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I am afraid of the dark. I have been since I was small. Ghosts groan outside my window in the middle of the night and creak the floorboards in the hallway. Science explains this away – branches swaying in the wind, the thermal contraction of wood as it cools – and I believe these rational explanations: I am a scientist. And yet there are still moments when my brain refuses to listen, when irrational fears crowd into my head. Like everyone, there are times – for me, it’s being alone in the dark – when my subconscious runs the show, gathering up my anxieties and mixing them with thousands of years of human wonder and superstition about what exists beyond the physical realm.

In the light of day, it seems to me that what gives the subconscious such power – why we believe that a ghost might actually be at the end of the bed – is that our irrational brain is often put in charge when the threat is unknown or invisible. We saw this during the COVID-19 pandemic when large numbers of people declared the virus was a hoax and that the television coverage of the millions of people dying around the world was faked. Others declared that the vaccine was a plot to inject an invisible microchip into their bodies to control their minds. This conspiracy theory involved another invisible power: 5G mobile phone signals. The rational majority scoffed at this but carried on harbouring their own irrational beliefs: karma, lucky numbers, horoscopes, gods. I don’t think people are stupid for having irrational beliefs, quite the reverse. I think irrationality is an intrinsic part of our human nature. It is a response to the unknown, to living in a complex universe where the agents of cause and effect are hard to detect.

And in truth we are blind to most things. Our world is seemingly comprised of stuff we can touch and feel, such as chairs, books and cups of tea. Yet there is a whole class of matter that not only surrounds us but is invisible: gas. Take a breath and you can feel the material reality of air. Its invisibility doesn’t make it insignificant though: it has substance – an average person inhales 12 kg of air per day. In outer space it is invisible gas that creates the stars, on Earth it makes our planet habitable. We are enveloped by it, we breathe it, and it saturates us – fumes, vapours, dampness, scents and toxins – all affect our moods, health and behaviour. And yet for most of our lives, we overlook the wonders of gases. Each breath goes unnoticed.

This book is about how the behaviour of gases and the many different types of vapours and whiffs given off by the earth and living organisms enliven, intoxicate and frighten us. These are the gases that first occupied this Earth and have been here ever since. They are ancient and important, and their effects were first interpreted as the work of the gods, of ancient spirits, or the undead.

So what are these substances, really? Physically, they are the stuff we breathe, the stuff that bubbles up in a glass of beer, the stuff that makes flowers smell sweet, the stuff that keeps us alive in hospitals, and yes, the stuff that makes us laugh uncontrollably. Most gases are invisible, odourless and colourless. Even methane, the gas that heats our homes, is undetectable to human senses. The reason you think you can smell it on occasion is because a smelly chemical called methanethiol is added so that leaks can be detected. Over thousands of years, we have pieced together the physics and chemistry that underpin the actions of these gases and given them names like hydrogen, smoke, carbon dioxide, steam, air and hurricanes. Our theories of the atomic nature of gases and their ability to flow, expand and glow explain many of the folk tale phenomena; so does our understanding of how invisible gases can intoxicate, cause hallucinations, and even kill us. They provide some explanation of fairy tales, of ghoulish skulduggery and the power of the dead.

We have also successfully harnessed the power of gases to create technology that most of us could not live without. It is the precise manipulation of fuel vapour that drives our automobiles; it is the mechanics of steam that still powers our homes; bottled oxygen keeps our loved ones alive; and our ability to remove gases and create a vacuum is the wizardry that helps clean every home. And yet like the sorcerer’s apprentice, we have employed these powerful spirits without properly understanding how to control them. For instance, in the 1960s we manufactured chlorofluorocarbon (CFC) gases which had fantastic properties that made them very useful as coolants in refrigerators. It wasn’t until the 1970s that scientists noticed a growing hole in the ozone layer in the upper atmosphere and started to blame it on CFC gases. This ozone layer protects life on the planet from high levels of ultraviolet radiation from the sun. Without it we would all be at severe risk of skin cancer. When the ozone hole was first discovered there was denial from sectors of industry selling and using CFCs – their position was that there was no proof that the invisible effects of their invisible products were causing this invisible problem. But the growing ozone hole became such a serious threat to human life that it became politically important to understand what was really going on. Government funding for research followed but it took until 1985 before enough scientific evidence was obtained to determine that it really was CFCs that were causing the hole. A global framework for protection of the ozone layer was agreed, saving the ozone layer for future generations and preventing millions of premature deaths.

