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The Pencil


When Henry David Thoreau, the great nineteenth-century American essayist, made a comprehensive list of supplies for an excursion, he specified obvious items such as a tent and matches, added string, old newspapers, a tape measure and a magnifying glass, and also included paper and stamps, to make notes and write letters. Strange, then, that he omitted to mention the very pencil with which he was making the list.1 Stranger still, when you realise that Thoreau and his father made their money by manufacturing high-quality pencils.2


The pencil seems fated to be overlooked, which makes it the ideal subject of an old English riddle: ‘I am taken from a mine, and shut up in a wooden case, from which I am never released, and yet I am used by almost everybody.’ Nobody declares that ‘the pencil is mightier than the sword’ – not so long as erasers exist.


But overlooked is just the way I like it. I am an admirer of the things that tend to pass unnoticed. From the brick to the ‘Like’ button, cellophane to the menstrual pad, the inventions that fill the pages of this book are often taken for granted.

Their stories are seldom told, and the lessons they might hold are rarely learned. That is why – I hope – those stories and lessons might teach us more than a discussion of more obvious breakthroughs such as the steam engine or the computer.


In selecting the fifty-one subjects of this book, my aim has been to tell stories that will surprise you, about ideas that have had fascinating consequences. There are plenty of other books about inventions that changed the world; this book is about inventions that might change the way you see that world.


And there is no better place to start than with the poor neglected pencil. We don’t even give it the courtesy of a sensible name. ‘Pencil’ is derived from the Latin word penis, which means – yes, yes, settle down – ‘tail’. That is because Roman writing brushes were made from tufts of fur from an animal’s tail.


‘Lead pencils’ achieve the same effect without needing ink. Or, indeed, lead – because pencil leads are actually made of graphite. The idea of graphite on a stick of wood is about 450 years old. Yet more than two centuries later, Encyclopaedia Britannica was still defining a ‘pencil’ as a brush, just as Cicero or Seneca might have used.3


But the pencil does have some champions. Henry Petroski, a historian of the pencil, points out that its very erasability makes it indispensable to designers and engineers. In his words, ‘Ink is the cosmetic that ideas will wear when they go out in public. Graphite is their dirty truth.’4


And then there’s the American economist Leonard Read, who was a crusader for the principles of small-government free-market economics. In 1958, Read published an essay titled ‘I, Pencil’ – written in the voice of the pencil itself. While the pencil in the English riddle sounded resigned to its obscurity, Read’s pencil is a proselytising libertarian with a melodramatic disposition: ‘if you can become aware of the miraculousness which I symbolize, you can help save the freedom mankind is so unhappily losing’.5


Read’s pencil is well aware that it doesn’t at first appear impressive: ‘Pick me up and look me over. What do you see? Not much meets the eye—there’s some wood, lacquer, the printed labeling, graphite lead, a bit of metal, and an eraser.’


And yet, the pencil goes on to explain, collecting its cedar wood required saws, axes, motors, rope and a railway car; its graphite comes from Ceylon – modern-day Sri Lanka – mixed with Mississippi clay, sulphuric acid, animal fats and numerous other ingredients. And don’t get the pencil started on its six coats of lacquer, its brass ferrule, or its eraser – made not from rubber, it wants you to know, but from sulphur chloride reacted with rape-seed oil, made abrasive with Italian pumice and tinted pink with cadmium sulphide.6


And what is the ingenious answer to the perennial question, how do they get the graphite inside the wood? The trick is to take a slim slab of that cedar wood, kiln dried, and saw a row of grooves into the top surface. Originally the grooves were square – easier to cut by hand. Now they are precision-machined with a semicircular cross-section.7 Once the cylindrical rods of graphite are laid into the grooves, glue another grooved slab on top – this time with the grooves in the bottom – and then cut the whole graphite sandwich into sticks, parallel to the graphite rods. These sticks are unformed pencils, so plane, varnish, and the job is done.8


All this to produce a pencil that can be yours for pennies – a box of 150 retails for £14.99 – and to which most of us give not a moment’s thought.


But Read’s plucky pencil is undaunted. It draws a stirring conclusion from the complexity of its international supply chains and the precision of its manufacture:


‘Leave all creative energies uninhibited … Have faith that free men and women will respond to the Invisible Hand. This faith will be confirmed.’9


Read’s essay became famous when the economist Milton Friedman – a Nobel memorial prize winner, free-market champion and a gifted communicator of economic ideas – adapted it for his 1980 TV series Free to Choose. Friedman drew the same lesson from the humble pencil’s formidably complex origins; it was an astonishing testimony to the power of market forces to coordinate large numbers of people with nobody in overall charge:


‘There was no commissar sending out orders from central office; it was the magic of the price system.’10


Go back in time five hundred years or so, and you’d have seen the magic of the price system swing into action. Graphite was first discovered in the English Lake District. Legend has it that a ferocious storm uprooted trees in the idyllic valley of Borrowdale. Underneath their roots was a strange, shiny black substance that was initially dubbed ‘black lead’.11 Did it have any uses that would justify investing in a mine? Well, yes. Graphite was promptly used as ‘a marking stone’, as celebrated in this London street hawker’s cry from three centuries ago:




Buy marking stones, marking stones buy


Much profit in their use doth lie;


I’ve marking stones of colour red,


Passing good, or else black Lead.12





Because graphite was soft yet heat-resistant it was also used for casting cannonballs. It soon became a precious resource. Not quite as pricey as its mineral cousin, diamond – both are forms of carbon – but valuable enough for miners to be supervised by armed guards as they changed out of their clothes at the end of the shift, lest they try to smuggle a nugget away.13


By the late 1700s, French pencil manufacturers were happily paying to import high-quality Borrowdale graphite. But then war broke out, and England’s government sensibly decided not to make it easy for the French to cast cannonballs. What were the French pencil-makers to do? In stepped Nicholas-Jacques Conté, French army officer, balloonist, adventurer – and pencil engineer. Conté painstakingly developed a way to make pencil leads from a mix of clay with low-grade powdered continental graphite. For these efforts, the French government awarded him a patent.


