Denia to Ibiza, and from Ibiza to Formentera, lighting fires as they went. Finally they arrived on Mallorca where Biot, in late 1807, bade his partner farewell and headed back to Paris with their preliminary observations.


Arago meanwhile continued the work, choosing the summit of Mola de S’Eslop as a base, on which he built a small stone hut to live in and a large bonfire to signal to his assistants across the water. So things proceeded happily until June 1808 when, rather unfortunately, the Peninsular War broke out between France and Spain. What had until then been no more than an eccentric sight – a Frenchman lighting nightly fires on a hilltop – now began to worry the Mallorcans. Clearly under the impression that Arago was a French spy signalling the enemy, they cheerfully reported him to the army, which sent a detachment of troops to arrest him. Fortunately for Arago he spoke fluent Mallorquin. When he bumped into his potential captors as he was coming down the mountain, he urged them to continue on to the top where, he told them, the spy was still at work. The ploy worked at least for a while but in Palma he was too well known. Forced to give himself up, he was sent to the Bellver Castle prison.


There are two versions of what happened next. Either he managed to persuade his captors that he was no threat or he escaped. One way or another, on 28 July he found himself in a fishing boat bound for Algiers. It had all been a little too eventful for a peaceful surveyor and so in Algiers Arago immediately took ship for Marseilles, hoping to return to Paris as quickly as possible. Just as the ship approached its destination it was attacked by Spanish pirates and the hapless Arago was again captured, this time being taken to Roses in Catalonia, where he again found himself imprisoned, this time in a windmill.


By now Arago was a bit fed up with the trials of surveying in a war zone and was delighted when Roses fell to the French, although his joy proved premature. As part of an apparently Algerian party he was not released but simply transferred to another prison, this time in Palamos. The French were busy fighting a war and so what they considered to be foreign prisoners could wait. Eventually, it was the Dey of Algiers who proved the Frenchman’s saviour, demanding the return of his sailors. The bemused Arago was sent back with them.


Not that they made it back to Algiers. Just off the coast a northerly wind blew up and drove their vessel into the village of Bougie. Here the captain told Arago that the winter weather (it was now December 1808) made a sea crossing impossible and they would have to wait for the spring. Arago, not surprisingly, was getting a shade impatient and opted to walk back to Algiers where he might find a captain willing to take him home.


This would have been a good idea were it not for the fact that the inhabitants of Algiers were cross with the French who, in the excitement of war, had failed to pay for materials exported to France. When this angry Frenchman arrived in the port, the Algerians saw a suitable scapegoat, promptly arrested him and held him for ransom.


It was June 1809 by the time payments were made and Arago was at last released. This time he did make his way back to Marseilles where, to add one last insult, he was quarantined in a hospital for infectious diseases. Fortunately this would prove his last imprisonment and he finally reached Paris, where a hero’s welcome awaited.


The measurements he had faithfully carried with him throughout his travails helped to define the exact length of a metre. Jules Verne would later fictionalise his friend Arago’s adventures in Off on a Comet and it is thanks to his novel that a monument now stands at one of Arago and Biot’s bonfire sites on Formentera. Ironically the monument is not to poor, long-suffering Arago but to Jules Verne, who probably never even visited the island.
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Just as we can’t confine scientists to their lab, so we can’t always confine them to the small world of one discipline or sub-discipline. Occasionally they escape out into the real world and put their particular skills to a surprising, even deadly, use.
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Newton down the pub


Isaac Newton is remembered today largely for describing the action of gravity or, perhaps amongst the more numerate, for calculus, although not amongst numerate Germans who think their man Leibniz (see pages 78 and 197) should really take the credit. Yet Newton’s life was not one of pure abstract research; for thirty-one years he had a government job that involved his spending an inordinate amount of time heavily disguised in some of London’s ‘livelier’ inns.


Newton was not himself one for the high life. His secretary once commented that he had seen the great man laugh only once in five years, and that was when someone asked him what the point was in reading Euclid (see page 203). Following the publication of his great work, Philosophiæ Naturalis Principia Mathematica (often known simply as the Principia), he became a regular government ‘expert’, which led to an unusual offer of employment.


In 1695 the government co-opted Newton and seven other dignitaries to look into one of its more pressing difficulties. The country was at war with France and therefore in a financial quandary, a situation not helped by the fact that her coinage was slowly and quite literally being eroded. The currency in everyday use was made of bullion silver but had poorly defined edges. ‘Clippers’ would illegally snip the edges off the coins to sell the silver. As a coin was supposedly worth the value of the silver in it, this was devaluing the currency.


Newton and his committee reported back that the only solution was a recoinage – that is, taking back all the old money and reminting it as new coins worth their actual value in silver. The government agreed and the recoinage began, which should have been an end to Newton’s involvement. However, the chancellor of the exchequer wanted to thank Newton for his work so he did what all governments of the day did: he offered him a sinecure – a government job with a salary but no duties, or none that he couldn’t get someone else to do.