Most people don’t even know that this invisible disaster was averted. If the colour of the sky had started changing because of the emission of CFC gases, there would have been uproar at this pollution of our atmosphere. But since we can’t see it, people often don’t believe it. I include scientists too, for we are not immune to irrationality when it comes to deciphering evidence of cause and effect. For instance, the existence of oxygen was denied by pretty much the whole scientific establishment when it was first proposed as a gas. In the 1750s it was thought that the reason something burns was because it contained a substance called phlogiston. This phlogiston was released when wood burned – the flame was the result of this material escaping. They believed this phlogiston was then absorbed by the air and taken up by plants which in turn explained why they burned – because they had phlogiston in them. This seems very reasonable, doesn’t it? It made sense, since it was biological materials that burned while rocks and metals didn’t. It wasn’t until a scientist called Joseph Priestley discovered a new gas which allowed wood to burn that cracks in the phlogiston theory started to show. Priestley could have rejected the complicated phlogiston theory and pronounced proudly to the world that he had discovered oxygen, a new invisible substance which was the key to explaining flames. Namely, that something burns because it chemically reacts with oxygen gas. But even in the face of his own evidence Priestley stuck to the phlogiston theory, rejecting oxygen. In his lifetime, evidence mounted from others in favour of oxygen as a real gas, and yet Priestley – undeniably one of the most brilliant scientists of his time – was stubborn and irrational about it, believing the phlogiston theory until his death.

We may laugh and shake our heads at Priestley’s stubbornness, but there are many modern examples of how scientists hold on to theories about invisible phenomena that are false. For instance, only 150 years ago we were still debating whether helium gas was real, despite it being the second most abundant element in the observable universe. Man-made climate change is the most important example of how invisible cause and effect result in irrational behaviour. The gases that cause global warming are invisible, their accumulation in the atmosphere at more than 400 parts per million is undetectable to human senses. It is easy to deny this kind of thing. Even those who say they believe that man-made climate change is the result of the build-up of carbon dioxide are not acting with urgency. How many people are changing their lifestyles: really buying less stuff, flying less and using less energy? At some very deep level, most of us don’t quite believe it enough to act. Carbon dioxide gas might seem to belong solely to the rational world of science, but because it is powerful and invisible, it can feed our delusions and fantasies.

This book is a guide to the gases that inhabit this planet. Along the way we discover that these gases are not just important and interesting, they are our life support system. The emergence of oxygen gas on the planet 2.4 billion years ago radically changed the atmosphere and it literally gave birth to us. Having been created by it, we have learned to manufacture and compress it into tanks that have not just radically improved healthcare but also made uninhabitable places habitable. Oxygen also allows us to explore outer space, the planets and the undersea world. Carbon dioxide, on the other hand, is an often misunderstood part of our life support system. We need carbon dioxide in the atmosphere because without it we would freeze, and all the plants would die. Too much carbon dioxide though and we get global warming, as we are now experiencing. But plant life needs more than carbon dioxide: it also needs nitrogen, which is a plentiful gas in the atmosphere. However, plants can’t assimilate nitrogen gas directly from the air, and this limits crop yields. Us clever humans have found a way around this by synthetically harvesting nitrogen from the air and turning it into fertilizer – fertilizer that at a conservative estimate now keeps half of the current world population alive.

We rely on electricity too: it not only keeps us alive by providing energy for heating, cooking and lighting but it is the life support system of our technological world, fuelling our devices and our digital way of life. Power stations create electricity by heating up water using a fuel. That fuel source can be coal, natural gas or nuclear power, but they all turn water into steam, and it is that gas which rotates turbines at high speed to create electricity. Thus steam power is the dominant form of electricity generation on the planet, suppyling 70 per cent of it. Over the next century as we move away from fossil fuels, we will be relying on other types of gas technology, such as wind and hydrogen power. Even solar power relies on the precise control of gases and vacuums in its manufacture to ensure the high-purity electronic structures in solar panels are not contaminated. Gas technology powers the world and will continue to do so.

