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PREFACE

It was Thomas Edison who claimed that junk and imagination were all that the inventor needed. He omitted to mention that he also had two hundred assistants.

The traditional view of an inventor is Archimedes leaping half-washed from his bath and running naked down the high street shouting, ‘Eureka – I’ve got it!’ What he’d got was surely plain for all to see. His joy probably diminished when having to explain his behaviour to the magistrate.

Real-life inventors are a mixed bunch of bold, brilliant and sometimes barmy eccentrics. In their obsessive pursuit of something new they may neglect bathing altogether. The rare eureka moment was often followed by years of toil. James Dyson made five thousand prototypes over fifteen years before perfecting his ingenious vacuum cleaner. They succeeded because of their ingenuity and doggedness or luck and a flair for ‘adopting’ and adapting other inventors’ devices.

Technology has shaped both the ancient and modern world and now we are entirely reliant on devices. Sober citizens would be reduced to a weeping jelly if we confiscated their smartphones and laptops.

Almost all advances are taken for granted. Without vaccines half my readers would have been dead before they were old enough to read. We have completely forgotten the self-doffing hat and the stylish cloak that transformed into a dinghy with a paddle in the pocket.

Brace yourself for things weird and wonderful – inventors made them all.



To my wonderful wife Win and
the greatest inventions of all, my grandchildren:
Charlotte, Katy and Matthew,
without whom this book would have
been written in half the time
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INVENTIONS BEFORE THERE WERE INVENTORS

‘Countless things that humanity acquired in earlier stages
… suddenly emerge into the light’

 – Nietzsche
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Surely it requires someone smart to invent things – someone like us. Homo sapiens means ‘wise man’ in Latin, although sometimes I think it derives from ‘sap’, American slang for a gullible fool. Modern man has been around for only 200,000 years or so in a universe 13.7 billion years old and in that time he has achieved so much.

Developing even simple technologies took a long time and not all of the early breakthroughs were made by our species. Long ago when human beings were just a gleam in evolution’s eye, creatures roamed the earth that were no longer apes but not yet human. Africa seems to have spawned a variety of ape men. There were, of course, ape women too, and indeed we can all trace our ancestry back to a single female called ‘mitochondrial Eve’. But ‘ape person’ or ‘Neanderthal woman’ just doesn’t sound right, so I will use ‘man’ to refer to the species, rather than the gender that invented alcohol and falling over.

Many of these early ape men existed millions of years ago and the first specimens found were given cosy names such as ‘The Hobbit’ or ‘Ida’ (after the discoverer’s five-year-old daughter) or ‘Lucy’ (from the Beatles’ ‘Lucy in the Sky with Diamonds’). The more distinguished-sounding ‘Proconsul’ was named after a performing monkey at the Folies Bergère.

We know our earliest antecedents solely from their bones. Then, around 2.6 million years ago, they began to leave other calling cards – pieces of worked stone. Ape men were slow learners. They had been around for eleven million years before they fashioned their first tool. A skeleton three million years old was found in Africa surrounded by crudely shaped tools and a litter of the rock fragments chipped away during their manufacture. The tool makers were species called Homo ergaster (work man) and Homo habilis (skilled man). As many women know, these types of men are now extinct.

Necessity was always the mother of invention and nothing is more necessary than survival. Tools were a great aid to feeding and fighting. Some types of rock could be struck and sharp-edged pieces would break off. Fossilised bones of animals are scarred where the meat was cut and scraped off with just such tools. A simple form of fish hook was whittled from wood or bone to ensure that fish were part of their diet. Two fatty acids scarce in land animals but abundant in aquatic creatures promoted brain growth and the early ape men needed all the brain expansion they could get.

The first weapon to be invented was the hand axe, which was not really an axe at all but a multi-purpose tool that could kill, cut, skin and scrape. It was a rock roughly rounded at one end to fit into the hand and shaped into a point at the business end.

Then along came Homo erectus – the name describes their posture, not a propensity for arousal. Their brain was thirty per cent smaller than ours, yet they manufactured flint tools with razor-sharp edges. They carried knives and hunted in packs just like present-day gangs.

Many archaeologists think that Homo erectus tamed fire well over a million years ago. There are finds of charred bones and charcoal from that date, so they may have used fire but had they devised how to make fire? Fire-igniting sparks can be made striking flint against iron pyrites (fool’s gold) and the first evidence of that dates from 790,000 years ago. Wild fires were terrifying, so it took a bold fellow to bring fire into the home. Fire lighting may have been discovered by accident. Perhaps a tool maker chipping away at a lump of flint generated a spark which ignited the dry litter on the cave floor. If the consequent conflagration didn’t incinerate all his possessions and send his family scurrying for their lives, he might have realised he had invented something wonderful, as long as it could be contained.

Fire was important in our evolution. A hearth gave warmth in severe weather and light during the night, as well as keeping nocturnal predators at bay. Most important of all, it enabled food to be cooked. Raw food is hard work to chew and digest, but when cooked it slips down easily. A taste for cooked food may have arisen after a joint of meat accidentally fell into the fire or as a result of scavenging roasted carcasses in the aftermath of a wild fire. The invention of roasting and boiling food would rapidly follow.

This was not merely a culinary advance. Meat is rich in calories and cooking released more nutrition to feed the brain and fuel our developing intellect. Over two million years the skulls of ape men quadrupled in size. In addition a cooking ape devoted far less time to chewing. Simians spend half their waking hours chomping their food. That time and energy could be better spent hunting, making tools or socialising.

Homo sapiens evolved in Africa and Asia, then dispersed, arriving in Europe about forty-five thousand years ago. By that time Neanderthals (named after the Neander Valley in Germany where the first specimen was found) had been the dominant ape men in Europe for 200,000 years. Neanderthal man has had a bad press. Yes, he was built like the Incredible Hulk and the overhang of his brow would challenge even a skilled rock climber. He was not someone you would wish to meet on a dark night or even in full daylight. But he wasn’t a hairy, grunting dullard whose idea of foreplay was to bash a girl over the head with his club.

The Neanderthals were sufficiently human-looking that when some skeletons were discovered in Spain in 1994, the police were called. Their brain case was slightly larger than ours and they had the same vocal apparatus, so, although not great conversationalists, they probably communicated using a rudimentary language. They were smart enough to fashion tools that fitted the hand and spears that had fire-hardened points. Neanderthals were also the first ape men to bury their dead, leave funerary offerings and care for the sick and injured, of which there were many.

Neanderthal skeletons often had fractured or crushed bones, which is attributed to their hunting technique. Although they invented heavy-duty spears and knives, these were close-proximity jabbing weapons. The hunter relied on brute strength to bring an animal down, and whether the man or his prey survived was in the balance.

In comparison the newly arrived Homo sapiens were puny-looking specimens, slim and with a slim chance of surviving in a landscape swarming with hyenas, woolly rhinos and big cats. Surely they would be no match for either the wildlife or the Neanderthals, yet it was they who prevailed. These modern men had long, lightweight spears with sharp flakes of flint embedded in their tips and they used them as projectiles. They also invented the spear-thrower, a device that launched the lance with greater force and velocity. One of these spears was found lodged in the skeleton of a huge mastodon. They could weaken or kill even large animals from a distance and with less risk. The technology available to Homo sapiens included a wide range of specialised tools honed from flint, bone and antler. The advent of the sling shot and bow and arrow marked the beginning of man’s dominance over all other creatures.

