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INTRODUCTION


Professor Stephen Hawking


EXISTENCE: WHERE DID WE COME FROM? Why are we here? According to the Boshongo people of central Africa, before us there was only darkness, water and the great god Bumba. One day Bumba, in pain from a stomach ache, vomited up the Sun. The Sun evaporated some of the water, leaving land. Still in discomfort, Bumba vomited up the Moon, the stars and then the leopard, the crocodile, the turtle and, finally, humans.


This creation myth, like many others, wrestles with the kinds of questions that we all still ask today. Fortunately, as will become clear, we now have a tool to provide the answers: science.


When it comes to these mysteries of existence, the first scientific evidence was discovered in the 1920s, when Edwin Hubble began to make observations with a telescope on Mount Wilson in California. To his surprise, Hubble found that nearly all the galaxies were moving away from us. Moreover, the more distant the galaxies, the faster they were moving away. The expansion of the universe was one of the most important discoveries of all time.


This finding transformed the debate about whether the universe had a beginning. If galaxies are moving apart at the present time, they must therefore have been closer together in the past. If their speed had been constant, then they would all have been on top of one another billions of years ago. Was this how the universe began?


At that time many scientists were unhappy with the universe having a beginning because it seemed to imply that physics had broken down. One would have to invoke an outside agency, which for convenience one can call god, to determine how the universe began. They therefore advanced theories in which the universe was expanding at the present time but didn’t have a beginning.


Perhaps the best known was proposed in 1948. It was called the steady state theory, and it suggested that the universe had existed for ever and would have looked the same at all times. This last property had the great virtue of being a prediction that could be tested, a critical ingredient of the scientific method. And it was found lacking.


Observational evidence to confirm the idea that the universe had a very dense beginning came in October 1965, with the discovery of a faint background of microwaves throughout space. The only reasonable interpretation is that this ‘cosmic microwave background’ is radiation left over from an early hot and dense state. As the universe expanded, the radiation cooled until it became just the remnant we see today.


Theory soon backed up this idea. With Roger Penrose of Oxford University, I showed that if Einstein’s general theory of relativity is correct, then there would be a singularity, a point of infinite density and space–time curvature, where time has a beginning.


The universe started off in the Big Bang and expanded quickly. This is called ‘inflation’ and it was extremely rapid: the universe doubled in size many times in a tiny fraction of a second.


Inflation made the universe very large, very smooth and very flat. However, it was not completely smooth: there were tiny variations from place to place. These variations eventually gave rise to galaxies, stars and solar systems.


We owe our existence to these variations. If the early universe had been completely smooth, there would be no stars and so life could not have developed. We are the product of primordial quantum fluctuations.


As will become clear, many huge mysteries remain. Still, we are steadily edging closer to answering the age-old questions: Where did we come from? And are we the only beings in the universe who can ask these questions?




PREFACE


Graham Lawton


I HAVE ALWAYS BEEN FASCINATED BY ORIGINS. As a child, I used to go out to the Yorkshire coast with my mum, dad and sister; we’d dig ammonites, belemnites and devil’s toenails out of the cliffs and I’d wonder: Where did they come from? What was the Earth like when they were alive?


It wasn’t just the natural world that made me ask where things came from. I remember watching the television – probably black and white in those days, but still a technological wonder – and thinking: Who invented that? I couldn’t fathom how somebody could have created a box with a screen that projected pictures from far away. Left to my own devices, I thought, I could never have done that.


When I became a science journalist 20 years ago, I realised the powerful pull that origin stories exert on our imaginations. ‘Where did we come from?’ is one of the most profound and fundamental questions we ask ourselves. (The others are ‘How should we live?’ and ‘Where are we going?’, but those are for another day.) I am convinced it is part of human nature to look at something, or ponder some existential question, and say: How did that come to be?