And this reliance on gases affects global economics and politics. This was demonstrated most clearly when Vladimir Putin weaponized the sale of natural gas (methane) as part of the Ukrainian war by turning off the pipelines that connect Russia and Western Europe. In doing so, it caused a political and economic crisis. The price of fertilizer also spiked because methane is the main ingredient in its manufacture, and this in turn increased food prices and caused massive inflation around much of the world. Other gases play an important role in the food system. Nitrogen is the gas inside crisp packets and other dry foods; it is put there to displace air which otherwise would make the contents stale and soggy. Carbon dioxide gas is the most popular additive in drinks, creating the fizz in the sodas, beer and sparkling wines that no one wants to be without. During the COVID pandemic lockdowns there was a shortage in the supply of food-grade carbon dioxide which caused near panic in the UK population, who feared that their favourite afternoon drink, the gin and tonic, would no longer have any fizz. The horror.

Gases play an important part in the fragrance industry too. Perfumes and deodorants are gas technologies as old as history. They are designed to improve our chances of finding love and to influence our mood. As important as perfumes are, cooking and eating are more important, and it is the smell of food – gas molecules – that creates most of the experience of flavour. Without a sense of smell, food tastes bland. With that blandness comes a more profound loss, which is the link that smell provides to memory and emotions. It is hard to overemphasize how big an effect smelling something like apple pie baking in the oven can have on our subconscious, bringing to mind memories of childhood and home. Family members who are long dead instantly come alive in our minds at that moment. Sometimes we understand the direct link from a conscious smell to that memory, but mostly we don’t. A thought or a memory pops into our head, seemingly unbidden, and yet it is the action of invisible gases on our minds. It is this direct route to our subconscious that marks out gases as such an important part of our emotional life.

In this book I explore how gases became our physiological, technical and emotional life support system: how they breathe life into us, determine our weather and climate, fuel both our technology and our magical beliefs, and make eating so delicious. It is a tour that takes us from the nitrogen that we harvest from the sky to grow our crops to the steam that generates our electricity; from the tanks of oxygen in our hospitals to the tanks of hydrogen that will eventually make flying sustainable; from the pneumatic joy of riding a bicycle to the balm of a summer breeze; from the comedy of farts to the mind-blowing effects of anaesthetic gas. Above all it’s a human story of how our relationship with invisible stuff allows us to survive and thrive on this planet.




1. Magical
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Driving into central London was an act of extreme stupidity in the 1970s because of the terrible traffic jams and almost complete absence of parking spaces. My mum did it regularly, bundling all four of us boys into the car, with Dad muttering about the madness of it all. In the back we kids were shouting and thumping each other, unconvinced that visiting the National Gallery was going to be fun. My dad meanwhile spent the whole journey doom-mongering about the traffic and the impossibility of finding a parking space. ‘Ah shut up,’ she would say in her Irish accent, ‘it will be fine.’ My dad, a scientist devoted to reason, would enter a state of extreme apprehension until my mum drove the car straight up to the gallery entrance just when a car was pulling out of a parking space. My dad would exclaim with utter amazement, ‘You’ve done it again!’ and then turn to face us in the back of the car, and say, ‘Your mum’, shaking his head in admiration for his wife, ‘how does she do it?’ ‘She believes in magic, Dad,’ we would say, as if it was as simple as that. He was an unbeliever and therefore destined to never find parking spaces in London.

My mum’s reputation as the family witch was cemented in such moments. She believed in all sorts of magical things. Not just ghosts and spirits, but also gods that oversaw the cars and traffic of the metropolis. That machines could have a soul may seem odd in today’s world where we see technology as a rational expression of our mastery over nature. But historically the development of autonomous machines has been wrapped up in superstition and the magical arts, and to some it has remained so. Thousands of years ago the Egyptians, the Greeks, the Chinese and then the Arabic cultures used their knowledge of engineering to make many types of machines. Sometimes these were useful things like weapons to protect a city, or pumps to irrigate crops, but alongside them they invented religious statues that moved called automata.

For instance, in Egypt in the third century BCE, during religious festivals a twelve-foot statue of the goddess Nysa could stand, pour milk and sit, without any human intervention. Metal soldiers raised and lowered their spears while guarding Greek halls. Automated golden lions licked water that flanked entrances to Sultans’ palaces in Baghdad. In China a mechanical man made by the artificer Yan Shi not only sang to the king of the Zhou Dynasty but flirted with the audience, winking at them. Even though these automata were self-evidently made by the humans and driven by cogs, weights and clever mechanisms, these machines were revered as magical. The engineers and scientists of the time, like Hero of Alexandria, who created the world’s first steam-powered machine, were thought to have secret knowledge that could be attributed to their relationship with the gods.