The back story of Leonard Read’s heroic pencil, it turns out, is even more complex than the pencil itself acknowledges. But some details of this back story invite us to question whether Read’s pencil is right to be so fiercely proud of its free-market ancestry. Would Monsieur Conté have put such effort into his experiments without the prospect of a state-backed patent? Perhaps; perhaps not. The economist John Quiggin raises a different objection: while Read’s pencil underlines its history of forests and railway carts, both forests and railways are often owned and managed by governments.14


And while Friedman was right that there is no Pencil Tsar, even in a free-market economy there are hierarchies. That is an insight explored by another Nobel laureate, Friedman’s colleague Ronald Coase. Leonard Read’s loquacious instrument was made by the Eberhard Faber company, now part of Newell Rubbermaid – and, as in any conglomerate, its employees respond to instructions from the boss, not to prices in the market.


In practice, then, the pencil is the product of a messy economic system in which the government plays a role and corporate hierarchies insulate many workers from Friedman’s ‘magic of the price system’. Leonard Read might well be right that a pure free market would be better, but his pencil doesn’t prove it.


It does, though, remind us how profoundly complex are the processes that produce the everyday objects whose value we often overlook. The economy that assembles them for us cheaply and reliably is an astonishing thing. It defies understanding. Still, for a starting point we could do worse than examine an everyday item such as a credit card, a McDonald’s hamburger, a can of baked beans, or an RFID chip on a T-shirt. With every item begins a story of unexpected connections and intriguing consequences.


In short, if we want to try to understand our modern economy, Read’s pencil points the way.









I


DECEPTIVELY SIMPLE
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Bricks


‘I found Rome a city of bricks and left it a city of marble.’ That is supposed to have been the boast of Caesar Augustus, the first Roman emperor, just over two thousand years ago. If it was, he was exaggerating:1 ancient Rome is a city of brick, and no less glorious for that.


Augustus was also joining a long tradition of denigrating or overlooking one of the most ancient and versatile of building materials. The great Roman architectural writer Vitruvius mentions them only in passing.2 Denis Diderot’s great French Encyclopaedia ‘of the Sciences, Arts and Crafts’, published in 1751 and an inspiration for Adam Smith’s famous description of the pin factory3 – well, Diderot doesn’t trouble himself to include any images of brickmaking at all.4


That’s because a brick is such an intuitive thing: people have been teaching themselves to build simple structures out of brick for many thousands of years – and grand ones too. The Hanging Gardens of Babylon were made of brick. So was the biblical tower of Babel: ‘Come, let’s make bricks and bake them thoroughly.’ That’s Genesis 11 verse 3. ‘They used brick instead of stone.’5 By verse 5, The Lord is on the scene, unimpressed by the hubris of it all, and things aren’t looking too good for the brick-loving citizens of Babel.


As James Campbell and Will Pryce point out in their magisterial history of bricks, the humble cuboid is everywhere.6 The biggest man-made structure on the planet, the Ming Dynasty Great Wall of China, is largely constructed of brick. The astonishing temples of Bagan in Myanmar; mighty Malbork Castle in Poland; Siena’s Palazzo and Florence’s Duomo; the bridges of Isfahan in Iran; Hampton Court Palace in West London. All brick. So is the best church in the world, Hagia Sophia in Istanbul, and the best skyscraper, the Chrysler Building in Manhattan, and even the Taj Mahal. Brick. Brick. Brick. The architect Frank Lloyd Wright once boasted that he could make a brick worth its weight in gold.7


This all started a long time ago; bricks seem to have been with us since the very dawn of civilisation – the oldest were found in Jericho, in Jordan, by the archaeologist Kathleen Kenyon in 1952. They are something between 10,300 and 9600 years old, and are simply loaves of mud, baked dry in the sun, then stacked up and glued together with more mud.8


The next big step forward was the simple brick mould, also originating from Mesopotamia, at least 7000 years old, and depicted with great clarity on a tomb painting in Thebes, Egypt. The brick mould is a wooden rectangle, with four sides but no top or bottom, into which clay and straw could be packed to make bricks faster and more precisely. These moulds can’t have been easy to make – they pre-date the use of metal itself – but once constructed they made mud bricks much cheaper and better.9


Even in a dry climate, sun-dried mud bricks do not usually last. Fired bricks are much more durable – they’re stronger, and waterproof. Making such bricks, by heating clay and sand at a temperature of about 1000° centigrade, has been possible for many thousands of years – but at a price. Accounts from the Third Dynasty of Ur, dating back just over 4000 years, note that you could get 14,400 mud bricks for the price of a piece of silver; but only 504 fired clay bricks – an exchange rate of nearly 29 mud bricks for a single clay one. Some 1500 years later, by Babylonian times, kiln technologies had improved and the price of fired clay bricks had fallen to between 2 and 5 mud bricks.10


That’s still too much for many people – cheap and easy mud bricks are still perhaps the most popular material in the world for building houses.11 But, as the Nobel memorial prize-winning economists Abhijit Banerjee and Esther Duflo observe, fired bricks can be an effective way for a very poor household to save. If you have a little money, buy a brick or two. Slowly, slowly, slowly, you’ll have a better house.12


The brick is one of those old technologies, like the wheel or paper, that seem to be basically unimprovable. ‘The shapes and sizes of bricks do not differ greatly wherever they are made,’ writes Edward Dobson in the fourteenth edition of his Rudimentary Treatise on the Manufacture of Bricks and Tiles.13 There’s a simple reason for the size: it has to fit in a human hand. As for the shape, building is much more straightforward if the width is half the length.