It was a period of climatic fluctuation between icy and subtropical periods. The Neanderthals were disadvantaged by their physiology: their daily calorific requirement was almost double that of Homo sapiens, a great liability when food was scarce. Unlike the Neanderthals, our ancestors invented needles and were able to sew animal hides together to make warm, windproof clothing.

By thirty thousand years ago Homo sapiens were manufacturing jewellery, carving statuettes of super-voluptuous women and painting caves with stunning dioramas of wild animals and hunting scenes. They had invented art and decoration, which later became symbols of culture. It is ironic that they found time to spend on non-essentials shortly after the Neanderthals lost the struggle for survival. Our ancestors outlived all the other species of humanoid apes.

But the Neanderthals left a faint echo in our DNA. Clearly, while the two species overlapped, some individuals took the overlapping too literally. Consequently if you are European, not of African origin, then one to four per cent of your genetic makeup is Neanderthal. Even some anthropologists wondered what our ancestors saw in Neanderthal man – was it love at first fright? Perhaps Neanderthals had novelty value because early Homo sapiens were black and at least some of the Neanderthals had pale skin and red hair. A few wore feathers for decoration and at least one even played a flute.

Homo sapiens were hunter-gatherers but only about ten per cent of their diet came from animals. When the hunters were not swapping stories about the mammoth that got away, they spent a lot of time stalking and losing arrow heads much as a golfer loses balls. The invention of the sling allowed the womenfolk to carry a child while harvesting nuts, grubs, roots and berries, thus ensuring a supply of essential minerals and vitamins in the diet. Because foraging leaves no distinctive artefacts some scholars have underestimated women’s role. Archaeologists also love a good story and sticking a mammoth is more dramatic than picking bilberries. People were living longer and this led to the invention of the grandmother who looked after the children and cooked the dinner while mother was out foraging, which significantly increased the family’s food supply.

Although the hunters couldn’t out-sprint the prey, their light frame, sprung tendons and efficient sweat glands meant they were born marathon runners. They could comfortably jog behind a wounded animal until it collapsed, and still have sufficient energy to carry the joints and tall tales back home. They were nomadic and entire families followed the seasonal migrations of the herds. But with the invention of the lasso they could capture animals without harming them. Goats, sheep and cows could be hobbled or corralled close to the family shelter. Staying put meant building more permanent homes.

Our greatest invention did not arise in the cold north where nature repeatedly left the refrigerator door ajar. It happened in the near east where hunter-gatherers harvested peas and lentils and grass seeds, though they didn’t know how to grow them. They cut the grass stalks with a saw-edged sickle that would not have been unfamiliar to an Edwardian farmhand. Experimental trials with ancient sickles proved that a family could harvest a year’s supply of seed in three weeks. If kept dry in sealed pots, grain stored well to provide food for both humans and domesticated animals over winter. To get the edible flour out of the grass seeds they invented the quern, a stone handmill. The ‘ears’ were laid on a saucer-shaped rock and ground by rubbing a hand-held stone back and forth. No doubt they noticed that some seeds fell around the quern and germinated into new grass plants, but it was some time before they began to plant seeds in disturbed soil to ensure the supply. Gradually Homo sapiens became a settled farmer and his invention of cultivation changed the course of human history.

Domestication

The transition from nomad to settled farmer was the most important decision we ever made but at first it was not overwhelmingly beneficial. Compared with hunter-gatherers, the early farmers were smaller and showed more signs of infectious diseases, malnutrition and bad teeth. Unfortunately, the nearest dentist was over twelve thousand years away. It is probable that over time some of the wild animals they had relied upon succumbed to climate change and intensive hunting. Having domesticated animals at hand provided a surer supply of meat, milk, leather and wool, plus manure to feed the soil. A fixed home also brought social benefits for the family with both parents at home. One nocturnal benefit in particular led to a substantial rise in the population. Within a couple of thousand years farmers became dependent on cereal crops and there was no turning back.

No longer having to lug their possessions from place to place, the settlers accumulated more domestic utensils. Around eight thousand years ago the invention of the kiln enabled them to bake clay. Vessels were made by pressing soft clay over a curved object or by curling ropes of clay round and round with each ring on top of the previous one to form the walls, which were then smoothed by hand. Firing them at 600°C made serviceable but fragile earthenware jugs and cups. Early dwellings were littered with fragments of ceramics, much to the delight of archaeologists. We know what cereal crops they grew because some seeds were accidentally embedded in the soft clay.

The potter’s wheel appeared six thousand years ago. It was invented by the Sumerians, who lived between the rivers Tigris and Euphrates in Mesopotamia. They were known to make ‘thrown’ pots, so they must have invented the potter’s wheel and this may be the forerunner of all wheels. But how was the potter’s wheel powered? A modern ceramicist called Bernard Leach made a wooden turntable with an upright peg on the perimeter. He used this handle to spin the pivoted wheel as fast as he could and then shaped the clay until the wheel slowed down. He spun it repeatedly until the pot was finished.

With increasing demand, specialist potters, weavers and tool makers sprang up in small factories. Some had a distinctive style and the handiwork could be attributed to a single craftsman. Wooden ploughs, adzes, mattocks and augers appeared for the first time. Large stone axe heads were smoothed and polished and fixed into long wooden hafts. I have wielded one of these formidable axes and seen what they could do. In an experiment two researchers used them to chop down young trees and made a substantial clearing in a single afternoon.

Around 5,500 years ago multiple cultures devised methods of extracting metals from their ores and stone tools were superseded by metal ones. Copper was the first to be used. It was extracted in a furnace fired with charcoal and aided by primitive bellows. The copper settled at the bottom as a ‘cake’. When reheated and skimmed to remove impurities it could be poured into a mould to set in whatever shape was required. Copper ‘seasoned’ with tin created bronze, which is much harder than copper. The metalworkers invented ‘lost wax casting’. The object, let’s say a sword, was carved in beeswax and the model was encased in clay to make an impression. The mould was heated, the wax ran out through a pre-made hole and was replaced with molten bronze. When this solidified, the mould was broken open to reveal the blade, which only needed to be sharpened and polished. Swords were mass-produced by using an existing blade to make any number of moulds.

Bronze changed everything. The farmers were now self-sufficient and had surplus food to exchange for goods. It became a status symbol, and cauldrons, cups and weapons were no longer merely utilitarian but objects of beauty. Jewellery and other luxury items were in demand. ‘Look what I’ve got,’ is not a new attitude. The consumer culture was thriving long ago.

In 2007 in England a metal detectorist found almost four hundred unused bronze axes. They had probably been dumped when the demand for bronze collapsed. Around 3,200 years ago bronze was replaced by iron, one of the commonest metals on earth. It is the cheapest and also the hardest of all workable metals. An iron spear point could easily penetrate bone. Wrought iron that had been hammered into shape became the universal material for tools and weapons. In Latin the common word for a sword was ferrum (iron). A toolkit from this period was similar to that used by a Victorian workman.