Every society we know of has stories about the origin of the cosmos and its inhabitants. The oldest creation myth on record is the Enuma Elish, written on 2,700-year-old clay tablets and dating from Bronze Age Babylon. But origin stories surely long pre-date that, dating to at least 40,000 years ago when our ancestors became what is known as behaviourally modern humans. To the best of our knowledge, their minds were identical to ours. That means they possessed the capacity for mental time travel – the ability to project themselves into the past and future, allowing our ancestors to transcend the here and now and even the bookends of their own lifetimes to contemplate the deep past and the distant future. They must, like us, have wondered where it all came from.


Perhaps it goes even further back. Maybe even our earliest ancestors had an origin myth, a million-year-old tale relayed in proto-language around a Homo erectus campfire. Yes, even origin stories demand an origin story.


The creators of these ancient stories, of course, did not have much to go on: just their immediate experiences and their imagination. More often than not, they fell back on supernatural explanations. Our own culture’s origin myth, the Book of Genesis, is one such story. It actually has two bites at the cherry: first the familiar six-day creation myth, and then a slightly different and somewhat contradictory version. Perhaps this is a tacit admission that we can never know for sure, but are driven to have a go.


But add in the power of the scientific method, and mental time travel becomes a precision instrument. We can use telescopes to peer into the early universe and deploy mathematics to understand its properties. Rewinding the clock like this has taken us a very long way indeed – almost to the beginning of the universe itself, as Stephen Hawking explains in his introduction.


Meanwhile, the historical sciences – geology, evolutionary biology and cosmology – allow us to reconstruct events that happened long before humans existed, way back in what is called ‘deep time’: the birth of our solar system, the origin of life, the evolution of our own species, and many others. Archaeology and history help us to understand our own past and the origin of things for which humans are directly responsible, from early innovations such as cooking to modern technology like the world wide web.


The Origin of (almost) Everything is a compilation of modern origin stories as revealed by science, that brings together the important, interesting and unexpected.


When I started to compile a list of ideas, some were obvious must-haves, such as the Big Bang, the origin of life and the evolution of humans. The rise of human civilisation was another rich seam. Fifteen thousand years ago our ancestors were nomadic hunter-gatherers; now we live in houses, shop in supermarkets and travel around in machines. How did that happen?


Other ideas were less obvious, and I am grateful to my brilliant colleagues at New Scientist and John Murray for suggesting some of the more left-field ones: zero, soil and personal hygiene are among my favourites. In the end we had far too much material to squeeze into a single book. The list of ideas that did not make the cut is a long one that includes the origin of cricket and Viennetta ice cream, to name but two. Maybe one day I will write The Origin of (almost) Everything Else.


But enough of this mental time travel. I’m very proud of this book. It has been a journey of discovery for me, and I hope it is for you too. Many of the stories it tells changed and evolved as we were working on the book, as new discoveries came to light. That is the restless beauty of science.


My only regret is that the working subtitle did not make it on to the cover (in case you’re wondering, it was From the Big Bang to Belly-button Fluff, which I think gives you a flavour of its scope). It formally began life in a brainstorm between New Scientist and John Murray, but I’d like to think its true origins are on a Yorkshire beach, inside a small boy’s head, inspired by the wonder of nature.


But there I go again, travelling in time to try to work out where something got started. We just can’t help ourselves.


London, May 2016
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PART ONE
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THE UNIVERSE




How did it all begin?


Why do the stars shine?


What is matter made of?


Where do meteorites come from?


What is the universe really made of?


Where do black holes come from?




HOW DID IT ALL BEGIN?


THE UNIVERSE IS BIG. Very big. And yet, if our theory of its origin is correct, then the universe was once small. Very, very small. Indeed, at one point it was non-existent. Around 13.8 billion years ago matter, energy, time and space spontaneously sprang from nothing in the event we know as the Big Bang.


How did that happen? Or to put it another way: What is the origin of everything?


This is the quintessential origin mystery. To most people throughout history, the only plausible answer was ‘God did it’. For a long time, even science ducked the issue. In the early twentieth century physicists generally believed that the universe was infinite and eternal. The first hint that it wasn’t came in 1929, when Edwin Hubble discovered that galaxies are flying away from one another like shrapnel after an explosion.