That’s why, if you get your nose up close to some buildings that seem vibrantly distinctive to their culture – the Minaret of Kalan Mosque in Uzbekistan, Herstmonceux Castle in England, the Twin Pagodas of Suzhou in China – you’ll find the bricks are all much the same. It’s precisely the uniformity of the brick that makes it so versatile – a lesson freshly rediscovered by every generation of parents when their children start playing with Lego.


Lego, by the way, point out that their plastic bricks don’t need to be sent for recycling because they can be reused almost indefinitely. And what is true for toy bricks is truer yet for the real thing. Lego’s interlocking bricks demand a high level of precision – the fault rate is just 18 per million.14 But bricks jointed with mortar have a higher tolerance. Many medieval buildings, such as St Albans Cathedral in England, simply reused Roman bricks. Why not?


‘Bricks manage time beautifully.’ That’s Stewart Brand in his book and TV series, How Buildings Learn. ‘They can last nearly forever. Their rough surface takes a handsome patina that keeps improving for centuries.’15 My own house, a brick building from the mid-nineteenth century, now has a large glass door in the back. To make the hole for the glass, we took away some bricks. Then we mixed them with similar reclaimed bricks, and used the brick salad to extend the house elsewhere.


Brick production still uses traditional methods in many parts of the world – for example in India, handmade bricks are often fired using a Bull’s Trench kiln – a long ditch lined with bricks that can burn almost any fuel and produce 30,000 bricks a day. It may be fuel-hungry and polluting, but it uses local labour and materials.16


But automation is gradually nosing its way into most parts of brick production: hydraulic shovels dig the clay; slow conveyor belts carry bricks through long tunnel kilns; forklift trucks shift precision-stacked pallets of bricks. All this makes the brick itself cheaper.17


Building sites have resisted automation: the weather and the unique demands of each site require well-trained workers. The bricklayer has long been celebrated as a symbol of the honest dignity of skilled manual labour, and bricklaying tools have barely changed since the seventeenth century. But, as in so many other professions, there are signs that the robots may be coming to bricklaying. A human bricklayer can lay 300–600 bricks a day; the designers of SAM, the Semi-Automated Mason, claim it can do 3000.18


What of the brick itself? Various designs of interlocking brick, much like Lego, are catching on across the developing world: the result tends to be less strong and waterproof than bricks and mortar, but they’re quicker and cheaper to lay.19 And if you have robot bricklayers, why not give them bigger hands so you can make bigger bricks? Hadrian X is a robot arm which lays gigantic bricks that no human bricklayer could wield.


Maybe we shouldn’t get too excited, though. SAM has a predecessor – the ‘Motor Mason’, for which similar claims were made back in 1967.20 Perhaps the bricklayer will last a little longer yet. The brick certainly will.
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The Factory


Piedmont, in north-west Italy, is celebrated for its fine wine. But when a young Englishman, John Lombe, travelled there in the early eighteenth century, he wasn’t going to savour a glass of Barolo. His purpose was industrial espionage. Lombe wished to figure out how the Piedmontese spun strong yarn from silkworm silk. Divulging such secrets was illegal, so Lombe sneaked into a workshop after dark, sketching the spinning machines by candlelight. In 1717, he took those sketches to Derby in the heart of England.1


Local legend has it that the Italians took a terrible revenge on Lombe, sending a woman to assassinate him. Whatever the truth of that, he died suddenly at the age of 29, just a few years after his Italian adventure.


While Lombe may have copied Italian secrets, the way he and his older half-brother Thomas used them was completely original. The Lombes were textile dealers, and seeing a shortage of the strong silk yarn called organzine, they decided to go big.


In the centre of Derby, beside the fast-flowing river Derwent, the Lombe brothers built a structure that was to be imitated around the world: a long, slim, five-storey building with plain brick walls cut by a grid of windows. It housed three dozen large machines powered by a 7-metre-high waterwheel. It was a dramatic change in scale, says the historian Joshua Freeman. The age of the large factory had begun with a thunderclap.2


It’s a testament to the no-nonsense functionality of the Derby silk mill that it operated for 169 years, pausing only on Sundays, and for droughts – when the Derwent flowed slow and low. Over that period, the world economy grew more than fivefold,3 and factories were a major part of that growth.


Intellectuals took note. Daniel Defoe, author of Robinson Crusoe, came to gaze in wonder at the silk mill. Adam Smith’s The Wealth of Nations, published in 1776, begins with a description of a pin factory.4 Three decades later, William Blake had penned his line about ‘dark Satanic Mills’.5


Concerns about the conditions in factories have persisted ever since. The ‘Round Mill’, built in 1811 not far from the Derby silk mill, was modelled after Jeremy Bentham’s famous ‘Panopticon’ prison, a place where you never knew whether you were being watched. The circular design did not catch on, but the relentless scrutiny of workers did.6


Critics claimed that factory exploitation was a similar evil to slavery – a shocking claim then and now. After visiting the mills of Manchester in 1832, the novelist Frances Trollope wrote that factory conditions were ‘incomparably more severe’ than those suffered by plantation slaves.7 Indeed, the factory recruiting wagons that toured the rural areas of 1850s Massachusetts, hoping to persuade ‘rosy-cheeked maidens’ to come to the city to work in the mills, were dubbed the ‘slavers’.8


Friedrich Engels, whose father owned a Manchester factory, wrote powerfully about the harsh conditions, inspiring his friend Karl Marx.9 But Marx, in turn, saw hope in the fact that so many workers were concentrated together in one place: they could organise unions, political parties, and even revolutions. He was right about the unions and the political parties, but not about the revolutions: those came not in industrialised societies but agrarian ones.