For a long time archaeologists treated their calling as treasure hunting and the only metal of interest was gold. Then in 1816 a Scandinavian archaeologist labelled the prehistoric eras as the Stone Age, the Bronze Age and the Iron Age. It took over a century for this advance to grow into the realisation that technology and invention were at the heart of the development of human society.

The urge to build

The achievements of history are often measured in the structures they leave behind. Prehistoric societies left post holes where buildings once stood and sometimes, as at Skara Brae on the windswept coast of Mainland, the largest of Scotland’s Orkney Islands, stone houses have survived. But the most puzzling structures are the elaborate arrangements of stone monoliths like Stonehenge, which seem to date from the late Stone Age to the early Bronze Age. The massive stones, weighing 2,000 tons (2,030 tonnes) in total, were hand-hauled from far away on sleds running on logs. They were raised upright by means of muscle power and planted into sockets dug with only antler picks and shoulder-blade spades.

Generations of sages have scratched their heads over the purpose of these complex structures. Even the Anglo-Saxons called them sarsens (troublesome stones). William Wordsworth thought Stonehenge was ‘a mystery of shapes’. It has been classified as a temple, cemetery, or merely a collection of phallic fertility symbols. The latest evidence from the nearby site of Durrington Walls indicates that at midwinter and midsummer it was transiently occupied by thousands of people, some from as far away as the north of Scotland, and there were indications of great feasting. Perhaps they had invented the Rave. A gynaecologist held a different view. She claimed that from above, the site was clearly a representation of the female genitalia. I concede that a gynaecologist may have seen more female pudenda than I, but I just don’t see it. Perhaps every generation gets the Stonehenge they deserve.

In 1971 I stood on a hill overlooking a sea loch at Callanish on the island of Lewis in western Scotland’s Hebrides. I was surrounded by a circle of stone fangs rising from the earth. It was as if I were in the mouth of a colossal dinosaur. Thirty-seven years earlier Alexander Thom, a professor of engineering, had stood on this same spot at dusk and been so overwhelmed by the structure that he devoted the rest of his life to making systematic studies of all the ‘henge’ monuments he could find. In his first book he refers to no fewer than 320 sites. Thom meticulously measured the placement of each stone and concluded that even the non-circular rings were deliberate and based on smooth circular arcs or ellipses. They were executed by people who understood geometry. In addition the arrangements were based on a standard measure, multiples of what he called ‘the megalithic yard’ (0.829 m). This was true not just for prehistoric monuments throughout the British Isles but also those in Ireland and northern France.

Thom and others became convinced that the designers were sky gazers. Often within the circle there was a conspicuous stone that they believed was used as a sighting point from which to observe the sun at solstices and equinoxes. The ancients were certainly aware of the seasonal changes in the altitude of the sun. At New Grange in Ireland a five-thousand-year-old tomb has a passage 62 ft (19 m) long aligned so that a shaft of light illuminates the back of the tunnel only at midwinter sunrise. A beautifully corbelled structure at Maes Howe in Orkney is only a tad younger and has a similar shaft that floods the interior with sunlight on the shortest day of the year. Researchers also found numerous sites where sighting stones were aligned to conspicuous features on the visible horizon to track the movement of the sun, moon and fixed stars, far distant stars whose position appears to be stationary. In theory this would allow the observer to calculate the days in the year and even predict eclipses. They had invented astronomy.

Impressive as these monuments are, for me the most evocative reminders of ancient people are more intimate: the still visible ghost of a furrow where Wiltshire soil was turned by a Stone Age plough; the stone slab furniture at Skara Brae – a ‘dresser’ and a box aquarium to keep shellfish fresh – fashioned over five thousand years ago; and most touching of all, the seven-thousand-year-old burial not far from Copenhagen of a young woman thought to have died in childbirth and at her side a tiny baby cradled in a swan’s wing.


THE PURSUIT OF POWER

‘Forget six counties over hung with smoke.
Forget the snorting steam and the piston stroke’ 

– William Morris
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The millennia that followed were spiced with inventors, mostly amateurs. Leonardo da Vinci’s notebooks are a catalogue of ingenious ideas, but very few of his brilliant drawings were transformed into working machines because the engineers and technology of the time were not up to the job. Indeed it was not until the industrial revolution that the inventors’ dreams regularly came to reality. In the following chapters I will usually begin by introducing the historical antecedents, with their successes and failures that eventually led to significant inventions.

At first all strenuous tasks demanded hard labour. The only machine available was the human body, so everything had to be lifted or hauled by hand. Even a fit, muscular man can only generate a third of a horsepower and with sustained effort his capacity and enthusiasm dwindle. The invention of the lever and the pulley gave him a mechanical advantage, but his ambition still far exceeded his ability.

Fortunately, early humans knew that there is strength in numbers. The ancient Greeks felt no need for mechanical aids, for they had squadrons of slaves to do the work. It has been estimated that it would take 100 men only twenty-five days or so to dig all the ditches and heap up the long barrow tombs at Stonehenge. Some feats required an enthusiasm for a common cause seen nowadays only in football supporters. Not far from Stonehenge is Silbury Hill, a huge man-made mound. Its construction would have taken well over a decade even if there were 500 workmen on the job.

Once animals were domesticated they lightened the burden. The power generated by a horse is, one assumes, one horsepower, although it isn’t clear whether the animal in question was a giant Clydesdale or a wee Shetland pony. Animals were consumed for meat and used for all the heavier jobs, although without foresight the former might preclude the latter.

Heavy hauling was done by oxen and, later, teams of horses. To turn a millstone donkeys walked round in an ever-lasting circle or plodded to nowhere inside a treadmill. Draught animals enabled agriculture to flourish. Early farmers relied on animal dung to fertilise the soil and for house building. Two thousand years ago Lucius Columella, the Roman expert on agriculture, also knew what women most desired: ‘He is a slothful husband who has no manure.’ Over time smallholdings were subsumed into the larger estates of landowners, many of whom knew little about farming. Unfortunately, by the late seventeenth century most of England’s sheep and cows and their dung were in the west of the country and much of the arable land was in the east, where the soil was becoming impoverished.

The soil found an unlikely saviour, Viscount Charles Townshend. He was a statesman who negotiated the peace with France and became the ambassador to The Hague, where he was a diplomatic disaster. Sir Robert Walpole, Secretary of State and Townshend’s brother-in-law, took him aboard to help direct foreign policy. He soon recognised his mistake and sacked him.

Townshend then devoted himself to turnip cultivation and reinvented crop rotation. The Romans in Britain had shown that soil fertility could be sustained if the land was allowed to lie fallow for a year and then planted with beans before returning to wheat. Townshend devised a four-year cycle of crops consisting of wheat, turnips, grass and clover. The benefits of this were:


	Changing crops prevented the build-up of pests and diseases that attacked one particular crop. The terrible potato famines that were to plague Ireland were the result of a monoculture of potatoes in the same ground year after year.