The logical conclusion was that the universe must be expanding, and therefore must have been smaller in the past. By imagining the expansion running backwards, like a movie in reverse, astronomers arrived at another logical but rather strange conclusion: the universe must have had a beginning.


The ultimate beginning


At first, many scientists were unhappy with the idea of an ultimate beginning, and so they advanced alternative explanations that did not require one. Perhaps the best known, the steady state universe, was proposed in 1948. According to this hypothesis, the universe had existed for ever and would have looked the same at all times. Astronomers soon found ways to put this claim to the test and found it wanting. Some celestial objects, such as quasars, are only found at great distances away from us, which suggests the universe did not look the same at all times. Nonetheless, the steady state theorists did leave a lasting legacy, bequeathing us their expression ‘big bang’, which was originally coined as a sarcastic dismissal.


The killer blow came in 1965, with the accidental discovery of the faint glimmer of radiation permeating all space. The interpretation of this cosmic microwave background was that it was the ‘afterglow’ of a universe much hotter and denser than it is today.


These observations were soon backed up by theory. Stephen Hawking and Roger Penrose showed that if general relativity is correct, then there must have been a time when the universe was infinitely small and dense – a moment when time itself began.


The Big Bang is now mainstream science. Cosmologists believe they can trace the evolution of the universe from a split second after its origin to the present day, including a brief period of breakneck expansion called inflation and the birth of the first stars. The actual moment of creation, however, is still a matter of great speculation. At that point our theories of reality start to break down. To make progress, we need to work out how to reconcile general relativity with quantum theory. But, despite decades of hard intellectual graft, physicists are still stuck on that one. Nonetheless, we do have some idea of how to answer the nagging question at the heart of the Big Bang.


How do you get something from nothing?


This is a very reasonable thing to ask, as some basic physics suggests that the universe is overwhelmingly unlikely to exist. The second law of thermodynamics says that disorder, or entropy, always tends to increase over time. Entropy measures the number of ways you can rearrange a system’s components without changing its overall appearance. The molecules in a hot gas, for example, can be arranged in many different ways to create the same overall temperature and pressure, so the gas is a high-entropy system. In contrast, you can’t rearrange the molecules of a living thing much without turning it into a non-living thing, so that makes us low-entropy systems.


By the same logic, nothingness is the highest entropy state around; you can shuffle it around all you want, and it still looks like nothing.


Given this law, it is hard to see how nothing could ever be turned into something, let alone a universe. But entropy is only part of the story. The other part is a quality that physicists call symmetry – which is not exactly the same as the everyday symmetry we associate with shapes. To physicists, a thing is symmetrical if there is something you can do to it so that after you have finished doing it, it looks the same as it did before. By this definition, nothingness is totally symmetrical: you can do what you like to it and it is still nothing.


As physicists have learned, symmetries are made to be broken, and when they break, they exert a profound influence on the universe.


Indeed, quantum theory tells us that there is no such thing as emptiness. Its perfect symmetry is too perfect to last, broken by a roiling broth of particles that pop in and out of existence.


That leads to the counterintuitive conclusion that, despite entropy, something is a more natural state than nothing. In that sense everything in our universe is just excitations of the quantum vacuum.


Might something similar account for the origin of the universe itself? Quite plausibly. Perhaps the Big Bang was just nothingness doing what comes naturally: a quantum fluctuation that caused an entire universe to pop into existence.


Outside space and time


This, of course, raises the question of what came before the Big Bang, and how long this state of affairs persisted. Unfortunately, at this point common-sense concepts such as before become meaningless.


It also raises an even tougher question. This understanding of creation relies on the validity of the laws of physics. But that implies that the laws somehow existed before the universe did.


How can physical laws exist outside of space and time and without a cause of their own? Or, to put it another way, why is there something rather than nothing?




