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‘The most incredible thing about miracles is that they happen.’


G. K. Chesterton













INTRODUCTION



It wasn’t supposed to do that
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Science is agonisingly slow. It makes progress at a rate of inches per decade, triple-checking every fact so that by the time a hypothesis is confirmed or denied, the people who originally proposed it are often retired or dead. This soul-crushing tedium might seem pointless but it’s absolutely by design, because it’s the best way of making sure our facts are reliable.


Things work differently in the movies, of course. Hollywood scientists always make their hasty breakthroughs at the eleventh hour from light-bulb moments, risky gambles and, more often than not, accidents.


After all, practically every superhero gets their powers by chance, e.g. they’re bitten by a radioactive spider, fall into a vat of electric eels or just plain walk into a particle accelerator.* According to movies, lab accidents happen all the time – and they’re always extremely useful. Now here’s the really amazing thing: the movies are not lying. Occasionally – just occasionally – science really does work that way.


Science is supposed to be an arduous grind of shattered predictions and failed experiments, but once in a while the moons of fate align and nudge us off course to an unexpected and unintentional victory.


It’s actually scary how often our species has simply lucked out. As we’ll see, some of the most important life-saving inventions and profound discoveries about the Universe were only arrived at because something, somewhere, went wrong.


But it’s these spasms of serendipity which make science exciting. You never know when you’re about to change the world, and you never know where the next big idea is going to come from. Sometimes it’s not being in the right place at the right time which starts a revolution – it’s being in the wrong place at the wrong time.





__________


* This actually happened in 1978 to a man named Anatoli Bugorski who was leaning into a particle accelerator and got the full blast of a proton-beam between the eyes. Sadly he did not develop superpowers. Instead, he became paralysed on the left side of his body and suffered seizures for many, many years. (Still finished his PhD, though.)










What counts as ‘accidental’?
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Writing a book about accidents really forces you to think about what the word ‘accident’ means and also to reflect on how useless dictionaries can be sometimes. What exactly is an accidental discovery, after all?


In a sense all discoveries are accidental because, by definition, we can’t make them on purpose. We can’t sit up one day and think ‘I’ve decided to discover something this afternoon.’ Scientific epiphanies happen when they happen, and nobody knows they’re about to make a breakthrough until the moment they’re making it.


That doesn’t mean scientists are fumbling around depending on blind luck of course, but every step leading to a monumental revelation was taken by someone who didn’t know for certain they were on the right track. They just had to hope.


Then again, if no scientific fact is arrived at on purpose, doesn’t that mean every scientific fact is the result of an accident? Well . . . sort of.


To avoid writing a book about the literal entirety of all human knowledge, however, I decided to pin things down a little bit more precisely. I’ve settled on the following four categories.


PART ONE: CLUMSINESS


The purest form of accidental discovery is down to honest-to-God clumsiness, be it physical or intellectual. Here, we’ll look at scientists who screwed up badly but still managed to fail their way to greatness.


PART TWO: MISFORTUNES AND FAILURES


Sometimes a mistake isn’t anyone’s fault, it’s just rotten luck. In this section we’ll look at times when everything went horribly wrong for someone or an experiment failed to produce the desired outcome – but things still turned out OK in the end.


PART THREE: SURPRISES


Very occasionally science is done correctly and the experiment is not a disaster. But even when everything goes right something can crop up in the results which we weren’t expecting. Here we’ll look at times where an incidental discovery turned out to be more important than what we were actually trying to find.


PART FOUR: EUREKAS


These moments are extremely rare because epoch-defining ideas don’t tend to pop into people’s heads out of nowhere. In order for something to count as a true ‘Eureka’ I’ve defined it as: ‘a major breakthrough which came to someone from a small, seemingly insignificant observation or comment’.










PART ONE



Clumsiness
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‘If you could kick the person in the pants responsible for most of your trouble, you wouldn’t sit for a month.’


Theodore Roosevelt







‘If you saw the mountains on my desk, nothing would surprise you!’


Albert Einstein







‘D’oh!’


Homer Simpson








 



BOOM!



The oldest record of a scientific accident comes from the Tang dynasty of ancient China (early ninth century) and consists of a written warning about a dangerous three-powder mixture that could explode without provocation.