Machines and automata grew in importance in the Middle Ages, inspiring the development of clocks. The world’s first fully mechanical water clock was designed by Su Song around 1000 CE. It was ten metres tall and was designed to mirror the harmony of the universe and so measure the time it took for the planets to move in the sky. These early clocks had a spiritual role, by predicting the sun and moon’s movement they connected us to the mystical heavens (this relationship between mechanical clocks and spirituality is enshrined today in the location of clock towers on Christian churches). Over time the mastery of the cog and spring mechanisms led to more ingenious clockwork automata with hidden mechanisms such as the mechanical duck designed by the French engineer Jacques de Vaucanson in 1737. The duck could quack and flap its wings as well as seeming to be able to eat and poo.

People were wowed by the extreme cleverness of the machines and started to wonder where the pursuit of such mechanical power would lead. Would the machines one day be able to autonomously move, talk and even think? It was an eighteenth-century innovation by a British Baptist preacher that provided the answer to the first question. His name was Thomas Newcomen and he found a way to make a machine that was driven not by clockwork but by a gas.

The odd thing about steam is its ability to disappear on command and in doing so create an enormous force. You can see this for yourself by carrying out a simple experiment. Take an empty drinks can, put a small amount of water in it and then place it on a stove until the water inside starts to boil (you’ll need tongs to hold the can, but it’s worth the hassle). This fills the can with steam that displaces the air. Now plunge the can into a basin of cold water. Immediately you witness something extraordinary and magical: the can crushes itself into a tightly mangled lump. It seems to be acted on by an invisible force. Harnessing this force was the key to the development of the steam engine. Others came before Thomas Newcomen to understand steam power, but he usually gets the credit because he was the first person to put it to use profitably. He used it to save the lives of miners.
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How condensing steam creates large forces
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Mining has always been a dangerous occupation, but mining in seventeenth-century Britain was particularly so. The mines themselves were a collection of narrow, deep, dark tunnels lit by candlelight, and they frequently collapsed, killing those inside. If the miners didn’t die from a cave-in they died from asphyxiation by toxic gases, or they died from the fires caused by them, or they died from drowning. By the seventeenth century coal was replacing wood as the primary fuel in Britain and so the number of coal mines was increasing. As the mines became central to the economy of Britain, so these tragedies increased. Floods were the biggest threat to this supply of coal. It rains a lot in Britain, and a mine is a deep hole in the ground, so they tended to fill with water. Pumps were used to remove the water; they were driven by teams of horses who walked in circles harnessed to a rotating drum connected to long ropes or chains that pulled up buckets of water. But this didn’t work very well. So, understandably, the mine owners asked the scientists of the day to provide better solutions.

This is where Thomas Newcomen enters the story. He wasn’t a scientist but a religious preacher and a blacksmith. But through his practical understanding of machines he had learned the principles underpinning the crushing force caused by cooling steam. When liquid water reaches a boiling point the water molecules have enough energy to become a gas. Liquid water at this temperature bubbles furiously producing this gas, but the boiling point depends on the pressure of the air weighing down on the kettle, the so-called air pressure. We don’t normally notice this pressure of the air because it is always there. You can think of the planet being surrounded by an ocean of air. At the bottom of this ocean is where we live on the crust of the Earth. The hundred kilometres of air above us has a weight due to gravity and so it presses down on us – this is called atmospheric pressure.

You don’t feel this pressure because you were born at the bottom of this ocean of air and it’s always been part of your life. Nevertheless, that pressure is always squeezing you. It is squeezing you now. This pressure also acts on the water in the kettle. As the temperature in the kettle increases the water molecules want to leave the liquid and become a gas, steam. But the atmospheric pressure is squeezing them back into the liquid. The boiling point of water is the temperature at which the energy of the water molecules overpowers the pressure of the atmosphere. At sea level it requires a temperature of 100ºC to do this. But if you climb a mountain, there is less air above you, and the atmospheric pressure is lower and so water can boil at a lower temperature. At the top of Mount Everest, where it is almost nine kilometres above sea level, water boils at 71ºC.

Understanding atmospheric pressure is the key to understanding the self-crushing can. By heating a small amount of water in the empty drinks can, at first the air inside the drinks can is at atmospheric pressure. This pressure equals the pressure outside the can, and so the sides of the can experience no force. As the steam fills the container it displaces the air creating an equal pressure of steam, and so there is still no force. But now if you plunge the drinks can into water, this immediately cools the steam to create liquid water inside and removing the gas. At this moment the internal gas pressure becomes almost zero. One minute the gas is there pushing against the atmospheric pressure and the next minute it’s gone in a puff of non-smoke. A disappearing act. A magic trick. For the drinks can, the pressure of a hundred kilometres of air outside is still very much there. This air pressure is the crushing force. And it’s big. Easily able to crush a drinks can.