NOT THE BIG BANG


The Big Bang is the mainstream explanation for the origin of the universe, but it doesn’t have the floor to itself. One alternative is that instead of a bang there was a bounce. In this scenario, rewinding our universe takes us through its unimaginably hot, dense beginning and out the other side into the unimaginably hot, dense ending of a previous universe. Another is that the bang was one of many. According to multiverse theory, our universe is just one bubble in a seething froth of universes. Both ideas, however, suggest that the universe had no beginning. That is an even harder concept to grasp than it just popping into existence.






WHY DO THE STARS SHINE?


LOOK INTO THE NIGHT SKY, AND YOU ARE LOOKING BACK IN TIME. The light from Sirius A, the brightest star, takes around eight and a half years to travel across interstellar space to Earth. The most distant star visible to the naked eye, Deneb, is about 2,600 light years away. For all we know, neither star even exists any more.


Look further, and we see even deeper back in time. In 2012 the Hubble Space Telescope published an image called eXtreme Deep Field, created by collecting the faint light from a tiny patch of sky for 23 days. It was festooned with distant galaxies, some so far away that their light was emitted when the universe was only half a billion years old.


The image confirmed what astronomers had long suspected: the universe is essentially the same in all directions, dominated by stars and galaxies not dissimilar to our own. But if Hubble could peer even deeper into the past, it would see a very different universe.


It is now generally accepted that the universe started life as an unimaginably small, dense and hot fireball of matter and energy. This universe did not contain stars and galaxies, and would not do so for another 500 million years.


The oldest galaxy we know of is EGSY8p7, which was born about 600 million years after the Big Bang. Half a billion years later the universe was filled with galaxies, each containing hundreds of billions of stars. How did it go from one extreme to the other?


To answer this question, we have to go back a very long way, to a time just 3 × 10-44seconds after the Big Bang. This was the start of inflation, a fraction of a millisecond during which the universe expanded exponentially.


Blown up like a balloon


Inflation converted the universe from a seething, roiling knot of matter and energy into something much smoother and more homogenous, a bit like blowing up a crinkled balloon. However, it did not lead to complete uniformity: there were tiny variations from place to place, the stretched-out remnants of the quantum fluctuations that had caused the Big Bang. After inflation ended, the universe continued to expand at a much slower pace, stretching out the variations even further. These were the seeds from which stars and galaxies grew.


We know about them from observations of the cosmic background radiation, a faint glimmer of microwaves permeating all of space which is often called the ‘afterglow’ of the Big Bang. At first the cosmic microwave background appeared to be the same temperature everywhere: a frigid 2.7 °C above absolute zero. But in 1992 NASA’s Cosmic Background Explorer (COBE) satellite mapped it in detail and detected regions where it was slightly colder than average and others where it was slightly warmer.


These differences are tiny – only a few parts in 100,000 – but were enough.


The cold spots correspond to regions of the early universe that contained more matter – largely hydrogen and helium – and were therefore slightly denser than average. Gravitational attraction did the rest, gradually clumping this matter into larger and denser blobs that eventually became so large and dense that nuclear fusion ignited in their cores. The stars were born.


Gravity also accounts for the formation of the clusters of stars we call galaxies and the clusters of galaxies we call, er … galaxy clusters. The latter can be more than 100 million light years across.


Our own galaxy formed this way, and the process continues. The Milky Way, for example, is accreting matter from two nearby satellite galaxies, the Large and Small Magellanic Clouds, and also sucking in gases from space. Already a giant galaxy, far larger and brighter than most others, the Milky Way will eventually become even mightier by merging with another nearby galaxy, Andromeda.


Star formation continues too, in dense regions of interstellar dust known as stellar nurseries. The Hubble Space Telescope has captured dramatic images of huge pillars of gas and dust where newborn stars are emerging from the clouds, complete with protoplanetary discs that will eventually give rise to solar systems. In total the Milky Way spawns about 10 stars a year.


Despite all being born the same way, stars are very varied. Some are bright, others faint; some are blue, others white, yellow, orange or red; some are enormous, others tiny.