The reader is warned not to tamper with this chemical cocktail because it was known to destroy buildings and singe men’s beards,1 but it wasn’t long before people started using it anyway, mainly for fireworks and grenades.


We don’t know for certain what was being described in this ancient Taoist text, but there aren’t many things it could have been. There are very few three-way reactions in chemistry, and even fewer that lead to explosions. It’s therefore a reasonable assumption that this is the very first recorded reference to gunpowder.


Tradition asserts that the monks who made it were trying to discover the elixir of life, but it’s far more likely they were simply trying to make fertiliser. Gunpowder is composed of powdered charcoal, sulfur and saltpetre. The latter two components are important plant nutrients, so the early Chinese botanists were probably mixing sulfur and saltpetre together for a good crop yield and somehow got it mixed up with charcoal.


When you heat this mixture, the three powders react and their molecules rearrange to make nitrogen and carbon dioxide. This rapid production of gas creates a devastating shock wave as the surrounding air is pushed aside in order to make room. In other words, it detonates.


Whether the monks were trying to live forever or just get healthier plants, they ended up making the first high-performance explosive and gunpowder became the go-to projectile weapon fuel for centuries. Until, that is, a German chemist named Christian Schönbein had a disaster of his own which improved the recipe.





 



COTTONING ON



Schönbein was a keen and well-respected scientist who had already discovered ozone and invented the fuel cell, but his wife did not appreciate experiments in the home and forbade him from carrying them out. However, during one particular afternoon in 1845 while she was out, Schönbein did what anyone would do when he thinks he’s got the place to himself – he snuck into the kitchen for a spot of clandestine chemistry!


Whatever experiment he was meant to be doing is unknown, because while preparing his reaction Schönbein knocked two large beakers onto the table, one containing sulfuric acid, the other containing nitric.


Panicking at the danger (and no doubt the prospect of having to explain all the acid damage to his wife), Schönbein grabbed her cooking apron and began soaking up the corrosive brew as fast as he could. Once he had got the majority of it up, he transferred the apron to the oven in the hope of getting it dry, but when he did so things got worse. Specifically, the oven exploded.


Schönbein didn’t know the explanation for what was going on, but we can explain it today. Cotton is made of a polymer called cellulose which, when heated with nitric acid, reacts and incorporates molecules of the acid into its structure. You need a bit of sulfuric acid to get the reaction going and when you do, the result is an extremely combustible fabric called nitrocellulose.


Schönbein had combined the cellulose in the apron with the nitric acid he was trying to mop up and just so happened to provide the perfect sulfuric acid catalyst to get them reacting. All it needed was a bit of heat to ignite, which he introduced in the form of the oven. He had turned his wife’s apron into guncotton.2


Gunpowder had been the standard explosive for two millennia, but it had several drawbacks. Firstly, it created a thick smoky discharge which made battlefields impossible to navigate once the cannons started firing. Secondly, it took a lot of heat to detonate. And thirdly, as soon as gunpowder gets even a little bit damp it stops working and the only way to dry it out is to heat it . . . (pro tip: heating gunpowder isn’t something you want to do).


Schönbein’s guncotton, on the other hand, burned without much smoke, ignited without much heat and could get damp while retaining potency. As an added bonus, guncotton produces five times more gas than gunpowder, i.e. it gives off five times the explosive force. It quickly took over from gunpowder and became the standard blasting stock for weapons. But that wasn’t all; nitrocellulose had another chemical gift to give us.





 



SHATTERED



In 1903 the French chemist Edouard Benedictus was pottering around his lab when he knocked one of his glass beakers off the shelf. Instead of shattering to pieces when it hit the floor, the glass stayed intact. Benedictus had been making nitrocellulose in the beaker the previous day, and realised he hadn’t done a good job of cleaning it. There was still a thin film of nitrocellulose lacquer stuck to the inside. This filmy version of the chemical was transparent, sticky and apparently very strong.


Initially, Benedictus thought nothing of it, but a few years later, while reading a newspaper article about car crashes, he realised the implications. The article described how large numbers of people were injured in car accidents not from the impact but from flying shards of glass. Benedictus remembered his shatter-proof beaker and set to work immediately.