Newton was the last man to take any job lightly, even one meant just to provide him with a bit of pocket money. He accepted the post of Warden of the Mint but, much to everyone’s surprise, he also actually did the work. Seizing control of the recoinage, he determined to beat the clippers. All his new coinage was to have a clearly defined edge so that any clipping would instantly be exposed. To that end all silver coins were to be ‘milled’ with a series of vertical grooves on their edge. As a further precaution Newton decided to set an inscription on the coin that would not only add to its decorative value but act as a deterrent to the edges being shaved off. That legend, which still appears on some UK coins today, was ‘Decus et Tutamen’ – ‘an ornament and a safeguard’.


With clipping in decline, many of its former practitioners turned instead to coining – or outright counterfeiting. Technically, the position of Warden of the Mint also involved actually catching these criminals and so, after some initial misgivings, Newton threw himself into that as well. Clippers and coiners were not the sort of people you’d meet of an evening at his more usual haunt, the Royal Society, so Newton donned a disguise and hung around London’s least salubrious pubs, hoping to overhear their plottings.


And overhear them he did. At great personal risk Newton pursued London’s criminal underworld, most notably in the form of William Chaloner, a former quack doctor, confidence trickster and the first coiner to perfect edge milling on his fake coins. Chaloner was a cut above most coiners, even offering his services to the government as the only man who could stop counterfeiting – and he had a point as, if anyone knew how it was done, it was him. Going further, he claimed the Royal Mint, under Newton’s control, was riddled with corruption, lending out its dies and issuing underweight coins, and he threatened to ‘pursue that old Dogg the Warden to the end so long as he lived’.


Now Newton was a man whose temper could occasionally get the better of him. In a fit of pique, aged just nineteen, he had threatened to burn down his mother and stepfather’s house – with them in it. Not surprisingly, he was apoplectic about Chaloner’s claim and put to use all the methodical practices that had aided him in his scientific work, setting up an extensive network of spies and informers to catch out the ever-bolder coiner.


By January 1699, Newton had cornered every accomplice and crony from every era of Chaloner’s life from every backstreet bar in London. His investigation complete, Chaloner was arrested. The charge was treason, a penalty Chaloner himself had exhorted the government to apply to coining at a time when he hoped to become their official ‘expert’ on the subject. The meticulous Newton had gathered witnesses from throughout the coiner’s career, who were paraded in court before the astonished defendant, who had elected to conduct his own defence, unaware of the lengths to which Newton had gone. So panicked was Chaloner that he tried feigning madness and when this failed he was reduced to simply insulting each witness in turn. The result was a foregone conclusion and he was sentenced to death.


In the two weeks before sentence was carried out, he wrote a series of letters to Newton, some abusive, some begging for mercy, his last pitiful note saying: ‘O Dear Sr do this mercifull deed O my offending you has brought this upon me O for Gods sake if not mine Keep me from being murdered O dear Sr nobody can save me but you O God my God I shall be murdered unless you save me O I hope God will move your heart with mercy pitty to do this thing for me,’ and signing himself: ‘I am Your near murdered humble Servant.’


A vengeful Newton was not moved to pity. Those who had crossed him in the scientific community could have told Chaloner that he would never forget a grudge. If even his colleagues could not seek forgiveness for imagined academic sins, what chance had a notorious criminal?


William Chaloner was dragged on a hurdle to Tyburn on 16 March 1699 where he was hanged. As a traitor, he was denied even the right to face his death in an insulating haze of alcohol. That December, Newton was granted one of the most lucrative offices in the gift of the state as Master of the Mint.
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Out in the real world science has a nasty habit of coming into contact with politics, not always with edifying results.
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The war of the knobs and the points


Benjamin Franklin, when he wasn’t making American history, was a noted electrical experimenter. In the latter role, one of his great contributions to the modern world has been his invention of the lightning conductor. What is less well known, perhaps, is how this led to a war.


Franklin’s electrical experiments had shown that conductors with a sharp point apparently discharged electricity more quietly and over a greater distance than those that were blunter. This gave him the idea of putting sharp conducting iron points on tall buildings and attaching these to a wire passing down to the earth and so, as he put it, ‘drawing the electrical fire silently out of a cloud before it came nigh enough to strike, and thereby secure us from that most sudden and terrible mischief’.


This seemed perfectly reasonable and soon the Philadelphia State House was sporting its own gilded iron lightning conductor. The concept rapidly crossed the Atlantic and was eagerly taken up by those with a particular interest in avoiding lightning, notably the owners of churches and cathedrals with large spires, as well as those who worked in gunpowder magazines.


However, not everyone was delighted with the idea. The great French electrical experimenter Abbé Nollet solemnly warned the French Academy of Sciences: ‘I believe that they [lightning conductors] are more suitable to attract the fire of thunder to us than to preserve us from it.’ Such sudden concern for his fellow man was admirable coming from someone who attempted to measure the ‘speed of electricity’ by discharging a huge shock through a series of connected monks and noting the rate at which they jumped in the air.


In England the invention was taken more seriously and, after the church of St Bride’s on Fleet Street was badly damaged by a lightning strike, St Paul’s Cathedral was quickly fitted with one of Franklin’s ‘points’. The government was also interested and a Royal Society commission suggested the installation of pointed conductors on the roof of the gunpowder magazine of the Board of Ordnance House at Purfleet, which was duly done.
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