	Wheat was a staple and its roots improved the texture of the soil.

	Turnips were a valuable winter food for both animals and humans, though somewhat monotonous fare.

	Most important of all, clover and the Romans’ beans have the ability to convert atmospheric nitrogen into a nitrogenous fertiliser for the soil.



The viscount went down in history as ‘Turnip’ Townshend.

Water power

From 1760 to 1860 Britain changed from being mainly an agrarian country to an industrial powerhouse, and power supplied the driving force. Fortunately, it was a land of running water. Means of shifting water had occupied minds in the ancient world and led to several inventions, including gears. Archimedes’ screw lifted water to higher levels. Even today it’s used for mincing meat and ‘pumping’ sewage – though not both at the same time.

Waterwheels had been devised in the Middle East. The earliest model had pots lashed to the circumference of a large wooden wheel slung over a ditch. It was for scooping up water, but if it had blades that dipped into a flowing stream, the wheel turned. The horizontal axle of the vertical wheel could, by means of wooden peg gears, turn a millstone. An ancient Greek poet celebrated this advance: ‘You girls who worked so hard in grinding corn – can go back to bed … now the nymphs of the stream leap down on the wheel to turn the axle, and with it the millstone.’ Clearly he thought that a woman’s place was in bed.

Over 5,600 water-driven mills were listed in the Domesday Book in 1086. Even into the Victorian era, in every village the creak, rumble and splash of mill wheels competed with bird song. But waterwheels weren’t just useful for grinding cereals, they also revolutionised manufacturing.

A stretch of the Derwent Valley in Derbyshire has been designated a World Heritage Site by UNESCO. This is not for its indisputably beautiful countryside but because it embraces Cromford Mill. The vast cotton-spinning mill was built in 1771 by Richard Arkwright, an apprentice barber who became a wig maker. He made a small fortune detaching locks from the poor for pennies to deposit on the pates of the rich for pounds.

In 1769 Arkwright, who had some mechanical skill, was granted a patent on a new type of cotton-spinning machine. At that time the spinning machine of choice was James Hargreaves’s ‘Spinning Jenny’ (named after his dancing wife). Unlike the old spinning wheel, the Jenny could spin dozens of threads at the same time, but it was fiddly to use and demanded manual dexterity from the operator. In contrast, Arkwright’s machine was so simple that it could be operated by an unskilled person. Unlike the ‘Jenny’, it could spin the stronger threads needed for the warp yarns through which the weft threads were woven to make textiles. The Jenny was worked by a foot treadle, whereas all Arkwright’s machines would be powered by a huge waterwheel in the River Derwent.

With a superior machine and cheap labour, mostly by women and children, Arkwright could undercut his rivals. Within a few years he owned several large mills and had over five thousand employees. He added to his patents a new type of carding machine for teasing out the threads before spinning. It was originally done with the hook-covered heads of teasels.

His patents gave him sole rights to his new machine. He was willing to grant others a short-term licence at an exorbitant price – and woe betide anyone who infringed his patent. He was not a popular man in the spinning world.

As the youngest of thirteen children it was no wonder Arkwright was competitive and confrontational whenever the opportunity arose. Although he may have smiled in his youth he decided it didn’t suit him and he never got the hang of humility.

His opponents united to bring him down. They challenged his patents, claiming that his inventions were not really his. On his patent application for the spinning machine he had written: ‘I had by great study, and long application invented a new piece of machinery never before found out.’ He also made clear that ‘Richard Arkwright … lawfully might have and enjoy the whole profit … arising by reason of the said invention.’

But it was revealed in court that he had hired John Kay (the inventor of the weaver’s ‘flying shuttle’), who was a partner of an inventor called Thomas Highs. Kay was paid to make a surreptitious copy of all the details of a spinning machine Highs had designed. Arkwright then enlisted craftsmen to help him to build a scale model of the machine that he could use to entice investors. In addition it was suggested that the critical components of his carding machine were similar to those invented by Hargreaves. The court decided that both his patents should be rescinded.

Arkwright was angered by this verdict but it hardly affected his business and soon after he was knighted and elected High Sheriff of Derbyshire. He built himself a cosy castle to live in and when he died he was the richest manufacturer on the planet.

We don’t know how much Arkwright contributed to the final design of the spinning machine, but he was an inventor. He devised mass production of affordable goods and invented the factory system that changed the world.

However, there was a downside to the factory system. It led to the slow decline of craftsmen and country folk were uprooted and transplanted to the treeless cities. It enriched the factory owners while perpetuating poverty in others and encouraged child labour; two thirds of Arkwright’s employees were children. Profit ruled and mill owners insisted that if a spinner was ill and failed to get a substitute, he was fined six shillings a day for ‘wasted steam’. Workers were fined a shilling if they were caught washing or whistling. They responded by rioting and smashing the machines that would eventually take their jobs. In France mill girls flung their clogs (sabots) into the works, hence ‘sabotage’.

Arkwright took no chances. At Cromford he kept cannons loaded with anti-personnel grapeshot, and a posse of five thousand local men who could be mustered at an hour’s notice. He had no trouble.

Yet, by the standards of the time, Arkwright was considered one of the more enlightened employers. He provided decent housing for his workers and, unlike many mill owners, he refused to employ those below six years old.

Cotton weaving became the major employment in northern England and by 1840 cotton goods made up forty per cent of Britain’s exports. Cromford Mill spun its last yarn in the 1980s.

Getting up steam

The mill was driven by a waterwheel, but the industrial revolution would be powered by a different, more excitable form of water – steam. Industry was beginning to devour metals and coal and as the shallow seams ran out miners had to burrow deeper. Lower seams were prone to flooding and this could have halted industry in its tracks. It was vital to find an effective mechanism for pumping out mines. Ironically, water was the means to remove water.

As long ago as 1690 French physicist, mathematician and inventor Denis Papin demonstrated with a model machine (called a ‘digester’ though it digested nothing) that when a cylinder full of steam was chilled it condensed and created a vacuum that could drag a piston down into the tube. The vacuum wasn’t sucking the piston down: it was being pushed by atmospheric pressure. Although we are unaware of it, the atmosphere above our head has weight and we live at a pressure of one atmosphere. This pressure would drive the early steam engines.

Ask, ‘Who invented the steam engine?’ and almost everyone will reply, ‘James Watt.’ But they would be wrong. It was Thomas Newcomen, who ran a hardware store, assisted by John Calley, a plumber and glazier, who would become the world’s first mechanical engineers. Their engine was built in 1712, forty-nine years before Watt’s. It was huge, with an enormous overhead beam pivoted at the centre. The rod of a piston device based on Papin’s model was attached to one end of the beam, and a pump was connected to the other end. The ups and downs of the piston were transmitted to the pump by the see-sawing of the beam.