He spent the next twenty-four hours working non-stop to perfect his invention and ended up with something that solved the problem. By sandwiching a sticky sheet of nitrocellulose between two sheets of glass, he had a material that was completely transparent but would not shatter when struck (since the nitrocellulose film held the glass shards in place).


He marketed his invention as TriplexTM and found its first major use in eyepieces for gas masks before it was later incorporated into windscreens, windows, television screens and eventually bulletproof glass. Nitrocellulose not only gave us the technology to create efficient projectile weapons but also the technology to shield ourselves from them.3,4





 



ACTION



The next big use for nitrocellulose was discovered in 1855 by the British chemist Alexander Parkes, who was studying the widely used commercial material shellac.


Shellac is a sticky resin excreted by female Indian lac bugs as they stick their eggs to tree branches for protection. In the nineteenth century it was widely used for mouldings and casings, but Parkes wanted to find an alternative to making everything out of sticky insect egg paste because . . . well . . . wouldn’t you?


He tried mixing a number of naturally occurring polymers in the hope of creating a rigid, lightweight material and one evening decided to mix nitrocellulose with camphor wax, dissolving the solution in alcohol. He heated it, hoping it would harden into a resin, but the alcohol evaporated, leaving a flexible rubbery lump in the bottom of the flask. Not what he had hoped for. What he had just made, however, was one of the most important chemicals in history: celluloid, the very first synthetic plastic.5


Parkes never made any money out of his flexible new substance because he couldn’t find uses for it. It could be used to make billiard balls when cooked in spherical moulds, but beyond that it had little application. It was another thirty years before the French inventor Louis Le Prince used celluloid to make the 35mm film used in motion picture cameras, giving us the movie industry.


Celluloid is not as combustible as its parent chemical nitrocellulose, which is fortunate because film projectors get very hot, but it can still degrade over time and even self-ignite in a heated room (as one too many film archivists have discovered). In fact, celluloid fires (like the one Quentin Tarantino used for the finale of his film Inglourious Basterds) are almost impossible to extinguish because when celluloid burns it produces its own oxygen and keeps the fire self-perpetuating, even underwater.6


Fortunately, celluloid’s tendency to spontaneously combust is rare, and most flammable materials need a source of ignition to get going. But how do we get a fire started in the first place? For that we turn to yet another accidental invention.





 



STRIKE A LIGHT



In 1826 the English chemist John Walker was experimenting in his home to find a new fuel source. His approach was the highly sophisticated technique of stirring flammable chemicals together, gumming them to the end of a stick and holding them over the fire in his hearth to see what would ignite.


One evening, Walker was trying out a new recipe, but as he moved his stick through the air, he scraped it against the brick hearth of his fireplace and it burst into flame. Walker had just invented the matchstick.


He never patented his formula, however, and a number of different variations were tried by other inventors across Europe, all working on the same principle. The trick is getting a fuel molecule to vibrate fast enough into an oxygen molecule so the two will rearrange into stable products, releasing heat in the process.


The most effective recipe, the one most often used in matches today, consists of a chemical called phosphorus sesquisulfide caked together with another called potassium chlorate.


Phosphorus sesquisulfide acts as a fuel, because phosphorus and sulfur atoms bond to each other weakly, i.e. given a chance they would much rather bond to oxygen. The other chemical, potassium chlorate, contains three oxygen atoms, making it a rich oxygen source. It’s also very unstable, but in the opposite sense – the oxygen atoms aren’t well bonded to each other and would be happier bonding to phosphorus and sulfur.


If you pack these chemicals next to each other you’ve got an unstable blend that’s aching to react, and if you scrape them against something rough, e.g. the bricks of a fireplace, the powdered glass of a matchbox or Clint Eastwood’s face, you start vibrating the molecules against each other with enough energy to start them swapping oxygen and voilà – a fire!


Safety matches do the same thing except that the chemicals are separated, with the head of the match containing potassium chlorate (source of oxygen) and the surface of the matchbox containing phosphorous sesquisulfide (desperate for oxygen).


For the outstanding – albeit unintentional – achievement of inventing the matchstick, John Walker was immortalised as a statue in his home town of Stockton-on-Tees – until 1990 when it was discovered the statue everyone had been admiring was modelled on the wrong John Walker. By complete accident, the sculptor had mixed up John Walker the chemist with an actor from London also named John Walker.7 A fitting tribute, perhaps.