The Russian revolutionaries weren’t slow to embrace the factory. In 1913, Lenin had skewered the stopwatch-driven, micromanaging studies of Frederick Winslow Taylor10 as ‘advances in the extortion of sweat’. After the revolution, the stopwatch was in the other hand. Lenin announced: ‘We must organize in Russia the study and teaching of the Taylor system.’11


In developed economies, the dark satanic mills gradually gave way to cleaner, more advanced factories.12 It is the working conditions of factories in developing countries that now attract attention. Economists have tended to believe both that sweatshop conditions beat the alternative of even more extreme poverty in rural areas – and that they have certainly been enough to draw workers to fast-growing cities. Manufacturing has long been viewed as the engine of rapid economic development.13


So what lies next for the factory? History offers several lessons.


Factories are getting bigger. The eighteenth-century Derby Silk Mill employed three hundred workers, a radical step at a time when even machine-based labour could take place at home or in a small workshop. The nineteenth-century Manchester factories that had horrified Engels could employ more than a thousand, often women and children.14 Modern factories in advanced economies are much larger still: Volkswagen’s main factory in Wolfsburg, Germany employs over 60,000 workers; that’s half the population of the town itself.15


And the Longhua Science and Technology Park in Shenzhen, China – better known as ‘Foxconn City’ – employs at least 230,000 workers, and by some estimates 450,000, to make Apple’s iPhones and many other products.16 These are staggering numbers for a single site: the entire McDonald’s franchise worldwide employs fewer than 2 million.17


The increase in scale isn’t the only way in which Foxconn City continues the arc of history. There are – as there were in the 1830s – fears for the welfare of workers. In Shenzhen, they are dissuaded from suicide by nets designed to catch anyone who leaps from the factory roof.18


But Leslie Chiang, who has interviewed many Chinese factory workers, notes that they know what they’re doing and don’t need the guilt of Western consumers. One of them, Lu Qingmin, had developed a career in the factories, met her husband, brought up a family – and saved enough to buy a second-hand Buick. ‘A person should have some ambition while she is young,’ she declared.19


Large strikes are commonplace in China, as Marx might have predicted.20 The Chinese government, in one of history’s great ironies, is cracking down on the young Marxists who try to get the workers unionised.21


And as in the West many decades before, there is progress: the journalist James Fallows, who has visited 200 Chinese factories, notes that conditions have dramatically improved over time.22


Trade secrets kick-started the first factory, and have shaped factories ever since. Richard Arkwright, whose cotton mill was modelled on the Lombe brothers’ silk mill, vowed, ‘I am Determind for the feuter [future] to Let no persons in to Look at the wor[k]s.’23 Chinese factories are still secretive: Fallows was surprised to be allowed into the Foxconn plant, but he was told that he must neither show nor mention the brand names coming off the production lines.24


There is one clear break from the past. Factories used to centralise the production process: raw materials came in, finished products went out. Components would be made on site or by suppliers close at hand. Charles Babbage, factory enthusiast and Victorian designer of proto-computers, pointed out that this saved on the trouble of transporting heavy or fragile objects in the middle of the manufacturing process.25


But today’s production processes are themselves global. Production can be coordinated and monitored without the need for physical proximity, while shipping containers and bar codes streamline the logistics. Modern factories – even behemoths like Foxconn City – are just steps in a distributed production chain. Components move backwards and forwards across borders in different states of assembly.26


Foxconn City, for example, doesn’t make iPhones: they assemble them, using glass and electronics from Japan, Korea, Taiwan and even the USA.27 Huge factories have long supplied the world. Now the world itself has become the factory.
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The Postage Stamp


‘It should be remembered, that in few departments have important reforms been effected by those trained up in practical familiarity with their details. The men to detect blemishes and defects are among those who have not, by long familiarity, been made insensible to them.’1


Those words are from 1837. An early pitch from an aspiring management consultant? No: that profession was still nearly a century off. But it was, in effect, the service Rowland Hill had taken it upon himself to perform for Great Britain’s postal service.


Hill was a former schoolmaster, whose only experience of the Post Office was as a disgruntled user. Nobody had asked him to come up with a detailed proposal for completely revamping it. He did the research in his spare time, wrote up his analysis, and sent it off privately to the British finance minister, the Chancellor of the Exchequer, naively confident that ‘a right understanding of my plan must secure its adoption’.2


He was soon to get a lesson in human nature: people whose careers depend on a system, no matter how inefficient it might be, won’t necessarily welcome a total outsider turning up with a meticulously argued diagnosis of its faults and proposal for improvements. ‘Utterly fallacious … most preposterous’ fulminated the Secretary of the Post Office, Colonel Maberly; ‘wild … extraordinary’ added the Earl of Lichfield, the Postmaster-General.3


Brushed off by the Chancellor, Hill changed tack. He printed and distributed his proposals, under the title ‘Post Office Reform: Its Importance and Practicability’.4 He added a preface, explaining why his very lack of experience in the postal service qualified him to detect its ‘blemishes and defects’. He wasn’t the only person frustrated with the system, and everyone who read his manifesto – and who wasn’t employed by the Post Office – agreed that it made perfect sense. The Spectator campaigned for Hill’s reforms.5 There were petitions. The Society for the Diffusion of Useful Knowledge made representations.6 Within three years, the government had bowed to public pressure, and appointed a Post Office supremo: Rowland Hill himself.7


What were the problems Hill identified? Back then, you didn’t pay to send a letter. You paid to receive one. The pricing formula was complicated and usually prohibitively expensive. If the postman knocked on your door in Birmingham, say, with a three-page letter from London, he’d let you read it only if you coughed up two shillings and threepence.8 That wasn’t far below the average daily wage,9 even though ‘the whole missive might not weigh a quarter of an ounce’.10


People found workarounds. Members of Parliament could send letters that would be delivered free of charge – if you happened to know one, they might ‘frank’ your letters as a favour. The free-franking privilege was widely abused – by the 1830s, MPs were apparently penning an improbable 7 million letters a year.11 Another common trick was to send coded messages through small variations in the address. You and I might agree that if you sent me an envelope addressed ‘Tim Harford’, that would signify you were well; if you addressed it ‘Mr. T. Harford’, I would understand you needed help. When the postman knocked, I would inspect the envelope, and refuse to pay.