Newcomen harnessed this power of the atmosphere in his engine. He used a cylinder like a drinks can but with a movable top called a piston, and so when he condensed the steam inside his cylinder by spraying cool water inside, instead of the sides crushing, the piston was crushed down by atmospheric pressure above it. Thus steam in, piston up, steam condensed, piston crushed down, piston up, piston down, piston up, piston down, puff, puff, puff . . . for as long as he had enough coal to burn to create the steam. This was a significant moment in history. It was the birth of the steam engine, and its puff of wispy smoke along with its friendly ‘toot’ of the steam when directed through a whistle melted the hearts of all engineers who worked with them. The age of steam arrived and brought with it a sense of optimism about what was possible with machines. The life-like automata of ancient times combined with the clockwork cleverness of the Middle Ages now had a powerful spirit in the form of steam that inspired a generation of inventors.

Part of this generation was the Lunar Society, which was founded in the 1760s by engineers, scientists and intellectuals to discuss how to invent the future. They called themselves the Lunar Society because they met on evenings with a full moon, which allowed them to ride home safely down the dark country lanes by the light of the moon. They used those occasions to argue and discuss but also to demonstrate to each other their latest discoveries. So when one of the founding members, Erasmus Darwin (the grandfather of Charles Darwin), became obsessed with the idea of creating a machine that could mimic human speech, none of the Lunar Society were surprised. Darwin created several prototypes, which he demonstrated at Lunar Society meetings, although his invention couldn’t do much more than mumble, much to the hilarity of the assembled company.

[image: image]
Newcomen’s steam engine, 1712

Alamy



But there was no sense in which this group thought Darwin was crazy for attempting this, even though they referred to themselves as ‘lunatics’. Everything was possible, as they saw it. They had a sense of mad optimism about their ability to control the world. One of the Lunar Society members who saw that demonstration, Matthew Boulton, went so far as to offer Darwin £1,000 (£200,000 in today’s money) if he could make a robotic machine that could recite the Christian Lord’s Prayer, to prove perhaps that such innovations were endorsed by God.

Another member of the Lunar Society, James Watt, became obsessed with the steam engine and decided that it was not good enough. Every time the cylinder of a Newcomen engine was filled with steam it got hot, then water was sprayed in the cylinder which condensed the steam to create the crushing force to bring the piston back down. Spraying water cooled the cylinder, which then had to be heated up again by steam – that was inefficient. If the cylinder could be kept hot, Watt reasoned, then that would save a lot of energy. How to do it is simple once you know the trick. Watt redesigned the engine so that at the top of the piston’s stroke, the hot steam was vented out of the cylinder into a separate container and cooled by liquid water. That separate condenser (as it was called) would always be cool and the cylinder would always be hot. Brilliant. Watt, aged thirty-three, had made the steam engine vastly more efficient.

But despite the greater effectiveness of Watt’s engines, he didn’t know how to make money out of them. Even the business of pumping water out of mines didn’t attract customers: the Newcomen steam engines worked reliably day and night and the mine owners saw little incentive to invest in new ones because coal was so cheap – they owned the coal mines, after all. This is where a fellow member of the Lunar Society, Matthew Boulton, comes into the story. He came up with a new business model for selling Watt’s steam engines. They offered to replace the Newcomen steam engine with a Watt steam engine in return for a cut of the coal savings made from replacing the inefficient Newcomen engines. The more efficient the replacement engines were, the more customers would benefit and the more money Boulton and Watt would make – it was win–win.

This approach didn’t work for those who didn’t already have a Newcomen engine. So Boulton and Watt came up with another way to calculate the savings of a steam engine over other ways of powering machinery such as horses to turn a mill wheel to grind flour. Watt calculated that a typical horse could turn a mill wheel 144 times an hour. This was a measure of the power of a horse. He then built steam engines that could match and better this quantity of ‘horse power’. This allowed Boulton and Watt to use the same financial model to calculate the efficiency gains of installing one of their steam engines in a mill. The success of this approach meant that the term ‘horsepower’ became a widely used measure of power. Even now the horsepower of a car is quoted as a measure of its performance. An average compact car for instance has an engine rated at 260 horsepower, which doesn’t literally mean that it’s equivalent to 260 horses pulling you along, but at the same time it kind of does. The horsepower of an engine is still quoted: the rocket that took Apollo 11 to the Moon was 160,000,000 horsepower (the modern unit of power is called the Watt and is named after James Watt).