 



BOUNCING BACK



Charles Goodyear was born in Connecticut in 1800 and spent the first thirty-nine years of his life as a failed businessman. His father, Amasa Goodyear, was an entrepreneur who manufactured the first pearl buttons, but Charles did not inherit his father’s nose for industry. After initially considering a career in the church, at the age of seventeen he decided to follow his father into manufacturing and began numerous enterprises with patented designs for shoes and furniture. Sadly all his endeavours flopped and he frequently found himself in and out of jail for debt. Nevertheless, he was convinced God had chosen him to invent something which would change not only his fortunes, but the world.8 He was right.


In 1834, while staying in New York city, he encountered a wondrous material called latex. Latex is produced by trees common to tropical regions and can be extracted as a white gloopy liquid. When left to dry, it coagulates into a bouncy lump which the English chemist Joseph Priestley (discoverer of oxygen) used to ‘rub out’ mistakes in his notebook. The men who sold him the latex started calling the substance ‘rubber’9 – after Priestley’s use for it – and the name caught on.


The reason for rubber’s bounciness and flexibility is down to how the atoms are arranged. Every atom has preferred angles at which it will bond to others, determined mostly by the shapes of the atoms themselves. For instance, oxygen tends to bond to other atoms at a 104.5-degree angle, while carbon prefers to bond at 109.5 degrees, and so on. Any deviations from these ‘ideal angles’ are a strain and the atoms will twist to get out of them.


Rubber is made from chains of atoms arranged in zigzags, but when these chains are pulled tight, the atoms are forced into a strained line. This isn’t their preferred configuration and as soon as they are released, they’ll snap back like tiny springs in order to get stable, making rubber highly elastic.
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(Speaking of springs: the engineer Richard James invented the SlinkyTM while trying to build a ship stabiliser. He was testing different thicknesses of steel spring when he knocked one of his prototypes off a shelf. It did the characteristic backflip down to a pile of books, before carrying on to his workbench and finally the floor. The kids in his neighbourhood were so excited by his ‘walking spring’ that James decided to sell it as a toy, with his wife suggesting the name SlinkyTM since it sounded like something sleek and elegant.10)


Back to Charles Goodyear, who saw potential in rubber as a flexible super-material. He wanted to use it for his various patents but in order to do so he would have to overcome its main problem – extreme sensitivity to temperature.


When rubber gets warm it starts melting and becomes a sticky mess as the atoms inside the chains break their bonds. This happens at around 37oC which is, unfortunately, human body temperature. Meanwhile, at the other end of the spectrum, when things get cold the atoms become rigidly held in place and refuse to budge, making the rubber brittle. Rubber melts on a warm day and shatters on a cold one.


One shoe manufacturer Goodyear spoke to told him that his company was close to collapse after it lost $20,000 in melted shoes which were not only unsaleable, they had to be buried in the company’s landfill because the smell was so obnoxious. By this time, of course, Goodyear was no stranger to financial risk. He knew that whoever could make rubber a practical material would change the shoe industry, so he set about experimenting with the substance to see if he could alter it.


For five years he tried all sorts of experiments, without success (sometimes within a debtor’s cell). He tried mixing rubber with powdered bronze, nitric acid, lead, magnesium and magnesium carbonate – at times producing dangerous gases that nearly suffocated him. On one occasion he even made a pair of rubber trousers which melted to his assistant’s legs, welding him to a chair.


During these years, Goodyear gained a reputation as a rubberobsessed eccentric who could be seen walking the streets of New York in a hat, shoes, cape and gloves all made from rubber, while carrying a rubber newspaper, none of which was flexible at anything but room temperature.


Many would have given up after these failures but Goodyear believed, rather presciently, ‘that which is hidden and unknown, and cannot be discovered by scientific research, will most likely be discovered by accident’.


Which is precisely what happened. One evening in the winter of 1839, Goodyear’s dogged belief that he would accidentally solve the rubber problem was proved correct. He had recently made the acquaintance of another rubber-obsessed maniac named Nathaniel Hayward who had been shown in a dream that mixing rubber with sulfur would improve its heat resistance. Goodyear liked the idea and, putting up with yet another stench, began incorporating sulfur into his rubber samples.