Hill’s solution was a bold two-step reform. Senders, not recipients, would be asked to pay for postage; and it would be cheap – one penny, regardless of distance, for letters up to half an ounce. Hill thought it would be worth running the post at a loss, as ‘the cheap transmission of letters and other papers … would so powerfully stimulate the productive power of the country’.12 But he made a compelling case that profits would actually go up, because if letters were cheaper to send, people would send more of them.13


Economists would recognise the question Hill was trying to answer: how steep was the demand curve? If you reduced the price, by how much would demand increase? Hill didn’t know about demand curves: the first such diagram was published in 1838, the year after his proposal.14 But he knew how to marshal anecdotes: the brother and sister in Reading and Hampstead, some 40 miles apart, who lost touch for three decades, then corresponded frequently when a kindly MP gave them some free-franks.15 It had only been the expense that put them off.


A few years ago the Indian-born economist C. K. Prahalad argued that there was a fortune to be made by catering to what he called ‘the bottom of the Pyramid’, the poor and lower-middle class of the developing world. They didn’t have a lot of money as individuals, but they had a lot of money when you put them all together. Rowland Hill was more than a century and a half ahead of him. He pointed to a case when small payments from large numbers of poor people had mounted up for the government: duties on ‘malt and ardent spirits (which, beyond all doubt, are principally consumed by the poorer classes)’ brought in much more than those on ‘wine (the beverage of the wealthy)’. Hill concluded, slightly disparagingly:




The wish to correspond with their friends may not be so strong, or so general, as the desire for fermented liquors, but facts have come to my knowledge tending to show that but for the high rate of postage, many a letter would be written, and many a heart gladdened too, where the revenue and the feelings of friends now suffer alike.16





In 1840, the first year of the penny post, the number of letters sent more than doubled. Within ten years, it had doubled again.17 Hill initially expected that postage-paid envelopes would be more popular than stamps – but the ‘Penny Mulready’ envelope faded into obscurity, while the ‘Penny Black’ stamp inspired the world. It took just three years for postage stamps to be introduced in Switzerland and Brazil; a little longer in America; by 1860, ninety countries had them.18 Hill had shown that the fortune at the bottom of the pyramid was there to be mined.


Cheap postage brought the world some recognisably modern problems: junk mail, scams, and a growing demand for immediate response – half a century on from Hill’s penny post, deliveries in London were as frequent as hourly, and replies were expected by ‘return of post’.19


But did the penny post also diffuse useful knowledge, and stimulate productive power? The economists Daron Acemoğlu, Jacob Moscona and James Robinson recently came up with an ingenious test of this idea in the United States. They gathered data on the spread of post offices in the nineteenth century, and the number of applications for patents from different parts of the country. New post offices did indeed predict more inventiveness, just as Hill would have expected.20


Nowadays, what we call ‘snail mail’ looks to be in terminal decline. There are so many other ways to gladden our friends’ hearts. Forms and bank statements are going online; even junk mail is in decline, as spamming us online is more cost-effective: every year, across the developed world, the number of letters sent drops by another few per cent.21 Meanwhile, the average office worker gets well over a hundred emails a day.22 We no longer need societies to promote the diffusion of useful knowledge – we need better ways to distil it.


But Acemoğlu and his colleagues think the nineteenth-century postal service has a lesson to teach us today: that ‘government policy and institutional design have the power to support technological progress’.23 What current blemishes and defects in these areas might be holding progress back? We need the successors of Rowland Hill to tell us.
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Bicycles


One autumn day in 1865, two men sat in a tavern in Ansonia, Connecticut, calming their nerves with a few stiff drinks. They had been riding a wagon down a nearby hill when they heard a blood-curdling scream from behind them. The devil himself, with the head of a man and the body of some unknown creature, was flying down the hill towards them, skimming low over the ground. They whipped their horses and fled, while the devil plunged off the road and into a flooded ditch.


Their fear and awe must have deepened when a dark-haired man who had overheard their story strode across the tavern towards them: bleeding, soaking wet, and French. He introduced himself as the devil.


The devil’s real name was Pierre Lallement. The young mechanic had been in the United States for a few months, and had brought with him from France a machine of his own devising – a pedal-cranked, two-wheeled construction he called a velocipede, but which we would call a bicycle. Monsieur Lallement was soon to patent his invention, which still lacked the gears and chain-drive of a modern bicycle. It also lacked brakes – which was why he had plunged down the hill towards the wagoners with such hellish speed.1


After a lull of half a century, it was a dramatic rebirth. ‘Hobby horses’ – two wheels, a seat, no pedals – had been fashionable for a remarkably brief period of time in the summer of 1819, then abandoned as a silly toy. But genuine pedal-cycles? They were about to wreak dramatic changes on the social, technological and perhaps even genetic landscape of the world.2


Monsieur Lallement’s cumbersome bicycle was soon superseded by the penny-farthing, which was not the genteel vehicle we imagine through the sepia tint of nostalgia. Courtesy of the enormous front wheel, it was a racing machine, twice as fast as a velocipede. It was ridden almost exclusively by fearless young men, perched on top of a five-foot wheel and prone to pitching forward at the slightest obstacle. At which point, explained one cyclist, you’d encounter ‘a nice, straight iron handlebar close across your waist to imprison your legs and make quite certain that it should be your face … that first reached the surface of this unyielding planet.’3


