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‘Equipped with his five senses, man explores the universe around him and calls the adventure Science.’


Edwin Hubble












INTRODUCTION


In This Day and Age?
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In 2016 the American rapper B.o.B. (real name Bobby Ray Simmons Jr) announced to the world via Twitter that he was a Flat Earther.1 He also recorded a song about his beliefs, in which he criticised ‘a cult called Science’ for misleading everyone about how things in space truly work.2


While some ancient cultures believed Earth to be flat, the modern version of the Flat Earth movement was kick-started in 1838 when the English writer Samuel Rowbotham conducted an experiment to measure water levels along the Old Bedford River in Cambridgeshire. Rowbotham found that the water did not curve as much as he thought it should and thus declared Earth to be a disc rather than a globe. Naturally.


Rowbotham was, in all fairness, a skilled public speaker who could humorously outwit people who challenged his claims but soon his experiment was repeated by the scientist Alfred Russell Wallace, who took things like refraction into account and calculated that the Earth was round after all.3 Even more telling perhaps was the version of his experiment carried out by Ulysses Morrow, who concluded the Earth was bowl-shaped, giving you an idea of just how reliable this experiment can be.4


A century and a half later, when B.o.B. started publicising these Victorian Flat Earth arguments, he had an advantage over Rowbotham: widespread fame and uncensored media coverage, without his theory being peer reviewed first. Within months of his declaration, other celebrities rallied to his cause and Flat Earth culture grew from an obscure fringe movement to a significant minority. So convincing are some Flat Earth arguments, in fact, that according to a 2018 YouGov poll 6.5 million Americans now believe Earth is not a globe.5


That figure might seem alarming but it shouldn’t come as a surprise. Flat Earth arguments today have to come with an element of conspiracy (in order to account for satellite images) and who doesn’t love a good conspiracy? Not only are conspiracy theories exciting and easy to understand, they make us feel smart for having seen a truth we aren’t supposed to.


Mind you, I have never understood why the Illuminati would invent such a peculiar cover-up (not to mention how they persuade all the independent space agencies, airlines, pilots, GPS companies, navy personnel, mobile-phone industries, teachers, amateur astronomers and children with telescopes to go along with it), but that’s beside the point. Conspiracy theories are fun and usually have exciting YouTube videos with spooky background music to support their claims.


I admit it can be frustrating as a science educator to deal with these Flat Earth arguments because we covered them during the Renaissance, but I also believe that when people have questions they should be allowed to ask them without ridicule.


In fact, the Flat Earthers I’ve engaged with have usually been erudite, sensible people and not the cousin-marrying yokels they are portrayed to be. They promote values such as scepticism and experimental evidence, which are, after all, true scientific values.


Obviously there are countless proofs that the Earth is round (see Appendix I for a few) but what interests me most about the Flat Earth movement is that all their arguments rely on the same approach. They point out an observation that does not seem to fit the globe theory, e.g. a star that doesn’t move the way it should or a building that shouldn’t be visible from a certain point, etc. and then ask: how does a round Earth explain that?


Some of the questions Flat Earthers ask are honestly quite reasonable, but the problem scientists face is that the answers are often so counterintuitive they can be hard to believe. Human brains are wired to handle straightforward things so when we come face to face with the Universe as it actually is, it can look … well … wrong.


Studying how things behave in space (astrophysics) or how the Universe evolves (cosmology) brings us face to face with scenarios so unusual they become downright disturbing. By definition of being ‘everything ever’, the Universe is the strangest collection of things imaginable and, even when we know the facts, comprehending them is beyond our teeny mortal minds.


A Flat Earth view is simple and agreeable, but just because something appears obvious doesn’t mean it’s correct. In fact, in science the opposite is usually true. You only have to flick through a book of optical illusions to be reminded of how easily our simple everyday senses can be misled.


We live in a comfortable atmosphere governed by easily digestible laws of physics, but travel upward in a straight line and before you even reach an altitude of 10 kilometres (6.2 miles) the conditions become so different, so alien and so strange that your body literally starts to die. We aren’t built to cope with the rest of the Universe so it’s no surprise that when we look outwards, we find a cosmos peppered with weirdness and wonder.