It was while enthusiastically showing one of these sulfur-rubber lumps to his brother in his kitchen that Goodyear accidentally let go of the sample while making an excited gesture. It subsequently flew across the room and landed on the stove. Everyone knew this meant bad news because rubber always melted in heat, but as Goodyear peered into the pan he saw something astonishing. The rubber was not only remaining solid, it was also forming a tough sheen similar to hardened leather. Heating rubber on its own will destroy it, but baking the hell out of it with sulfur apparently had the opposite effect. The rubber was surviving.


Sulfur atoms bond very well to the atoms in rubber chains, forming cross-links between them. The chains themselves are unchanged by this process, meaning the material still has its flexible characteristics, but the chains are now firmly held together by sulfur.
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This means that at high temperature the chains won’t separate, while at low temperature the structure will not become brittle. By dropping the rubber into the pan, Goodyear had discovered the perfect method to reinforce it.


He nailed the sample to the front door of his house and, when he examined it in the morning, found it had survived the harsh cold of a New York winter’s night. He had finally discovered the secret to making durable rubber and called the process ‘vulcanisation’ after Vulcan, the Roman god of fire.


At first his technique was met with intense scepticism by his friends and the rubber industry; this wasn’t the first time Goodyear had claimed to have made a discovery which turned out to be nothing. But in time, people began to realise that Goodyear rubber really was the holy grail of elasticity.


Sadly, a number of patent disputes and legal battles over the origin of vulcanisation used up all the money Goodyear made from his invention and he died bankrupt.11 A relentless scientist he may have been, but a shrewd businessman he was not.


Nonetheless his method lives on and, as you will no doubt have guessed from his surname, became invaluable to the car industry. Put simply: vehicles would not have wheels without Charles Goodyear and his slip of the hand. Speaking of which . . .





 



EMPLOYEES MUST WASH HANDS



In 1938 the Swiss chemist Albert Hoffman was researching Portuguese ergot fungus. Ergot was known to treat migraines and labour pains, but Hoffman was hoping to test its use as a respiratory medicine. One of the chemicals he extracted was lysergic acid which he decided to convert into other chemicals by globbing stuff onto the molecule at random. This might sound haphazard, but it’s a standard approach for biological chemistry. You start with one molecule and try adding bits to see whether it improves the function or not.


At some point during this process, Hoffman manufactured a chemical called LySergic acid Diethylamide-25 (LSD for short). It didn’t have many obvious applications and so he forgot about it for five years. But in 1943, Hoffman decided to revisit it and see if he had missed something. On 16 April he re-synthesised the compound, but in the process, started to feel dizzy and had to abandon his work.


After barely making it home, Hoffman went to bed and suffered the most vivid nightmares of his life. Wondering what he had eaten to make himself so sick, he headed to work the following Monday and noticed the reaction flask he had been using. Had he got some of the residue on his skin? Was that the cause of his sickness?


In order to see if it had been the LSD which caused the sickness and dreams, Hoffman could think of only one thing to do: deliberately swallow a grain of pure LSD and see what happened. Once again, he began feeling extremely sick within an hour and had to leave his post, this time with the aid of an assistant.


They made their way back to Hoffman’s house on bicycles, while Hoffman started having what he called a ‘severe crisis’ in which he hallucinated that people around him were turning into demons. He was having the world’s first acid trip.


After asking his neighbour to bring him some milk (before accusing her of being a witch) Hoffman lay on his bed for several hours as the hallucinations got worse. Starting to get nervous he had done himself permanent damage, he called for a doctor who found nothing physically wrong with him and concluded that he hadn’t poisoned himself in the conventional sense. He had instead discovered a psychoactive chemical which caused extreme fracturing of sensory perception.12 LSD was a potent hallucinogenic.