But the next technological step, the ‘safety bicycle’, had much broader appeal. Introduced twenty years after Lallement had swooped downhill like the devil, it looked much like modern bicycles do, with a chain drive, equal-sized wheels, and a diamond frame. Speed came not from a gargantuan wheel, but from gears.4


With minor modifications to the crossbar, safety bicycles could even be ridden in a dress. Not that that worried Angeline Allen, who caused a sensation in 1893 by cycling around Newark, on the outskirts of New York City, without one. ‘She wore trousers!’ bellowed the headline of a popular titillating men’s magazine, adding that she was young, pretty, and divorced.5


The bicycle was a liberating force for women. Even if they did not emulate Ms Allen’s choice of dark blue corduroy bloomers, they needed to shuck off whalebone girdles and hoop-reinforced skirts in favour of something simpler and more comfortable. They would ride without chaperones, too.6


The forces of conservatism were alarmed, bellowing that ‘immodest bicycling’ would lead to masturbation, even prostitution. But these protests soon seemed laughable.


As the cycling historian Margaret Guroff points out, nobody seemed concerned about what Angeline Allen was doing – only what she was wearing while she did it. A woman seen alone in public on a safety bicycle seemed no scandal at all.7


Three years later, the elderly Susan B. Anthony, a women’s rights activist for most of the nineteenth century, declared that bicycling had ‘done more to emancipate woman than any one thing in the world’.8


The bicycle continues to empower young women today. In 2006, the state government of Bihar, India, began to heavily subsidise the purchase of bicycles for teenage girls transferring to secondary school – the idea was that the bikes would allow girls to travel several miles to their lessons. The programme seems to have worked, dramatically increasing the chances that girls will stick with secondary school.9


Even in America, the bicycle is an inexpensive way to expand horizons: the basketball superstar LeBron James has founded a school that supplies a bike to every student. He says that when he and his friends were on their bikes, they were free. ‘We felt like we were on top of the world.’10


Yes, the bicycle has long been a liberating technology for the economically downtrodden. In its early days, it was much cheaper than a horse, yet offered the same range and freedom. The geneticist Steve Jones has argued that the invention of the bicycle was the most important event in recent human evolution, because it finally made it easy to meet, marry and mate with someone who lived outside one’s immediate community.11


But the bicycle ushered in a manufacturing revolution as well as a social one. In the first half of the nineteenth century, precision-engineered interchangeable parts were being used to make military-grade firearms for the US Army, at considerable expense. Interchangeability proved too costly, at first, for civilian factories to emulate fully. It was the bicycle that served as the bridge between high-end military manufacture and widespread mass production of complex products. Bicycle manufacturers developed simple, easily repeatable techniques – such as stamping cold sheet metal into new shapes – to keep costs low without sacrificing quality.12 They also developed ball bearings, pneumatic tyres, differential gears and brakes.13


Both the manufacturing techniques and these innovative components were embraced in due course by auto manufacturers such as Henry Ford. The first safety bicycle was made in 1885 at the Rover factory in Coventry, England. It is not a coincidence that Rover went on to become a major player in the car industry; the progression from making bikes to making cars was obvious.14


The bicycle provided stepping stones for modernising Japanese industry, too. The first step was the importing to Tokyo of Western bikes, around 1890. Then it became useful to establish bicycle repair shops. The next step was to begin making spares locally – not too much trouble for a skilled mechanic.15 Before long, all the ingredients existed to make the bicycles in Tokyo itself – around 1900.16 By the outbreak of the Second World War, Japan was making more than a million bikes a year, masterminded by a new class of businessman.17


It is tempting to view the bicycle as the technology of the past. It created demand for better roads, and allowed manufacturers to hone their skills, and then gave way to the motor car – did it not? The data show otherwise. Half a century ago, world production of bikes and cars was about the same – 20 million each, per year. Production of cars has since tripled, but production of bicycles has increased twice as fast again – to 120 million a year.18


And it is not absurd to suggest that bicycles are pointing the way yet again. As we seem to stand on the brink of an age of self-driving cars, many people expect that the vehicle of the future will not be owned, but rented, with the click of a smartphone app. If so, the vehicle of the future is here: globally well over a thousand bike-share schemes and tens of millions of dockless, easy-to-rent bikes are now thought to be in circulation, with numbers growing fast.19


Around many gridlocked cities, the bicycle is still the quickest way to get around. Many cyclists are discouraged only by diesel fumes and by the prospect of, like Pierre Lallement, crashing. But if the next generation of automobile is a pollution-free electric model, driven by a cautious and considerate robot, it may be that the bicycle’s comeback – just like its first, dramatic, appearance in America – is about to pick up speed.
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Spectacles


Making spacecraft is not a job at which you can afford to be slapdash. At Lockheed Martin, for example, it used to take a technician two painstaking days to measure 309 locations for fasteners on one curved panel. But now the same job takes little more than two hours, says Shelley Peterson, the aerospace company’s head of emerging technologies.1


What changed? The technician started wearing glasses. But not just any old glasses: specifically, the Microsoft Hololens. It looks like a bulky set of safety goggles and it layers digital information over the real world – in this case, it scans the curved panel, makes its calculations, and shows the technician exactly where each fastener should go.