It had taken ten years of experiments and trials to perfect the device but Newcomen couldn’t patent it because a Captain Thomas Savery had already taken out a patent before he had built anything. So Newcomen went into partnership with Savery to share his patent. Savery’s machine was not considered to be a true steam engine because all it could do was pump water, not drive machinery. It was a slow and inefficient pump that could lift water from no more than 80 ft (24 m) down, whereas several mineshafts were five times deeper. He planned to overcome this problem by installing a series of machines at different depths in the mine. Perhaps he had forgotten that his machines were 120 ft (37 m) high and 90 ft (27 m) wide. There was no way they could be squeezed into a mineshaft.

Newcomen’s machine was far more powerful than Savery’s and not as voracious, although it still consumed 6.5 tons (6.6 tonnes) of coal a day, which made it too costly to run except at coal mines. Nonetheless, for several decades it was the state-of-the-art steam machine. In 1777 seventy-five of Newcomen’s engines were servicing Cornish tin mines. Six years later only one remained. They had been replaced by Watt’s steam engines.

Legend has it that Watt came up with the idea for his engine when he saw the lid of a kettle being lifted by the steam from the boiling water, but it’s a myth. Watt was trained as an instrument maker and had a workshop in Glasgow University. He was asked to repair a working model of Newcomen’s steam engine. He not only mended it, but also decided to improve it.

Newcomen’s device wasted energy by repeatedly heating up and cooling the cylinder. Watt devised a simple way of condensing the steam without cooling the cylinder at the same time, which also speeded up the stroke rate of the piston. He next increased the thrust of the down stroke by feeding steam into the cylinder above the piston. Watt patented his machine in 1769 as ‘a new method of lessening the consumption of steam and fuel in fire engines’. The fuel saving was a staggering seventy-five per cent.

Watt was no businessman, so he fell in with Matthew Boulton, an engineer who could manufacture and market the engines. Within a couple of decades they sold over five hundred steam engines. In Boulton’s words: ‘I sell here, sir, what all the world desires – power.’ Wherever there was industry there was Watt’s steam engine. It was the pumping heart of the industrial revolution.

Both Watt and Boulton became rich and were elected to the Royal Society.

Watt continued to improve his engine and invented other devices, including the ‘governor’, which automatically controlled a machine’s speed. It was an ingenious mechanical device with metal balls spinning on the ends of extendable arms which via valves could reduce the steam supply if the engine speeded up, or inject more steam if the engine slowed down. It was the first use of what we now call feedback. Watt even invented an office copier device. He also built a gas-proof chamber for Humphry Davy, the inventor of the miner’s safety lamp, to experiment by inhaling laughing gas in such large amounts that he might never have laughed again. Watt coined the term ‘horsepower’ as a measure of power. Later the standard measure of power was named the ‘watt’ in his honour.

Watt relied primarily on atmospheric pressure to drive his engine and only later used steam to supplement it. He was wary of using steam at higher pressure and even dismissed a model of a high-pressure machine constructed by one of his assistants. The perpetual pessimist, he feared that in a full-scale machine the boiler would explode. However, in Boulton’s factory ‘Iron Mad Wilkinson’ had developed hammered iron plate that was cheap and could easily confine high pressures. He loved everything about iron and built iron barges to prove that they could float. His wife buried him in an iron coffin.

The future lay in the hands of a brilliant Cornish engineer, Richard Trevithick, who designed a boiler that could withstand a pressure of 50 lb per sq in (psi) (3.5 bar), five times greater than Watt’s machine. He also replaced the huge overhead beam with a neat crankshaft. His engine was therefore far smaller yet three times more powerful than Watt’s. His later engines ran at an amazing pressure for the time – 145 psi (10.2 bar). One did explode, because the operator closed down the safety valve when he went for lunch.

The advances of just a handful of inventors spurred the beginning of the industrial revolution and every kind of manufacturing was driven by steam. Only thirty years after the steam engine was adopted by industry the majority of Britain’s population were factory workers. It was the workshop of the world and, with less than two per cent of the world’s manufacturers, generated more than a third of the world’s trade.

Small towns grew into cities. In less than eighty years Manchester, the centre of the cotton weaving industry, expanded eighteenfold. England’s green and pleasant land was shrouded in acrid smoke from Blake’s dark satanic mills.

In the 1840s Friedrich Engels visited Manchester and recorded his impressions: ‘In a rather dark hole … surrounded on all four sides by tall factories … stand 200 cottages in which live about four thousand human beings … The cottages are old, dirty, and of the smallest sort, the streets uneven, fallen into ruts and without drains or pavements; masses of refuse and offal and sickening filth lie among standing pools in all directions …’

Some streets were paved with gold but only for the mill owners.


FULL STEAM AHEAD

‘The great affair
is to move’ 

– Robert Louis Stevenson
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As the industrial revolution got under way the demand for coal soared. The major impediment to manufacturing was transport. The roads were hardly fit to bear a coach carrying a dozen people, let alone large quantities of coal or metals.

For a while the answer seemed to be canals, for barges were far easier for horses to tow. Entrepreneurs embarked on a huge programme of canal building and hundreds of Irish ‘navvies’ (navigators) dug them. But canals were dogged by insufficient water during dry summers and by freezing in winter. On hilly terrain the barges had to ascend or descend in a series of locks that were costly to build. In a 15-mile (24 km) stretch of canal from Worcester to Tardebigge boats had to negotiate fifty-eight locks to rise 428 ft (130 m). Such obstacles and a reliance on horse power meant travel was very slow.

The ideal mode of transport had been known for centuries. In drift mines it was not unusual to bring out the ore or coal in wagons pushed, by a workman or even children, along wooden rails. Huntington Beaumont opened several mines in Northumberland and built ‘tramways’ on which pit ponies hauled coal from the pit head to coastal towns to be shipped down to London. His wagons had flanged wheels to keep them on the iron rails.

At last there was a power far greater than the horse – it was steam. James Watt had devised a means to convert the up-and-down action of a piston into the rotary motion of a wheel. By the time Watt’s patent had expired Richard Trevithick was ready to fit his compact, high-pressure steam engine into a coach chassis on wheels. He was a brilliant engineer and introduced several innovations. He dispensed with Watt’s heat-wasting condenser and expelled the exhaust gases through a funnel which increased the draught over the fire. His vehicle coughed smoke into the air and was dubbed the ‘Puffer train’, as toddlers were encouraged to call locomotives for decades afterwards.

‘Uncle Dick’s Puffer’ set off to demonstrate its abilities, but the tiller was temperamental. It took a liking to a ditch and the coach became the very first off-road vehicle. Within days Trevithick fixed the steering and it climbed a steep hill. At his first attempt he had produced a small engine that was powerful enough to move a vehicle. He and his mates retired to an inn to celebrate. The Puffer was parked in a nearby shed, but unfortunately they forgot to damp down the boiler’s fire. The wooden hut burnt wonderfully well and the locomotive was reduced to a melted and buckled wreck.

By 1804 Trevithick had built an improved locomotive in which the flue snaked around inside the boiler so as to utilise all the heat before venting into the air. It ran 10 miles (16 km) on an iron ‘plateway’ (parallel strips of iron laid on wooden sleepers) and pulled five wagons carrying 10 tons (10.2 tonnes) of iron and seventy passengers at 5 mph (8 kph). It was the first-ever train ride and proof that steam locomotives could haul heavy cargoes and that there was sufficient friction between metal wheels and metal plates to make railway tracks feasible.