Flat Earthers enjoy a manageable, safe view of reality but in order to learn about space properly we have to let go of instincts, intuitions and simple explanations. Those things are not required on a journey such as this. This is science at its absolute strangest.









PART I


OUR FREAKY
UNIVERSE
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CHAPTER ONE


Very Big, Very Old, Very Weird
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THE ASTRONOMICAL FRONTIER


Any writer who tries to describe the magnitude of space is going to run into difficulty. The numbers involved are so extreme that some would say it’s pointless to even try. But what kind of space book doesn’t at least give it a go, eh?


First though, we need to appreciate the numbers involved in space physics. We throw words like ‘million’ and ‘billion’ around casually when we mean ‘lots’ but those numbers are actually very different. One million seconds is eleven and a half days for instance, whereas 1 billion seconds is thirty-one years (1 trillion seconds, if you’re curious, is thirty-two millennia). Keep that comparison in mind while we try to wrap our heads around what’s to come.


We’ll begin by grappling with the fact that Earth is 150 million kilometres (93 million miles) from the Sun. Let’s say you decided to fly towards the Sun in the world’s fastest manned airplane, the Lockheed SR-71 Blackbird, which travels at roughly 1 kilometre (0.6 mile) per second. At that speed you could make the flight from London to San Francisco in two and a half hours.


Now imagine setting off for the Sun in that Lockheed on your eleventh birthday. Travelling at a constant speed without slowing for a second, you would be finishing secondary school by the time you reached your destination and that’s only the distance in a straight line.


The Earth is currently ripping its way around the Sun thirty times faster than your Lockheed so, to get a sense of this, think back to what you were doing at this time yesterday. Whatever you were up to, you were doing it 2.5 million kilometres (1.6 million miles) away from where you are now. You’re travelling fifty times faster than a bullet, fast enough to climb Mount Everest three times a second, and even at such a tremendous speed it still takes a whole year to make one orbit of the Sun.


The Sun is also no mere fireball. You could fit a million Earths into it, which is like filling one of those exercise balls pregnant women use with grains of rice – each grain representing an entire Earth. At that mass, the Sun is able to hold onto all the planets, right the way out to Neptune 4.5 billion kilometres (2.8 billion miles) away, a distance it would take 142 years to reach in your Lockheed plane.


Then, even further out, we come to the biggest and most distant structure of our solar system – the Oort cloud – a bubble of ice and rock encapsulating the Sun with a radius of 15 trillion kilometres (9.3 trillion miles). It would take a beam of light one and a half years to reach the Oort cloud from Earth, and 475,000 years for our Lockheed, longer than the human race has even existed.


The next nearest suns to ours are the Alpha Centauri cluster: a three-sun system comprising Proxima Centauri, Alpha Centauri A and Alpha Centauri B, which sit another four Oort cloud distances away. It takes light four years to reach them, which would be 2 million years for the Lockheed.


Further out, we get to other solar systems such as the awesomely named Wolf 359 and the slightly less awesomely named Lalande 21185, both of which take eight years for light to reach, 4 million for the Lockheed. And the distances get bigger still.


Suns clump together in disc-shaped clouds and when we look up at night, out in the countryside where there is no light pollution, we can see our own disc edge-on, looking like a ribbon of light stretching from one horizon to the other – a vapour trail made of stardust.


The Greeks believed this glowing band was milk squirted from the goddess Hera’s breast to feed the baby Heracles abandoned on Earth. This is where we get the word galaxy, from the Greek galaxias meaning milky, and is also where we get the name of the galaxy itself: the Milky Way.


The size of the Milky Way has been a mystery for most of scientific history but in March 2019 a joint venture between NASA’s Hubble Telescope and the European Space Agency’s Gaia satellite was able to take readings of light density and cautiously weighed the galaxy in at 1.5 trillion times the mass of our solar system, containing roughly 200 billion suns. That’s equivalent to the number of water droplets in a cloud. Which is pretty cool. We literally live in a star cloud.


That cloud is 100 quadrillion kilometres (62 quadrillion miles) from side to side, which takes light 106,000 years to cross. Our own solar system will reach the other side of its orbit around the galactic centre after 112 million years and we haven’t even got to the silly numbers yet.