Productivity experts are gushing about augmented-reality devices such as the Hololens and Google Glass.2 When Google debuted their smart glasses in 2012 their prospects seemed quite different.3 They were seen as a consumer device, something that would let us check Instagram and take videos without the hassle of reaching for our phones. They did not catch on. The few people who ventured out in public wearing Google Glass attracted the dismissive soubriquet ‘glassholes’.4


Google soon realised their mistake: they’d misidentified their target market. They reinvented their glasses for the workplace. Many jobs, after all, involve frequent pauses to consult a screen that tells us what to do next. With smart specs, we can see those instructions while we keep working. It saves a vital few seconds in getting information from internet to brain.


A thousand years ago, information travelled rather more slowly. In Cairo, in the 1010s, the Basra-born polymath Hasan ibn al-Haytham wrote his masterwork: the Book of Optics;5 it took two centuries for his insights to be translated out of Arabic.6 Ibn al-Haytham understood vision better than anyone before him. Some earlier scholars, for example, had argued that the act of seeing must involve some kind of rays being emitted from the eye. By careful experiment, Ibn al-Haytham proved them wrong: light comes into the eyes.


Before Ibn al-Haytham, optical devices had been cumbersome: the Roman writer Seneca magnified text using a clear glass bowl of water.7 But the gradual spread of knowledge inspired new ideas:8 some time in the late 1200s came the world’s first pair of reading glasses. Who made them is lost to history, but they probably lived in northern Italy. Venice, in particular, was a hub of glassmaking at the time – problematically so, as buildings in Venice were made of wood, and the glassmakers’ furnaces kept starting fires. In 1291, the city’s authorities banished the entire trade to the neighbouring island of Murano.9


By 1301, ‘eyeglasses for reading’ were popular enough to feature in the rulebook of the Guild of Venetian Crystal Workers. But historians’ biggest clue to the origin of eyeglasses comes from a sermon in 1306 by one Friar Giordano da Pisa. The invention was now 20 years old, he told his congregation in Florence.10 It was, he enthused, ‘one of the most useful devices in the world’.11


He was right. Reading strained the eyes at the best of times: medieval buildings weren’t famed for their big windows, and artificial light was dim and expensive.12 As we age, it gets harder to focus on close-up objects; middle-aged monks and scholars, notaries and merchants, were simply out of luck. Friar Giordano was 50.13 One can imagine why he appreciated his spectacles so much.


But they were useful only to the small minority who could read. When the printing press came along, glasses reached a bigger market. The first specialist spectacle shop opened, in Strasbourg, in 1466.14 Manufacturers branched out from convex lenses, which help people to see close-up; they learned how to grind concave lenses, which help people focus on things that are far away.15


Put concave and convex lenses together, and you have the basic ingredients for a microscope or a telescope. Both inventions emerged from the spectacle shops of the Netherlands around the year 1600, opening whole new worlds to scientific study.16


Nowadays we take glasses for granted – in the developed world, at least. A survey in the UK found that about three-quarters of people wear glasses or contact lenses, or have had surgery to correct their vision.17 It’s a similar story in America and Japan.18


In less developed countries, however, the picture is very different – and only recently did we get a clearer view. Historically, the World Health Organization collected data only on how many people have really serious problems with their vision.19 Many more can see well enough to muddle through daily life, but would still benefit from spectacles. But how many? The world’s leading lens-maker, Essilor, decided to find out, no doubt for entirely selfless reasons, and in 2012 came the answer: around the world, 2.5 billion people need glasses and don’t have them.20 That’s an eye-popping figure, but serious people think it’s credible.21


And many of those 2.5 billion may have no idea that glasses could help them. In 2017, researchers went to a tea plantation in Assam. They tested the vision of hundreds of tea-pickers aged 40 or over, and gave a simple $10 pair of reading glasses to half of those who needed them. Then they compared how much tea was picked by those who wore the glasses and those who didn’t.


Those with glasses averaged about 20 per cent more tea. The older they were, the more their tea-picking improved. The tea-pickers are paid by how much tea they pick. Before the study, not one owned glasses. By the end, hardly any wanted to give them back.22


How widely we can extrapolate from this study is hard to say: picking tea may reward visual acuity more than some other jobs.23 Still, even conservative estimates put the economic losses from poor eyesight into the hundreds of billions of dollars – and that’s before you think about people’s quality of life, or children struggling at school.24 One randomised trial concludes that giving kids glasses could be equivalent to an extra half-year’s schooling.25


And the need is growing. Presbyopia is long-sightedness that comes with age; but among children there’s now a global epidemic of myopia, or short-sightedness. Researchers aren’t sure why, though it may have to do with kids spending less time outdoors.26


What would it take to correct the world’s vision? Clearly, more eye doctors would help – the number varies widely from country to country. Greece, for example, has one ophthalmologist for about five thousand people; in India, it’s one per seventy thousand; in some African countries, one in a million.27


But while serious eye problems demand skilled professionals, people whose needs are more easily fixable could be reached by other workers. In Rwanda, a charity trained nurses to do sight checks; researchers found they did them well over 90 per cent of the time.28


How about teachers? I’ve worn glasses since primary school, when my teacher saw me squinting at the blackboard and told my mother to take me to an optician. Another study backs up the idea: after just a couple of hours’ training, teachers at schools in rural China could identify most children who needed glasses and didn’t have them.29


It shouldn’t be rocket science to roll out thirteenth-century technology. One wonders what Friar Giordano would make of a world in which we build spacecraft in augmented reality, but we haven’t yet helped a couple of billion people fix their fuzzy views of actual reality. He’d probably tell us where to focus.
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Canned Food


Play the word-association game with ‘Silicon Valley’, and your mind is unlikely to go to ‘canned food’. Silicon Valley stands for cutting-edge technology, bold ideas that change the world. Canned food is the height of mundanity: you reach for it when you’re too tired, or poor, to cook something interesting. Nobody would say the tin can is cutting-edge technology, although the more literal-minded might make that claim for the can opener.