Live fast die young


The differences are down to random variations in mass. About 90 per cent of stars are main sequence stars, and they are all doing the same thing: crushing hydrogen nuclei together in their cores to form helium nuclei, a process called fusion. The greater a star’s mass, the hotter its centre is and the faster its hydrogen will fuse – so the brighter the star. And the brighter the star, the bluer it is.


A star’s mass also dictates how long it will live. Although more massive stars have more fuel to burn, they burn it much faster and die sooner. The most massive stars use up the hydrogen in just a few million years. In contrast, the Sun has been burning for 4.6 billion years and will continue to do so for billions more.


Every main sequence star will someday use up the hydrogen at its centre. It will then begin to burn hydrogen outside its centre while expanding and cooling. It is now a giant or supergiant.


These huge stars lead brief but dramatic lives. They start fusing helium, carbon, neon, oxygen, silicon and sulphur, the last two of which fuse into iron. But iron does not fuse into heavier elements, and at that point the star is doomed to explode as a supernova. Afterwards, the remains collapse into a small but dense sphere. This may be a black hole or a neutron star.


Smaller giants do not explode but just dwindle slowly into hot, dense ghosts called white dwarfs. If enough time elapses, white dwarfs will fade completely and become black dwarfs. But not yet, because the universe is not old enough.




BUILT BY A BLACK HOLE


Galaxies are generally thought to coalesce gradually under the influence of gravity, but there is an alternative and much more dramatic possibility. They may be zapped into existence by high-energy jets of matter slamming into clouds of gas. The jets are unleashed from quasars, extremely luminous objects thought to be powered by supermassive black holes. If correct, this means that the supermassive black holes found at the hearts of most galaxies are the architects of their surroundings rather than the products of them.







WHAT IS MATTER MADE OF?


IMAGINE THAT ON YOUR FIRST BIRTHDAY YOU RECEIVE A RATHER ODD GIFT: A VIAL OF HYDROGEN GAS. The next year you receive some helium, and on your third, a piece of lithium. On your 21st birthday you become the proud owner of some scandium. For your 40th, it’s a piece of crystalline zirconium. If you make it to 92, you’ll get uranium. But to complete your collection, you’ll have to live a lot longer than that.


A hundred and eighteen years, to be precise. That is how many chemical elements we know of: a smorgasbord of solids, liquids, gases, metals and non-metals, some rare, some common, some useful, some not. They are the building blocks of chemistry and life. Where do they all come from?


The facile answer is the Big Bang. But that is not a satisfying one, as the bang itself only produced the three lightest elements: hydrogen, helium and a trace of lithium. What about the rest?


The complete answer requires knowledge of the building blocks of atoms and some basic arithmetic. The simplest atom is hydrogen, made of one proton and one electron. The next simplest are deuterium and tritium, which are hydrogen plus a neutron or two. After that comes helium, with two of everything. Next is lithium, with three. Common sense suggests that larger elements can be made by fusing smaller ones together. And that is exactly how they are formed.


The big squeeze


But it is not quite that simple. Such reactions are difficult to achieve because the two nuclei need a vast amount of energy to fuse. That requires astronomical temperatures: a minimum of 10 million degrees Celsius. There are only two places in the universe that fit the bill: shortly after the Big Bang, and inside stars.


The first phase of element building happened very soon after the Big Bang in an event called nucleosynthesis. Within a hundredth of a second, protons, neutrons and electrons condensed out of the fireball. A few seconds later protons and neutrons began to join forces, driven together by the immense energy of the fireball and glued in place by the nuclear force. These fusion reactions initially formed nuclei of deuterium, which reacted with more protons to produce the stable nucleus of helium.


But that was that. By the time helium appeared the temperature had fallen too low for further fusion to happen to an appreciable degree. A little lithium was probably made, but nothing heavier. Nucleosynthesis was over almost as soon as it began.