Nobody knows for sure how LSD works because nobody knows how perception works. What is known, however, is that LSD triggers the excessive release of a neurotransmitter called glutamate. Glutamate has a number of functions but it is chiefly involved in the formation of memories. It’s possible that LSD leads to a glutamate overdose which causes the brain to ‘over-remember’, i.e. bring up disconnected memories that have nothing to do with what the user is experiencing. This confusion between remembering unconnected things combined with actual sensory information may lead to hallucination.13


Hoffman’s employer, Sandoz laboratories, initially marketed LSD as a medicine to cure alcoholism and sexual perversion, but in 1950 the US Central Intelligence Agency (CIA) purchased the world’s supply of it and began using it to experiment on people as part of the now infamous MKUltra project.14





 



TIP OF THE TONGUE



A less controversial and far more widely loved chemical was discovered in a similar way. In 1879 the Russian chemist Constantin Fahlberg was working in the chemistry lab of Johns Hopkins University, studying coal tar – the sticky black substance you get after you burn coal. After cleaning up for the day, Fahlberg went home and found his bread tasted outrageously sugary. As did the water he drank and the napkin with which he dried his moustache.


He knew it wasn’t the food in his home so it had to be something on his fingers he had picked up from the lab. He went back immediately and began tasting all the different chemicals he had extracted from the coal to find out which one was the sweetest. In his own words: ‘I dropped my dinner and ran back to the laboratory. There, in my excitement, I tasted the contents of every beaker and evaporating dish on the table. Luckily for me, none contained any corrosive or poisonous material.’15


Eating all the chemicals in a laboratory is discouraged as a rule, although a former lecturer of mine (who shall remain nameless) used to make a habit of deliberately consuming micro-quantities of everything he ordered from the chemical supplier, insisting that keeping the dosages below the toxic threshold made it safe. A slightly worrying behaviour, but he’s the only person I’ve met who can describe what cyanide tastes like.


Eventually, after much trial and error, Fahlberg identified the culprit that was sweetening his food: ortho-benzoic sulfimide, the first artificial sweetener, three hundred times sweeter than table sugar.


Fahlberg sought patents for his chemical and renamed it saccharin after the word ‘saccharine’ but it was soon investigated as a harmful substance, being especially demonised by one of the US Food and Drug Administration’s (FDA) senior researchers, Harvey Wiley, who considered it an unnatural and unhealthy sugar substitute.


The FDA’s investigation was blocked, however, by none other than President Theodore Roosevelt, who had recently been prescribed saccharin as a sugar alternative by his physician Presley Rixey in order to help lose weight. You can’t mess with the president’s weight-loss programme, so the FDA’s attempts to ban saccharin were thwarted, with Roosevelt saying directly to Wiley’s face: ‘Anybody who says saccharin is injurious to health is an idiot.’16


However, Harvey Wiley eventually got his way in 1911 when Roosevelt was out of the White House and he managed to get saccharin classified as ‘an adulterant’. This decision was overturned a few years later during the First World War, however, when the US Government decided they needed saccharin in soldiers’ food because sugar was in short supply.17





 



SWEET TOOTH



Curiously, this isn’t the only time a sweetener has been discovered by someone accidentally tasting it on their hands. In 1937 Michael Sveda at the University of Illinois was researching anti-fever medication when he decided to take a cigarette break. He put his cigarette down on the desk and when he put it to his mouth, discovered an alarming sweetness on the tongue.18 He had accidentally dipped his cigarette in sodium cyclohexylsulfamate, known today as cyclamate – forty times sweeter than sucrose and the chief sweetener in the American sugar substitute Sweet’n LowTM.


Then again in 1965 the chemist James Schlatter was researching antiulcer drugs when he got chemical residue on his fingertips, licked them in order to turn over a piece of paper, and found his fingers tasting sweet.19 He had discovered aspartame, two hundred times sweeter than sucrose and used in Diet CokeTM.


And then, yet again, to the point where you start to think someone up there is playing a prank, in 1976 the chemist Shashikant Phadnis was working on chlorinated sucrose when his supervisor Leslie Hough asked him to test it. Phadnis, who was from India and didn’t speak English as a first language, misheard and thought his supervisor was instructing him to ‘taste it’. Like any loyal grad student, Phadnis blindly obeyed and discovered sucralose20 – six hundred times sweeter than sucrose, now marketed as SplendaTM.





 



SAVED BY A. BELL



It’s not just physical clumsiness which can move human innovation forward. Sometimes it’s a clumsy translation – like the one which inspired a device you’ve probably used a dozen times today already.


Alexander Graham Bell was born in 1847 to A. M. Bell, a respected Scottish elocutionist and his wife Eliza, who had been deaf since the age of twelve. Alexander, known as Aleck to his family, was originally christened Alexander Bell after his father, but was given the middle name Graham as a birthday present when he turned eleven. Efficient parenting right there.