To publicise his machines Trevithick built a temporary, circular track in London’s Euston Square on which his neat little locomotive Catch-me-who-can towed a modified landau carriage to give joy rides to paying passengers – another first. The advertisement ran: ‘Mechanical power subduing animal speed.’ It was not the great marketing success he had hoped for and perhaps this disappointment explains why he returned to manufacturing his stationary engines, which were in demand to power rolling mills in ironworks.

Trevithick was a restless, temperamental genius and once he had invented something he looked for new challenges. He was not a bespectacled boffin but a man of action, as well built as his engines thanks to weightlifting and wrestling. Precipitately he departed for Peru to survey railway routes and design mining machinery. Sadly his skills were lost to British industry.

In 1818 the Earl of Strathmore decided to build a railway from his coal mines to Darlington, the nearest manufacturing town, 37 miles (60 km) away. The wagons were destined to be horse-drawn until he met George Stephenson.

The town of Killingworth is only 4 miles (6.4 km) from where I grew up. And there a plaque on the wall of Dial Cottage records that this was where George Stephenson once lived and grew prize-winning vegetables in his garden. He was the ‘enginewright’ at the local coal mine and spent his evenings repairing clocks and shoes to raise the money to give his son the education that he never had. He had an intuitive understanding of machines and had built a locomotive to run on a ‘tramway’ from the pit head south to Newcastle.

This gruff fellow who was not good with words managed to imbue the Earl of Strathmore with his enthusiasm for the future of steam locomotives. So much so that he was appointed the engineer for the Stockton to Darlington Railway. He planned the route taking care not to impinge on the Duke of Cleveland’s fox-hunting fields and set the distance between the rails at 4 ft 8½ in (1.44 m), the traditional width of space that allowed a single horse to pull a cart. It became the standard gauge for almost all subsequent railways in the British Isles.

In addition to numerous freight wagons there would also be a single passenger train. The local newspaper was not impressed: ‘What person would ever think of paying to be conveyed … in something like a coal wagon … to be dragged by a steam engine?’ Many people had never seen a locomotive and thought it would be an ‘automatic semblance of a horse stalking on four legs’. On the inaugural run an estimated six hundred people filled the seats in the twenty-one wagons or clung to the outside, as they do in India to this day. It was the very first passenger service using a steam locomotive.

To enhance the income, the line was made available to others using their own rolling stock, most of which were hauled by horses. Unfortunately, it was a single-track railway with few sidings for passing places. To make matters worse there were no signals. The steam locomotive couldn’t demonstrate its speed when hindered by all this traffic and when it had to slow down while passing through woodland in case sparks ignited the trees. Nevertheless the railway was a boon to local industry. Middlesbrough rapidly grew from a tiny village into the largest steel producer in the world.

The Stockton to Darlington Railway had been the proving ground for Stephenson’s ideas; his next venture would be far more ambitious. He would be the engineer on the proposed double-track link between Liverpool and Manchester. It was an obvious development because Liverpool was the main port for Britain’s transatlantic trade and two million bales of cotton left the city each year on pack horses destined for the spinning mills of Manchester.

Stephenson was alert to the power of publicity and persuaded the sponsors to offer a generous prize for the winner of a competition to select the locomotive that would be used on the line. The trials were held in 1829 at Rainhill just north of Liverpool. Five locomotives were entered but the Cycloped was disqualified because its power unit was a horse inside a treadmill. Stephenson’s Rocket won hands down by towing two wagons full of rocks at 24 mph (39 kph), while its rivals broke down or exploded.

Several celebrities were guests of honour, including the Duke of Wellington. He said: ‘I see no reason to suppose that these machines will force themselves into general use.’ They all had a wonderful time, except for one. Some of the guests disembarked to stretch their legs. A cabinet minister called William Huskisson saw the Rocket steaming towards him and tried to climb back into the carriage, but fell beneath the wheels. Although another Stephenson locomotive, the Northumbrian, rushed him to hospital, it was in vain. Stephenson preferred to remember this not as the first rail fatality, but the day that the hospital-bound Northumbrian reached a speed of 36 mph (58 kph) – a new world record.

Just like flying

For a generation that knew of nothing faster than a galloping horse, speed was a concern. Stephenson assured a House of Commons committee that his trains would run at a stately 12 mph (19 kph). He lied, of course: he had no choice because ‘experts’ prophesied that travelling at more than 20 mph (32 kph) would suck all the air from your lungs or you would go mad. Even just watching the landscape rush by would damage your eyes. The hiss and clank of the engine would cause women to miscarry and leave the male traveller in ‘a state of confusion that it is well if he recovers in a week’. Daily commuting would be out of the question.

Even innocent bystanders were in danger. A passing train could wilt vegetables in the fields, kill birds in flight and dry up a cow’s udders. An objector collared Stephenson on the danger of a cow on the line with a train approaching. ‘Surely,’ he said, ‘that would be a very awkward circumstance.’ ‘Aye,’ Stephenson replied, ‘very awkward … for the cow.’ (Livestock and deadstock can be a problem. My wife and I took a train from Liverpool to Reading and our journey was interrupted by horses on the track, then a man’s body across the line and finally a landslip that resulted in a reduction to a one-way track.)

A cartoon captioned ‘The Pleasures of the Railroad’ depicted an exploding locomotive with detached limbs flying in all directions from the torsos of surprised passengers. Even the guidebooks were not encouraging. One recommended that you should sit as far from the engine as possible, for if it exploded ‘you would probably be smashed to smithereens’. It was best to sit with your back to the engine or you might be ‘blinded by small cinders which escape through the funnel’.

It took the public some time to get used to the speed of trains. Some believe that the locomotive really did get bigger as the train approached. Others leapt from the carriage when they were close to their destination and were rewarded with a broken leg or worse. When the train reached 23 mph (37 kph) a passenger found it ‘frightful … it is impossible to divert yourself of the notion of instant death for all’. Nevertheless, the public soon learned to sit back and enjoy the thrill of speeding ‘swifter than a bird … when I closed my eyes, this sensation of flying was quite delightful’.

Buying a ticket was less fun. You had to book a day in advance and give your full name, address, age, place of birth, occupation and reason for travelling.

The publicity for the Liverpool to Manchester line led to a period of railway mania. Within fifteen years of the first train departing from Liverpool, Britain had 7,500 miles (12,070 km) of gleaming lines cobwebbing the country and was transporting 100 million passengers a year. Many inventors made the railway possible, but George Stevenson made it happen.

The Liverpool to Manchester line, 30 miles (48 km) long, was not easy to build. There were two long tunnels and sixty bridges to be constructed, but the biggest challenge was Chat Moss, a huge bog ‘over which no human foot could tread without sinking’. Stephenson and his brilliant son Robert came up with a daring solution. They dumped into the bog the soil and rock removed when excavating cuttings. Then they made a floating raft of brushwood and heather and hoped it would support the railway embankment. And it did.