About 377,000 years later, business resumed. The temperature dropped to about 3,000 degrees – cool enough for atoms to exist. Hydrogen and helium nuclei mopped up free electrons to form the first complete atoms, elements 1 and 2. While these still make up more than 99 per cent of the visible universe, they are not its only components. To make the heavier, more interesting elements requires stars.


A star is formed when a large mass of gas contracts under its own gravity. Compression raises the temperature in the centre to the point at which nuclei can start to fuse. The first reaction, at about 10 million degrees Celsius, is the fusion of hydrogen nuclei to form helium until the hydrogen is exhausted.


Keep on fusing


What happens next depends on the star’s mass. If it is quite small, fusion stops and the core simply becomes a white dwarf. But if it is more massive than eight Suns, fusion continues. Helium nuclei combine to form beryllium (element 4), which reacts with more helium to form carbon and oxygen. In the most massive stars, the core gets so hot that carbon and oxygen fuse further, forming elements as heavy as iron (element 26). The reactions then stop, because iron has the most stable nucleus of all the elements and cannot fuse under these conditions. But in the star’s outer layers other nuclear reactions involving neutron capture are gradually constructing ever bigger nuclei, up to bismuth (element 83).


As iron builds up in the core, the star is on borrowed time. It can no longer produce energy by fusion, but gravity is remorseless: it continues to compress the core, raising the temperature to billions of degrees. The centre of the star collapses suddenly; the outer layers fall in, then rebound, spewing the contents of the star out into space in a supernova. The explosion produces a flood of neutrons that creates still more heavy elements, right up to uranium (element 92), the heaviest naturally occurring element found on Earth, and beyond. The supernova expels debris out into space, which eventually becomes incorporated into later generations of stars and planets, including our own.


One exception to a starry origin is the trio of lithium, beryllium and boron. Their nuclei are unstable and are immediately consumed by nuclear reactions in stars. They are rare, but (except for the Big Bang lithium) what little of them exists is believed to have been made from cosmic rays – largeish nuclei travelling through space at high speed. Their energy is so large that when they collide with other atoms, the nuclei can break into smaller fragments.


Artificial elements aside, all the atoms on Earth are either leftovers from the Big Bang or fragments of long-dead stars or cosmic rays. And eventually, when our own star dies, they could be cast back out into space and eventually recondense in a new solar system. How’s that for a spectacular comeback?




VERY HEAVY METALS


Elements heavier than uranium were unknown on Earth until the early 1940s, when chemists created plutonium and neptunium by bombarding uranium with neutrons. Since then, 24 more transuranium elements have been synthesised in laboratories. The largest yet is oganesson, element 118.


Transuranium elements are often thought of as being entirely artificial, but that is not the case. They are created in supernova explosions, just like ordinary heavy elements. However, they are unstable and tend to fall apart quickly. Naturally occurring ones have completely decayed away since the solar system formed, which is why they do not occur outside laboratories on Earth.







WHERE DO METEORITES COME FROM?


ON 15 FEBRUARY 2013 SOMETHING BIG EXPLODED HIGH IN THE SKY OVER CHELYABINSK, JUST TO THE EAST OF THE URAL MOUNTAINS IN SOUTHERN RUSSIA. Most of the object burned up in the atmosphere, but some pieces made it down to Earth. One smashed through the ice of the frozen Lake Chebarkul, leaving a hole 7 metres wide. This was recovered by a diver in October 2013, and weighed in at 570 kilograms. Other much smaller fragments were gathered from all over the region.


Astronomers concluded that the explosion was an asteroid 17 to 20 metres across with a mass of 10,000 tonnes. The initial blast, at an altitude of about 30 kilometres, carried an energy equivalent to 500 kilotonnes of TNT – about 30 Hiroshima bombs. It was the largest extraterrestrial impact on Earth in living memory.


The Chelyabinsk meteorite is now one among more than 30,000 that have been discovered on the surface of the Earth, sometimes immediately after a fall but mostly just lying about on the surface long after the event. Each has an interesting story to tell.