Yet, in its day, canned food was as revolutionary as anything now being pitched by Bay Area start-ups. And its story reveals how surprisingly little some deep dilemmas around innovation have changed in the last two hundred years or so.


To start with: how do we incentivise good ideas? There’s the lure of a patent, of course, or first-mover advantage. But if you really want to encourage fresh thinking, offer a prize. Self-driving cars are a current example. In 2004, the Defense Advanced Research Projects Agency – DARPA – offered a million dollars to the first vehicle to find its way across a course in the Mojave Desert.1 The result was pure Wacky Races: vehicles caught fire, flipped over, crashed through fences and ground to a halt because they were confused by tumbleweed.2 But within a decade, self-driving cars were reliable enough to let loose on public roads.3 Now the technology is a priority for Silicon Valley behemoths from Apple to Google to Uber.


The DARPA prize was hardly the first, however. In 1795, the government of France offered a prize of 12,000 francs for inventing a method of preserving food. It was eventually claimed by Nicolas Appert, a Parisian grocer and confectioner credited with the development of the bouillon cube and, less plausibly, the recipe for Chicken Kiev. Through trial and error Appert found that if you put cooked food in a glass jar, plunged the jar into boiling water, and then sealed it with wax, the food wouldn’t go off.4 Appert had no idea why his method worked – it would be a few decades before Louis Pasteur came along to explain that heat kills bacteria. But it worked. Appert became known as the ‘father of canning’.5


Why was the French government interested in preserving food? For the same reason DARPA was interested in vehicles that could navigate themselves across deserts: with a view to winning wars. Napoleon Bonaparte was an ambitious general when the prize was announced; by the time it was awarded he was France’s emperor, about to launch his disastrous invasion of Russia. Napoleon may or may not have said that ‘an army marches on its stomach’,6 but he was clearly keen to broaden his soldiers’ provisions from smoked and salted meat.7


Appert’s laboratory was an early example of an idea we’ll encounter often in this book: military needs spur innovations that transform the economy. From GPS to ARPANET, which became the internet, Silicon Valley is built on technologies first funded by the US Department of Defense.


But even when ideas come from the public sector, it takes a culture of entrepreneurship to explore what they can do. Appert wrote up his experiments; his book was later published in English as The Art of Preserving All Kinds of Animal and Vegetable Substances for Several Years, with chapters helpfully devoted to everything from ‘New-laid Eggs’ to ‘Pears of every Kind’.8 Meanwhile another Frenchman, Philippe de Girard, started applying the techniques to containers made of tin, not glass. But when he wanted to commercialise his idea, he decided to sail across the English Channel.9


Why? Too much French bureaucracy, says Reading University’s Norman Cowell: ‘The philosophy in England was entrepreneurial, there was venture capital. People were prepared to take a risk.’ Girard employed an English merchant to patent the idea on his behalf – a necessary subterfuge, as England was at war with Napoleon – and an engineer and serial entrepreneur named Bryan Donkin bought the patent for the tidy sum of £1000. Donkin’s factory in Bermondsey was soon supplying everyone from polar explorers to the Duke of Kent.10


A modern-day Girard, looking for a place with venture capital and risk-taking attitudes, would surely head for Silicon Valley. For decades, others have tried to emulate its knack for generating ideas and growing businesses – to create an ‘innovation ecosystem’, in the current parlance.11 London has its Silicon Roundabout, Dublin its Silicon Docks; Cameroon touts a Silicon Mountain, the Philippines a Silicon Gulf, and Bangalore is less imaginatively dubbed the Silicon Valley of India.12 But none have yet quite measured up.13 We economists can confidently tell you some ingredients for an innovation ecosystem, such as making businesses easy to set up and encouraging links with academic research. But nobody has perfected the recipe.


One ingredient that’s much debated is how best to regulate. Lack of red tape helped attract Girard to England, but canned

food was about to demonstrate why rules and inspections serve a purpose. By 1845, with Donkin’s patent now expired, Britain’s navy was looking to save some money. They started buying from Stephen Goldner, whose prices were low because labour was cheap where he had his canning factory, in what is now Romania. Unfortunately, that wasn’t the only way that Goldner was keeping costs down. After complaints from sailors, naval inspectors started checking his wares: on one occasion they tested 306 cans, and only 42 were edible. The rest contained such delicacies as putrid kidneys, diseased organs and dog tongues.14


The scandal hit the newspapers at an unfortunate time, when the Great Exhibition of 1851 had just introduced ordinary Londoners to canned delights hitherto stocked only by luxury foodstores. There were sardines and truffles, artichokes and turtle soup. Putrid kidneys were not supposed to be part of the narrative. With quality improving and prices coming down, canned food had seemed set for the mass market – but it took years to rebuild public confidence.15


That mass market seemed self-evidently desirable: with refrigeration yet to be invented, safe canned food would widen people’s diets and improve nutrition.16 It’s not always so straightforward to anticipate how new technologies will play out, and whether regulators should try to speed them up or hold them back, to nudge their direction or leave well alone. Take social media: it took barely five years for gushing accounts of how it helped the Arab Spring to give way to hand-wringing about how it helped elect Donald Trump.17


Or take the self-driving car. Should we look forward to the convenience, or worry about lost jobs? Will artificial intelligence hugely widen inequality? Should governments step in? How? These are debatable questions, but some Silicon Valley types are concerned enough about where their innovations may be taking us that they’re seriously imagining apocalyptic scenarios. We’re ‘skating on really thin cultural ice right now’, says a former Facebook manager to the New Yorker, explaining why he’s bought land on an island and stocked up on ammunition. Others have bought underground bunkers, and have planes on constant standby in case society implodes. These ‘preppers’, by one estimate, include at least half the billionaires in Silicon Valley.18
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