In 1764 Erasmus Darwin grabbed James Watt at one of their Lunar Society dinners and mumbled into his ear that he had a much better idea for the steam engine than the tedious business of pumping water. He proposed a new mode of personal transport powered by steam, a steam car. It wasn’t just talk: he had designed one that he wanted Watt to see. The apparent madness of his design – a massive Watt engine on top of a cart – doesn’t undermine the seriousness of Darwin’s proposal. He wrote letters to Matthew Boulton about it too, asking questions about its feasibility and whether Boulton would want to become a business partner in producing these machines – even going so far as to ask how much water and coal Watt’s steam engines typically used, so he could calculate how much of these commodities his fiery chariot would need to carry, along with the passengers.

Darwin dreamed of a country where citizens no longer walked miles in the mud but instead jumped into their steam cars and buzzed up and down the lanes, ‘toot tooting’ each other. But his design in 1764 was not viable: it was too heavy and envisaged a chain mechanism to turn the up–down motion of the steam engine into a rotational motion to turn the wheels. Six years later a Frenchman, Nicolas-Joseph Cugnot, solved that problem by using a ratchet mechanism to create rotational motion and in doing so created the first gas-powered motor vehicle. The car he built weighed about 2.5 tonnes and had the speed of about walking pace. This doesn’t sound very useful, but the military were interested in its ability to carry heavy weapons and equipment. And it worked, as testified by records of the time but also because a working replica was built in 2010 by students at the Arts et Métiers Paris Tech (a video of it is available online).
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Erasmus Darwin’s designs for a steam car, 1764
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So why didn’t the steam car take off in 1770 with France leading the way? Part of the answer is undoubtedly that the steam technology at the time was basic and low power. The vehicle used water to create the steam and had to carry this around with it, so once it ran out of water it ran out of puff. The fuel was coal, and this had to be carried too, adding to the weight. The engine was extremely heavy, and so overall it had a low power-to-weight ratio. This made the vehicle unwieldy, and unless it was on a flat road it was unstable with, according to reports, the coal fire going out every fifteen minutes. It was difficult to steer

[image: image]









[image: image]









[image: image]










OEBPS/images/f004-01.jpg
ot






OEBPS/images/fm.jpg





OEBPS/images/f013-01.jpg





OEBPS/images/tit_img.jpg
It’s 2 Gas

The Sublime and Elusive Flements
That Expand Our World

MARK MIODOWNIK

i

MARINER BOOKS

New York  Boston





OEBPS/images/f012-01.jpg
£
1
P &
S < 2 A :
}( 2K, a ANBT, ® a4 e o U Coal. Bhe e o ALy
Y-

(’L-D 55 e A ng. o Ag ave 3f A‘;u‘/ft,r

e B Oar M1 g
’ ﬂﬂiw dects _¢..f"’ /u;y /“‘:ﬁ.«uf_ wpen A E Awoy alor g,
t mave , e 16-,-.:. Lo T ﬁw¢9) Tandk & Z/
faelets o F . 92, g Tk T
: /‘l B LG o, Wu"/’n:e»\t!’- asay ,-)6.,« .ﬂr(ﬁ.ﬂ?, Lkee,
bl @ £ Lo pe aBanled |, B mes fa" ’ﬂff
3 = 3 L e amid ety BT Sealh | ¢
i” at !) /:-‘m {('ﬁ'( -{1 ﬁml‘T t/ .-:‘r;,,u,m( {M,.‘f £, ALY E
g [aen Ao 2. B A Con B 7o W&l A .a-,;ﬁ,‘_
Lot -Loenf nch e A ﬁ&n‘ gyl or ‘)f"’":‘ abavadid
2y . an o1 n.»m\"hi' 9 fﬁf}f Y -d(/'v-*"wv". 3 TRl
A5 Ko pavves A £ w-c Y ere art }tff) ';,H ﬂ""é" ,/é] e
Swpat) B vy Jim aivelis Do O L ooy
-'."_'/?’ /‘o&"'l o ol S E87 5 WY Pl i Hogp BIE e ’hﬁz'\
e, by reyoif Y “5/2'/" 5‘"*’_‘ <
J ! }ﬁn G’,'ff}A Alotlesr, or