Rocky leftovers


Most meteorites are bits of asteroid, which are themselves leftovers from the formation of the solar system. Asteroids usually sit doing not very much in a belt of rubble between the inner planets and the outer gas and ice giants. But for some reason or other they sometimes get pulled out of orbit or are smashed up and, by chance, end up on a collision course with Earth. These travelling space rocks are called meteoroids.


As soon as they land or are found, meteorites become prized assets for planetary scientists keen to unlock the secrets they hold about the history of the solar system.


The first task is to work out what kind of meteorite it is, which reveals where it probably came from. Meteorite taxonomy is complicated, but broadly speaking there are three groups: stony, iron and stony-iron.


The Chelyabinsk meteorite turned out to be a stony one of a rather common-or-garden type called a chondrite, so called because they contain chondrules – small, round particles of silicate material.


No one knows the origin of chondrules, but they probably started out as globs of molten rock in the cloud of dust and gas that gave birth to the solar system. Around 86 per cent of meteorites are chondrites. They are composed mostly of rock and come from the asteroid belt, meaning they are fairly pristine remains of the material that formed the solar system.


Planet organic


A more unusual class of stony meteorites are the carbonaceous chondrites, so called because they contain unusually high levels of organic chemicals such as amino acids. These meteorites are also thought to be pristine chunks of the primordial material that gave rise to the solar system.


A third class of stony meteorite are the achondrites, so called because they lack chondrules. Around 8 per cent of meteorites fall into this class. Rather than being clumps of primordial material, achondrites appear to be the product of the early stages of planet building, when material accreted together under the influence of gravity to form protoplanets. As they grew bigger and hotter, the protoplanets started to melt. This destroyed the chondrules and also caused heavy elements such as iron and nickel to sink towards the centre, leaving behind a rocky mantle. This outer layer appears to be the source of most achondrites; they are the remains of failed planets that never made it big.


A small handful of achondrites have an even more distinguished origin: they were once parts of the Moon or Mars.


About 1 in 20 meteorites belong to the iron group. They are made largely of iron and nickel and are also the remnants of planet building – fragments of the metal-rich cores of protoplanets that were later smashed to smithereens by collisions. These chunks of space metal help us to understand how our own planet separated into core, mantle and crust.


Stony-iron meteorites, the final broad group, are a slightly unsatisfying halfway house between stony and iron. These rare rocks – just 1 per cent belong in this category – also seem to be derived from the interior of failed planets, close to the boundary between the iron core and the rocky outer layers.


Finding a meteorite is not easy. They are easiest to spot in barren places: Antarctica is especially productive, as the landscape is white and the churning of glaciers concentrates them at the bottom of mountains.


Watch your head


If you do find one, chances are it comes from a large asteroid that broke up about 470 million years ago. This gave rise to a hail of chondrites that rained down on Earth during the Ordovician period. Most of the fragments are still out there and, even now, they make up the majority of meteorites which fall to Earth.


Meteorites occasionally hit people, but there have been no confirmed deaths. In November 1954 a meteorite crashed through the roof of a house in Alabama, bounced off a piece of furniture and hit 34-year-old Ann Elizabeth Hodges on the side. She was badly bruised but made a full recovery. In August 1992 a shower of meteorites fell on Mbale, Uganda. One hit a tree and rebounded on to the head of a boy, but he was unhurt.




PIECES OF THE MOON AND MARS


Between 1969 and 1976 US and Soviet space missions brought about 380 kg of lunar rock back to Earth. But these are not the only Moon rocks on Earth. Vast quantities have also arrived in the form of meteorites, presumably blasted off the surface by impacts.


Mars, too, regularly throws rocks at Earth. Around 130 meteorites are from Mars, the only pieces of the Red Planet that we can hold in our hands. The most famous is ALH 84001, found in Antarctica. In 1996 NASA scientists made the sensational claim that it contained the fossilised remains of Martian bacteria. Sadly, the scientific consensus is that the evidence doesn’t stack up to a conclusive case for aliens.
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