From a young age, Aleck was interested in the scientific study of speech. He grew up in a community of linguists, elocutionists and speech therapists, including Napoleon Bonaparte’s nephew Lucien who was known for having translated Song of Songs (the Bible book with lots of sexy bits) into over twenty languages.


As a child, Aleck devised a communication method with his mother that involved humming into her forehead to signify letters and he even taught the family dog to manipulate its mouth to mimic words.


By the time he was twenty and married to Mabel Hubbard (who was born deaf) Aleck was conducting rigorous experiments into oral acoustics. He would take pencils and hold them to his lips, throat and nose, testing to see where vibrations were coming from and how the throat produced the sounds of language.


Eager about his discoveries and research, he wrote a forty-page summary which he sent to his father, wondering if they would be worth publishing. His father was excited by his son’s discoveries and showed them to his friend Alexander Ellis, who unfortunately had deflating news. The German physicist Hermann von Helmholtz had already been conducting similar experiments and had written a whole book on the subject. Aleck was too late.


Helmholtz had carried out one particularly impressive experiment in which he got tuning forks to mimic vowel sounds. By positioning three forks in front of each other to represent the front, middle and back of the mouth, Helmholtz rigged each fork to vibrate with a battery. When he got the right frequencies and the right distances between the forks, Helmholtz was able to artificially create synthetic vowels in the air.21


A. M. Bell was a little sad that his son’s work had already been poached but posted him a copy of Helmholtz’s book anyway, hoping it would show his son that at least he was on to something. Aleck gratefully received the tome, but there was a problem. The book was in German and he didn’t understand any of it. Exactly why his father sent his son a book in a language he couldn’t read is unclear. Aleck used to perform a party trick in which he could look at the words of a foreign language and accurately deduce how to pronounce them, so perhaps his father had forgotten his son didn’t actually speak German and could only imitate its sounds.


Either way, Aleck pored through the book and tried to figure out what was going on from illustrations and rough attempts at translation. He didn’t know anything about electricity or German, though, and when he looked at the diagrams of tuning forks and circuits, he misunderstood them completely.


He thought Helmholtz had devised a way to transmit sounds electronically down a wire from a receiver to a transmitter, and decided that since Helmholtz had shown it was possible, creating a long-distance sound machine should be his next goal. So he set about teaching himself the physics of electricity.22


By 1875, Bell had become a skilled engineer and had perfected a device which would transmit the full range of human speech electronically – what we now call a telephone. It’s a device so brilliantly simple that its design has not changed much since Aleck’s original.


When someone speaks into the receiving end, a disc of paper (or nowadays plastic) vibrates in time with the air waves being generated. This paper diaphragm is attached to a magnet, so that as the diaphragm vibrates, the magnet does too. Bell had learned that when you vibrate a magnet inside a coil of wire it generates an electrical disturbance which can travel down the wire.
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At the other end of the wire, a second magnet can receive this electrical signal and vibrate in time with it. This magnet is also attached to a diaphragm which will generate vibrations in the air identical to those at the source. The microphone turns vibrations into electrical signals, while the speaker reverses the process.
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Bell believed he was simply building a practical modification based on Helmholtz’s earlier work – but Bell had misunderstood the book and ended up inventing something entirely new. The notion of sending continuous sound signals down wires had been dismissed by the engineering community as impossible. You could send blips and pulses via Morse code, but continuous vibration was the work of science fiction. But Bell didn’t know it was impossible, so he did it anyway.


When he eventually learned his mistake (and finally read a copy of Helmholtz’s book in French, a language he spoke) he realised how fortunate the accident had been. If he had interpreted the book correctly he wouldn’t have bothered trying to ‘improve’ on the telephone, inadvertently inventing it in the process.23





 



MISSING THE BELL



The charming story of Alexander Graham Bell making a breakthrough because he thought it had already been done is not the only one of its kind.


In 1939, at the University of California, Berkeley, a twenty-five-yearold mathematics student named George Dantzig arrived late to a lecture being given by his supervisor Jerzy Neyman. Dantzig copied down the homework problem from the blackboard, handed in his solution a few days later and thought nothing of it.