The nearest star cloud to us, the Andromeda galaxy, is 23 quintillion kilometres (14 quintillion miles) away and there is no way of putting that number in perspective. The closest we can maybe do is consider our own galaxy (which would take the Lockheed 3 billion years to cross) and say that Andromeda is 23,000 times further away, containing 1 trillion suns. And these galaxies are still only 2 of at least 100 billion others about which we know.


If you were to hold up a grain of sand to the night sky the area it covers up will contain at least 10,000 galaxies, each packed with billions of suns and Thor only knows how many other planets. Space is bigger than big, bigger than enormous, bigger than humungous, huge, vast, immense or colossal. The only word we can use to describe the size of space is ‘astronomical’.


IT’S ALSO VERY OLD


Our best measurements about the age of the Universe clock it to about 13.8 billion years old, give or take a few thousand millennia. That’s long enough to watch all five Pirates of the Caribbean movies in one go. But if that doesn’t feel like something you could do, there is another good way of visualising the timescale.


Proposed in 1977 by the astronomer Carl Sagan, what we can do is compress the life of the Universe down to a single calendar year, with the beginning marked as midnight on 1 January and the present day becoming midnight on 31 December a year later.1


On this scale, the history of the human species (which in real time has lasted 200,000 years) takes up about four minutes. By contrast, the dinosaurs roamed for 170 million years, which translates to four days on the cosmic calendar – starting at lunchtime on Christmas Day and going extinct on 29 December as the leftovers were going off.


If we wind back to the very beginning of everything we would find that for the first few millennia everything looked very different because there were no atoms. At this point, the whole Universe was a glowing froth of free-floating electrons, neutrons, neutrinos, protons and photons. It was only after 380,000 years that things cooled enough for electrons and protons to combine and form the simplest atoms, hydrogen and helium. Or, compressed on our cosmic calendar, atomless energy settled into stable particles about fourteen minutes after midnight on 1 January.


These clouds of atoms, called nebulae, soon started to suck themselves inwards due to gravity and the nuclei of the atoms got crushed together, fusing them into heavier elements. The heat given off by these fusions was powerful enough to push back against gravitational collapse, and a balance arose between gravity pulling in and heat from the core pushing out. The resulting sphere of nuclear plasma was the very first sun – a furnace where light elements get roasted into heavy ones – and soon whole stellar nurseries were founded.


The oldest galaxy we know of is called GN-z11, observed in March 2016, and seems to have formed 400 million years after the Universe began;2 mid-afternoon on 10 January of the cosmic calendar, roughly when everybody is wondering if they really do need that gym membership.


The oldest stars in our own galaxy indicate that it formed about 800 million years after the beginning – some time around 21 January – although there are only a few stars from this era left. Most of the first generation suns have long-since run out of atomic fuel and fallen apart, scattering heavier elements from their cores into the galaxy like fertiliser for the next generation of suns, which includes our own.


Our sun began knitting itself together 4.6 billion years ago (evening of 31 August on the calendar) but a lot of the elemental impurities made by the first generation of suns didn’t make it into the furnace itself. Instead, they formed a giant dusty disc around the Sun, and these eddies and whirlpools of rock eventually became the planets.


It isn’t just a wild guess that the planets congealed out of debris either: we can actually see it happening. There are a lot of suns out there to look at, so we can point our telescopes at the ones just coming together and, sure enough, we observe planets forming on the outskirts of every new star; planets such as Smertrios, which orbits the star HD 149026, or the less catchily named but easier to see PDS 70b orbiting the sun PDS 70.3


These are planets in the process of birthing and we can watch every step in real time. All right, fair enough, technically they formed a long time ago and the light is only just reaching us today, but you know what I’m getting at.


The solar system we call home formed on midday of 1 September of the cosmic calendar, about 100 million years after the Sun started to glow. The four inner planets were stripped of their gaseous outer layers by solar winds while the outer planets were distant enough to keep their atmospheres, thus dividing the solar system into two regions of rocky inner planets and outer gas giants, with a circle of asteroids – remnants of a failed planet – in between.