Other railways likewise faced problems arising from uncooperative topography. On the London to Birmingham route a tunnel 3 miles (5 km) long suffered from quicksand. Stephenson deployed thirteen massive pumps removing 2,000 gallons (9,090 litres) of water per minute. Even so, it took eighteen months to suck it dry. On the London to Bristol project Isambard Kingdom Brunel had to engineer a tunnel that was almost 2 miles (3.2 km) long. It took two and a half years and required 1 ton (1,016 kg) of gunpowder per week and thirty million lining bricks. No wonder Brunel smoked forty cigars a day.

Much of the construction was achieved by huge battalions of navvies with picks and spades, but by 1870 Britain’s steam engines were doing the work of forty million able-bodied men – four times the entire workforce of the nation. Machines were transforming the world.

Towards the end of his distinguished career Robert Stephenson said: ‘As I look back upon the stupendous undertakings accomplished in so short a time, it seems as though we had realised in our generation the fabled powers of the magician’s wand. Hills have been cut down, valleys filled up … and if high and magnificent mountains stood in the way, tunnels of unexampled magnitude have pierced them through.’

The changes that the railway brought to society were no less than those it wrought on the landscape. The treasurer of the Liverpool and Manchester Railway summarised the transformation in public perceptions: ‘The most striking change produced by the railway is the sudden and marvellous change in our ideas of time and space. What was quick is now slow; what was distant is now near, and this change in ideas pervades society at large.’

The greatest effects were felt by the working class. At first the railway companies discouraged the less lucrative passengers. The third-class wagons had bench seats but no windows or roof. One company, more astute than the others, realised it was missing out on a huge number of potential passengers. So it dropped second-class coaches and upgraded the facilities on third-class to attract customers. This worked and eventually other companies did the same. When I was a lad all trains had first-class and third-class coaches and no one ever asked what happened to second class.

The railways also priced their tickets in accordance with the prosperity of the passengers, with cheaper tickets on lines serving poor areas and higher charges for the more salubrious suburbs. There were even special cheap tickets for workmen. A labourer who had never ventured beyond the boundaries of his town could now afford to travel. For a few days in the summer ordinary folk swarmed on to trains and headed for the coast. One year Brighton had 250,000 summer visitors – most of them travelling on a return ticket costing fifteen old pence. For many it would be their first holiday and their first glimpse of the sea. They were determined to have a good time and were accused of ‘giving up their decorum with their rail ticket’. When the masses arrived in holiday resorts all the posh folk fled.

What time is it?

Until the coming of the inter-city railway, travellers thought of which day they should arrive. Now it was a matter of which hour and which minute. All of a sudden time became confusing. Until 1850 all towns in Britain lived in local time. It depended on when the sun rose, so that London in the east was more than twenty minutes behind Plymouth in the west.

This made timetabling difficult. It was already complicated because the railway companies worked on two timetables. The engine drivers used the ‘operating timetable’, which was significantly different from the published version. Town clocks began to display ‘Local time’ and ‘Railway time’. Frustrated passengers were forever complaining about missing trains because they had departed early. In 1858 a passenger arrived in court too late to be heard and lost his case by default. He argued that he was on time by his pocket watch, which was set to the time in Carlisle, where he lived.

It was proposed that all trains should use London time, but the snag was that the time was different on either side of London. The managers of the Great Western Railway had the worst problems as they ran the east to west Bristol to London Line. Their solution was to adopt Greenwich Mean Time – except at Bath, Bristol and Chippenham! In its wisdom Parliament dismissed the proposal to convert the entire country to GMT. It took thirty-five years before the politicians changed their minds.

Speeding

When high-speed trains were about to go into service I was amused to read in the newspaper that an academic was warning that at speeds of 200 mph (320 kph) the passengers would be unable to breathe and would be asphyxiated. He didn’t want to worry us even more by mentioning birds falling out of the clouds and udders failing to deliver.

Clearly he had not heard of Colonel John Stapp, who in 1954 tested seat restraints by riding in a rocket sled at 632 mph (1,017 kph) and reaching the top speed in six seconds. Yet, believe it or not, Stapp was still breathing and there wasn’t a dry udder in the dairy.


LIKE A RED FLAG TO A BULL

‘Glorious … The poetry of motion!
… The only way to travel … O Bliss!
O poop-poop! O my! O my!’ 

– Toad of Toad Hall

(in The Wind in the Willows) on seeing his first motor car
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As the railways prospered, road transportation lagged behind. Surely there were horse-drawn stagecoaches hurtling down the highways. In fact, they were often slowed to walking pace because even the trunk roads were ridged by iron-hard ruts in winter and when it rained they became quagmires. Standing water often obscured the rugged surface altogether and it was not uncommon for a horse to break a leg. In winter, if the roads were passable, the passengers travelling on the roof seats cocooned in multiple layers, may have died from exposure, as indeed Keats did. There were no pavements for pedestrians. Even the ancient Minoans had a walkway, but unfortunately it was in the middle of the road.

The rocky road

The Romans built fine roads in Britain, but they had been neglected ever since. In 1767 James Watt rode on horseback from Glasgow to London because the roads were unsuitable for coaches. An effort to improve matters was instigated at the beginning of the nineteenth century thanks to Thomas Telford, a Scottish shepherd’s son who became known as the ‘Colossus of Roads’. By 1784 he had constructed 1,000 miles (1,610 km) of road and 1,200 bridges, including the Menai Suspension Bridge in Wales, and supervised the construction of Scotland’s Caledonian Canal. His achievements doubled the average speed of horse-drawn coaches.

A successful Scottish merchant named John McAdam diagnosed the problems with British roads: they were not elevated above the level of the adjacent land, and didn’t have a raised crown or a waterproof surface. He invented a surfacing method called ‘macadamisation’ which produced an all-weather surface. He sank his life savings into improving roads and wrote influential books on their proper construction. Eventually the government compensated him and made him Surveyor General. Much later, thanks to an accidental spillage of tar, Edgar Hooley came up with the idea of mixing tar with rock chips to make a more durable surface that he called tarmacadam, marketed as Tarmac.

Turnpikes were installed throughout Britain and stage coaches with a team of ten or more horses slashed journey times between cities. Before tarmacadam these galloping hooves dislodged the surface stones, but wheels are kinder to roads than hooves. A safe steering mechanism that became standard was designed in 1818 by Rudolf Ackerman, who sold prints for a living.

What could be more logical than to place a steam engine on a chassis to compete with the coaches? The first steam-driven vehicle to lumber along a road was invented by a French army engineer called Nicolas-Joseph Cugnot. His ‘road wagon’ was built in 1770 and was clearly the result of the mating of a heavy-duty horizontal ladder and a wheelbarrow. Its enormous 400-gallon (1,820 litres) boiler was suspended in front of the leading wheel. It looked as if it was removing an unexploded bomb, which is not far from the truth because a collision would have resulted in a catastrophic explosion spraying bystanders with high-pressure steam and flying shrapnel. Cugnot’s road wagon was intended to tow heavy cannons, but not very far as it had to stop frequently to take on coal, water for the boiler, and no doubt Dutch courage for the nervous driver. It progressed at the pace of a lame donkey and ran out of steam at the mere thought of hauling a cannon. Steering was limited to forcing it to go in a straight line – if it turned a corner, it fell over. A bigger ‘improved’ model demolished a wall. Cugnot was the first-ever person to be jailed for dangerous driving.