What Dantzig hadn’t realised was that the question on the board was not a homework assignment. It was one of the most difficult, unsolved mathematics problems in history and he had just solved it. Had he been on time to the lecture he might never have given it a shot.24


If there is a moral in both these stories it’s that you should never warn people how difficult something is going to be because it will prime the prophecy to fulfil itself. Perhaps the best thing to do when tackling something near impossible is to simply assume it’s already been done.





 



KEEPING THE BEAT



In the early 1950s Wilson Greatbatch was studying for a degree in electronics from Cornell University in New York State and working at a local lab to make ends meet. While there, he encountered surgeons experimenting with ‘bioelectricity’ – electrical circuits in the body which regulate organ function, especially those of the heart.


A heart is a muscle which twitches twice per second when a shock of sixty-thousandths of a volt is zapped across it. If the nerve in charge of delivering this signal fails (as sometimes happens in old age) the heart doesn’t get its stimulation and beats irregularly, not enough, or not at all.


The only solution for keeping people’s hearts beating in these circumstances was a device consisting of a large metallic ring sewn under the skin, connected to the heart through wires. Outside the skin, a magnetised plate was attracted to the ring through the flesh, which was then connected to a battery the size of a lunchbox the patient had to lug around, with a dial to increase or decrease heart rate as needed.25


Greatbatch was impressed by the ingenuity of these devices but thought the design was impractical and clunky, not to mention a risk. The battery and metal ring were separated by a small layer of chest skin and anything could knock it out of place.


By 1958, Greatbatch (now a lecturer of electronic engineering at the University of Buffalo) was playing with electrical devices in his shed to try and build something to record heartbeats. One of the crucial components he was using for his device was something called an oscillator circuit.


No bigger than a matchbox, an oscillator circuit has the job of converting DC electricity into AC electricity. DC is when all the electrons in a wire flow in a continuous loop round the circuit, while AC is when electrons shuffle back and forth on the spot (the electricity from a UK plug socket is doing this shuffle fifty-five times per second). An oscillator’s job is to take a smooth DC current from a battery and turn it into a rapid-fire AC shuffle.


As he was working on his circuit, Greatbatch reached into his toolbox to pull out a resistor – a device which reduces electrical current. They’re about the size of a grain of rice and have coloured bands telling you how much current they will resist. But on this occasion Greatbatch misread the coloured bands and plucked the wrong size.


His oscillator circuit needed a ten-thousand-ohm resistor, but he had accidentally put in a ten-million-ohm resistor instead. With this hugely obstructing component, the circuit could no longer snap the electrons back and forth rapidly. Instead, he got what he described as a ‘squeg’ effect: a sharp electrical pulse occurring about once every second. Essentially, the overly obstructive resistor had turned a rapid-fire shuffle into a much more sluggish drumbeat. Greatbatch realised what he’d done at once: he’d invented a circuit small enough to fit inside the body which could deliver electrical pulses to a rhythm. He had invented the pacemaker.


He set to work perfecting his design and spent his life savings (as well as his wife Eleanor’s) converting his shed into a pacemaker manufacture facility.


At first, his pacemaker was not popular among surgeons who doubted it could work, so Greatbatch had to find a way to prove it. He decided to perform some home surgery on his pet dog and implanted one of his pacemakers in its chest, where it worked perfectly (although this first attempt eventually stopped working after a few hours because he wrapped the pacemaker in electrical tape which wasn’t waterproof).26


Once he had proved his pacemaker capable of delivering the required shocks inside a living being, the medical community acknowledged his design. Greatbatch’s pacemaker business was valued at $50 million by the time he died and over six hundred thousand people are fitted with them every year.





 



ON THE USES OF MOULD



Having a slobby desk ended up leading to one of the most important biological discoveries of the twentieth century, perhaps coming second only to the solving of DNA (see Part Four for how luck helped that one along).


The story of Alexander Fleming’s desk and how it changed the world is legendary, and there’s a good chance you already know it. But there are more accidental moments in the story of antibiotics than people realise. Perhaps too many.


The Scottish physician Alexander Fleming had a fascination with biological nasties. He was so enamoured with fungi and bacteria that he used to paint with them, decorating agar canvases with moulds to create images which he showed to everyone who visited his lab, including King George V and Queen Mary (who were rather puzzled by the point of them).27
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