Around 6 p.m. on this cosmic date, a tiny planet we have named Thea is thought to have wandered into Earth’s territory and crashed into it. The resulting flotsam from this collision started orbiting Earth in its own right, eventually coalescing into another spherical structure a hundred million years after the Earth formed: the Moon.


For the next billion years or so, Earth was lifeless and scorched, until late evening on 30 September, when things became cool enough for the steam in the atmosphere to condense into oceans. Shortly after, the first primitive lifeforms starting squelching around in the mud. How this happened remains one of the most exciting mysteries in science, but we do know that the first plants began photosynthesising on 20 December with the aforementioned dinosaurs eating them five days later. Then, along came us, swaggering onto the scene at four minutes to midnight on 31 December.


If we now picture the final countdown everyone shouts as they approach the new year, the chant of ‘ten’ would represent the cradle of civilisation in Sumer followed by the pyramids being built at ‘nine’. At five seconds to midnight, Jesus of Nazareth was born. Four seconds left and the city of Rome falls. Three seconds and Vikings start to conquer Western Europe. Two seconds and Genghis Kahn conquers Asia, forming the largest contiguous empire in history. Then, with one second left, Columbus lands on the shores of America and we are finally brought to the present day at midnight.


Looking to the future, we can extend our calendar and make solid predictions about what is going to happen to our solar system over the next cosmic year.


Three hundred million years from the present day – 8 January – Saturn’s rings will have gone, having rained down onto the surface of the planet. But if you want a pretty ringed planet, worry not; 50 million years before Saturn loses its decorations one of Mars’s moons, Phobos, will have been pulled apart by gravity and streaked into a circle around the planet, giving Mars a hula-hoop of its own.


Another 5 billion years and the hydrogen fuel at the centre of our sun will start to deplete. The Sun currently loses mass at a rate of 6 billion kg per second and once it has finished consuming its hydrogenous food, gravity will win and the outer layers will start to crumble.


Counterintuitively this will re-pressurise the core for a few extra millennia, giving it a final burst of furious fusion. The heat from this will be significantly hotter than anything that came before and it will inflate the outer layers of the Sun back outwards into space, turning it into a red giant, which will swallow Mercury, Venus and eventually Earth. By early May of next year on the calendar, our planet will be gone forever.


This outer envelope of solar material will dissolve over another billion years into the surrounding space, leaving behind a dense nucleus of glowing atoms, which was once its burning core: what we call a white dwarf star. White dwarfs are big, hot crystals of hydrogen, helium and a few heavier elements such as carbon and oxygen. Really, white dwarfs are big hot diamonds and I don’t know why they aren’t described like that more often.


The nearest white dwarf to us is Sirius B in the constellation Canis Major. It’s much smaller than the Earth, but you can spot it with a decent telescope during the winter months (at least until the early 2020s when it will disappear behind Sirius A, the big star next to it). That faint pinprick of light is a forecast of what our sun is destined to become by the start of next cosmic June.


That crystal will slowly radiate heat away until it forms what we call a black dwarf, the cold corpse of a once blazing star. The time it takes for this to happen is longer than the age of the Universe, however, so no black dwarfs have actually formed yet, but eventually our sun will freeze and all that remains will be a lonesome black pearl. Which is, coincidentally, the name of the main ship in the Pirates of the Caribbean movies you will just have finished watching!


OH, AND IT’S WEIRD


There are two ways we can analyse other planets and stars. If they’re inside our own solar system we can land probes on them and explore directly. At the time of writing we have landed fifteen times on Venus, sixteen times on Mars, sent two probes into Jupiter’s atmosphere, one into Saturn’s, landed on the surface of Saturn’s moon Titan, put forty-seven probes onto our moon, three onto various asteroids, two onto comets and crashed one into the surface of Mercury. And when it comes to freakishness, our solar system does not disappoint.


Mercury has a thin atmosphere of helium on its surface and an asteroid crater big enough to swallow Texas. It also has tails of hydrogen gas coming off its surface like plant shoots reaching for the Sun – nobody knows why.