La. yep nlar
'74;{ s £ ?A~7 Ke t'rn.lﬁ“‘!téi) ﬁzf
e Cﬂ:frl','r'?""l&sf ‘3' 5 enp iy
o

‘ 0 Sentleg 0t VX E Py AT 74/;
!, G‘-n f‘:; %Y‘VL

T

wr oo Wy

/-
o pusc snfon ) Do/
=

g2 L
Hy Lave fuzh

e

P e AT

He Some # ; - g

"'“‘r. AE /2 (ce {"’¢M Comrafn s, PRI o o

i ar ). 2ele Gree £ Srer x A : - i o
A ’iﬂclﬂﬂhgq_ i‘;“ W_A(ﬁv





OEBPS/images/f016-01.jpg





OEBPS/images/9780358157137_Cover.jpg
New York Times Bestselling Author of Stuff Matters and Liquid Rules
MARK MIODOWNIK

IT'S A GAY

A

The SUBLIME & ELUSIVE ELEMENTS
That EXPAND OUR WORLD

w






OEBPS/images/f0xv-01.jpg





OEBPS/text/nav.xhtml




Contents





		Cover



		Title Page



		Dedication



		Contents



		List of Illustrations



		List of Figures



		Introduction



		1. Magical



		2. Delusional



		3. Spooky



		4. Elixir



		5. Musical



		6. Enchanting



		7. Gods



		8. Dreams



		9. Sublime



		10. Sprites



		11. Phantom



		12. Ghostly



		The Hereafter



		Further Reading



		Acknowledgements



		Index



		Also by Mark Miodownik



		About Mariner Books



		Copyright



		About the Publisher















Guide





		Cover



		Contents



		1. Magical


















		iii



		v



		vi



		vii



		viii



		ix



		x



		xi



		xii



		xiii



		xiv



		xv



		xvi



		xvii



		xviii



		xix



		xx



		xxi



		xxii



		xxiii



		xxiv



		1



		2



		3



		4



		5



		6



		7



		8



		9



		10



		11



		12



		13



		14



		15



		16



		17



		18



		19



		20



		21



		22



		23



		24



		25



		26



		27



		28



		29



		30



		31



		32



		33



		34



		35



		36



		37



		38



		39



		40



		41



		42



		43



		44



		45



		46



		47



		48



		49



		50



		51



		52



		53



		54



		55



		56



		57



		58



		59



		60



		61



		62



		63



		64



		65



		66



		67



		68



		69



		70



		71



		72



		73



		74



		75



		76



		77



		78



		79



		80



		81



		82



		83



		84



		85



		86



		87



		88



		89



		90



		91



		92



		93



		94



		95



		96



		97



		98



		99



		100



		101



		102



		103



		104



		105



		106



		107



		108



		109



		110



		111



		112



		113



		114



		115



		116



		117



		118



		119



		120



		121



		122



		123



		124



		125



		126



		127



		128



		129



		130



		131



		132



		133



		134



		135



		136



		137



		138



		139



		140



		141



		142



		143



		144



		145



		146



		147



		148



		149



		150



		151



		152



		153



		154



		155



		156



		157



		158



		159



		160



		161



		162



		163



		164



		165



		166



		167



		168



		169



		170



		171



		172



		173



		174



		175



		176



		177



		178



		179



		180



		181



		182



		183



		184



		185



		186



		187



		188



		189



		190



		191



		192



		193



		194



		195



		196



		197



		198



		199



		200



		201



		202



		203



		204



		205



		206



		207



		208



		209



		210



		211



		212



		213



		214



		215



		216



		217



		218



		219



		220



		221



		222



		223



		224



		225



		226



		227



		228



		229



		230



		231



		232



		233



		234



		235



		236



		237



		238



		239



		240



		241



		242



		243



		244



		245



		246



		247



		248



		249



		250



		251



		252



		253



		254



		255



		256



		257



		258



		259



		260



		261



		262



		263



		264



		265



		266



		267



		268



		269



		270



		271



		272



		273



		274



		275



		276



		277



		278



		279



		i



		ii



		280



		iv
















OEBPS/images/f001-01.jpg





OEBPS/images/f020-01.jpg





OEBPS/images/f008-01.jpg