Curious self-propelled vehicles had been proposed in the past. In the sixteenth century Johann Hautsch of Nuremberg designed a coach powered by clockwork. It was a baroque effort encrusted with dragons and bagpipers and looked so heavy that its progress was probably measured in inches per wind of the spring. Other weird designs were boats with wheels, or powered by kites, windmill-type sails or tiny railway locomotives scurrying round a treadmill like frantic mice. The ‘Push foot’ was powered by steam-driven walking legs. There was also a locomotive called the ‘Steam Horse’ although a more apt name would have been ‘Crazy Horse’. It too had iron legs at the rear that ‘walked’ to push it along. On its maiden outing the huge boiler exploded and the locomotive ended up lying on its back with its legs in the air. As indeed did many of the spectators.

Getting steamed up

Britain was the world centre for steam locomotion but the available engines were too complex and cumbersome to fit into land vehicles. As early as 1803 Trevithick constructed an eight-seater, three-wheeled carriage that was said to nip along at a giddy 12 mph (19 kph). Unfortunately, after several successful runs he lost interest and its engine ended up powering a metal-rolling mill.

The first commercial mobile steam engines were used in traction engines to supply a power source for agricultural machinery by means of an external belt drive. They moved from farm to farm as needed and could haul heavy loads, but they were so heavily built they had difficulty over soft earth. James Boydell tackled this by attaching five wooden boards to each wheel so that the vehicle effectively laid its own road as it progressed. It was marketed as having ‘endless wheels’. The multi-purpose ‘Darby Digger’ had no wheels, only huge downward-pointing forks on which it ‘walked’ as it dug. This required a wondrous array of crankshafts and eccentrics, the second being devices that convert rotary motion into linear motion. Excursions on to the road were discouraged because it ruined the surface.

Meanwhile Walter Hancock’s steam-driven omnibuses ran scheduled services in London and beyond. His buses were given charismatic names such as Infant and Autopsy. They touched 20 mph (32 kph) on the best roads but all steam-driven vehicles were accident-prone. Their noisy approach spooked horses, causing them to run amok. One ‘steamer’ lost a wheel and collapsed on its boiler, which then exploded, dispatching all its passengers to their final destination.

Such incidents aroused an anti-steamer lobby. James Watt was so scared of steamers that he banned them from approaching his house. Many people thought steamers were noisy, dirty and unreliable – whereas horses were just unreliable and dirty. London’s streets were clogged with many tens of thousands of horse-drawn vehicles and the horses inevitably answered the call of nature while working. Colossal quantities of horse dung meant the main shopping streets had to be cleared every night to make them passable by morning.

In fact, horse-drawn traffic was seven times more dangerous than motor vehicles. Sir Joseph Banks, the famous botanist and explorer, had a huge carriage. A cautious man (except when cohabiting with Tahitian maidens), he had all the latest safety devices. Should the horses bolt, ‘There was a drag chain … to obviate the possibility of danger going down hill – it snapped, however, on our first descent; whereby the carriage ran over the post boy …’

Applying the brakes

By 1840 Britain had 22,000 miles (35,400 km) of turnpike roads with eight thousand toll gates charging prohibitive rates for self-propelled vehicles – at least ten times higher than for horse-drawn carriages. Saboteurs dumped thick layers of stones on to roads to halt the steamers, but they ploughed straight through while the horse-drawn carriages struggled.

Lobbying of Parliament led to the 1865 Locomotives on Highways Act. This dictated that self-propelled vehicles must have a crew of three – a driver, a boiler man and a third man to walk ahead of the vehicle with a red flag to warn of its approach. The last hardly seemed necessary as the vehicle was not allowed to exceed 4 mph (6.5 kph) on country roads and 2 mph (3.2 kph) in town. This uniquely British law virtually killed off any research into road vehicles and didn’t prevent accidents. While crossing the road Bridget Driscoll failed to see a car dawdling towards her. She became the first pedestrian in Britain to be killed by a horseless carriage. The coroner hoped that ‘such a thing would never happen again’. Automobiles went on to kill more people than all the wars in the twentieth century. The ‘Red Flag’ act was not repealed until 1896, by which time the motor industry was well established in continental Europe.

Internal combustion, external explosions

In 1860 Étienne Lenoir, a Belgian inventor, made a more compact steam engine that sucked air and coal gas into a cylinder, where it was ignited by a spark. The ensuing explosion moved the piston. Thank goodness he didn’t take up a suggestion from Christiaan Huygens (inventor of the pendulum clock) to use gunpowder as fuel. Lenoir had invented the internal-combustion engine, but it was inefficient and liable to overheat and seize up. It also took over three hours to travel just 6 miles (10 km). Lenoir realised that being dependent on gas from the mains supply might limit the car’s touring range. It was left for others to exploit his ideas.

Nikolas Otto was a German school dropout who worked in a grocery shop and became a travelling salesman and a self-taught mechanic. He saw Lenoir’s engine at an exhibition and felt sure he could improve it. Having built a partially successful engine nicknamed ‘the rattling monster’, he and his partner Eugen Langen built the first practical four-stroke internal-combustion engine to run on gas. Although it was a stationary machine it set the template for car engines of the future. It was more compact than Lenoir’s engine and consumed half as much fuel. Its fuel economy won the Gold Prize at the Paris International Exhibition of 1867. Later improvements included cooling the cylinders with water jackets.

Within a decade Otto sold over thirty thousand engines for use in factories. His production manager was a young ex-gunsmith named Gottlieb Daimler. An ambitious fellow, Daimler and his chief mechanic, Wilhelm Maybach, set up on their own to design petrol-driven engines. He replaced Otto’s permanent flame ignition (like that on a gas stove) with electrical ignition of the petrol vapour, for which purpose he invented a carburettor to atomise the petrol and regulate the air/petrol mix. To dispel the public’s concern over engines that relied on explosions, Daimler wound wire around the door handles so that it would look as if it were powered by electricity. The jovial workaholic worked all night behind locked doors. He was so covert that the gardener reported him to the police, thinking he was a counterfeiter.

The prototype engine had a much faster action and more power than Otto’s. Daimler fitted it into a two-wheeled frame and his sixteen-year-old son Paul became the owner of the very first petrol-driven motorbike. But he was in no danger of becoming a ‘Wild One’ – not with wooden wheels and stabilisers.

Daimler’s aim was to sell an all-purpose engine that could be fitted into whatever form of transport the customer desired. As a demonstration piece he bought a Phaeton, an open two-seater carriage minus the shafts and horses, and fitted his engine and transmission into it. It was the epitome of a horseless carriage; it still had the whip-holding brackets. Daimler had invented the engine of the future, but not the vehicle to carry it. That would come from another German inventor, Karl Benz.
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