On Venus, the hottest planet, reaching temperatures of 460 °C, the rain is made of concentrated sulphuric acid, which boils before it hits the ground and flies back upward. The atmospheric pressure is over ninety times greater than our own so walking on the surface of Venus would be like walking on the bottom of the ocean, and it snows pellets of lead sulphide rather than ice.


Mars, a planet populated entirely by human-made robots, is coated in a fine layer of red rust with liquid water stored in giant lakes beneath the surface. Its daytime skies are pink, its sunsets are blue, it is home to the tallest mountain in the solar system (Olympus Mons – two and a half times taller than Everest), and its climate features avalanches and dust storms so big they cover the whole planet.


Jupiter, twice the mass of the other planets combined, is also the fastest spinning, with its day lasting only ten hours. The core temperature is estimated to be around 24,000 °C, six times hotter than the surface of the Sun, and it generates the largest object in the solar system: a magnetic field twenty times stronger than Earth’s.


Jupiter also features the famous red spot, a storm twice the width of Earth whose colour origin is a mystery, and plays host to about eighty moons such as Io, the only other place in the solar system with active volcanoes, and Europa, which has a giant ocean of liquid water below an icy shell. Oh, and Jupiter is the only other planet to have LEGO™, because the Juno probe that flew there in 2016 had three figurines of Galileo, Jupiter and Juno stashed inside.4


Saturn, with its rings of ice and rock less than a kilometre thick, is so fluffy that if you were to somehow build a bathtub big enough, the entire planet would float on the surface like candy floss. Over sixty moons orbit it, including Titan, which has rivers of liquid methane (the fuel used to power school Bunsen burners) flowing over a landscape of solid water.


Uranus is a giant ball of ice, mostly composed of water, ammonia and methane, but it has a hydrogen/helium outer atmosphere, which gives it a blue tint. It is the only planet to orbit the Sun on its side (probably hit by another planet in the distant past) and it has close to thirty moons, named after characters from Shakespeare plays.


Neptune, the farthest planet, is also the windiest, with 2000 km/ hour (1243 mph) hurricanes racing across its surface (nobody knows how this is possible). It is four times the size of Earth but far less dense, meaning Neptune’s gravity is almost the same as our own, so we would actually feel more gravitationally comfortable on Neptune than on Mars. Neptune also has the most unusual rain in the solar system because its atmospheric conditions are just right to crystallise carbon snowflakes in the upper atmosphere to form tiny hailstones made of diamond.


And that’s just our neighbourhood. If we want to observe planets far away, however, we have to do so using a technique called spectroscopy, invented by Robert Bunsen (the aforementioned burner guy). It works on a simple principle: different chemicals emit and absorb different frequencies of light so if we analyse the light from distant objects we can figure out what they are made of.


When a planet moves in front of a star we are studying, the star light passing through the planetary atmosphere gets partially absorbed depending on what kinds of chemicals are present. By noting which frequencies get absorbed by the obscuring planet, we can thus figure out what the weather is like on a far-off world. And when it comes to freakishness, the rest of the galaxy does not disappoint either.


Consider the planet 55 Cancri e, which is believed to be made of one-third diamond right to its core.5 Or the planet J1407b, which has rings like Saturn only stretching 640 times farther out, meaning the planet looks like a pea at the centre of a dinner plate.6


There’s a planet called Wasp-12b, as black as asphalt and egg-shaped due to a slow elongation process pulling it towards its sun (it has 10 million years left).7 Then there’s CoRoT-7b, which is so close to its sun it has whole oceans of lava on its surface, or take Gliese 1214 b, which is believed to be made of water pressurised solid, but so hot it catches fire, making it a planet of flaming ice.8


There’s a nebula called Sagittarius B2 composed of ethyl methanoate, the chemical that gives raspberries their flavour.9 There’s a solar system called Castor composed of six suns weaving in and out of each other like a juggling trick, and there’s a star called V Hydrae that ejects cannonballs of plasma twice the size of Mars into space.10


There’s a planet called TrES-2b, which is the darkest in the galaxy, absorbing almost all the light which hits it.11 There’s a planet named OGLE-TR-56b where it rains molten iron.12 There’s a planet named HAT-P-7b, twice the size of Jupiter, where the rain is made of aluminium oxide, the main chemical component of rubies.13 And then there’s HD 189733b, a planet where it rains molten glass. Sideways.14


Space is very big.


Space is very old.


Space is very weird.









CHAPTER TWO


One Dead Moose
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WATER AND LAVA


Every human culture in history has catalogued the stars. Perhaps because astronomy reassured our ancestors that no matter what chaos they faced on the ground, the sky was unchanging and stable. Or maybe it was the simple fact that stars are gorgeous and it’s fun to gaze up at the sparkly darkness. Whatever the reason, everyone seems to have discovered that the constellations follow a repeating pattern over the course of a year, which is handy if your civilisation is learning to do agriculture and needs to predict when the seasons are about to change.


This discovery that we can predict the future from studying the stars was championed by the Babylonians and it lingers on today in the form of astrology and horoscopes. Sadly, astrology’s predictions are usually quite vague (see Appendix II) so if you want something sophisticated you’d have to talk to the ancient Greeks.


Before the Romans invaded and killed everyone, Greek astronomy was remarkably ahead of its time. Anaximander (590 BCE), for instance, realised that since Earth was spherical the sky had to continue below its horizon, meaning the atmosphere is a bubble around the planet, rather than a dome. Or take Anaxagoras (500 BCE), who thought stars were made of fire, or Aristarchus (280 BCE), who speculated that the Earth orbited the Sun rather than vice versa.


The person who made the first precision prediction, however, was Thales of Miletus, who predicted a solar eclipse on 28 May 585 BCE. Based on careful study of historical records, Thales realised that eclipses were not the result of gods being angry – they followed a rhythm, just like the stars. He didn’t know what caused them (that was figured out by the Chinese astronomer Shi Shen a few centuries later) but he knew there had to be a mechanism behind what he was seeing.


Thales is also on record as having stated that everything in existence, including himself, was made of water. That sounds a little kooky but his reasoning was that since water takes so many forms (snow, ice, hail, steam, fog, etc.), everything was probably derived from water in one way or another.


The spirit of science is encapsulated perfectly in these two facts about Thales. When he tried to figure out how the world worked, using imaginative ideas, he ended up stating something ridiculous. When he based his thinking on testable predictions he ended up making an important discovery. Science is not just about having clever ideas, it’s about checking to see if they’re right.


For my money, of course, the most committed scientist of the Classical era was a man named Empedocles who lived during the fifth century BCE. Empedocles had a wonderful knack for getting every hypothesis he came up with totally wrong but that didn’t hold him back.


Empedocles suggested that there are four chemical elements. There are 118. He suggested that stars are fixed to crystal domes revolving around us. They aren’t. He suggested that our eyeballs shoot magical lasers, helping us to see. They don’t. And most importantly, he claimed to have immunity to lava and that he would be able to jump into the mouth of an active volcano and survive. He didn’t.


ARE WE MOVING?


Thales’s theory that everything in the sky could be predicted by underlying laws worked for phases of the moon, cycles of constellations and eclipses, but there were five objects in the sky that didn’t fit. These five points of light zigzagged about, sometimes looping back on themselves in what we call retrograde motion.


The great philosopher Plato challenged his students to come up with a law that might reveal a pattern to these movements, but nobody could do it because their paths didn’t seem to follow anything reliable. Most Greeks decided therefore that each one was controlled by one of the gods and gave them the names Hermes, Aphrodite, Ares, Zeus and Chronos, collectively referred to as planetes, which means ‘wanderers’.


A few centuries later, during the period of their aforementioned imperial expansion, the Romans decided they liked the idea of planets but didn’t want to keep the Greek names. So they renamed them Mercury, Venus, Mars, Jupiter and Saturn. Then everyone died, and astronomy was squashed for about a thousand years during the dark ages.


Fortunately, the Arabic world had a slightly more enlightened view of things and continued to make progress in investigating the sky, leading to a very curious discovery made by the scholar Abu Sa’id al-Sijzi some time during the tenth century. We know very little about al-Sijzi as a person but we know he is credited with inventing a type of device called an astrolabe, which simulates star movements.1


Other astronomers had been building mechanical star charts for at least a thousand years (the Chinese astronomer Geng Shou-chang might have built one as early as 70 BCE2
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